


'" JUN0 ,51992 ' "

DOE/WIPP 91-005
Revision 1.0

- __,._.,_

Resource Conservation and Recovery Act
Part B Permit Application

Volume I of VII
i

Waste Isolation Pilot Plant
-

Carlsbad, New Mexico

- I:_I_TRIBUTION OF THIS DOOLtME.NT I$ UNLLMITF-JO



DOE/WIPP 91-005
REVISION 1

DO_IPP--91-005-Vol. l-Rev.1.0

DE92 014817

RESOURCE CONSERVATION AND RECOVERY ACT

PART B PERMIT APPLICATION

DISCLAIMER
i

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government norany agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-

bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
processdisclosed,or representsthat its use.wouldnot infringeprivatelyownedrights.Refer-
encehereinto any specificcommercialproduct,process,or serviceby tradename, trademark,
manufacturer,or otherwisedoesnot necessarilyconstituteor imply its endorsement,recom-
mendation,or favoringby the United StatesGovernmentor any agencythereof.The views
and opinionsof authorsexpressedherein do not necessarilystate or reflect thoseof the
United StatesGovernmentor any agencythereof.

WASTE ISOLATION PILOT PLANT
CARLSBAD, NEW MEXICO

MARCH, 1992

DISTRIBUTION OF ]HIS L.)OCUMI=N 1 IS LINLtMITF..._

' ' mll_ _.

1



WIPP RCRA Part B PermitAl_lioation
DOE/WIPP 91-005

Revision1

COMPREHENSIVE TABLE OF CONTENTS
FOR THE

WASTE ISOLATION PILOT PLANT
,

RCRA PART B PERMIT APPLICATION

Listof Tables ............................... '....................... xiii
Listof Figures ........... , ......................................... xiv
New Mexico HazardousWaste Management RegulationsCross-ReferenceTable

CHAPTER A- PART A PERMIT APPLICATION

CHAFFER B- FACILITY DESCRIPTION
B-1 General Description............................................. B-1

B-la Definitions................................................. B-2
B-lb The Test Phase ........................................... B-3
B-lc The WIPP Site ........................................... B-4

B-2 TopographicMap .............................................. B-5
B-2a General Requirements ................................. ..... B-5
B-2b AdditionalRequirementsfor Land DisposalFacilities ................ B-6

B-3 LocationInformation B-6m • • t • • • m • • • • • • • • w • m • • • • • • • • • • • • • . • • • • • • • • • • •

B-3a SeismicStandard ........................ ................. B-7

B-3b FloodplainStandard ........................... ............. B-7
B-3b(1) Demonstrationof Compliance .......................... B-8

B-3b(1)(a) Flood Proofingand FloodProtection
Measures ................................ B-8

B-3b(1)(b) Flood Plan ............................... a-8
B-3b(2) PLanfor FutureCompliancewith FloodplainStandard ........ B-8
B-3b(3) Waiver for Land Storage and DisposalFacilities ............. B-8

B-4 Traffic Information .............................................. B-9

Listof Referencesfor Chapter B ..................... .................... B-11

CHAPTER C- WASTE CHARACTERISTICS

C-1 FacilityDescdpt!on ............................................. C-1
C-la Containers .................. ............................ C-2

C-lb Tank Systems .................. .......................... C-3
C-lc W_'_stePiles .............................................. . C-3

C-ld Su_rfaceImpoundmonts ..................................... C-3
C-le Incinerators .............................................. C-3
C-lf Landfills ................................................ C-3
C-lg Land Treatment ........... ............................... C-3

Comprehensive TOC
WP:WlPB:MASTERTOC i ,3/92



WIPP RCRA Part B PermitApplicalfi)n
DOFJWlPP 91-005
Revision1

COMPREHENSIVE TABLE OF CONTENTS
FOR THE

WASTE ISOLATION PILOT PLANT
RCRA PART B PERMrrrAPPLICATION

(CONTINUED)

C-lh Drip Pads ............................... ' ................ C-3
C-2 Identificationof Waste to be Managed ............................... C-4

C-2a Operationsand ProcessesGeneratingTRU Waste .............. .. C.-4
C_2b DescdpUonsof AcceptableWaste Categories ................. .... C-7
C-2c On-Site Generated and DerivedWaste .......................... C-17

C-3 BoundaryConditionsand ProcessTolerance Limits ..................... C-17
C-3a Facility-EstablishedBoundaryConditionsand ProcessTolerance Limits .. C-18
C-3b EPA-EstablishedBoundaryConditions .............. . ........... C-20

C-4 Parameters,Rationale, and Test Methods ............................ C-21
C-4a Criteda for Selectionof Waste

AnalysisParameters ....................................... C-22
C-4b Parameters and Test Methods ........................... . .... C-24

C-5 Waste SamplingPlan and Data Analysis ............................. C-27
C-5a SamplingPlan ............................................ C-27
C-5b SamplingMethod 1 ........................................ C-29
C-5c SamplingMethod 2 ........................................ C-31
C-5d Data AnalysisMethodology .................................. C-32
C-5e Data Variabilityand PoclingQualifications........................ C-34

C-6 Waste ShipmentScreeningand Verification ........................... C-35
C-6a Phase I Waste ShipmentScreeningand Verification ................ C-37
C-6b Phase II Waste Screeningand Verification ....................... C-39

C-7 QA/QC Program ............................. ....... , ........... C-42
C-7a Waste CharacterizationQA/QC ................................ C-42
C-7b Waste Shipment ScreeningQA/QC ............................. C-44
C-7c Waste TrackingQA/QC ..................................... C-45

Listof Referencesfor Chapter C ........................................ C-47

--CHAPTER D- FACILITY AND PROCESS INFORMATION
Introduction ....................................................... D-1
Test Phase Overview .... , ........................................... D-1
Bin Scale Test Summary .............................................. D-1
D-1 Containers ................................................... D-2
D-2 Tank Systems ......................................... ........ D-2
D-3 Waste Piles ........................ .......................... D-2
D-4 Surface Impoundments ................ ........................... D-3
D-5 Incinerators................................................... D-3

Comprehensive TOC
WP:WIPB:MASTERTOC ii 3/92



WIPP RCRA Part B PermitAppiication
DOE/WIPP 91-005

Revision1

COMPREHENSIVE TABLE OF CONTENTS
FOR THE

WASTE ISOLATION PILOT PLANT
RCRA PART B PERMIT APPUCATION

(CONTINUED)

Pa

D-6 Landfills ..... ................................................ D-3
D-7 Land Treatment . .............................................. D-3
D-8 Drip Pads .................................................... D-3
D-9 MiscellaneousUnit ............................................. D-3

D-9a Descriptionof the MiscellaneousUnit ........................... D-3
D-9a(1) Site Charactedstlcs.................................. D-4

D-9a(1)(a) C_;mate.................................. D-5
D-ga(1)(b) Geology ................................. D-5
D-9a(1)(c) GroundwaterHydrology. .... ................. D-7
D-9a(1)(d) Surface Water Hydrology ... .................. D-12
D-9a(1)(e) Soils .................................... D-13
D-9a(1)(f) Air Quality ................................ D-14
D-ga(1)(g) BiologicalCommunityStructure ................ D-14

O D-9a(2) Process Description ................................. D-15D-9a(2)(a) Descriptionof ExperimentalWaste .............. D-15
D-9a(2)(b) Waste Management Operations. ............... D-16

D-9a(3) FacilityDesignand Construction ........................ D-19
D-9a(3)(a) Site Security .............................. D-21
D-9a(3)(b) Waste HandlingBuilding ..................... D-21
D-9a(3)(c) Waste HandlingEquipment ................... D-23
D-9a(3)(d) Shaftsand SubsurfaceFacilities ................ D-25
D-9a(3)(e) RepositorySubsurfaceStructures............... D-26
D-9a(3)(f) Containers ............................... D-31

D-9a(3)(f).l Containerswith Free Liquids......... D-31
D-9a(3)(f),la Descriptionof Con-

tainers .............. D-31
D-9a(3)(f).lb ContainerManagement

Practices ............ D-32

D-9a(3)(f).lc Secondary Containment
System Design_indOper-
ation ............... D-33

D-9a(3)(f).ld Requirementfor the
Base or Linerto Contain f

Liquids ............. D-34
D-9a(3)(f).le Containment System

Drainage ............ D-34

Comprehensive TOC
WP:WIPB:MASTERTOC iii 3/92



WIPP RCRA Part B PermitApplication
DOE/WIPP 91-005
Revision 1

COMPREHENSIVE TABLE OF CONTENTS
FOR THE

WASTE ISOLATION PILOT PLANT
RCRA PART B PERMIT APPLICATION

(CONTINUED)
t

D-9a(3)(f).lf ContainmentSystem
Capacity ............ D-34

D-9a(3)(f).lg Controlof Run-on ..... D-34
D-9a(3)(f).lh Removalof Liquidsfrom

ContainmentSystem ... D-34
D-9a(3)(f).2 ContainerswithoutFree Liquids .... ... D-34

D-9b Waste Characterization.. .................................... D-35
D-9c Treatment Effectiveness..................................... D-35
O-9d EnvironmentalPerformanceStandardsfor the MiscellaneousUnit ...... D-35

D-9d(1) Protectionof Groundwaterand Subsurface Unit ............. D-35
D-9d(2) Protectionof Surface Water, Wetlands, and Soil Surface ...... D-36
D-9d(3) Protectionof the Atmosphere .......................... D-37

D-9e Monitoring,Inspection,and Reporting ........................... D-40
D-9e(1) Monitoring ........................................ D-40
D-9e(2) Inspection ........................................ D-44
D-9e(3) RecordKeeping .................................... D-45

List of References for ChapterD ......................................... D-47

CHAPTER E -GROUNDWATER MONITORING

E-1 Compliancewith GroundwaterProtectionRequirements .................. E-1
E-la Waste Piles .............................................. E-1
E-1b Landfill ................................................. E-1
E-lc No Migration : ................................. ........... E-1

E-2 InterimStatusGroundwaterMonitoringData ........................... E-2
E-3 General HydrogeologicInformation.................................. E-2
E-4 TopographicMap Requirements....................... , ............ E-2
E-5 Contaminant Plume Description .................................... E-2
E-6 General MonitoringProgram Requirements ............................ E-2
E-7 DetectionMonitoringProgram ..................................... E-2
E-8 ComplianceMonitoringProgram .................... ............... E-3
E-9 Corrective Action Program ........................................ E-3
Listof References for Chapter E ........................................ E-4

Comprehensive TOC
WP:WIPB:MASTERTOC iv 3/92



WIPP RCRA Part B PermitApplication
DOFJWlPP 91-005

Revision1

COMPREHENSIVE TABLE OF CONTENTS
FOR THE

WASTE ISOLATION PILOT PLANT

RCRA PART B PERMIT APPLICATION
(CONTINUED)

CHAPTER F - PROCEDURES TO PREVENT HAZARDS
Introduction F-1

F-1 Security ..................................................... F-1
F-la Security Proceduresand Equipment ............................ F-1

F-la(l) 24-HourSurveillanceSystem ................. ....... ,. F-1
F-la(2) Barrierand Means to Control Entry .......... ............ F-2

F-la(2)(a) Barrier .................................. F-2
F-la(2)(b) Means to ControlEntry ........... . ......... F-3

F-la(3) Warning Signs ..................................... F-3
F-lb Waiver .......................................... ....... F-3

F-2 InspectionSchedule ............................................ F-3
F-2a General Inspe_on Requirements...... ............. .......... F-5

F-2a(1) Typesof Problems .................................. F-5
F-2a(2) Frequencyof Inspections ............................. F,5

F-2b SpecificProcessInspectionRequirements ....................... F-6
F-2b(1) ContainerInspection ................................. F-6
F-2b(2) Tank System Inspection .............................. F-6
F-2b(3) Waste Pile Inspection ................................ F-7
F-2b(4) SurfaceImpoundmentInspection........................ F-7
F-2b(5) IncineratorInspection ............... ................. F-7
F-2b(6) LandfillInspection................................... F-7
F-2b(7) Land Treatment FacilityInspection....................... F-7
F-2b(8) Ddp Pad Inspection .............................. F-7
F-2b(9) MiscellaneousUnit Inspection .......................... F-7

F-3 Waiver or Documentationof Preparednessand PreventionRequirements ..... F-8
F-3a EquipmentRequirements.................................... F-8

F-3a(1) InternalCommunications............................ F-8
...... F-3a(2) Extemai Communications ........................... F-10

F-3a(3) EmergencyEquipment ............................. F-11
F-3a(4) Water for Fire Control .............................. F-11

F-3b Aisle Space Requirement.................................... F-12
F-4 Preventive Procedures,Structures,and Equipment ...................... F-14

F-4a UnloadingOperations ...................................... F-14
F-4b Runoff ................................................. F-15

F-4c Water Supplies ........................................... F-17
F-4d Equipmentand Power Failure ................................ F-18

Comprehensive TOC
WP:WlPB:MASTERTOC v 3/92



WIPPROLLAPartB PermitApplk:aUon
DOE/Wlp'_91.0o5
Revisioni

COMPREHENSIVE TABLE OF CONTENTS
FOR THE

WASTE ISOLATION PILOT PLANT
RCRA PART B PERMIT APPLICATION

' (CONTINUED)

F-4e PersonnelProtectionEquipment ................................ F-19
F-4f Releasesto Atmosphere ..................................... F-21

F-5 Preventionof Reactionof Ignitable,Reactive,and IncompatibleWastes ....... F-21
F-5a Precautionsto Prevent Ignitionor Reactionof Ignitableor Reactive

Wastes F 22
F-5b General Precautionsfor Handling Ignitableor ReactiveWaste and

Mixingof IncompatibleWaste ................................. F-22
F-Sc Managementof Ignitableor Reactive Waste in Containers............ F-23
F-Sd Management of IncompatibleWaste in Containers .................. F-23
F-Se Management of Ignitable or Reactive Waste inTank Systems ......... F-23
F-5f Management of IncompatibleWaste in Tank Systems ............... F-23
F-Sg Management of Ignitableor Reactive Waste Placed in Waste Piles ..... F-24
F-5h Management of IncompatibleWaste Placed In Waste Piles ........... F-24
F-51 Management of Ignitableor Reactive Waste Placed in Surface

Impoundments F-24
F-5J Management of IncompatibleWaste Placed in Surface

Impoundments F-24
Fm5k Management of Ignitableor Reactive Waste Placed in Landfills ........ F-24
F-51 Management of IncompatibleWaste Placed in Landfills ............ ... F-24
F-5m Management of Ignitableor Reactive Waste Placed in Land

Treatment Units ........................................... F-25

F-5n Management of IncompatibleWaste Placed in Land
Treatment Units ........................................... F-25

F-5o Management of Ignitableor ReactiveWaste Placed on DripPads ...... F-25
F-5p Management of IncompatibleWaste Placed on Drip Pads ............ F-25

Listof Referencesfor Chapter F ........................................ F-26

CHAPTER G - RCRA CONTINGENCY PLAN
_ntroduction............................ = t
G-1 General Infraction ............................................. G-1

G-2 Emergency Cc_rdinators .................................... ..... G-4
G-3 Implementation G-5
G-4 Emergency Response MeCcas .................................... G-5

G-4_ Notification .............................................. G-6
G-4b Identification of Hazardous Materials ............................ G-11

G-4c Assessment of the Nature and Extentof the Emergency ............. G-11

ComprehensiveTOC
WP:WIPB:MASTERTOC vi 3/92



WiPP FLORAPart B PermitApplication
DOE/WIPP 91-005

Revision1

COMPREHENSIVE TABLE OF CofCrENTS
FOR THE

WASTE ISOLATION PILOT PLANT
RCRA PART B PERMIT APPLICATION

! (CONTINUED)
i

i

G-4d Control,Containment,and Correctionof the Emergency ............. G-12
(3-4e Preventionof Recurrence or Spread of Fires, Explosions,

or Releases G-13• • • • • • • • • • • • • • • • • • • • • • • • M • • • • • • • • • • • i • • • • • • • •

aG-4f Storage nd Treatment of ReleasedMatedal and Waste ............. G-14
G-4g Incompa!ibleWaste G-.15
G-4h Post-EmergencyFacilityand EquipmentMaintenanceand Reporting .... G-16
G-41 Contain_rSpillsand Leakage .................................. G-16

G-4J Tank Sp!llsand Leakage................................... La ........................ i... i G-17

J

G'4k Surface _mp°undmentSpillsanl e kage ................ i I" G'17
G-5 EmergencyEqljipment ............................... G-17
G-6 CoordinationAgreements . G-18
G-7 EvacuationPlan. ..................................... G-19

G-7a SurfaceEvacuationOn-Site AssemblyAreas and Off-Site StagingAreas . G-19
G-7b UndergroundAssemblyAreas ................................. G-20

G-7c Plan for Surface Evacuation.. .................................... G-20
G-7d Plan for UndergroundEvacuation.... G-21

G-7e FurtherSite Evacuation ..................................... G-21

G-8 RequiredReports .............................................. G-22
G-9 Locationof the ContingencyPlan and Plan Revision ..................... G-22
Listof Referencesfor ChapterG ........................................ G-24

0

CHAPTER H- PERSONNEL TRAINING
Introduction H-1• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • e • • • • • • • • •

H-1 Outlineof the TrainingProgram .................................... H-1
H-la JobTitle/Job Description .................................... H-3
H-lb Training Content,Frequency,andTechniques ..................... H-4

H-lb(1) TrainingContent .................................... H-4
H-lb(2) Training Frequency .................................. H-5
H-lb(3) TrainingTechniques ................................. H-6

H-lc Training Director H-6
H-ld Relevanceof Trainingto Job Position........................... H-7
H-le Trainir_ for EmergencyResponse ............................... H-7

H-2 Implementationof Training Program ................................. H-8
List of R_ferencesfor ChaptarH ........................................ H-10

i

ComprehensiveTOC
WP:WIPB:MASTERTOC vii 3/92

'_ I'_' '



WIPPRCRAPartB PermitAl:_ticalion
DOE/WIPPgl-o05 ,
Revision1

COMPREHENSIVE TABLE OF CONTENTS
_ FOR THE

WASTEZSOLAONP'LOTPLANT
RCRA PART B PERMIT APPLICATION

(CONTINUED)

CHAPTER I- CLOSURE PLANS, POST-CLOSURE PLANS, AND FINANCIAL REQUIREMENTSi

Introduction ................ , ...................................... I-1
I-1 Test Phase Closure Plan ..., ............ . ........................ I-1

I-la Closure PerformanceStandard..' ................... . .......... I-3
I-lb PartialClosureand Final Closure Activities ....................... I-3
I-lc MaximumWaste Inventory ................................... 1-4
I-ld Schedulefor Closure ........................................ 1-4

t-ld(1) Time Allowed for Closure .............................. 1-4
I-ld(2) Amendmentof the Closure Plan ........................ I-5
I-ld(3) Notificationof Partialor FinalClosure .................... I-5

I-le ClosureProcedures I-5
I-le(1) Inventory Removal .................................. 1-6

I-le(1)(a) Bin-ScaleTest Waste Retrieval ................ 1-6
I-le(1)(b) Samplingand Quality Assurance ............... I-7

I-1e(1)(b).1 Sample Collectionand Handling ...... I-8
I-1e(1)(b).2 QualityAssurance/QualityControl ..... 1-10
I-le(1)(b).3 Sample Analysis ................. 1-11

I-le(2) Disposalor Decontaminationof Equipment,Structures,and Soils 1-11
I-le(2)(a) Removal of Hazardous Waste Residues .......... 1-11
I-le(2)(b) Decontaminationof the Underground ............ 1-12
I-le(2)(c) Decontaminationof the Surface . ............... 1-12
I-le(2)(d) Waste Generated by DecontaminationActivities .... 1-13
I-le(2)(e) Certificationof Closure ....................... 1-13

I-le(3) Closure of DisposalUnits/ContingentClosures .............. 1-13
I-le(4) Closureof Containers ................................ 1-13
I-le(5) Closure of Tanks ........................... ........ 1-13
I-le(6) Closureof Waste Plies ............................... 1-14
I-le(7) Closure of Surface Impoundments........................ 1-14
I-le(8) Closure of Incinerators ............................... 1-14
I-le(9) Closure o,_Landfills...... :. .......................... 1-14
I-le(10) Closure of Land Treatment Facilities ..................... 1-14
I-le(11) Closureof Drip Pads ................................ 1-14
I-le(12) Post-ClosureCare of MiscellaneousUnits ................. 1-14

I-2 Post-Closure Plan/ContingentPost-Closure ........................... 1-15
I-3 Decommissioningthe WIPP Facility ................................. 1-15
1-4 ClosureCost Estimate ......................... .................. 1-16

CompreherBtveTOC
WP:WIPB:MASTERTOC viii 3/92



WIPP RORA Part B PermitAppfloation
DOE/WIPP 91-005

Revision1

COMPREHENSIVE TABLE OF CONTENTS
FOR THE

WASTE ISOLATION PILOT PLANT
RCRA PART B PERMff APPLICATION

(CONTINUED)
,L

Paqe

I-5 Financial Assurance Mechanism for Closure ........................... 1-16
1-6 Post ClosureCost Estimate I 16
I-7 Financial Assurance Mechanism for P0st-CiosureCare ............ , ...... 1-16
I-8 LiabilityRequirement 1-16
Listof References for Chapter I .., ................. , ..................... 1-17

CHAPTER J - CORRECTIVE ACTION FOR SOLID WASTE MANAGEMENT UNITS
Introduction ................ , ............ .......................... J-1
J-1 SolidWaste ManagementUnits .................................... J-2

J-la Characterizationof the SWMUs ............... ................ J-4
J-2 Releases .................................................... J-4

J 2a Characterizationof Releases J 5" • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ii

Jm2b Coimctive Actions .......................................... J-6

List of Referencesfor ChapterJ ........................................ J-6

CHAPTER K- OTHER FEDERAL LAWS
Introduction K-1
I<-1 Wild and Scenic Rivers Act ... ................................... 1<-1
K-2 National HistoricPreservationAct .................................. 1<-1
1<-3 Endangered SpeciesAct ......................................... 1<-2
1<-4 Coastal Zone Management Act ....... ,. ........................... 1<-3
1<-5 Fish and WildlifeCoordinationAct .................... .............. 1<-3
1<-6 Clean Air Act ................................................. 1<-3
K-7 Clean Water ACt(or Federal Water PollutionControlACtof 1972) ........... K-4
K-8 Safe DrinkingWater Act ................ 0......................... K-4
K-9 ComprehensiveEnvironmentalResponse,Compensation,and LiabilityAct ..... K-5
K-10 Toxic Substances ControlAct ................... .- ................. K-5

K-11 National EnvironmentalPolicyAct .................................. K-6
K-12 Resource Conservationand RecoveryAct of 1976 ...................... K-7
K-13 AtomicEnergy Act of 1954 ....................................... K-8
K-14 EnvironmentalRadiationProtectionStandardsfor Management and Disposalof

Spent Nuclear Fuel, High-Level,and TransuranicRadioactiveWastes ........ K-9
K-15 Hazardous MaterialsTransportationAct .................... .......... K-10
K-16 Packagingand Transportationof RadioactiveMaterial .................... K-10
K-17 Departmentof EnergyNationalSecurity and MilitaryApplicationsof Nuclear

Energy AuthorizationACtof 1980 ................................... K-11

Comprehensive TOC
WP:WIPB:MASTERTOC ix 3/92



WIPP RCRA Part B PermitApplication
DOE/WIPP 91-005
Revision1

COMPREHENSIVE TABLE OF CONTENTS
FOR THE

WASTE ISOLA_ilON PILOT PLANT
RCRA PART B PERMIT APPLICATION

(CONTINUED) r

Paqe

K-18 Waste IsolationPllotPlant Land WithdrawalAct of I_!_! .................. K-I I
K-19 Federal Land Policyand ManagementAct ............................ K-12
K-20 TaylorGrazing Act ............................................. K-13
K-21 PublicRangelandsImprovementAct ................................ K-13
K-22 EO 12543--Grazlng Fees ........................................ K-13
K-23 Materials ,_,ctc'_1947 ........................................... K-13
K-24 Federal Mine Safety and HealthAct of 1977 ........................... K-14
K-25 The WildernessAct ............................................. K-14
K-26 Bald and Golden Eagle ProtectionAct ............................... K-14
K-27 Migratonj BirdTreaty Act ......................................... K-15
K-28 Noise ControlAct of 1972 ........................................ K-15
K-29 Federal Insecticlde,Fungicide,and RodenticldeAct ..................... K-15
K-30 OSHA Regulations ............................................. K-16
K-31 National DefenseAuthorizationAct-Rscal Year 1989 .................... K-I_
K-32 Protectionand Enhancementof EnvironmentalQuality ................... K-16
K-33 Protectionand Enhancementof the CulturalEnvironment ............ ..... K-17
K-34 ExoticOrganisms .............................................. Ko17
K-35 FloodplainManagement ......................................... K-17
K-36 Off-Road Vehicleson PublicLands ................................. K-17
K-37 Protectionof Wetlands .......................................... K-18
K-38 Federal Compliancewith PollutionControlStandards .................... K-18
K-39 Managementof Federal Legal Resources............................. K-18
K_,O EnvironrnentalSafeguardson Activitiesfor AnimalDamage Controlon

Federal Lands ................................................. K-18
K-41 Naval Nuclear PropulsionProgram.................................. K-18
K-42 Superfund Implementation........................................ K-19
Listof References for ChapterK ......................................... K-20

CHAPTER L- NO-MIGRATION DETERMINATION
Introduction ....................................................... L-1
L-1 .Compliancewith Conditionsof the Determ;nation ....................... L-2

SpecificCondition1 ............................................ L-2
Compliancewith SpecificCondition1 ................................ L-2
SpecificCondition2 ............................................. L-3
Compliancewith SpecificCondition2 ................................ L-3
SpecificCondition3 ............................................. L-3

ComprohonsJvo TOC
WP:WIPB:MASTERTOC x 8tg2



WIPP RCRA PartB PermitApplication
DOE/WIPP 91-O05

Revision1

COMPREHENSIVE TABLE OF CONTENTS
FOR THE

WASTE ISOLATION PILOT PLANT
RCRA PART B PERMIT APPLICATION

(CONTINUED)

Paqe

Compliance with Specific Condition 3 ... ............................ L-3
SpecificCondition4 ............................................ L-3
CompliancewithSpeclficCondition4 ................................ L-3
SpecificCc,.idltion5 ............................................ L-4
Compliancewith SpecificCondition5 ................................ L-4
SpecificCondition6 ............................................. L-5
Compllancewith SpeclficCondltion6 ................................ L-5
SpecificCondi_;Jn7 L-5• • • • j • • • • • • • • o • • • • • • • • • • • • • • • • • • • • • • = • • • • i = •

Compliancewith Speci_c Condition7 ................................ L-6
Specific Condition8 ............................................ L,?
CompliancewithSpecific Condition8 ................................. L-?
General Condition4 .. ......................................... L-?
CompliancewithGeneral ConditionI ...................... ......... L-?
General Condition2 ............................................ L-7

Compliancewith General Condition2 .................................. L-8
General Condition3 ............................................ L-8
Compliancewith General Condition3 ................................ L-8
General Condition4 ................................... ........ L-8

Compliancewith General Condition4 ................................ L-9
Other Conditionsof the Determination ............................... L-9
CompliancewithOther Conditions .......... L-9

Listof References for ChapterL ........................................ L-10

CHAPTER M - CERTIFICATION
M-I Certification ................................................... M-I

ACRONYMS

GLOSSARY

APPENDICES

AppendixB1 - Surface Hydrology
AppendixD1 - SitingReports
AppendixD2 - , Engineeringand DesignBasis Reports
AppendixD3 - Detailed Plans and Drawings

Comprehensive TOC
WP:WIPB:MASTERTOC xi 3/92



WIPP RCRA Part B Applioatlon
DOE/WIPP 91-005

Revision1

COMPREHENSIVE TABLE OF CONTENTS
FOR THE

WASTE ISOLATION PILOT PLANT
RCRA PART B PERMIT APPLICATION

, (CONTINUED)

AppendixD4 - Waste IsolationPilot Plant Site Envimnm_ntalReport for Calendar Year
1990

AppendixD5 - EcoIo¢icalMonitoringProgramat the Waste IsolationPlant
AppendixD6 - _Site Characterization
AppendixD7 - Regionaland Site Geologyand Hydrology
AppendixD8, - General Geology
AppendixD9 - DissolutionFeatures
AppendixD10 ' - GroundWater Hydrology
AppendixD11 , Typical CarbonSorptionBed Efficiency
AppendixD12 - VOC Monitoring,_ian for Bin-RoomTests
AppendixD13 - ChemicalCompatibilityAnalysisof Waste FormsandContaine:Materials
AppendixE1 - RCRA GroundwaterProtectionInformationWaste IsolationPilotPlnnt
AppendixH1 - Listof Job Titles
AppendixI1 - Memorandumof UnderstandingBetween the United States Department

of Energy, WIPP Project Office, and the United States Department of lid
Intedor,New Mexico State Office, Bu;_a': of Land Management,1983

"II1>-

/_ppendixJ1 - SolidWaste Management Unit (SWMU) CharacterizationSheets
AppendixK1 - EnvironmentalProtectionStandards
AppendixK2 - Summary of Agreements Between DOE and the State of New Mexico

: That Affect the WIPP EnvironmentalProgram and the July 9, 1987,
Memorandumof Understands,ing Between the U.,R,Departmentof Energy

" and the LI.S. Department of Labor
AppendixL1 - Conditionaland Proposed No-Migration Determinationsfor the Waste

IsolationPilot Plant

q)
Comlxohensivo TOC
WP:WIPB:MASTEFITOC xi 3/92



WIPP RCRA Part B Permit Application
DOE/WIPP 91 -O05

Revision1

LIST OF TABLES

Table No. Title Pa.qe

B-1 Waste IsolationPilotPlantSite Design DesignationTraffic
Parameters B-16

C-1 Rationale for Selectionof Parametersof interest ................ C-50
C-2 BoundaryConditionsand ProcessTolerance LimitsEstablished

by the Waste IsolationPilotPlant C-53• • • • • • • • • • • • • • • • • • • • • • • • • • • •

C-3 Boundary ConditionsEstablishedby the U.S. Environmental
ProtectionAgencyfor the Waste IsolationPilotPlant ............. C-54

C-4 Rationale for Compliancewith ProhibitedCharacteristicWastes ..... C-55
C-5 FlammableVolatileOrganicCompounds (VOCs) andTheir Lower

ExplosiveUmR(LEL) Values C-56• • • • • • Q • • • • • • • e • • • • i • • • • • • • • • •

C-6 Summary of Sample Preparationand AnalyticalMethodsfor
Total Metals C-57• • • • • • • • • • J • • • • • • • • • • • • • I • • • • • w • • • • • • • • • • •

C'7 RequiredOrganicAnalytesand Test MethodsOrganized by
Organic AnalyticalGroups C-58

C-8 VolatileOrganicCoupoundHeadspace Target CompoundList ...... C-59
C-9 Summary of Parameters, Rationale,and Test Methodsfor

Waste Categoriesin Group I .............................. C-60
C-10 Summary of Parameters, Rationale, and Test Methodsfor

Waste C_tegodesIn Group II .............................. C-61
C-11 Summary of Parameters, Ration,_ie,abedTest Methodsfor

the Waste Category in Group III.. ........................... C-62
C-12 SamplingFroquenclesfor Group I, Group II, and GroupIII

Headspace Samplingand for Group II and Group III Solid
Waste Sampling C-63• • • • • • • • • • • • • • • • • • • a • • • • = • • • • • • • • • • • • • •

C-13 The Origin and Phase of ali Waste ScreeningDeterminations ...... C-64
C-14 Phase I Waste ScreeningParameters and Appropriate

DeterminationMethods C-65• • • • • • • • • • • • • • • • • n • • • • • • • • • • • • • • • •

C-15 Phase li Waste ScreeningParameters and Appropriate
DeterminationMethods C-66• • • • • • o,m m • • • • • • • • • • • • • • • • • • • • • • • • •

D-1 Listof Drawingsand Reports in Appendix D3 .................. D-55
D-2 Basic DesignRequirements............................... D-60
D-3 EstimatedConcentrationsof Hazardous ConstituentsinTransuranic

Mixed Waste from the Rock3,Flats Plant .................... .. D-61
D-4 Average Concentrationof Selected VolatileOrganic Compounds

(VOC) in the Headspace of TransuranicWaste Drums ........... D-62

ComprehensivoTOC
WP:PTB-LOT-F xill 3/92



WIPP RCRA Part B PermitApplication
DOE/WIPP 91-005
Revision1

0
LIST OF TABLES

(CONTINUED)

Figure No. Titl...._ee Paqe
,,

D-5 Total Quantity of VolatileOrganic CompoundsAvailablefor Release
froma Bin-ScaleExperiment Room ......................... D-63

D-6 EstimatedMaximum Dally Concentrationsof Volatile Organic
Compoundsat the Unit Boundaryfor Each Waste Experiment
Room D-64

D-7 Cross Reference of New Mexico HazardousWaste Management
Regulations(HWMR-6), Part VIII, Section 268.6, Requirements..... D-65

D 8 TypicalSamplingSchedule D 67
D-9 ,'_,picalEnvironmentalSurveillanceAnalysis.O_chedule............ D-68

Inspection/MonitoringSchedule ' F 29F-1 ............................ -
G-1 EmergencyEquipmentand PersonnelMaintained,mtthe Waste

IsolationPilotPlant G-28e • al • • . • • • • • • • • • • • • • • • ao • m • _ ,na,• • o = • • • • • •

G-2 Types of Fire SuppressionSystems by Location ................ G-36
G-3 Hazardous Release Reporting,Federal ....................... G-39
G-4 Hazardous Release Reporting,State of New Mexico ............. G-42
H-1 Ha;.ardousWastA Managem_ J_b PositionTraining qP

Requirements H-12• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • = • • • • • • •

I-1 Part B PermitApplicationClosure Plan ChecklistNew Mexico
HazardousWaste Management Regulations(I-IWMR-6), Part V,
RegulationCitation ......................... ,............. 1-20

I-2 Test Phase Closure Plan .................... ' ............ 1-21
J-1 SWMU Data - Mud Pits ..................................
J-2 SWMU Data - Surface SatelliteAccumulationAreas .............
J-3 SWMU Data - UndergroundSatelliteAccumulationAreas .........
J-4 SWMU Data - Shaft Sumps ......... , .....................
L-1 Other Conditionsof the No-MigrationDeterminationand Locations

of DOE Responses ...................................... L-13

Comprehensive TOC O
WP:PTB-LOT-F xiv 3/92



WIPP RCRA Part B PermitApplleaUon
DOFJWlPP9t-005

RevisionI

LIST OF FIGURES

Rclure No. Tltl._._ee

B-1 AerialPhotographof the Waste isolationPilotPlant ............. B-18
B-2 General Locationof the WIPP Facility ....................... B-19
B-3 Spatial View of the WIPP Facility ........................... B-20
B-4 WIPP SurfaceStructures ................................. B-21
B-5 Surface Map ShowingZones .............................. B-22
B-6 TopographicMap of the WIPP Vicinity ....................... B-23
B-7 TopographicMap of the WIPP FacilityArea ................... B-24
B-8 Plan View of the UndergroundShowingCentersof the Orange

MarkerBand B-25g • • • • I • I • • • • • I I • • i • • • • I • • • i • • • • • I • • • • • • I • •

B-9 1985 AnnualWiPP Wind Rose ............................. B-26
B-10 1986 AnnualWiPP Wind Rose ............................ B-27
B-11 1987 AnnualWiPP Wind Rose ............................ B-28
B-12 1988 AnnualWIPP Wind Rose ............................ B-29
B-13 1989 AnnualWIPP Wind Rose ............................ B-30

B-14 1986 OperableNatural Gas and Oil WellsWithin 10-Mtle Radius

e of the WiPP Facility ......................... B-31
B-15 NaturalGas Pipelinesand Wells Within5-Mile Radius of the WiPP

Facility ..................... ......................... B.32
B-16 1985 PopulationWithin50-Mile Radiusof the WIPP Facility ....... B-34
B-17 1985 AcresPlantedin EdibleAgricultureand Commercial Crops

Within50-Mile Radiusof the WIPP Facility ........ ........... B-35
B-18 GrazingLeases Within the WIPP Boundary ................... B-36
B-19 1985 Average Yeady Cattle DensityWithin !0-Mile Radiusof

the WIPP Facility ...................................... B-37
B-20 1985 AverageYearly Cattle Density Within50-Mile Radiusof

the WIPP Facility ...................................... B-38
B-21 Mines and RanchesWithin 10-Mile Radiusof the WIPP Facility ..... B-39
B-22 GroundWater SamplingLocations .......................... B-40
B-23 WIPP TrafficFlow Diagram ...... . .... B-41
C-1 GeneratorWaste Screeningand Waste CharacterizationData

Colle_on Flow Diagram .................. '............... C-68
C-2 Waste IsolationPilot Plant FacilityWaste ScreeningFlow

Diagram .............................................. C-69
C-3 The WIPP Waste ProfileForm ............................. C-70
D-1 SchematicShowingMiscellaneousUnit Boundaries ............. D-71
D-2 SpatialView of the MiscellaneousUnit and Waste HandlingFacility .. D-72

e Comprehensive TOC
WP:PTB-LOT-F xv 3/92



WIPP RCRA Part B Permit Application
DOE/WIPP 91-005
Revision1

LIST OF FIGURES

(CONTINUED)

Figure No. Tltl..._ee P_._acj.e

D-3 1989 WIPP Annual Wind Rose ............................ D-;3
D-4 GeologicColumn Representativeof WIPP-FacilityArea ........... D-74
D-5 Generalized StratigraphicCross Section ................... ... D-75
D-6 Culebra FreshwaterHead PotentiometflcSurface ............... D-76
D-7 Total DissolvedSolidsDistributionin the CulebraDolomite ........ D-77
D-8 Drainage Patternand Gaging Stations, Pecos RiverBasin ......... D-78 [

D-9 TRUPACT II Containerson Trailer ........................... D-79
D-10 Waste Transfer Cage to Transporter ........................ D-80
D-11 Bin, RCB PlatformConfiguration ........................ ... D-81
D-12 Waste HandlingBuildingPlan (Ground Floor) ............ ...... D-82
D-13 Waste HandlingBuildingHVAC Flow Diagram ................. D-83
D-14 TRUPACT U Configuration................................ D-84
D-15 Configurationof CH TRU Waste Unloading Docksin Waste

Handling Building D-85• • • • • • • • • • • • • • • = • • • • • • • • • • • • • • • • • o • • • •

D-16 Crane and Center of Gravity LiftAssembly .................... D-86
D-17 CH Waste Palleton ConveyanceLoadingCar ................. D-87
D-18 UndergroundWaste Transporter ........................... D-88
D-19 Relationshipof Shafts to Surface Facilities .................... D-89
D-20 RepositoryHorizon ..................................... D-90
D-21 WIPP CH TRU Waste Bin-Scale Test LocationsPreliminaryLayout .. D-91
D-22 Room 1, Panel 1 ConceptualRoof Support .................... D-92
D-23 Room 1, Panel 1 - RoofSupport, Wire Mesh, and Lacing ......... D-93
D-24 RoofboltDetails ........... , ........................... D-94

D-25 SWB/Bin Configuration .................................. D-95
D-26 VOC MonitoringSystem ................................. D-96
D-27 UndergroundVentilationSystem Air Flow ..................... D-97
D-28 UndergroundVentilationModes ............ ............... D-98
D-29 Bin-Scale Tests Dry Test Bin Details ........................ D-99
D-30 TRUPACT II StandardWaste Box Assembly ................... D-100
D-31 Typical DOT Approved55-Gallon Drum ...................... D-101
D-32 Bin Layout D-102
D-3_3 WIPP Test Bin-SWB Interface Drawing....................... D-103
D-34 WIPP Site Drainage .................................... D-104
D-35 Conceptual Diagram of Bin Gas DischargeSampling ............ D-105
D-36 VOC MonitodngStation Locations . ......................... D-106

P_o,nnprehensiveTOC
WP:PTB-LOT-F xvi 3/92



WIPP RORA Part B PermitApplication
DOFJWlPP 91-005

Revision1

LIST OF FIGURES

(CONTINUED)

Figure No. Titl..,_.ee Pa_ae

D-37 Panel 1 Instrumentation.................................. D-107
F-1 WIPP SeourityGate and Guard and Security Building ........... . F-33
F-2 WIPP Guard and SecurityBuilding.......... ................ F-34
F-3 WarningSigns on SecuredArea Fence ...................... F-35
F-4 WIPP SecurityGate .................................... F-36
F-5 Warning SignsmnWIPP SeoudtyGate ....................... F-37
G-1 WIPP Surface Structures .................................. G-47

G-2 SpatialView of the WiPP Facility ........................... G-48
G,3 WIPP UndergroundFacilities .............................. G-49
G-4 UndergroundEmergencyEquipmentLocationsand Underground

EvacuationRoutes ...................................... G-50
i

G-5 Rre Water DistributionSystem ............................. G-51
G-o UndergroundFuel Area Fire ProtectionSystem ................. G-52
G-7 WIPP On-Site AssemblyAreasand WIPP Off-Site StagingAreas ... G-53

O G-8 DesignatedUndergroundAssemblyAreas .................... G-54H-1 Abbreviate¢lWIPP FacilityOrganizationalChart ................. H-18
J-1 Location_f SWMUs Withinthe 16-Square-Mile WIPP LegaZ

BoundaryArea ............................ , ........... J-8
J-2 Surface Satellite AccumulationAreas, HoldingPonds,and Septic

' Leach Field ........................................... J-9

J-3 UndergroundSatelliteAccumulationAreas and Shaft Sumps ....... J-10

O ComprehensiveTOC
WP:PTB.LOT-F xvil 3/92



WIPP RORA Part B PermitApplication
DOE/WIPP 91-005
Revision1

THIS PAGE LEFT BLANK INTENTIONALLY ,:
i

Q

Comprehens6veTOC
WP:PTB-LOT-F xvlil 3/92



NEW MEXICO HAZARDOUS WASTE MANAGEMENT REGULATION
(HWMR-6) CROSS-REFERENCE TABLE

J



WIPPRC;RAPadB PermitApplloation
DOE/WIPP91-005

Revision1

NEW MEXICO HAZARDOUS WASTE MANAGEMENT
REGULATIONS (HWMR-6) CROSS-REFERENCE TABLE1

Chapter Title HWMR-6, Part, Subpartor Seotlon,
or Appendix

t i L,,

A PART A PERMIT'APPLICATION Part IX, seo. 270.10
Part IX, seo. 270.11
Part IX, seo.270.13

B FACILITY DESCRIPTION Part IX, seo,270.14(b)(1)

,,

B-1 General Desodption Part IX, see. 270.14(b)(1)
i

B-1a Definitions Part IX, seo.270.14(b)(1)

B-lb The Test Phase Part IX, seo. 270.14(b)(1) /
, ,, ........ ,,, i ,

B-lo The WIPP Site Part IX, seo.270.14(b)(1)
Part IX, mm.270.14(b)(19)(X)

B-2 TopographioMap Part IX, seo.270.14(b)(19)(i)
Part IX, seo. 270.14(b)(19)(vl)
Pa"t IX, seo.270.14(b)(19)(vli)
Part IX, seo.270.14(o)(3)

e B-2a General Requirements Part IX, se_. 270.14(b)(19)(Iv)Part IX, see. 270.14(b)(19)(v)
Part IX, see. 270.14(b)(19)(ix)

B-2b AdditiormlRequirementsfor Land Disposal Part V, sea. 264.95
Facilities Part IX, seo.2T0.14(b)(19)(vti)

Part IX, seo.270.14(o)(3) _1

B-3 LoeationInformation Part IX, seo.270.14(b)(11)
i , i

B-3a Seismio Standard Part V, seo.264.18(a)
Part V, AppendixVI
Part IX, seo.270,14(b)(11)(i)
Part IX, seo.270.14(b)(11)(il)

B-3b FloodplainStandard Part V, seo. 264.18(b)
Part IX, see. 270.14(b)(I I)(III)

B-3b(1) Demonstrationof CompUarr_e Part V, seo. 264.18(b)(1)
,, l_,,,

B-3b(1)(a) Rood Proofingand Rood ProteotionMeasures Part V, seo. 264.18(b)(1) .

B-3b(1)(b) Flood Plan Part V, seo. 264.18(b)(1)

B-3b(2) Plan for FutureCompliancewith Roodplaln Part V, seo.264.18(b)(1)
Standard

B-3b(3) Waiver for Land Storage and DisposalFacilities Part V, seo.264.18(b)(1)

I Regulatory©Itationsare madeusingU.S. EnvironmentalProteotionAgencyRCRAregulatlonscurrentthroughJuly1991.

ComprehensiveTOC
WP51:WIP:PBPA.XRF Page1 of 17 8/92



I p

WIPPROllAPnrtB PormltApplk_tion
DOE/WIPP91-O05
Revision1

NEW ,',IEXIC0 HAZARDOUS WASTE MANAGEMENT
REGULATIONS _HWMR-6) CROSS-REFERENCE TABLE1

(CONTINUED)

i i , .,,., , , , ,., , , J: i ',, , ,i i

Chapter Title HWMR-6, Part, Subpartor Seotlon,
orAppendix

B-4 TraffloInformation Part IX, seo. 270,14(b)(10)
Part IX, seo. 270,14(b)(19)(vlll)

,,,,, lbl I r

Appendix B1 Surfaoe rlydrelogy P,trt IX, seo. 270.14(b)(19)(il)
Part IX, see. 270.14(b)(19)(lli)

, i , ,,, , i , ,,, , , ,,,

C WASTE ANALYSIS PLAN Part II, AppendixI
Part V, seo. 264.13

' Part X, seo. 270.14(b)(2)
Part X, seo. 270.14(b)(3)

, , , , ,,, , .,

C-1 FaollityDescription Part IX, seo.270.14(b)(1), ,

C,-Is Containers Part V, seo. 264.173

C-Ib Tank Systems Part V, SubpartJ

C-Io Surfaoe Impoundments Part V, Subpart K L,i

C-ld Waste Piles Part V, Subpert L
, , , , , , ,,, , , - _

C-le Indnerators Part V, Subpart O
,,...

C-lf Landfills Part V, SubpartN
. ,, , , ,,., , , ,,

C-lg Land Treatment Pert V, Subpsrt M
i ,,, , i ..,,,,

C-lh DripPe.ds Part V, Subpsrt W
L "

C-2 Identificationof Waste to be Managed Part V, seo. 264.13(a)
Part V, see. 264.13(b)
Part V, seo. 264.13(o)
Part X, seo. 270.14(b)(2)

,,,

C-2a Operationsand ProeeseesGeneratingTRU Waste Part V, seo. 264.13(s)(2)
Part V, seo. 264.13(b)

,,

C-2b Desortptionsof AcceptableWaste Categories Part V, seo. 264.13(a)(2)
Part V, seo. 264.13(b)

J ,, , ,

C-2o On-Site Generated _ DerivedWaste Part V, seo. 264.13(a)(2)
Part II, seo. 261, Appendix I
Part V, seo. 264.13(b)

,,, i , .,.

C-3 BoundaryConditionsand ProcessTolemnoe Limits Part V, ssc. 264.13
40 CIR, I,)o. 268.7

., ,, ,,.,

C-3a Faolltty-EstabiishedBoundary Conditionsand Part V, seo. 264.13
ProoeasTolerance Limits 40 CFR, seo. 268.7

,, , ,, ,,, , ,, , .

C-3b EPA-EstablishedBoundaryCond_ons 40 CFR, sea. 268.7
,.

I RegulatorydtatlonsaremadeusingU.S. Envlro_mentalProtedk>nAgencyRCRAregulations©ummtthroughJuly1991.

_nstve TOO
WP51:WIP:PBPA.XRF Page2 c_17 3/92



WIPPRORAPartB PermitApplloatlon
DOE/WIPP91-O05

RevisionI

NEW MEXICO HAZARDOUS WASTE MANAGEMENT
REGULATIONS (HWMR-6) CROSS-REFERENCE TABLE I

(CONTINUED)
,i

Chapter Title I-IWMR-6, ParL Subpartor Seotlon,
or Appendix

C-4 Parameters, Rationale,and Test Methods Part V, seo. 264,13
...... __ , ,, ,,,

C-4a Criteriafor Seleotionof Waste AnalysisParameters Part V, seo.264.13(a)
Part V, seo.264.13(b)(I)

i , ,,

C-4b Parametersand Test Methods Part V, seo. 264,13(b)(I)
Part V, seo.264.13(b)(2)

, L

C-5 Waste SamplingPlan.and Data Analysis Part Ii, Appendix I
Part V, seo. 264.13(b)(3)

.,, L

C.Sa SamplingPlan Part II, Appendix I
Part V, seo,264.13(b)(3)
Part V, seo. 264.13(b)(4)
Part V, aso. 264.13(b)(5)

C-Sb SamplingMethod1 Part II, Appendix I
Part V, seo. 264.13(b)(3)
Part V, seo. 264.13(b)(4)
Part V, =mo.264°13(b)(5)
,, ,,,, , , ,, , ,

C-5o SamplingMethod2 Part II, Appendix I
Part V, =mo.264.13(b)(3)
Part V, seo.264.13(b)(4)
Part V, seo. 264.13(b)(5)

_ ,, i ,,

, O.Sd Data AnalysisMethodology Part V, see. 264.13(b)(3)
•-,=.. ,, ,, ,,,,

C-Se Data Vadabilityand Pooling Qualtfioations Part V, seo. 264.13(b)(3)
Part V, seo. 264.13(b)(4)
Part V, seo. 264.13(b)(5)

..._,_,,f,...q ., ,,.,, ,,, .1 ,.

C.6 Waste ShipmentSoreenlngand Verifioatlon Part V, seo. 264.13(a)(I)
Part V, seo. 264.13(a)(4)

_= Part V, _OI 2_' 1 3(O) I I

6a Phase I Waste ShipmentScreening and ' Part V, see. 264.13(a)(I)
Verification Part V, =mo.264.13(a)(4)

Part V, seo. 264.13(o)
_._ I I

C.-6b Phase II Waste Soreeningand Verification Part V, seo. 264.13(a)(I )
Part V, seo. 264.13(a)(4)
Part V, seo. 264.13(o)

C-7 OA/QC Program Part V, seo. 264._3(a)(I)
Part V, seo. 264.13(a)(4)
Part V, seo. 264.13(o)=

1 RegulatorycitationsaremadeusingU.S.EnvironmentalProteotionAgencyROllAregulationsourrentt_roughJuly1991.
i

C,omprehensiveTOC
WP51:WIP:PBPA.XRF Page3 of 17 3/92



WIPPRORAPartB PermitApplk:_ztion
DOFJWIPP9t-005
Revision1

NEW MEXICO HAZARDOUS WASTE MANAGEMENT
REGULATIONS (HWMR-6) CROSS-REFERENCE TABLE I

(CONTINUED)

ii i T , ,' , ± LL i i,r ,

Chapter Title HWMR-6, Part, Subpart or Seotlon,
orAppendix

C,-7a Waste CharaoterlzationQA/QC Part V, =mo.264.13(a)(I)
Part V, =mo.264.13(a)(4)
Part V, sao. 264.13(o)

. , , ,,, , ,., ,,, , , ,, ,,

C,-7b Waste ShipmentSoreenlngQA/QC Part V, =mo.264.i3 (a)(1)
Part V, sao. 264.13(a)(4)
Part V, sao. 264.13(o)

,,

C,-7o Waste Trsoking OA/QC RestdotedWaste Part V, =mo.264.13(a)(i)
Part V, =mo.264.13(a)(4)
Part V, =mo.264.13(o)

i ' ' i , , . "l '"' , , ' '"', , ,, ,, ,,,,. , ,,

D FACILITY AND PROCESS INFORMATION Part V, sao. 264.601
Part IX, sao. 270,14,

D-1 Containers Part IX, sao. 270.15

D-2 Tank Systems Part V, SubpartJi,,

D-3 Waste Piles Part V, Subpart L
.., , ., ,, , ,, , , , , ,

Surfaoe Impoundments Part V, Subpart K ,, I

D-5 Indneratom Part V, SubpartO
, .,,,, , , .,,,, , ,, , , ,, ,,,

D-6 Landfills Part V, Subpart N
,,.. .. .,

D-7 Land Treatment Part V, Subpart M
, . , ,

D-8 Drip Pads Part V, SubpartW., , ,

D-9 MisoellaneousUnit Part V, SubpartX
Part IX, =mo.27023(a)(1)
Part IX, see. 27023(a)(2)

,,,, , ,,

D-9a , Desodpttonof the MiscellaneousUnit Part IX, sao. 270.23(b)

D-ga(l) Site Charaoterlstlcs Part V, sao. 264.601

D-9a(1)(a) Climate Part V, sao. 264.601(o)(4), ., =,

D-9a(1)(b) Geology Part V, sao. 264.601(a)(2)
Part V, =mo.264.601(b)(4)

,i l , ,,, , , '"'

D-9a(1)(o) GroundwaterHydrology Part V, sao. 264.601(a)(2)
Part V, sao. 264.601(a)(3)
Part V, sao. 264.601(a)(4)
Part V, sao. 264.601(b)(5)
Part V, sao. 264.601(b)(6)

,, , ,,

1 RegulatoryoitatlonsaremadeusingU.S. EnvironmentalProteottonAg(mW RCRAregulations©ummtthroughJuly1991.

ComprehensiveTOO
WP61:WIP:PBPA.XRF Page4 of17 3/92



i

WIPPRCRAPadB PermitApplication
DOE_NIPP91-005

Revision1

NEW MEXICO HAZARDOUS WASTE MANAGEMENT

REGULATIONS (HWMR-6) CROSS-REFERENCE TABLE 1
(CONTINUED)

i , T,

Chapter Title HWMR-6, Part, Subpart or Section,
orAppendix

ii

D-9a(1)(d) Surface Water Hydrology Part V. sso. 264.601 (b)(6)
Part V, se0. 264.601(b)(7)
Part V, seo. 264.601(b)(_) i

D-9a(1)(e) Soils Part V, sea. 264.601(b)(8), ,,,,,

D-ga(1)(f) Air Quailty Part V, seo. 264.601(c)(4)
Part V, mm. 264.601(o)(5)

, ,,,

D-ga(l )(g) BiologicalCommunityStructure Not applicable.

D-ga(2) ProcessDescription ' Part IX, sea. 270.14(8)(i)p

D-ga(2)(a) Descriptionof ExperimentalWaste Part V, ssc. 2S4.601(a)(1)
Part V, see. 264.601(b)(1)
Part V, see. 264.601(c)(1)

D-ga(2)(b) Waste ManagementOperations Part V, see. 264.173(b)
Part IX, sec. 270.14(8)(i)

,,,,

D-ga(3) Facility Designand Construction Part IX, =,Dc.270.14(8)(,)
Part IX, see. 270.14(8)(ili)
Part IX, sec. 270.14(8)(v)
Part IX, neo. 270.23

__._, ,,

D-ga(3)(a) Site Secudty Part V, see. 264.14,

D-ga(3)(b) Waste Handling Building Part V, see. 264.31,,,

D-ga(3)(c) Waste Handling Equipment Part V, ssc. 264.31
Part IX, ssc. 270.14(8)(i)

D-ga(3)(d) Shafts and S_JbsurfaceFacilities Part V, seo. 264.601
,,

D-ga(3)(e) RepositorySubsurfaceStructures _ Part V, soc:.264.601 i

D-ga(3)(f) Containers Part IX, soc. 270.15 i

D-ga(3)(f).l Containerswith Free Liquids Part V, Subpart I,,, , , , ,

D-ga(3)(f).la Descriptionof Containers Part V, sec. 264.171
_ Part V, see. 264.172

j , iJ

D-ga(3)(f).lb Container Management Prs_ces Pert V, sec. 264.173 ii

D-ga(3)(f).l¢ SecondaryContainmentSystem Designand Part V, see. 264.175(a)
Operation Part V, sec. 264.175(o') i,,,

D-ga(3)(f).ld Requirement for '#,) Bas6 or Uner to Contain Pan V, sec. 264.175(b)(1)
Liquids , ,,

1 Regulatorycitationsare madeusingU.S. EnvironmentalProtectionAgencyRCRAreg_ currentthroughJuly1991.
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WIPPROllAPartB PermitApplication
DOE/WIPP91-0O5
RevisionI

FIEW MEXICO HAZARDOUS WASTE MANAGEMENT
REGULATIONS (HWMR-6) CROSS-REFERENCE TABLE I

(CONTINUED)

i

Chapter Title HWMR-6, Part, Subpartor Section,
or Appendix

D-ga(3)(f).le ContainmentSystem Drainage Part V, sea. 264.175(b)(2)

D-ga(3)_f).If ContainmentSystem Capaelty Part V, sea. 264.175(b)(3),,,

D-9a(3)(f).Ig Cont]'olof Run-On Part V, see. 264.175(b)(4)
,,,, , ,

D-9a(3)(f).lh Removalof Liquidsfrom ContainmentSystem Part V, see. 264.175(b)(5),,,

D-9a(3)(f).2 Containers Without Free Liquids Part IX, soc.270.15(b)

D-gb Waste Characterization Part V, sso. 264.13
Part VIII, see. 268.7

D-go Treatment Effectiveness Part I, sso. 260.10

D-9d EnvironmentalPerformance Standardsforthe Part IX, sso. ?702.3(0)
MiscellaneousUnit

D-gd(1) Protection of Groundwater and SubsurfaceUnit Part V, see. 264.601(a)(7)
Part V, see. 264.601(a)(8)
Part V, mm. 264.601(a)(9)

i L

D-gd(2) Protectionof Surface Water, Wetlands, and Soil Part V, seo. 264.601(b)(2)
Surface Part V, see. 264.601(b)(6)

Part V, see. 264.601(b)(7)
Part V, sec. 264.601(ht(10)
Part V, see. 264.601(b)(11)

, ,,,,,,, _

D-9d(3) Prote_on of the Atmosphere Part V, =mo.264.601(o)(2)
Part V, see. 264.601(o)(3)
Part V, see. 264.601(o)(6)
Part V, seQ.264.601(o_.r/)

D-ga Monitoring,Inspection,and Reporting I-'artV, seo. 264.602
Part VIII, see. 268.6
Part IX, see. 270.31

D-ge(l) Monitodng Part V, see. 264.90(b)(4)
Part VIII, see. 268.6

D-ge(2) Inspection Part V, see. 264.15
Part'V, see. 264.33

D-ge(3) RecordKeeping Part V, see. 264.75
Part V, see. 264.76
Part V, see. 264.56(])
Part V, ssc:.264.101
Part V, see. 264.115
Part VIII, see. 268.6

I Regulatorycitationssre madeusingU.S. EnvironmentalProtectionAgencyRCRAregula_onscurrentthrmJghJuly1991.
1
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WIPPRCRAPartB PermitApplication
DOE/WIPP9t 005

Revision1

NEW MEXICO HAZARDOUS WASTE MANAGEMENT
REGULATIONS (HWMR-6) CROSS-REFERENCE TABLE1

(CONTINUED)

Chapter Title HWMR-6, Part, Subpart or Section,
or Appendix

,, ,

E GROUNDWATER MONITORING Part V, SubpartF

E-1 CompliancewithGroundwaterProtection Part V, sao. 264.90(b)(4)
Requirements Part IX, see. 270.14(o)

E-la Waste Piles Part I, saG,260.10
Part V, SubpartL

.,, . ..=J

E-lb Landfill Part I, see. 260.10
Part V, SubpartN

E-lo No Migration Part V, Subpart F
Part V, sao. 264.90(a)(2)
Part V, see. 264.90(b)(4)
Part V, see. 264.601
Part V, see. 264.602

,,

E-2 Interim Status GroundwaterMonitoringData Part VI, see. 264.60(o)
r

E-3 General HydrogeologioInformation Part IX, see. 270.14(b)(I I)

E-4 Topographk=Map Requirements Part IX, see. 270.14(b)(19) ', ,

E-5 Contaminant PlumeDescription Part IX, see. 270.14(o)(4) ,,, H

E-6 General MonitoringProgramRequirements Part V, see. 264.97
Part V, seo.264.602

E-7 DetectionMonitoringProgram Part V, seo.264.98
Part V, sao. 264.602

J

E-8 Compliance MonitoringProgram Part V, sao. 264.601(a)
Part V, =mc.264.602

.. , ,, t

E-9 CorrectiveAction Program Part V, see. 264.101
,,

Appendix E1 RCRA Groundwater Prote_on Information Part V, Subpart1
Waste IsolationPilotPlant Part V, see. 264.601-603

..

F PROCEDURES TO PREVENT HAZARDS Part IX, see. 270.14(b)(4)
Part IX, see. 270.14(b)(5)
Part IX, see. 270.14(b)(6)
Part IX, see. 270.14(b)(8)
Part IX, see. 270.14(b)(9)
Part IX, see. 270.15(0)

F-I Secudty PartV, aec. 264.14
Part IX, see. 270.14(b)(4)

1 Regulatory©M,,atio_are madeusingU.S. EnvironmentalProtectionAgencyRCRAregulations©urrentthroughJuly1991.
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WIPPROllAPartB PermitApplication
DOE/WIPP91-005
Re_. '_n I

NEW MEXICO HAZARDOUS WASTE MANAGEMENT
REGULATIONS (HWMR-6) CROSS-REFERENCE TABLE I

(CONTINUED)

,

Chapter Title HWMR-6, Part, Subpart or SeQtlon,
or Appendix

, ,, ,

F-la ,Se(::udtyProoedures and Equipment Part V, sec. 264.14(b)
Part V, seQ.264.14(o)

,, , ,
" ' ' i

F-la(l) 24-Hour SurvelllanceSystem Part V, sec. 264.'b,4(b)(1), , ,,

F-la(2) Barrier and Means to Control Entry Part V, see. 264.14(b)(2)
Part IX, seo. 270.14(b)(19)(vlii)

,,, ,,,, ,, , ,,

F-la(2)(a) Barrier ' Pqrt V, seo. 264.14(b)(2)(i),, , ,

F-la(2)(b) Means to Control Entry Part V, _._eo.264.14(b)(2)(ii)
,,, ,, , , , ,,, ....

F-la(3) Warning Signs Part V, seo. 264.14((:)
I ' ' " ' "' ' '" ' '

F-lb Waiver Part V, ,.,so.264.14(e,)
,r ,,,,, " "' ' '

F-2 InspeclJonSchedule Part V, sec. 264.15(b)
Part V, seo.264.33
Part V0se(:. 264.174
Part V, aec. 264.193(i)
Part V, seo. 264.195
Part V, seo. 264.226
Part V, sea. 264.254
Part V, sec. 264.273
Part V, seo. 264.303
Part V, sea. 264.602
Part V, so(:.264.1033
Part V, seo. 264.1052
Part V, see. 264.1053
Part V, see. 264.1058
Part IX, so(=.270.14(b)(5)

F-2a General InspeattonRequirements Part V, see. 264.15(b)(4)
Part V, seo. 264.33
Part V, see. 264.174
Part V, sea. 264.602

F-2a(1) Types of Problems Part V, sec. 264.15(b)(3) ......

F-2a(2) Frequencyof Inspe_ons Part v, sec. 264.15(b)(4)
Part V, sec. 264.174
Part V, seo. 264.602

,

F-2b Specific ProcessInspectionRequirements Part V, see. 264.15(b)(4)
Part IX, sec. 270.14(b)(5)

,,, ,,,,

F-2b(1) Container Inspection Part V, se(:. 264.174

1 Regulatory©itattonsare madeusingU.S. EnvironmentalProtectionAgencyRCRAregulationscurrentthroughJuly1991.
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WIPPROllAPadB PermitApplication
DOE/WIPP91-005

Revision1I

NEW MEXICO HAZARDOUS WASTE MANAGEMENT
REGULATIONS (HWMR-6) CROSS-REFERENCE TABLE I

(CONTINUED)

, .Jl

Chapter Title HWMR.6, Part,Subpart or Seotion,
or Appendix

, , ,

F-2b(2) Tank System Inspection Part V, sea. 264.1930)
Part V, seo. 264.195

, ,,

F-2b(3) Waste Pile Inspection Part V, sae. 264.254,,,

F-2b(4) Surface ImpoundmentInspeotion Part V, see. 264.226. ,,, , ,

F-2b(5) IncineratorInspeQtion Part V, SubpartO
.... , ,, ,,,,,,

F-2b(6) Lal._tftllInspe_on Part V, aec. 264.303
. . _ , ., , , , ,

F-2b(7) LandTreatment FaoiiityInspeotion Part V, seo. 264.273

F-2b(8) I Drip Pad Inspeotion Part V, see. 264.444

|

,,,, .,,,,, , , ,

F-2b(9) MiscellaneousUnit Inspeotion Part V, see. 264.602,,., ,,

F-3 Waiver or Documentationof Preparednessand Part V, see. 264.32
PreventionRequirements Part V, sec. 264.34

Part V, sao. 264.35
Part IX, sao. 270.14(b)(6)

e _ L i , ,,
F-3a EquipmentRequirements Part V, sao. 264.32

Part V, se¢. 264.34
., ,

F-3a(1) InternalCommunications Part V, sec. 264.32(a)
Part V, sao. 264.34(a)

,, , ,,

F-3a(2) ExternalCommunications Part V, see. 264.32(b)
Part V, see. 264.34(b)

F-3a(3) EmergenoyEquipment Part V, see. 264.32(0),, ,

F.3a(4) Water for Fire Control Part V, see. 264.32(d)
Part IX, aec. 270.14(b)(19)(x)

,, , ,,

F-3b Aisle Spaoe Requirement Part V, see. 264.35

F-4 PreventiveProcedures,Struotures,and Equipment Part IX, see. 270.14(b)(8)
,,, ,

F-4a UnloadingOperations Part IX, see. 270.14(b)(8)(I),,,, ,,, , , ,.

F-4b Runoff Part IX, saG.270.14(b)(8)(ii)
Part IX, sac. 270.14(b)(19)(x)
Part IX, sac. 270.14(b)(19)(xi)

,n , ,, ,.

F-4<: Water Supplies Part IX, sao. 270.14(b)(8)(ili),,

F-4d Equipment and Power Failure Part IX, see. 270.14(b)(8)(iv)
. , ,, ,, .,,

F-4e PersonnelProtection Part IX, se_. 270.14(b)(8)(v)
....

I RegulatorycitationsaremadeusingU.S. EnvironmentalProtectionAgencyRCRAregulationscurrentthroughJuly1991.
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WiPPRCRAPartB PermitApplication
DOFJWlPP91-O05
Revision1

NEW MEXICO HAZARDOUS WASTE MANAGEMENT
REGULATIONS (HWMR-6) CROSS-REFERENCE TABLE1

(CONTINUED)

.,,., ...............

Chapter Title HWMR-6, Part, SUbpartor Seotlon,
or Appendix

,, ,, ,. . ,,, ,,,, , , . ,,,.,.

F-4f Releases to Atmosphere Part IX, sea° 270.14(b)(8)(vt)
, ,, ,, , , :

F-5 Preventionof Reaotionof Ignitable,Reaotive,and Part V, sea. 264.17
IncompatibleWastes Part IX, sea. 270.14(b)(9)

Part IX, sea. 270.15(o)

F-5a Precautionsto PreventIgnitionor Reaotlonof Part V, sea. 264.17(a)
Ignitableor ReaotiveWastes,, , , ,,

F-5b General Preaautiomfor Handling Ignitableor Part V, sea. 264.17(b)
ReaottveWaste and Mixing of IncompatibleWaste

, , ,,. , ..........

F-5o Management of Ignitable or Reaotive Waste in Part V, sea. 264.176
Containers Part IX, sea. 270.15(o)

, . , ,

F-Sd Managementof IncompatibleWastes in Containers Part V, seo. 264.177
Part IX, sao. 270.15(o)

,... , , ,

F-Se Management of Ignitable or ReaottveWastes in Not applicable.
Tank Systems , ._.,,

F-Sf Management of IncompatibleWastes in Tank Part V, SubpartJ
Systems

F-Sg Management of Ignitableor ReaotlveWastes Part V, SubpartL
Placed in Waste Piles

F-Sh Management of IncompatibleWastes Placed in Pad V, Subpart L
Waste Piles

F-51 Management of Ignitable or Reactive Wastes Part V, SubpartK
Pleaed in Surface Impoundments

,-- , ,

F-5J Management of IncompatibleWastes Placed in Part V, SubpartK
Surface Impoundments ,

F-5k Management of Ignitableor Reacllve Wastes, Part V, Subpart N
Placed in Landfills

,, ,,,

F-51 Management of IncompatibleWastes Placed in Part V, Subpart N
landfills

F-Sm Management of Ignitable or Reaotlve Wastes Part V, Subpart M
Placed in Land Treatment Units

F-5n Management of IncompatibleWastes Placed in Part V, SubpartM
Land Treatment Units

,,

F-5o Management of Ignitable or ReactiveWastes Part V, Subpart W
Placed on Ddp Pads

1 RegulatoryoitationsaremadeusingU.S.EnvironmentalProtectionAgencyRCRAregulationscurrentthroughJuly1991.
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WIPPRCRAPartB PermitARalloation
DOE/WIPP91-005

Revision1

NEW MEXICO HAZARDOUS WASTE MANAGEMENT
REGULATIONS (HWMR-6) CROSS-REFERENCE TABLE1

(CONTINUED)
,,,, , , , ,

'Chapter Title HWMR-6, Part, Subpartor Seotion,

,,, , or Appendix
F-5p Management of IncompatibleWastes Raced on Part V, SubpartW

Drip Pads

G RCRA CONTINGENCY PLAN Part V, seo. 264,51(a)
Part IX, seo.270.14(b)(7)

, .= ., H,, ,.,

G-I General Information Part V, eeo. 264.50
,,,

G-2 EmergenoyCoordinators Part V, aeo. 264.52(d)
Part V, aeo. 264.55

,,

G-3 Implementation Part V, aeo. 264.51(b)
Part V, seo. 264.52(a)

G-4 EmergenoyResponseMethods Part V, aeo. 264.52(a)H . ..

G-4a Notification Part V, aeo. 264.56(a)
Part V, aeo.264.56(d)

j, ,,.

G-4b Identificationof Hazardous Materials Part V, ssc. 264.56(b)
.= ,. ,. ,H ,,

Assessment of the Nature and Extent of the Part V, aeo.264.56(o)
Emerger_y, ,. ., ,, , , ., ,m ,, ..,

G-4d Control, Containment,and Correotionof the Part V, aeo. 264.56(e)
Emergeney Part V, seo. 264.56(f)

G-4e Prevention of Recurrenosor Spread of Fires, Part V, aeo. 264.56{e)
Explosions,or Releases Part V, seo. 264.56(f)

,, ,,, , ... ,i _,,

G-4f Storage and Treatment of Released Matedal and Part V, see. 264.56(g)
Waste

H,,. , .... ,.

G-4g IncompatibleWaste Part V, see. 264.56(h)(1)
H. ,, ,. ,. ....

G-4h Post-EmergencyFacilityand Equipment Part V, aeo. 264.56(h)(2)
Maintenanceand Reporting Part V, seo. 264.56(i)

• ,.., ,, ,, ,.,,

G-4i ContainerSpillsand Leakage Part V, see. 264.'_71,, , ,,. H,,

G-4j Tank Spills and Leakage Part V, aec. 264.1_16
• .

G-4k Surface Impoundment Spillsand Leakage Part V, aec. 264.227
H , . H H,

G-5 Emergenoy Equipment Part V, aeo. 264.52(e),. ,, ., m,

G-6 CoordinationAgreements Part V, sso. 264.52(0)

G-7 EvacuationPlan Part V, aec. 264.52(f)
........................

1 Regulatory©itatlonsaremadeusingU.S. EnvironmentalProtectionAgencyRCRAregulationscurrentthroughJuly1991.
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WIPPRCRAPadB PermitApplication
DOE/WIPP9t-005
Revision1

NEW MEXlC_ HAZARDOUS WASTE MANAGEMENT
REGULATIONS _(HWMR-6)CROSS-REFERENCE TABLE1

(CONTINUED)

Chapter Title HWMR-6, Part, Subpartor Section,
or Appendix

LL '

G-7a Surfaoe EvacuationOn-Site AssemblyArease and Part V, sec. 264.52(f)
Off-Site StagingAreas

i ..,.. .

G-7b UndergroundAssemblyAreas Part V, seo.264.52(f)
, r ,,,

G-7o Plan for Surfa_ EvaQuation Part V, seo.264.52(f)
,

G-7d Plan forUnderground Eva_ouatlon Part V, seo. 264.52(f)

G-7e Further Site Evacuation Part V, seo. 264.52(f)
=,

G-8 RequiredReports Part V, seo. 264.56(j)
, , ,,

G-9 LoGattonof the Contingen_ =Planand Plan Part V, see. 264.53
Revision Part V, seo.264.54

H PERSONNEL TRAINING Part V, seo.264.16
Part IX, seG.270.14(b)(12)

,,, , ,

H-I Outline of the Training Program Part V, seo.264.16(a)(I)
Part IX, see. 270.14(b)(12)

,,,

H-la Job Title/JobDesodption Part V, seo. 264.16(d)(I )
Part V, =leo.264.16(d)(2)

t

H-Ib Training Content, Frequency,and Teohnlqu_s Part V, seo. 264.16(a)
Part V, seo. 264.16(b)
Part V, seo. 264.16(o)
Part V, seo. 264.16(d)(3)

h__

H-I b(1) TrainingContent Part V, seo.264.16(a)
Part V, seo. 264.16(d)(3)

H-Ib(2) Training Frequenoy Part V, seo. 264.16(b)
Part V, seo. 264.16(o)

H-I b(3) Training Techniques Part V, seo. 264.16(d)(3),. ,, ,,,

H-1o Training Direotor Part V, seo. 264.16(a)(2)
,,,, ,,,

H-ld Relevance of Training to Job Position Part V, seo. 264.16(a)(2)
Part IX, sec. 270.14(b)(12)

H-le Trainingfor Emergency Response Part V, seo. 264.16(a)(2)
Part V, sec. 264.16(a)(3)

., ,o, , ,.

H-2 Implementationof TrainingProgram Pa_ V, seo. 264.16(b)
Part V, seo. 264.16(d)(4)
Part V, seo. 264.16(e)

, J ,,.,

p

1 Regulatorycitationsare madeusingU.S, EnvironmentalProtectionAgencyRCRAregulationscurrentthroughJuly1991.
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WIPPRCRAPartB PermitApplioatlon
DOE/WIPP91-005

Revision1

e NEW MEXICO HAZARDOUS WASTE MANAGEMENT
REGULATIONS (HWMR-6) CROSS-REFERENCE TABLE1

(CONTINUED)

_ J , ,, ,,,

Chapter Title HWMR-6, Part, Subpartor Seotlon,
or Appendix

,,_ ..... ....

I CLOSURE PLANS, POST-CLOSURE PLANS, Part V, Subpal:tG
AND FINANCIAL REQUIREMENTS Part IX, =leo.270.14(b)(13)

,,,, , ,,,, , ,,,, ,

I-1 Test Phase Closure Plan Part V, sea. 264.112
Part V, sao. 264.601
Part IX, =mo.270.14(b)
Part IX, sao.270.23(a)

,,, , ,,,, ,, ,,,

I-1a Closure PerformanceStandard Part V, sao. 264.111
Part V, sao. 264.601

,, ,, , , ,,,,,,, LL I , I

I-1b PartialClosureand Rnal Closure Aotlvltles Part V, sao. 264.112(b)(2)
, , , ,

I-lo Maximum Waste Inventory Part V, see. 264.112(b)(3)
' , , # ,,

I-ld Schedulefor Closure Part V, sao.264.112(b)(6)
L , . ..,,,

I-ld(1 ) Time Allowedfor Closure Part V, see. 264.113
,, , , ,_ ,,,

I-ld(2) Amendmentof the Closure Plan Part V, aec. 264.112(o)
, , i i

e I-ld(3) _ Notificationof Partial or Rnal Closure Part V, sao. 264.112(d)
,,, i

l-le Closure Prcx_Klures Part V, =mo.264.112(b)(I)
,,

I-I e(1) InventoryRemoval Part V, sao. 264.112(b)(I)L'

I-I e(1)(a) Bin-ScaieTest Waste Retrieval Part V, sao. 264.112(b)(I)

I-I e(1)(b) Samplingand QualityAssurance Part V, sao. 264.112(b)(4),, , ,,

1-ie(I )(b).1 Sample Colleotlonand Handling Part V, seo. 264.112(b)(4)
,,,, , ,,,,,,,

I-1e(1)(b).2 Quality Assuranoe/_lality Control Part V, mi(:. 264.112(b)(4) ,

I-le(1 )(b).3 Sample Analysis Part V, seo. 264.112(b)(4)
,,.,

I-le(2) Disposalor Decontaminationof Equipment, Part V, seo. 264.114
Structures,and Soils

,,

I-_e(2)(a) Removalof Hazardous Waste Residues Part V, sao. 264.112(b)(4)

I-le(2)(b) Decontaminationof the Underground Part V, seo. 264.112(b)(4),,

I-le(2)(o) Decontaminationof the Surface Part V, sao. 264.112(b)(4),,,,

I-le(2)(d) Waste Generated by DecontaminationAottvitles Part V, sao. 264.112(b)(4),_ i

I-le(2)(e) Certtfioationof Closure Part V, sea. 264.115

1 RegulatoryeitattonsaremadeusingU.S. EnvironmentalProtectionAgencyRCRAregulations©urrentthroughJu_y1991.
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WIPPRORAPartB PermitAppfloatlon
DOF./WIPP91-005
Revision1

i

NEW MEXICO HAZARDOUS WASTE MANAGEMENT
REGULATIONS (HWMR-6) CROSS-REFERENCE TABLEI

(CONTINUED)
i ,, ,, , ,,,,,,,, ' J_l ' , , ,

Chapter Title HWMR-6, Part,Subs)artor Seotion,
or Appendix

, ,, , i

1-Ie(3) Closure of DisposalUnlts/ContlngentClosures Part V, seo. 264.228(o)(I)
Part V, =,Do.264.258(o)(I)(I)

, i , '"" '"'"' '

I-le(4) Closure o! Containers Part v, seo. 264.178 ,_', , , ,

I-le(5) Closure of Tanks Part V, seo. 264,197
, ,, , , , , , ............... ,_

I-le(6) Closure of Waste Piles Part V, seo.264.258
r ,,, , ,

I-le(7) Closure of Surface Impoundments Part V, seo. 264.228,, ,,, , , ,,,

I-1e(8) Closure of Incinerators Part V, seo. 264.351
,, , , ,, ,,_

I-1'e(9) Closureof Landfills Part V, seo. 264.310, i , , ,

1-Ie(I0) Cloture of Land Treatment Faollltles Part V, seo. 264.2.80 .....

I-le(11 ) Closure of DripPads Part V, seo. 264.445, ,, i , ,i , , , ,

1-Ie(12) Post-ClosureCare of Miscellaneous Units Part V, seo. 264.603,,,

I-2 Post-ClosurePlan/ContingentPost-Closure Part V, see. 264.603
, .,, ,, , ,.., , , , ,,. ,

1-3 Decommissioningthe WIPP Faolllty Part V, seo. 264.112(b)(4)

1-4 Closure Cost Estimate Part V, seo. 264,142
. J , ,, ,,, ,

1-5 Rnanolal AssuranceMechanismfor Closure Part V, seo. 264.143
, , ,,, ,, , , ,

1-6 Post-ClosureCost Estimate Part V, aso. 264.144
...... , ,, , , ..

I-7 RnanoialAssuranceMechanlsm for Post-Closure Part V, seo. 264.145
Care

,,,_

1-8 Llabllity Requirement Part V, seo. 264.147
.,,,, ,, , ,, , , , ; --

J CORRECTIVE ACTION FOR SOLID WASTE Part V, seo. 264.90
MANAGEMENT UNITS Part IX, seo. 270.14(d)

, ,, ,.. ,

J-1 Solid Waste ManagementUnits Part IX, seo.270.14(d)
,,,, ,,,,

J-la Charaoterlzationof the SWMUs Part IX, see. 270.14(d)
,,, ,,,

J-2 Releases Part V, seo. 264.90
--.m.

J-2a Charaoterlzationof Releases Part V, sea. 264.90
,, ,, J,, , ,,, ,..,,, ,, , --

J-2b CorreotiveAotions Part V, sea. 264.101(a) _
'"'I ...... , , _,,J ........ "' ' "" '_ "'"

K OTHER FEDERAL LAWS Part IX, seo.270.3
Part IX, ssc. 270.14(b)(20)

.........

I Regulatorycitationsare madeusingU.S. EnvironmentalProteotlonAgencyRCRAregulationsourrentthroughJuly1991.
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WiPPRORAPad B PermitApplloatton
DOE/WIPP91-005

Revision1

NEW MEXICO HAZARDOUS WASTE MANAGEMENT

REGULATIONS (HWMR-6) CROSS-REFERENCE TABLE1
(CONTINUED)

_:, , t , , , ,, i i i ,_ , , ........

Chapter Title HWMR-6, Part, Subpert or Seotton,
or Appendix

.... ,, , , , ,,,,, ,,,,

K-1 Wild and SoenloRiversAet Part IX, sao, 270.3
Part IX, sao, 270,14(b)(20)

,,, , ,,,,, , , , ,,,

K-2 National HlstodoPreservationAet Part IX, see, 270.3
Part IX, sao,270,14(b)(20)

t, ,, , '" '

K-3 Endangered Speolee Aet Part IX, sao.270,3
Part IX, sao, 270.14(b)(20)

,,,,,,, i ,,,

K-4 Coastal Zone ManagementAet Part IX, sao.270.3
Part IX, sao,270.14(b)(20)

.... ,,,,, , ,, , ,,,-,, , ,t ,

K-5 Reh and WildlifeCoordinationAet Part IX, sao. 270.3
Part IX, see. 270.14(b)(20)

,, ,,,,

K-6 Clean Air Aot Part IX, sao,270.3
Part IX, sao.270.14(b)(20)

,,,,,,, , , ,,

K-7 Clean Water Aot (or Federal Water Pollution Part IX, mm.270.3
ControlAet of 1972) Part IX, sao.270.14(b)(20),,...

K-8 Safe Ddnking Water Aet Part IX, sao.270.3
Part IX, sao. 270.14(b)(20)

_, J , , ,...,,, .,,.,. , ... ,.,,

K-9 Comprehen.,_e EnvironmentalResponse+, Part IX, sao.270.3
Compensation,and LiabilityAet Part IX, sao.270.14(b)(20)
,, , ..

K-lO Toxto Substances ConVolAot Part IX, _mo.270.3
Part IX, sao.270.14(b)(20)

. ,,, ........

K-11 National EnvironmentalPolioyAot Part IX, sao. 270.3
Part IX, sao. 270.14(b)(20)

l., "t

K-12 ResouroeConservationand ReoovetyAet of 1976 Part IX, see. 270.3
Part IX, see. 270.14(b)(20)
, ,,., ,,.

K-13 Atomlo Energy Aet of 1954 Part IX, see. 270.3
Part IX, eeo,270.14(b)(20)

,, , , , , ,, ,. ,

K-14 Environmental Radiation ProteetJonStandardsfor Part IX, see. 270.3
Management and Disposalof Spent Nuolear Fuel, Part IX, sao. 270.14(b)(20)
High-Level, and TraneuranloRadioaetlveWastes.... • -.

K-15 Hazardous MaterialsTransportationAot Part IX, aec. 270.3
Part IX, see. 270.14(b)(20)

,., ,,,

K-16 Paokaglngand Transportationof Radioaetive Part IX, _o. 270.3
Materials Part IX, see. 270.14(b)(20)

..,. , ,., ,

i

1 RegulatoryoitationsaremadeusingU,S. EnvironmentalProteotionAgenoyRCRAregulations©urrentthroughJu4y1991.
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WIPPROllA PartB PermitApplication
DOE/WIPP91-005

, Revbion1

NEW MEXICO HAZARDOUS WASTE MANAGEMENT
REGULATIONS (HWMR-6) CROSS.REFERENCE TABLEt

(CONTINUED)

i i i,,1111i i ','it'ltl 'i III1','i x ! ! ,,= _ rll ........... I, , i- ....... , i , ILl, I II I /,,11 I r I r

Chapter Title HWMR-O, Part, Subpart or Seotion,
or Appendix

, , ii( , ,, , , ,.,, , , ,,

K-17 Departmentof Energy NationalSeourltyand Part IX, seo,270,3
MilitaryApplloattonsof NuolearEnergy Part IX, eco,270,14(b)(20)
AuthorizationAotof 1980

,, ,,,,, ,,,,,, , ,,., , , .,,,,. , , t ,

K-18 Waste IsolationPilot PlantLand WithdrawalAotof Part IX, seo, 270.3

...... p.rtIx,, 270;!4(b)(20)
K-19 Federal Land Polloyand ManagementAot Part IX,seo, 270.3

Part IX, seo, 270,14(b)(20)
,,,,, , , ,, , ,,

K-20 Taylor Grazing Aot Part IX, seo. 270,3
Part iX, mm. 270.14(b)(20)

, , i, ,, , , ,, , , . , ,,

K-21 PublloRangelands improvementAot Part IX, see, 270,3
Part IX, mm, 270.14(b)(20),,, ',, , ,, , ....

K-22 EO 12548--Grazlng Fees Part IX, seo. 270.3
Part IX, =mo.270.14(b)(20)

K-23 Materials Aot of 1947 Part IX_seo. 270.3
Part iX, mm.270.14(b)(20)

, ,,, ,. , ,,

K-24 Federal Mine Safety and Health Aot of 1977 Part IX, mm.270.3
Part IX, seo.270.14(b)(20). , , , ..,..,

K-25 The WildernessAot Part IX, seo. 270.3
Part IX, seo. 270.14(b)(20)

K-26 Bald and Golden Eagle ProteotionAot Part IX, seo. 270.3
Part IX, mm, 270.14(b)(20)

K-27 MigratoryBirdTreaty Aot Part IX, seo. 270.3
Part IX, see. 270.14(b)(20)

,.,, , , ,,,

K-28 Noise ControlAct of 1972 Part IX, mm.270.3

.... Part IX, imo.270.!4(b)(20)

K-29 Federal insectloide,Fungicide,and RodenttcideAot Part IX, stm.270.3
Part IX, seo.270.14(b)(20)

.. , , , , J

K-30 OSHA Regulations Part IX, mm.270.3
Part IX, see. 270,14(b)(20), .,, ,. , , , ,,

K-31 NatlonaJ Defense AuthorLzationAot- FlsoalYear Part IX, seo. 270.3
1989 Part IX, seo. 270.14(b)(20)

, ,,,

K-32 Proteotion and Enhancement of Environmental Part IX, seo. 270.3
Quality Part IX, =see.270.14(b)(20)

......

1 RegulatoryoitatlonsaremadeusingU.8, EnvironmentalProteotlonAgenoyRORAregulationsourrentthroughJuly1991.
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WIPPROHAPartB PermitApplication
DOE/WIPP9t..005

' Revblon1

NEW MEXICO HAZARDOUS, Y_',,_'_,,,STEMANAGEMENT
REGULATIONS (HWMR-6) CRC_!I_;.REFERENCETABLE1

(CONTINUED)

, ,, ,, , ,,, ,,, ,i r ,,., ' r ' , - i ,', ,',' " '" ,',, r '' f " '' ' " i

Ohapter Title HWMR-6, Part, Subpart or Seotlon,
or Appendix

, ,,, , , i ,.,.,, , ,_

K.33 Proteotionand Enhanoementof the Cultural Part IX, sao.270.3
Envlronment Part iX, sao,270.14(b)(20)

, , ,, ,, , ,,i n

K-34 Exotic:Organisms Part IX, sao.270.3
Part IX, sao.270.14(b)(20), , , , i, .,, ,,,

K-35 Roodplaln Management Part IX, sao.270.3
Part IX, sao,270.14(b)(20)

K-36 Off-Road Vehloleson PublloLands Part IX, sao.270.3
Part IX, sao.270.14(b)(20)

....... i . .-., ,,,, , ,

K-37 Proteottonof Wetlands Part IX, seo,270.3
Part IX, seo.270.14(b)(20)

K-3e FederalCompUanoewith PollutionControl Part IX, seo.270.3
Standards Part IX, ego.270.14(b)(20)m, ,,,, ,,, ""

K-39 Managementof Federal Legal Resouroea Part IX, sao.270.3
Part _X,sao.270.14(b)(20)

m , ,.., ,, , ' , ,,

K-40 EnvironmentalSafeguardson Aottvltlosfor Animal Part IX, sao.270.3
DamageControlon Federal Lands Part IX, seo.270.14(b)(20)

--. , , , , ,

K-41 Naval Nudear PropulsionProgram Part IX, sao.270.3
Part IX, sao. 270.14(b)(20)

-- ,, ,,,,,

K-42 Superfund Implementation Part IX, sao. 270.3
Part IX, oeo.270.14(b)(20)

J,,
.. ,

L NO-MIGRATION DETERMINATION 1 Part %/111,Part 268
Part IX, sao.270.14(b)(21)

b,,,

L-1 Compll_noewith Conditions of the Determination Part VIII, Part 268
-- , , , _

Appendix L1 Conditional and Proposed No-Migration Part VIII, Part 268
Determinationsfor the Waste IsolationPilot Plant

- , ,,,,,, , ,,,,,

M CERTIFICATION Part IX, sao.270.11
Part IX, sao.270.30(k)

1 Regulatoryoltatlonsare madeusingU.S.EnvironmentalProteotlonAgencyROLLAregulationsourrentthroughJuly1991.
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The Waste Isolation Pi_,ot Plan= (WIPP) is a U.S. Department of Energy facility

in=ended to demonstrate the technical and operational principles involved in the

permanent isolation and disposal of defense-generated =ransuranic waste. WIPP

operations entail receiving, unloading, and transferring radioactive-mixed waste

from the surface of the site =o the underground storage rooms. Waste will be

emplaced in an underground storage horizon located in a deep-bedded salt formation

approximately 2,150 feet beneath the surface.

)am._ - cocm md Design (:_s

' '" ' ' " " *" '"° ' *" q' I

A. ImOCES8 CODE - F.mw me coA _Yomme _ W _./1_. ITwo/m _ am prot_k_ hx' omwk_ code*-/f more Jlnoma_ _ the ada_l/onal
_or.um_r_/f a/m_ _ Iu umecfml laeta4|Jn¢,/ud.|f_ =io,.Immr.elmima|mwj h_.

II. PROCESS DESIGN CAPACTTY - For _ _ _ In ._ ;.

,.
.... = ""_' " °" _ e.4"a,,_o,),,,,,.,tta,_ m,,ou,,otmm._,rtmj, m-,_ ._.,___.. ....:.:

2. UNITOFIklEASURE-Pwud_apm_rdwumldincsdllnlD|lL_P_amllpqim'code _nlilNImd'mEnll/ilww_lmlowtgmt
akm:rUpN me undld nn,u=um und. _ adr,_uamdm_ ...... _-_-" ___ "_-?_", ....

,,

_ PROCESS TOTAL NUMBER Oi' UNITS - Enter I_e II mamka_odemhlnolf wn'_ _- ' C--r--'_'_';
..... • _. • ,_,. ,a,..._. ,,; ,,m., ,,. ,

APPROPRIATEuNrrsoF UNITO_ I
PROCESS MEASURE FOR PROCESS UNIT OF MEASURE
CODE PROCESS p_SIGN CAPACrTY MEASURE COOE ,

D.L_.D._I_ OAI.LONS...................
D79 INJE;CTION WELL GALLONS; LITERS; GALLONS PER DAY;

OR LITERS PER DAY GALLONS PER HOUR .......... E
D80 LANDFILL ACRE-FEET OR HECTARE-METER GALLONS PER DAY ........... LI
D81 LAND APPLICATION ACRES OR HECTARES
D82 OCEAN DISPOSAL GALLONS PER DAY OR LITERS PER DAY UTERS ' L

D83 SURFACE IMPOUNDMENT GALLONS OR UTERS LITERS PER HOUR ............ H

UTERSPeRDA_.............. V
SO1 CONTAINER GALLONS OR LITERS

(barrel, drum, etc.) SHORT TONS PER HOUR ....... D

SO2 TANK GALLONS OR LITERS METRIC TONS PER HOUR W
SO3 WASTEPILE CUBIC YARDS OR CUBIC METERS ......
S04 SURFACE IMPOUNDMENT GALLONS OR LITERS SHORT TONS PER DAY ........ N

_._x?._T.]_,._ METRIC TONS PER DAY ........ S
TO1 TANK GALLONS PER DAY OR LITERSPER DAY
TO2 SURFACE IMPOUNDMENT GALLONS PER DAY OR LITERS PER DAY POUNDS PFR HOUR ..........J
TO3 INCINERATOR SHORT TONS PER HOUR; METRIC KILOGRAMS PER HOUR ....... R

TONS PER HOUR; GALLONS PER HOUR:
LITERS PER HOUR; OR BTU'S PER HOUR CUBIC YARDS ............... Y

CUBIC METERS .............. C "
TO4 OTHER TREATMENT GALLONS PER DAY; L/TERS PER DAY;

POUNDS PER HOUR; SHORT TONS PER ACRES ..................... B
CU,,to,_nv=mal.¢..m_c,L HOUR; KILOGRAMS PER HOUR; METRIC
._,..,__,r,,o_._ _,o,_,.,m ACRE-FEET A
_,_,=me,_ accumng_n TONS PER DAY; METRIC TONS PER .................
_m,L wn_:e _m cv HOUR; OR SHORT TONS PER DAY HECTARES O,.¢,....,.._o..=m._.. ..................

larovloI¢lIrtnemXlll,) HECTARE-METER ............. F

BTU'a PER HOUR ............. K

llnl I I i
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ZlI. PRO_SS - CODES &HD DESIGN CkPACITIES (continued)

The Waste Isolation Pilot Plant (WIPP) is defined as a "_scellaneous unit"
under 40 _ Part 260.10. "Miscellaneous unit" means a hazardous waste mmage-
ment unit where hazardous waste is treated, stored, or disposed of, and that
is not a container, ta_k, surface impoundment, waste pile, land treatment unit,
landfill, incinerator, boiler, industrial furnace, or underground injection
well with appropriate technical stand_rds under 40 CI_ Part 146. _ is a
8eologic repository designed isr the disposal of defense-generated transuranic
waste. Some of the transuranic wastes disposed of at the WIPP contain hazardous

wastes as co-contmtfnants. VIPP vilI be penLitted as a "miscellaneous unit"
under 40 CFR Part 264, Subpart X. T'nis permit application does not include a
code for "miscellaneous unit n and therefore, no code has been included in
Sections XII &. and XIV D. of the form.

The process desisu capacity shown in this Section III B. and the estimated
annual waste quantities shown in Section XlV B. are for the expected li£e of
the facility (25 years). DurJ_ug the initial Test Phase o£ the £acilitT, which
is expected to he less than 10 years, the total amount o£ vaste received will
be 1/_ted to 8,500 drums (about 1800 cubic meters). This li_tation has been
stipulated in the Conditional Bo-_aration Deteraination for the Waste Isola-
tion Pilot Plant (WIPP) issued under 40 CFR 268.6 by the US RP& on Hovember
14, 1990 (55 FR 47700)'.

qm



:e&3e Dr.rS:r ",:e _th =...'E .'v:,e ':..'-,u3:_ers ser -:_s " "e .r'snac]e_ 1reaLson_y ..... ,....

A. EPA HAZAR!X_,USWASTE NUMBER - Enter the four-dig# number from 40 (:FR, Pan 261 Subl_art D at each IlMecJhazardous waste
you w_llhandle. For hazardous wastes which •re not tlMed tn 40 CFR, Part 261 Subpan D, enter the four.digit number(s) tree 40
CFR, /=•rf 261 Subpart C thai describes the character_MJcsand/or the toJd¢ contaminants of those h•zaraoul wastes,

B. ESTIMATED ANNUAL QUANTITY - For each limed waste entered tn column A el_Jmate the quantity ot that waste that will be
handled on an annual basis. For machcharacterlMic or ¢oxJccontaminant emceed in column A esA'lmalsthe (ota/annuat quantity o¢
ali the non-liMed waste(s) thai wlil _)ehandled which posse, that characterll_i¢ or contaminant,

C. UNIT OF MEASURE - For each quantity entered In column B enter the un/f of measure code. Unlfs of measure wl_ich must be used
and the appropriate codes aM:

l li,l , i , , i l'""' '

ENGLISH UNIT OF MEASURE CODE METRIC UNIT OF MEASURE CODE

li i | i ii i i i

POUNDS P KILOGRAMS K
I

TONS T METRIC TONS M
i i i i illl J

If facility records use nnyother unit of measure for ¢tuantity, the units of moaaure mum be convened into one otthe required until at
measure t•klng into account the appropriate densny or specific gravity of Be wu_e.

D. PROCESSES

1. PROCESS CCDES:

For limed hazardous waMe: For mach listed hazardous w•Me entered In column A ee/ocL the code(s) from the list of proceM
codes contained in Item XII A. on page 3 Io indicale how the waMe will be Mored, fruited, andtor disposed of st tl_e facility.

For non-liMed hazardous waMa: For each characteristic or fo_c contaminant entered In column ,4,aelecl the codeCs)from tl_e
list of process codes contained in Item XI1,4. on page 3 lo indicate ali the procuse• that will be used to store, Ireal, and/or
dispose of ali the non-tiMed hczardous w•Mes that processes that characterlsd¢ or toxic contaminant

NOTE: THREE SPACES ARE PROVIDED FOR ENTERING PROCESS CODES : MORE ARE NEEDED:

1. Enter the firm two a• described above.

2. Enter "000" In the extreme right box of Item XN-D(I).

3. Enter in the space provided on page 7, Item X_V-F.,the line numt: )nd the additional code(s.L

• 2. PROCES S DESCRIPTION : If • code is not listed for • proceu that wfll be us,, d, descrlbe the process in the sp•ce prot_ded on
the form(D.(2)_

NOTE: HAZARDOUS WASTES DESCRIBED BYMORE THAN ONE EPA HAZARDCUS WASTENUMBER- Hazardous waxes that
can be descrtbe_d by more mn one EPA Hazardous Waste Number sllall be described on the form as follows:

1. Select one of the EPA Hazardous WaMe Numbers and enter tt In column ,4. On the same line complete columns B. C,
and D by estimating the fo¢al annual quantity at the ware and describing ali the processes to be used to treat, store,
and/or dispose of the waMe.

2. In column A of the next line enter the other EPAHazardous Waste Number that can be used to describe the waste. In
column D(2) on that line enter "included with above" and make no other entries on that llne.

3. Repeat Map 2 for each EPA Hazardous WaMe Number mat can be used to descrtbe the hazardous waste.

EXAMPLE FOR COMPLETING ITEM XJV(shown in llne numbers X- f, X-2, X-3, and X-4 below). A fact#ly will treat and dispose of sn
estimated 900 pounds per year of chrome shaWngs from leather tanning and finishing operation. In addition, the facility will treal and
dispose of three non-llleod wawJes.Two wastes are corrortve only and there wtl_be an aM/mated 200 pounds per year of machwaste,
The other waMe li terrains and Ignitable and there will be in estlmated 100 poundl..per year of thai waMe. Trealment will ba enan
incinerator end dlspoMi will be in a i•ndflU.

iii I i m .. ,

D. PROCESS
A. EPA B. ESTIMATED C. UNIT OF • ..............

HAZARD ANNUAL MEASURE
Line WASTE NO. QUANTITY OF (enter (1) PROCESS CODES (enter) (2) PROCESS DESCRIPTION

Number (enter code) WASTE coos) pf a code is not enlared in D(1))
H I I I II I , "

I

X 1 K 0 5 4 900 P T 0 3 D I 8 0

X 2 D 0 0 2 400 P T 0 3 D 8 0
.i

X 3 D 0 0 1 100 p T 0 3 D 8 0
,, ,, --

X 4 D 0 0 2 I included With Above



13 M

30 M

30 M

30 M

30 M

3O M

3O M

30 M

.30 M

30 M

30 M

30 M

30 M

30 _I

30 M

30

30 M
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Secc£on XVZIT, Operator S_naCure - * See attached "RCRAPart A Appl;caciou
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RCR,A PART A APPLICATION CERTIFICATION

The U.S. Department _f Energy (DOE!, _h=ough its Albuquerque
Operations Offi=e and WIPP Project Offloe, has signed as "owner and
operator," and Westinghouse Electric Corporation, a=ting through its
Waste Isolation D_visio n (WID), has signed as "oo-operator," this
application Zor the permitted facility. The DOE has de_ermined that
dual signatures best reflect the a=tual appo_'_ionment of responsi-
bility under which the DOE's RCRA responsibilities are for pole=y,
programmati=, funding and scheduling decisions, WIPP requirements of _
DOE generator sites, the Waste Aooeptan=e Criteria Certification
Committee (WACCC), all other parties engaged in work at th_ WIPP
fa=ility pursuant to a dire_ contractual relationship with the DOE,
as well as general oversight; the WID's RCRA responsibilities are
for certain day-to-day operations (in accordance wi_h general
directions given by the DOE and in the H&O Contract as part of its
general oversight responsibility), in=luding but not limited to, the
following responsibilities: certain waste handllng, monitoring,
record keeping, oe_ain data collection, reporting, teohni=al
advice, and oontingen=y planning. For purposes of the certification
required by 40 CFR 270.II(d), the DOE's and the _D'I representa-
tlves cagily, to the best of their knowledge and belief, the _ru_,
accuracy and completeness of the application for their respective
areas of responsibility.

owner and Operator Signature: origin al signed by Arlen E. Hunt iiiii i i i

Title: Pro_ec_ Manaaer. WIPP Pro_ect office
for: Deoartment of Eneray ....

Date: January 18, !99 | .......... --
i

Co-Operator Signature: Orisinal signed by A. L. Tre@o
Title: General Manaaer ..... "_....... ', ',,:

for: Westinahouse Electr_c Corporation
Date: January ]_, ]9_] , ,
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FIGURE B-1 GENERALLOCATIONOF THE WIPP FACILITY
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CHAPTER B 1

FACILITY DESCRIPTION 2

B-1 General Description 3

The subject of this permit application is Test Phase activities at the Waste Isolation Pilot Plant 4
_/ (WIPP) facility (Figure B-l), which Is defined as a miscellaneous hazardous waste management 5
_/ unit under New Mexico Hazardous Waste Management Regulations (HWMR-6), Part I, 6
_/ section 260.10. In order to facilitate the reviewOf Information presented herein, the format of this 7

application is that of the U.S. Environmental Protection Agency's (EPA) RCRA [Resource 8
Conservationand RecoveryAct]Part BApplicationCompleteness/TechnicalEvaluationChecklist 9
(EPA, 1989). The WIPP Projectwas authorizedby the Departmentof EnergyNationalSecurity lO
and Military Applicationsof Nuclear EnergyAuthorizationAct of 1980 (PublicLaw 96-164). Its 11
legislativemandate is to providea researchand developmentfacilityto demonstratethe safe 12
disposal of radioactive waste resulting from United States defense programs. The 13

_/ U.S. Department of Energy(DOE) is developingthe WIPP facilityas a deepgeologicrepository14
_/ fortransuranic(TRU) wastecurrentlystoredator generatedby DOE defenseInstallations.At this is
_/ time, DOE is seekinga permit to perform bin-scaletests. Detailed informationon container 16

O _/ and duringthe bin-scaletests is presentedto supportthispermitapplication. 17design operations

_/ The waste thatwillbe emplacedat the WIPP facilityresultsprimarilyfromactivitiesrelatedto the is
reprocessingof plutonium-bearingreactor fuel and fabricationof plutonium-bearingweapons. 19
Thiswasteconsistslargelyof suchitemsas laboratoryglasswareandutensils,tools,scrapmetal, 2o
shielding,and solidifiedsludgesfrom the treatmentof wastewater. Approximately60 percentof 21

_/ thiswaste is also contaminatedwith substancesthat are definedas hazardousunderHWMR-6, 22

_/ Pt. II, SubpartsC and D, and subject to the Land DisposalRestrictionsof HWMR-6, Pt. VIII, 23
_/ sec. 268.6 (DOE, 1990a). For example, trace amountsof degreasingsolventsmay remainon 24_

a tool or piece of glassware,and rubberapronsand gloveboxesare linedwithlead. 25

Since Public Law 96-164 was enacted establishingthe missionof the WIPP Project,program 26
activities have focused on completionof major segmentsor phases of the project,thereby 27

_/ allowing significantprogressto be made towarddemonstratingthe safety of the WIPP facility. 28
Each majorphasehasprovidedan opportunityto studyandevaluatethe mostrecent information, 29
individuallyand collectively,priorto proceedingwith the next phase. The majorphasesof the 30

_/ WIPP Projectbegan with PreliminaryDesign(Title I) in October1979, followedby Detail Design 31
(Title II), whichstarted inSeptember 1981. Followingthe successfulcompletionof the Site and 32
PreliminaryDesignValidation(SPDV) programinJuly1983, theConstructionPhasewasinitiated. 33

- _/ The ConstructionPhase of the project is complete (DOE, 1990b) and the project is ready to 34

embark uponthe next phase of development,the Test Phase. The Test Phase willbe usedto 35

- ChapterB
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1 gather data tosupport theperformanceassessment,which willdetermine the suitability of the site
2 for long-term disposal of radioactive waste as required by EPA regulation 40 CFR Part 1911,
3 which implements the Nuclear Waste Policy Act. Information acquired during the Test Phase will
4 also be used to verify data and assumptions that were used for modeling in the No-Migration
5 Variance Petition, which was prepared to satisfy the requirements of the RCRA Land Disposal
6_/ Restrictions, HWMR-6, Pt. VIII, sec. 268.6. The Test Phase isexpected to last approximatelyfive
7_/ years. The Disposal Phase Decision,which will determine whether the WIPP facility is suitable
8_/ to be a TRU waste repository, is not expected until near the end of the Test Phase (DOE, 1990c).

p

9 Both mi×ed and radioactiveTRU waste from DOE generator siteswill be used as the waste for
lo the underground'tests duringtheTest Phase (DOE, 1990c). Becausethe mixedwaste issubject
11`/ to the RCRA Land DisposalRestrictions,theWIPP Projecthas submitteda petitionfor a variance
12 fromtreatmentrequirementsbasedona demonstrationthatthewastewillnotmigratebeyondthe
13 unit boundaryduringthe Test Phase (DOE, 1990a). On April6, 1990, EPA publisheda public
14 noticeof theagency's intentto granta "conditional"determinationof no-migration(EPA, 1990a).
15 EPA'sdecisiontogranttheconditionaldeterminationwaspublishedon November14, 1990 (EPA,
16 1990b). ChapterL describesthe conditionsof the determinationof no-migrationin detail. EPA's
17J approvalof the conditionalno-migrationdeterminationfor the WIPP facilityWillallowthe facility ,
18`/ to acceptwaste whichwouldotherwisebe prohibitedfrom landdisposalduringthe Test Phase.
19 MonitoringduringtheTest Phasewillprovidedata to verifythatmigrationhasnotoccurred. Data
2o_/ gatheredfrom otherTest Phase activitieswillbe used to supporta WIPP Projectdemonstration
21 of no-migrationfor operationsand post-closure.

22 B-la Definitions

23 Terms which have special regulatoryinterpretationare used in this permit to describewaste
24`/ managementactivitiesat the WIPP facility. The followingdefinitionsare providedto assistthe
25J permit writerin understandingthe intentof terms as they are used inthisdocument.

26 MiscellaneousUnit

27`/ A miscellaneous unit is defined in HWMR-6, Pt. I, sec. 260.10, as "a hazardous waste

28 management unit where hazardouswaste is treated, stored,or disposedof and that is not a
29 container, tank, surface impoundment, pile, land treatment unit, landfill, incinerator, boiler,
3o industrial furnace, underground injection well with appropriate technical standards under 40 CFR
31`/ Part 146, or unit eligible for a research, development, and demonstrationpermit under HWMR-6,
32'/ Pt. IX, sec. 270.65." Miscellaneousunitsinclude salt bed formationsin whichhazardouswastes

33 1 Subpart B 0440 CFR Part 191 was vacated and remanded to the EPA by the U.S. Court 04Appeals for ttle F'¢s_Circuit.
34 However, inthe 1987 SecondModificationto theAgreementfor Consultationand Cooperation,the DOE and theState of New
35 Mexico (1981) agreedthatthe DOEshouldcontinuecompUanoeptanningactivitiesinaccordancewith SubpartB aspromulgated
36 in August 1985 un_l a revisedStandardis issued.

ChapterB
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_/ are managed. In the context of HWMR-6, Pt. IX, permitting requirements, and HWMR-6, Pt. V, 1
technical requirements, waste management in the miscellaneous unit is subject to the same 2
treatment, storage, or disposal requirements applicable to more typical RCRA-regulated 3
hazardouswaste managementunits. 4

Land Disposal 5

_/ Under HWMR-6, Pt. VIII, soc. 268.2, the placement of hazardous waste ina salt bed formation 6
Is defined as "land disposal." The term "placement" does not differentiate between temporary 7

_/ storage and permanent disposal. Because the management of waste in the WIPP facility 8
technically constitutes "land disposal," the facility is subject to the RCRA Land Disposal 9
Restrictions. However, because waste emplaced during the Test Phase may either be lo
permanently disposed of or retrieved, based on the demonstration of repository performance, 11

_/ some activities at the WIPP facility are described as waste management, st_bject to the 12
_/ requirementsfor a miscellaneousunit in HWMR-6, Pt. IX. 13

B-lb The Test Phase 14

Tests with TRU waste are designed to provide informationthat can enhance the project's is

O understandingof the effectand magnitudeof potentialgas buildupinthe facility. Such a buildup le_/ could become the mechanism for forcing hazardous constituentssuch as volatile organic 17
compounds (VOCs) beyond the unit boundary. In addition, the effectiveness of various le

_/ engineered alternatives(suchas wastecompaction)willbe evaluatedsothatthe projectcan be 19
ready to implementmodificationsto the waste form or repositorydesign,shouldthe need be 2o

_/ demonstrated. 21

The Test Phase will consistof a seriesof activities,includingexperimentswith TRU waste, data 22
collection,modeling,andcalculationsleadingto a demonstrationof compliancewiththe long-term 23

_/ performancestandarddefinedby 40 CFR Part 191 (DOE, 1990c). This permitapplicationis for 24
_/ waste managementactivitiesduringthe bin-scaletestsinvolvingtheemplacementofTRU waste 25
_/ undergroundat the WIPP facility. 26

_/ Bin-scaletests willconsist of up to 233 binscontainingprescribedmixturesof TRU waste from 27

Rocky Flats Plant and the Idaho NationalEngineeringLaboratory. The wastesto be tested will 2s
be representative(froma performanceassessmentperspective)ofthe DOE TRU waste inventory 29

_/ slated for disposalat the WIPP facilityandwill Includehigh- and low-organiccontentwasteand 3o
(relatively)oldand newwaste. Each binwill holdapproximatelysix (55-gallon)drum-equivalents 31

_/ of waste. The binswill be emplaced tn Panel 1, undergroundat the WIPP facility (Moleckeand 32
Lappin, 1991). Experimentaldata to be gathered includepressure and gas composition. In 33

-- additionto experimentaldata, the bins will be monitoredto ensure that there is no migrationof 34
VOCs to the accessible environment. Section D-9e and Appendix D9 contain detailed 3s

Chapter B
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1_/ descriptionsof the VOC monitoringsystem for bins. Ali test waste will be fully retrievableduring
2_/ the Test Phase.

3 Planning for the underground TRU waste tests tsproceeding in a phased manner. The Integrated
4_/ Systems Checkout program (DOE, 199Od)ensured that ali systems, designs, and procedures
s_/ required to emplace, monitor, and retrieve bins safely are in place and function correctly before
6_/ any waste is receivedat the WIPP facility.

7_/ Detailed informationpertainingto bin-scale tests is presented in Chapter D of this permit
8 application.

_9 B-lc The WIPP Site

lo The WIPP facilityis located in the Pecos RiverValley section of the Great Plains physiographic
1 provincein the north-centralpartof the Delaware Basin. The facility is north of the Jal Highway

12 (State Highway 128) in Eddy County, New Mexico (Figure B-2), and consistsof 16 sectionsof
13_/ federal land under the jurisdictionof the DOE in Township22 South, Range 31 East. These
14 landswere withdrawnbyPublicLandOrders6403 and6826 (BLM, 1983, 1991),whichauthorized
15_/ use of the land for the constructionof the WIPP facility.

16 There are threebasicgroupsof structuresatthe site:surfacestructures,shafts,and underground
17 structures(FigureB-3). Surfacestructuresaccommodatethepersonnel,equipment,and support
le services required for the receipt, preparation, and transfer of waste from the surface to the
19 underground. The surface structuresare locatedwithin a perimeter secudty fence. Among
2o surface buildingsat the site are the Waste HandlingBuilding,where ali surface waste-handling
21 activities will take place;the Exhaust Filter Building,which will filtercontaminatedair fromthe
22 undergroundin theunlikelyevent of a release of radioactiveparticulates; the SupportBuilding,
23 whichhousesofficespace,changerooms,and thecentralmonitoringsystem;andtheSafety and
24 EmergencyServicesBuilding,where the EmergencyOperationsCenter is located(Figure B-4).
25_/ There are alsotwo salt piles,one of whichis inactive,whichstore the salt that is minedfrom the
26 u_ndergmunduntil it is requiredfor backfillingaroundthe waste or for decommissioningthe site
27 (DOE, 1990e).

2s The WIPP facilityconsistsof several zones. The legal boundariesof the waste management
29 fa(o{litysite are shownin FigureB-5. Zone I, surroundedby a chain-linkfence enclosing35 acres,
30 trT_¢ludesali major surface structures. The Secured Are(, Boundary,enclosing 1,500 acres,
31 irncludesotherstructuresandareas associatedwithconstructionandoperation.Zone II Indicates
32 t,h_ surface projectionof the maximum extent of undergrounddevelopment. The WIPP site
33 b:_ndary extendsat least 1 milebeyondany potentialundergrounddevelopmentand is defined
34 or_the surfacebythe 16-section(16-square-mile)landwithdrawalarea. The WIPP site boundary
35 wiilllbe controlledbothadministrativelyand physicallyduringthe Test F_haseandduringoperations

36 (D,,_E,1990e). After closure,if waste is disposedof undergroundat the WIPP facility,evidence O
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of the presenceof the repositorywill be maintained by wdtten records,shaft locationmarkers, and 1
site monuments, as described in the Closure Plan (see Chapter I). These controls are intended 2
to prevent any undesirable Intrusion into the surface structures in the near term and, in the long 3
term, to prevent any inadvertent penetration into the subsurface repository. 4

Four vertical shafts connect the surface facility to the underground. These are the Waste Shaft, 5
the Salt Handling Shaft, the Exhaust Shaft, and the Air Intake Shaft. The Waste Shaft will be 6
used to transport waste to the underground, lt is also used to transport materials and large 7
equipment, and can transport personnel. The Salt Handling Shaft is the primary personnel hoist; 8
removes mined materials from the underground; is a route for power, control, monitoring, and 9
communication cables; and servesas the secondary air supply duct for the underground. The 10
Exhaust Shaft serves as the exhaust air duct for the underground. The Air Intake Shaft is the 11
primary supplyof fresh air to the underground (DOE, 1990e). 12

_/ The WIPP facilityundergroundstructuresare locatedon therepositolyhorizon,2,150 feet under 13
the surface, and consistof the waste managementarea, the shatt pillararea that containsthe 14
undergroundconstructionarea, andthe experimentalarea. The wasteemplacementareawillbe is
mined as requiredfor waste emplacement. Ultimately,lt will consistof eight panelsof seven 16
disposal roomseach. The waste disposalrooms are 300 feet long, 13 feet high, and 33 feet 17
wide. The experimentalarea, to thenorth, is reservedfor activitiesthat do notinvolvewasteand le
that support salt repository technologydevelopmentprograms. Detailed descriptionsof the 19
surfaceand undergroundfacilitiesare included_nChapterD. 2o

B-2 Topo_ra.ohtcMap 21

_/ Topographic maps of the WIPP site and facility, as required by HWMR-6, Pt. IX, 22
_/ ssc. 270.14(b)(19), are presentedin FiguresB-6 and B-7. In accordancewith the note located 23
,/ at the end of HWMR-6, Pt. IX, ssc. 270.14(b)(19), and due to the large size of the facility,the 24

_/ scaleon FigureB-6 is 1 inch= 1,000 feet. Contourlineson FiguresB-6 and B-7 are at intervals 25
_/ of 10 feet (except thosewithinthe Zone 1 fence on FigureB-7, whichequal 1 foot), reflectingthe 26

flat, desert-plaintopographyat theWIPP site. In addition,a contourmapat the approximatemid- 27

height of the undergroundfacility (correspondingto the Orange Marker Band) is presented in 2s
Figure B-8. 29

B-2a General Requirements 30

_/ A map scale, date, and north arrow are on FiguresB-6 and B-7. The WIPP facility is not in a 31
_/ 100-year floodplainnor are major surf,.ce water bodies within 10 miles of the site. Therefore, 32
_/ these requirementsare notincludedon Figure B-6or FigureB-7. See a discussionof the 100- 33
_/ year floodplainand Figure2.4-1 whichshowssurfacewater featuresbeyondthe area represented 34
_/ in FiguresB-6 andB-7 in AppendixBl. A windrose showingprevailingwindspeedand direction 35

O _ appears in FigureB-6. Additionalwind roses for the WIPP siteare presentedin FiguresB-9 and 36

Chapter B
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1J B:13, While there are some potential productionwells within the WIPP legal boundary, ali are
2J outside Zone I1. The Zone II boundary delineates a minimum distance of 1 mile from the
3] miscellaneousunit. Informationregardinglanduses on and near the WIPP facility is illustrated
4J in FiguresB-16 through B-21. The legal boundary of the WIPP site is shown in Figure B-6.
5J Accesscontrolfeatures suchas fencesand gates are illustratedin FigureB-7. Buildings,waste
6J managementareas, and otherstructuresare illustratedtn FigureB-7.More detailed information
7J and figuresconcerningthe waste managementunit, buildings,structures,sewers, loadingand
8J unloadingareas,fire controlfacilities,flood controlanddrainagebarriers, runoffcontrolsystems,
• / and waste handling areas are presented in Chapter D. Flood control and drainage barrier

lO] informationis alsoIncludedinAppendixBl. The undergroundwasteemplacementarea is shown
11J in Rgure B-6. Surface waste handlingareas are shownin FigureB-7.

i

12 B-2b AdditionalRequirementsfor Land DisposalFacilities

13J The proposedpoint of complianceis the WIPP legal boundary,whichenclosesthe 16 square
14 milesof the WIPP site, and is shownin FigureB-6. Althoughthere are water qualitysampling
15 wells (FigureB-22), no wellsare proposedas RCRA groundwatermonitoringwells. ChapterE
16J addressesgroundwatermonitoring,and AppendixE1 presentsRCRA GroundwaterProtection
17J Information. Chapter D appendicescontaindetaileddescriptionsof WIPP site characteristics,
18 includinggeology and hydrology,and include maps of known water-bearing zones. No
19 contaminationhas, and it is highlyimprobablethat any contaminationwill,enterthe groundwater
20 fromthe regulatedunit

21 B-3 LocationInformation

22 SelectiOnof the WIPP site followed an extensive study of potentialsites and was based on
23 stringentsite selection cdteda. Investigationof the geographicarea proposedfor the WIPP
24J facility,the LosMedanosregionof southeastemNew Mexico,beganin1972 with a carefulreview
.>5 of the extensivegeologicdata base developedby potashand hydrocarbonindustryexploration
2s inthearea. The resultsof this reviewwere favorable,and detailedcharacterizationof the present
27 site was initiatedin 1976 with drillingof a stratigraphicborehole,ERDA-9, at the center of the

2e proposedsite (DOE, 1990c). For details regardingWIPP site characterization,geology, and
29 hydrology,see AppendicesD6 and D7.

30 Between 1975 and 1988, over 95 boreholeswere drilled and over 35,000 feet of core were
31J retrievedspecificallyfor geologicevaluationof the site. More than 40 of these boreholeshave
32 been used,toacquirehydrologicdata neededto establishmodelsof localandregionalhydrology.
33 A detailed and exhaustivestudy of the geology of the WIPP vicinitywas completed in 1978
34 (Powers et al., 1978). In addition,a variety of geophysicalexplorationtechniques, including
35 electrical resistivity,seismic reflection,gravity, and magnetic surveys,have contributedto and
36 updatedunderstandingof the many aspects of site geology (Lappin,1988).
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A comprehensive WIPP Project research and development program began in 1975 with 1
Investigationsof saltcreep propertiesandconstitutivelaws,gas generationfromthedegradation 2
of TRU waste, corrosionbehavior of TRU waste containers,and backfillbehavior. From 1981 3
through 1983, field tests were conducted on waste package materials, large-scale salt 4
deformation,and brinetransportin a potashminenearthe WIPP site. Investigationsin theWIPP 5

_/ facility undergroundbegan in 1982 with the instrumentationof the Salt Handling Shaft and 6
selected underground drifts. An extensive underground (In situ) test program for 7
thermal/structuralInteractions,pluggingandsealing,brineInflow,andwastepackageperformance 8
began in 1983 and is stillin progress(Tyler et al., 1988). 9

The SPDV program(1981-1983) was developedand implementedto permit directobservation 10
of geologic conditionsat the proposed repositoryhorizon and to allow determinationof the 11
geomechanicalresponseof the saltbedsafter excavationof undergroundworkings.Two shafts 12

were drilledand a four-roomtest panelwasexcavatedat the selecteddisposaldepth. Extensive 13
data fromgeologicinvestigationsshowedthegeologyof thedisposalhorizonto beconsistentwith 14
predictionsbasedonpreviousinvestigations(Westinghouse,1983). Thesite'scharacteristicswith 15
respectto seismicityand floodingare discussedin the followingsections. 16

B-3a SelsmicStandard 17

The WIPP site is locatedin Eddy County,New Mexico. Eddy County,New Mexico, is not listed 18
_/ inHWMR-6, Pt. V_AppendixVI, PoliticalJurisdictionsin WhichComplianceWith§264.18(a) Must 19
_/ Be Demonstrated. Therefore, the WIPP site is assumed to be in compliance with the 20
_/ requirementsof HWMR-6, Pt. V, soc. 264.18(a). 21

WIPP facilitystructuresand componentsystemsthatare designedto withstandthe DesignBasis 22
Earthquakeare functionallyreliedupon to confine,monitor,and controlradioactiveeffluentsor 23

_/ to providepermanentshlelding(DOE, 1990e). The DesignBasisEarthquakeforthe WIPP facility 24
_/ is defined as an event with maximum ground acceleration of 3.2 feet per second squared 25

horizontallyandvertically,withtenmaximumstresscycles,andbasedon a 1,000-yearrecurrence 26

interval (DOE, 199Oe). Additionalinformationregardingthe seismicityandstructuralgeologyof 27
the site is presentedin SectionD-9a(1), and additionallnformalJonon DesignBasiscomponents 28

_/ of the WIPP facilityis presentedin SectionD-9a(3). 29

B-3b FloodplainStandard 3o

The WIPP sitedoesnotlie withina 100-yearfloodplain.There are nomajorsurfacewaterbodies 31
within10 milesof the site. atis approximately14 miles from the nearestriver,the Pecos River 32

Chapter B
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1 (FigureB-2). The!general groundelevation In the vloinlty of the surfaoefacilities (approximately
2 3,400 feet above mean sea level)is about 500 feet above the river bed and 400 feet abovethe
3 100-year floodplain. Further,althoughthere are no flood protectionrequirementsfor the WIPP
4 sre, the WIPP facilitydrainage structureshave been designedso that pondlng.resultlngfrom a
5 ProbableMaximum Preoipltation(PMP) eventwill notaffect suffaoe struotures.The floor levels
6 ofali surfacefaciliItesare abovethe levelscalculatedforlocal floodingdueto PMP events(DOE,
7 1990e). Detailed analysisof the surface hydrology,oontalnedin Section2.4 of the WIPP Final
e Safety AnalysisReport, is Includedas AppendixB1 tn this permitapplication.

DemonStrationof Complianoe9 B-3b(1)
I
J

loV The WIPP facility is not in a lO0-year floodplain as defined jn HWMR-6, Pt. V,
11 ssc. 264.18(b)(2)(i), and regulated under HWMR-6, Pt. V, ssc. 264.18(b)(1). Floodplain
12 regulationsare not applicableto the WIPP facility.

,

13 B-3b(1)(a) Flood Proofingand Flood ProtectionMeasures

14_/ The WIPP facility is not in a lO0-year floodplain as defined In HWMR-6, Pt. V,
lsz/ ssc. 264.18(b)(2)(i), and regulated under HWMR-6, Pt. V, s(.,c.264.18(b)(1). Floodplain
16 regulationsare notapplicableto the WIPP facility.

17 B-3b(1)(b) Fiood Plan
i

18_/ The WIPP facility is not in a lO0-year floodplain as defined in HWMR-6, Pt. V,
19 ssc. 264.18(b)(2)(i), and as regulated under HWMR-6, Pt. V, ssc. 264.18(b)(1). Flood plan
20V regulationsare not applicableto the WIPP facility.

21 B-3b(2) Plan for F_ure Compliancewith FloodplainStandard

22V The WIPP facility is not in a l O0-year floodplain as defined in HWMR-6, Pt. V,
23_/ ssc. 264.18(b)(2)(i), and as regulatedunder HWMR-6, Pt. V, ssc. 264.18(b)(1). The plan for
24 future compliar_e with the floodplainstandardregulationis not applicableto the WIPP facility.

2s B-3b(3) Waiver for Land Storageand DisposalFacilities

26_/ The WIPP facility is not in a lO0-year floodplain as defined in HWMRM-6, Pr. V,
27_/ sec. 264.18(b)(2)(i), and as regulatedunderHWMR-6, Pt. V, sec. 264,18(b)(1). The waiver for
28 land storageand disposalfacilities regulationis not applicableto the WIPP facility.

ChapterB
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B-4 Traffic Information 1

Access =.tothe WIPP facility is provided by two access roads that connect with U.S. 2
Highway62/180,13 miles to the north,and New Mexico Highway128 (Jal Highway), 4 milesto 3
the south(FigureB-2). The NorthAccessRoad,whichcorfnectsthesiteto U.S. Highway62/180, 4

_/ is theaccessroadthat willbe usedto transportwaste from the highwayto the site(Bechtel, inc., s
_/ 1981a). Access roadsare DesignClass IIIB. Road pavementmaterialsandconstruction,as well s
_/ as other road features,were designedIn accordance withthe StandardSpecificationsfor Road 7
_/ and BddgeConstruction,New Mexico State HighwayDepartment (NMSHD-1976), if applicable 8
_/ (.Bechtel;1981a and 1981b). Signsand pavement markingsare locatedIn accordancewith the 9
_/ manual on UniformTraffic ControlDevices (Bechtel, 1981a). Accessroad design designation 10
_/ parameterssuQhas trafficvolumeare presentedinTable B-1. Railaccessmay beprovidedfrom 11

a spurof the Atchison,Topeka & Santa Fe railroadnear the Western Ag-MineralsCorporation 12
Nash Draw Mine, whichis about6 milessouthwestof the WIPP facility. 13

.,

_/ WIPP employees and visitorspark'at the paved parking area, which lies west of the facility, 14
_/ outsideof the seourttyfence (Figure B-23). The parking lot tsdesigned to accommodate231 15
_/ vehicles, includingfourbuses. Accessto the facility for personnel,visitors,and truckscarrying is
_/ suppliesandwaste is providedthrougha seoudtycheckpoint. After passingthrougha security 17
_/ checkpoint(see Figures F-1 and F-2), TransuranlcPackage Transporter(TRUPACT-II) waste 18

transporttruckswill turnright(south)before reachingthe SupportBuildingandthen left(east)to 19
_/ park eitherat the unloadingdocksor Inthe truck parkingarea justeast of the docks(FiguresF-4 2o

and F-5). Salt transport trucks,whichremovemined salt fromthe Salt HandlingShaft area, will 21
•_/ not cross paths with waste transporters. The'/ will proceed from the Salt Handling Shaft 22
_/ northwardto the salt pile. FigureB-23 shows surfacetrafficflowat the WIPP facility. 23

, 24

_/ The traffic circulationsystem is designed in accordance with Amedcan Associationof State 2s
_/ Highway and TransportationOfficials (AASHTO) Site PlanningGuides for lane widths,lateral 26
_/ clearanceto fixed objects,minimumpavementedge radii,and othergeometricfeatures. Objects 27

inor nearthe roadwayare prominentlymarkedinaccordancewiththe standardscontainedinthe 2e
J Manual on UniformTraffic ControlDevices.forStreets and Highways,as modifiedby the State 29
J of New Mexico (Bechtel, 1981c). 30
J , 31

On-site roads, sidewalks,and paved areas are used for the distributionand storageof vehicles 32
= _/ and personneland are designedto handle ali trafficgeneratedby employees,visitors,waste 33

_/ shipments,and movementsof operationaland maintenance vehicles (Bechtel, 1981c). The 34
_/ facilityentranceandwastehaul roadsaredesignedforAASHTO H20-$16 wheelloading(Bechtel, 35
_/ 1981c). Service roadsare designedfor AASHTO HIO wheel Ioadin_(Bechtel, 1981c). Access 36

= _/ and on-sitepaved roadsare designedto bear the anticipatedmaximumloadof 80,000 pounds 37

_/ (the maximumallowableweight of a trailercarryingloadedTRUPACT-IIs). 38

ChapterB
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1 The facility is designed to handle an average of 3.2 truck trailersper day, each carryingthree
2 TRUPACT-IIs (DOE, 1990d). This isequivalentto 810 vehiclesperyear forcontact-handledTRU
3 waste. However,duringthe Test Phase, bin-scaletest shipmentswillnotexceed a totalof 250
4 truck trailers. _ r_

i

5 Underground traffic, with and without waste, will travel on separated paths. The ventilation and
. s traffi_flow in the waste handUngareas undergroundare restrt:;,tedand separatefromthose used

7 for mining and haulage equipment.

J
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TABLE B-1
WASTE ISOLATION PILOT PLANT SITE DESIGN DESIGNATION TRAFFIC PARAMETERS 1

(BECHTEL, 1981a)

' '"" ' ...... ,,, , "_'_ ' '" ,,,, i " ' ,, ,,, ',,'J _ ,

North Access Road South Access Road On-Site Waste
(No. of Vehicles, (No, of Vehicles, Haul Roads
unlessotherwise unlessotherwise CTRUPACT-II

Traffic Parameter stated) stated) Traffic)
, ,,,,, , ,,, , ,,, , ,, L , ,,=,

Average Daily Traffic (ADT)2 800 400 <1
,,,, , , i , ,i ............ ,,,

Design Hourly Volume (DHV)s 144 72 NA7
. ,.- , ,, , ,. . ,. i

HourlyVolume 250 125 NA
(Max at ShiftChange)

Distribution(D)4 67% 67% NA
i i ., ,,. i i i . = ..... , . , .

Trucks (T)s 2=/o 0 100%
i ,,,, ,, |,,, , ,, ,, i ,i

Design Speeds 70 mph 60 mph 25 mph

Controlof Access None None Full
............. , ,J,', ,i " '""' ' ' " '

1For WIPP personnel and waste shipmentsonly.
2ADT - Estimatednumberof Vehiclestravellingin both directionsper day.
SDHV - A two-waytrafficcountwith direct_onaldistribution.
4D - The percentageof DHV in the predominantdirectionof travel.
ST -The percentageof ADT comprisedof trucks(excludinglightdeliverytrucks).
SControlof Access - The extentof roadsideinterferenceor restrictionof movement.

7NA - Not Applicable.

ChapterB
PTB-138 B-16 3/92



L

WIPP RCRA Part B PermitApplloaOon
DOE/WIPP 91-005

Revision 1

FIGURES

_ ChapterB
-- PTB-138 B-17 3/92





- B-19 3/92

,_ll, ,



• ,o

0
= B-20 3/92



B-21 3/92

n ' l ' ' l ¥I l _ l I 'I' l l_l _[ l





10 I1 12 7



R _'I E R _2 E

FAE'268-, [ Thls lllustr_lilO'n lo-t " i
Inlormsllon Purooses Onlv.j

FIGUREB-5 SURFACE MAP SHOWING ZONES

3/92



- !



\





i ,





|

i

....... i,



VA_TE ENTRY lr





II II _--,,__,J,I:I
I! I .'.....

?If'-----..................... NO,,
il .......\ P

•II /- ,,.._ _ .o_,
\II _
III , \ l NOT:
jl , \ , /

P _ L i



L,

NOTE: CONTOUR INTERVAL = 10 FT. (EXCEPT THOSE
WITHIN THE ZONE 1 FENCE WHICH EQUAL 1 FT.)

NOTE: FIRE CONTROL FEATURES ARE DISCUSSED

- AND ILLUSTRATED IN CHAPTER G.

NOTE: ALL SURFACE TEST PHASE WASTE HANDLING ACTIVITIES

, OCCUR IN THE WASTE HAHDLING BUILDING,

NOTE" MORE DETAILED INFORMATION AND FIGURES ARE

PRESENTED IN CHAPTER D.

i NOTE: SWMU LOCATIONS ARE ILLUSTRATED ON FIGURE J-l.



/



I i

g



l



eO0_' ' i eO0', 40o'
,

F

f

FIGURE B-7
, TOPOGRAPHIC MAP

WITH SURFACE FACILITIES
FEBRUARY, 1992





;ll

_ BOUNDAR
,,

_

JND





h

' _"..... '_', _: " " '_ _ i_ 'I

\ I

P. ...... ._,



LEGEND

=

WIPP LEGAL BOUNDARY

[_ WATER QUALITY WELLS

......-----. FUTURE MINING _'_

,-......... EXISTING MINING

.... ROADS "i

CONTOUR LINES ::.
(CONTOUR INTERVAL,= 10 FT.) !_

NOTE: UNDERGROUND FACILITIES ARE AT A DEPTH OF 2150 FT. .:.
:".-'_:,._....,,_"_.:..i_,_BELOW THE.sU,RFACE. _. ,_,_:_,

E













STRUCTURES ARE ILLUSI'RA'IED IN i-I(3UHL:.U,./, IVtUr_ U_,I_=LL;_ ,
" "!INFORMATION_IS ILLUSTRATEDINFlaURIE'_,'A_P,E_DI_iB_!___

=

N
NNW I NNE

NW NE
\ , /

20%

15%
'NW ENE

lO%

_/SW ESE

I,3%

SW SE

- SSW I SSE
_ S

;' t.. _i _ ' . . ,
k



"' _III's Ranch





I

,, ,,, •

54L\ .. ,......'(

"" M- 11

4
7

........... d,

-_) H-

= I

t
_

- L , ,

" ', ,;," ')' ,',,:.t,'": _!'.?,!_!_' , ',.', '. dr::,*: ", .,'-('_ :,-"!_ , ,",,,? _ ;.!u-, , ,,';;,._;_.>' ',,, ,'i:,.... ' ,!._',:,". _,,:', ,,'; ,.: _ _.._".... ;_, ',_:::,_", ,',: ',_'_ ' I_L,,'!:,," ,','_ ,_-_,

', ,_t',w,,_';*;_))_,_'_ ,,,_,,__-,,'_'_ _,_e'__ '_)_)_','_'_'''_'=;' '........



i__ WJndVelocity In Meters per Second

,i

J

1989 ANNUAL WIPP WIND ROSE

1000' 0 1000' 20O0'

=

.FIGURE B-6
TOPOGRAPHIC MAP

:\ WiTH UNDERGROUND FACILITIE _
" FEBRUARY, 1992



1000' 0 IOO0' 2O00'

FIGURE B-6 ...."_

_

- TOPOGRAPHIC MAP
=---lTHUNDERGROUND FACILITIES

FEBRUARY, 1992



FIGUREB-8 PLANVIEWOFTHEUNDERGROUNDSHOWING
CENTERSOFTHEORANGEMARKERBAND

B.25 3/92



WSW

SSW

S SSE
16,1%

LEGEND

>3.81,4-2,7

- WIND VELOCITY IN METERS PER SECOND

_ BAR LENGTH SEGMENTS ARE PROPORTIONAL TO
INDICATED SPEED INTERNAL OCCURRENCE

-

DOE, 1990e

= FIGUREB-9 1985 ANNUAL WIPP WIND ROSE

- 13-26 3/92



_, 1,4-2.7 3,7-6,3 >10,8
... 1;I,7,71:V/7_
.5-1,3 2.a-3,6 s.4-1o.7

WINDVELOCITYIN METERSPER SECOND

BARLENGTHSEGMENTSAREPROPORTIONALTO
INDICATEDSPEEDINTERNALOCCURRENCE

DOE, 1990e
-

-

FIGUREB-10 1986 ANNUAL WIPP WIND ROSE

B-27 3192



.5-1.3 2,8-3,6 6,4-10.7

WIND VELOCITY IN METERS PER SECOND

BAR LENGTH SEGMENTS ARE PROPORTIONAL TO
INDICATED SPEED INTERNAL OCCURRENCE

-

DOE 1990e

=

FIGUREB-11 1987 ANNUAL WIPP WIND ROSE

3/92
B-28



1,4-2.7 3 7-6.3 >IO,B
, .,_,,,,,,i.,_;,_i_..i__,:,!!:,;

.5-1.3 2.8'3.6 6,4"i0.-7

WINDVELOCITYIN METERSPERSECOND

BARLENGTHSEGMENTSAREPROPORTIONALTO
- INDICATEDSPEEDINTERNALOCCURRENCE

DOE, 1990e

FIGUREB-12 1988 ANNUAL WIPP WIND ROSE

3/92- B-_t ,
_



N
NNW I NNE

NW NE
\ /

WNW. 1P/o ENE
10%

i

W_ ,2 6,8%Calm E

WSW ESE

3%

SW SE

SSW i SSE
S

.5 -1,3 2.8 - 3,6 6,4 - 10.7

1,4 - 2.7 3.7- 6.3 > 10,8

WIND VELOCITY IN METERS PER SECOND

BAR LENGTH SEGMENTS ARE PROPORTIONAL TO
INDICATED SPEED INTERNAL OCCURRENCE

DOE, 1990e

FIGURE B-13 1989 ANNUAL WIPP WIND ROSE

B-30 3/92



T
21
S

WIPP LEGAL

BOUNDARY

WNW ENE

WSW ESE T
23
S

SSW SSE K })-

I '/. S 24S

, T
25
S

R29E R3OE R31 E R32E R33E

LEGEND 0 5 10MILES
Gas Well e
011Well e

' Oil and Gas Well t 0 5 4 0 KILOMETERS

- SCALE

DOE, 1990e

FIGURE B-14 1986 OPERABLE NATURAL GAs AND OIL WELLS
- WITHIN 10..,MILERADIUS OF THE WIPP FACILITY
_

B.31 3/92

,,, d H , i , , j,



li

ZONE I_

ZONE II

e WIPP SITE BOUNDARY

/ s

• CO
%

- o \- LEGEND:
.,,Ppsrr_.ou.t,,,,Y
V/////////// o _ ,M,LE

NATURAL OAS WELLS • SCALE
ISOLATIONVALVES

DOE, fggOe

FIGURE B.15 NATURAL GAS PIPELINES AND WELLS WITHIN

5-MILE RADIUS OF THE WIPP FACILITY

B.32 3/92



0 2O 4O MILES

0 20 40 KILOMETERS

- SCALE

DOE, 1990e

- FIGUREB-161985POPULATIONWITHIN50-MILE
RADIUSOFTHEWIPPFACILITY

3/92
B-33



SW SE

SSW SSE
S P. PECANS W.WHEAT

_" B. BARLEY A-ASPARAGUS

- 0 2O 4OMILES

0 20 40 KILOMETERS

SCALE

DOE, 1990e

FIGURE B-17 19B5 ACRES PLANTED IN EDIBLE AGRIGULTURE AND COMMERCIAL
CROPS WITHIN 50-MILE RADIUS OF THE WIPP FACILITY

2

B.34 3/92
t ,i , ,



I

10 11 12 7 8 10 11 12 -'_

15 14 13 18 14

LEAOOUNTY

22 23 24_

27

R228 R21S

R23S R22S
2

....... ,:,: : : .;::::=.;=::.:,:....... :: ::::::::::::::::::::::::::::::;!::,'{_::{:j!:::::::::::::::::::::::!:::{:::!:!:ii}i:ii!!!i!i!

7

:!__!iiiiiiii!:,i!i!iiii_ii!i!i!iii!iiiii!iiiiii!iiiiiiiiiii!!iiiii_i!lii!liii_iIii!ilI_i_iliiiiiilli
• " : : : 1: 1:1:1:',',::', ,,:1,1....... : . : :.1,.1...... : '_' , : I:::_°:_:',_': ::,,,,:::,:,.,

' ,::: :::::::::::::: ::: :::::H::::,, :: : :;::::::::;::::::::_ _' :::_ :::::%: ::: : ':{

R30 E R91 E R31 E R32 E

0 ,5 I MILE

- 0 ,5 1 KILOMETER

SCALE

I

' DOE, 1990e

FIGURE B-18 GRAZING LEASES WITHIN THE WIPP BOUNDARY

B-35 3/92



. WSW ESE, "r
23

" S

T
25

IS

• R29E R30E R31 E R32E R33E

0 5 10 MILES

0 5 10 KILOMETERS

DOE,19gOe SCALE

- FIGURE B-19 1985 AVERAGE YEARLY CAFrLE DENSITY
= WI'I'HIN lO-MILE RADIUS OF THE WIPP FACILITY_

B-36 3/92



_--- i O!" I
o IJ,,] ,

_ N _
NNW , NNE _ "_

- I Wl
= 1692 Z I

1692 ' 1692 !
-- - LOVINGTON

i

-- I 11296

I ARTESIA 1692 1296 1296 1692 WIPP FACILITY
; _ I HOBBS

I

_'_ I 1296 1296
w

= WNW ENE
g 1692 936 1692

-- I |_ ,

I

CARLSBAD

w EI

I

I 1692 936 1692I

j I WSW ESE
I 1296 1296

1692 1296 1296 1692
1296

tl SW SE
- , 1692 1692

1692

SSW SSE
= ._ BEEFCATTLE-540

v

_. DAIRYCATTLE-75

,t-=,--

0 2O 4O MILES_

_

- 0 20 40 KILOMETE RS

- SCALE

FIGURE B-20 1985 AVERAGF YEARLY CATTLE DENSITY

WITHIN 50-MIL.E RADIUS OF THE WIPP FACILITY

-_ B,-37 3/92



ii ii |. ,= i i .i i i , J'L , i

!
!

i COUNTYlllllillli

N COUNTY III

NNW NN

N i WIPP FACILITY

III_

W
ENE

FIGURE B-21 MINES AND RANCHES WITHIN lO-MILE
- RADIUS OF ]HE WIPP FACILITY

B-_B 3/92



NEW
MEXICO

0

• WIPP,30

,WIPP Site BoundaryDOE-2
-" •

- 3 _ Commanche T
WIPP-25 • • Wells 22

WIPP-26 • • DOE-1
IH-14e H-3 •

- H-11 =

- • H-4• P-17 H-17 Clifton
• • Well

_ WIPP-29 e- "I Ranc_- Well-

LagunmGrBnde H-7 Barn Well • H-12

De La Sat • • • Unger Well T
- .( )_ 23S

Falrvlew
-- Well

- eH-9

• Engle 0 1,5 3 mi

- Pierce
eTwin Wel_s 0 1,5 3 km T

Canyon Poker Well (pasture weil)
• H-8 24_ , , • , ,, S

• A Reference; Randallet al,, 1988_

FIGURE B-22 WATER QUALITY SAMPLING WELL LOCATIONS
-

13-39 3/92





CHAPTER C

WASTE ANALYSIS PLAN



WIPPRCRAPartBPermitApplication
DOEN41PPg1-005

Revision1

I

' CHAPTER C
WASTE ANALYSIS PLAN

TABLE OF CONTENTS

Listof Tables C-ill• o • ,i • 6 = • • • = • = • o i I • = • e = o • • • • • o • e o • • = • = = • I = • • • = • • • o e • • =

List of Figures C-Iii• 0 o _ • • • a • • t _ • , a , i o • = • • • • • • • e • • • • • • • • i i • o o • • m | • • • o = • = •

C-1 Facility Descdptlon .............................................. C-1
C la Containers C 2

C-lb Tank Systems ........................................... C-3
C-lc Waste Piles.. .......................................... C-3

p

C-ld Surface Impoundments .................................... C-3
C-le Incinerators........... , .................................. C-3
C-lr Landfills ............................................... C-3

C-lg Land Treatment .......................................... C-3
C-lh DripPads .............................................. C-3

C-2 Identificationof Waste to be Managed ................................ C-4
C-2a Operationsand ProcessesGeneratingTRU Waste ................ C-4A

i C-2b Descdptions of AcceptableWaste Categories ..................... C-7
C-2c On-Site Generated and DerivedWaste ......................... C-17

C-3 BoundaryConditionsand Process ToleranceLimits....................... C-17
C-3a Facility-EstablishedBoundaryConditions

: and ProcessTolerance Limits C-18

C-3b EPA-EstablishedBoundaryConditions ......................... C-20
C-4 Parameters,Rationale,and Test Methods ......... , .................... C-21

C-4a Cdteda for Selectionof Waste

AnalysisParameters ...................................... C-22
C-4b Parametersand Test Methods ............................... C-24

C-5 Waste SamplingPlan and Data Analysis .............................. C-27,

C-5a SamplingPlan ........................................... C-27
C-5b SamplingMethod 1 ....................................... C-29
C-5c SamplingMethod 2 ....................................... C-31
C-5d Data AnalysisMethodology . ................. C-32
C-5e Data Variability and PoolingQualifications ...................... C-34

C-6 Waste ShipmentScreeningand Verification ............................ C-35

ChapterC C-i 3/92



WIPP RORAPartB PermitApplloatlon
DOE/WIPP91-005

Revision1

CHAPTER C
TABLE OF CONTENTS

(CONTINUED)

C-6a Phase I Waste ShipmentSoreeningand Vedfloatlon ........... C-37
C-6b Phase II Waste Soreenlngand Vedfloatlon .................. C-39

C-7 QNQC Program ............................................ C-42
C 7a Waste CharacterizationQNQC C 42" • • * * • * * • , * • * • = • • _ • e , • • • e • e

C-7b Waste Shipment Sor_nJng QNQC ....................... C-44
C-7o Waste TraoklngQA/QC ................................ C-45

Listof References for Chapter C .................................... C-47
, Tables ........................................................ C-49

Figures C-67

ŗ
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V CHAPTER C 4

v_ WASTE ANALYSIS PLAN , 5
r,

¢ 8

_/ 7
V s

_/ C-1 FacilityDescription 9

_/ This waste analysis plan has been prepared In accordance with EPA/530-SW-84-012, Waste 11
_/ AnalysUsPlans, A Guidance Manual (EPA, 198,4). FiguresC-1 and C-2 containan overviewof 12

_/ the waste screeningand acceptance processthat is presented In this chapter. 13
_/ 14

_/ The Waste isolationPilot Plant(WIPP) facilityis a transuranio(TRU) radloa_tve waste disposal 15
_/ facility ownedby the United States (U.S.) Governmentand operatedby the U.S. Departmentof 16
_/ Energy (DOE), When utilizingthisWaste Analysis Plan, the term 'WIPP," when used In the 17
4 contextof requiringa duty or responsibility,means DOE as the facilityowner and operatorand is
_/ the WestinghouseElectdoCorporationWaste isolationDivision(WID) as the co-operator,as set lg
_/ forth in the WIPP Resource Conservation and Recovery Act (RCRA) Permit Application 20
_/ certification. 21

v/ 22

v/ The missionof the WIPP Project,as establishedby CongressIn 1979 (PublicLaw 96-164), is to 23
V provide a research and development facility to demonstrate the safe disposal of TRU waste 24

,/ resultingfrom the defense activitiesof the U.S. This missionwill be fulfilledin a phased, str,p- 25
_/ wise approach. A Test Phase is currentlyplanned priorto initiatingoperationsas a permanent 26
_/ dtsposai site. 27
_/ 2s

= V The WIPP facility is designedto safely disposeof both TRU and TRU mixed waste. The WIPP 29
_/ repositoryis located in a salt bed formation2,150 feet below ground. The miscellaneousunit 30
V boundary is defined vertically by the upper and lower extent of the Salado Formation and, 31
V horizontally,by the downward projectionof the 16-square-mile landwithdrawalarea perimeter. 32-

v' The repositoryis the only unit at the facilityrequiringa RCRA permiL 33
, ,/ 34

_/ Mixed waste is that which containsboth a radioactiveand hazardouscomponent, as defined in 3s
_/ 51 FR 24504 (July 3, 1986). With regard to the radioactive component, TRU and TRU mixed 36

= _/ waste are radtologicallydesignated and separately packaged as either contact-handled (CH) or 37
_/ remote-handled,based on the dose rate at the surface of the waste container. Duringthe Test 3s
vl Phase, onlyCH TRU wastewillbe receivedby the WIPP facilityand, therefore,unlessotherwise 39

" ChapterC
XPTB-148,C C-1 3/92
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1 _/ Indicated, the term "TRU waste" throughout this dooument refers only to CH TRU and OH TRU
2 _/ mixed waste, as appropdate.

4 v' The hazardous components of the TRU mixed waste have been designated on the faoillty's
5 _/ Part A RCRA permit applioatlon. This plan desorlbes the measures that will be taken to assure
6 _/ that the wastes received at the WIPP faolltty are within the soope of the Part A as established by
7 _/ New Mexico Hazardous Waste Management Regulations (HWMR-6) as amended 1991, Part V,
8 _/ se_on 264.13), and oomply wlth unlt-speoiflo requirements of HWMR-6, Pr. V, Subpart X, and
9 v/ the oondttions Imposed by the WIPP No Migration Determination (55 FR 44700).

11 _/ DOE's objective Is to operate and maintain the WIPP as a "olean" faotllty, free of both ohemtoal
12 _/ and radiological contamination. Therefore, as allowed by HWMR-6, Frf.V, ssc. 264.13, ali waste
13 _/ sampling and analyses will be oonduoted by the generator sites In aocordanoe with the
14 _/ procedures established herein. As shown In Figure 0-1, the generator will conduot ali the
is v_ required waste charaoterlzatton aotlvttles and oomplete a Waste Profile Form (Ftgure 0-3) for
16 _/ each container of waste sent to the WIPP factltty. The resulting data will be used to veflfy
17 _/ process Information cles_dbingthe waste and subsequently will be reviewed for accuracy and
18 _/ completeness at the WIPP faolllty prior to transport of the waste (Rgure C-2).
19 ,/

2o _/ The waste will arrtve at the facility In U.S. Nuclear Regulatory Commission-certified,
21 _/ U.S. Departmentof Transportation(DOT) Type Btransportationpackages(e.g., theT__RRansUranlc
22 ,/ PA.__._CkageTransporter [TRUPACT-II]), Each TRUPACT-II, the currenttransportationpackage,
23 v_ may carry up to two DOT Type A Standard Waste Boxes (SWBs).
24 _/

25 v' Oncethe TRUPACT-IIs arriveat theWIPP facility,they are unloadedandtaken InsidetheWaste
26 vt Handling Buildingwhere they are opened and their contents(SWBs) are removed. Routine
27 v' operating proceduresrequirethat these containers remain unopenedduringali facets of waste
2s ,/ handling. The containers are loaded onto a facility pallet, which is then transferred to a
29 _/ conveyanceloadingcar. The conveyanceloadingcar Is movedinto the wastehoistcage, which
3o _/ ts lowered to the underground waste-receivingstation through the Waste Shaft. At the
31 _/ underground waste-receivingstation,the loaded pallet is transferredto an underground waste
32 _/ transporter.Theundergroundwe,stetransportermovesthe loadedpalletto an undergroundroom
33 _/ where the TRU waste is removed from the pallet and emplaced. (A completedescriptionof the
34 _/ miscellaneousunit and waste handling operationsare provided in Chapter D of this permit
35 v_ application.)
36 _/

37 _/ C-la Containers
38 _/

39 v' Container handlingis discussedas part of the process descdpttonfor the WIPP facility in
4o v' Section D-9a(2). The container management regulationsof HWMR-6, Pt. V, Subpart I, are
41 _/ addressedin _o._'tlonD-ga(3)(f) of this permitapplication.

ChapterC
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v' C.lb Tank Systems 1
_/ 2
V The WIPPfaollltydoesnotmanagehazardousor mixedwasteusinga tank system,as defined 3
_/ tn HWMR-6,Pt, I, sec. 260.10,andregulatedunderHWMR-6,Pr.V, SubpartJ. Tank system 4
_/ regulationsare notappltoableto the WIPPfaotllty, s
vt e
v' C-lo _astePIles 7
V s
_/ TheWIPP faollltydoesnotmanagehazardousor mixedwasteusinga wastepile,asdefinedIn g
_/ HWMR-6, Pr. I, see. 260.10, and regulatedunderHWMR-6, I°t. V, SubpartL. Waste pile lo
_/ regulationsare notapplloableto the WIPP faotllty. 11

V' C-ld SurfaceImDour!dments 13
V 14
V TheWIPPfaollltydoesnotmanagehazardousor mixedwasteusingsurfaceimpoundments,as 15
_/ definedInHWMR-6,Pt. I, see,260.10,andregulatedunderHWMR-6,Pt.V, SubpartK. Surface is
V Impoundmentregulationsare notappUcableto theWIPPfaotllty, 17

_/ C-le Ir_!nerators 19
_/ 2o
,./ The WIPPfaotlltydoesnotmanagehazardousor mixedwasteusingan Incinerator,asdefined 21

= V' In HWMR-6,PL I, aec. 260.10, andregulatedunderHWMR-6,Pt. V, SubpartO. Incinerator22
V regulationsare notapplicableto the WIPP facility. 23
V' 24

V' C-lf Landfills 25
V 2s

_/ The WIPP facilitydoes not rne_.,_gehazardousor mixedwasteusinglandfills,as definedin 27

,/ HWMR-6,Ft. i, sec.260.10,andregulatedunderHWMR-6,Pt.V, SubpartN. Landfillregulations2s
V are notapplicableto theWIPPfacility. 29
v' 30
_/ C-lg LandTreatment . 31
V 32
_/ TheWIPP facilitydoesnotmanagehazardousormixedwasteusinglandtreatment,asdefined 33
V InHWMR-t._,Pt. I, see.260.10,andregulatedunderHWMR-6,Pt.V, SubpartM. Landtreatment34
V regulationsare not applicableto the WIPP facility. 35
_/ 3s
V C-lh DdpPads 37
V 3S

The WIPP facilitydoesnotmanagehazardousor mixedwasteusingddppads,as definedIn 39
V HWMR-6, Pr. I, sec. 260.10, and regulatedunderHWMR-6, Pt. V, SubpartW. Drip pad 4o
_/ regulationsare notapplicableto theWIPP facility. 41

ChapterC
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1 v' 0-2 Identtf!oat!onofWastetobe Manaqe_:t_
2 J
3 V The mixedwastethatmaybeaoceptedat theWIPPfaollltyIs listedInPartA of theRORApermit
4 J application,Thisseotlonprovidesan overviewof the operationsandprocessesthatgenerate
5 V TRU mixedwaste. Basedon theseoperationsandprocesses,as wellas the materialsused,
e J desortptlonsare providedof theTRU wastethatmaybe acceptedat theWIPP faolllty.
7
e J C-2a Qperat!onsandProcessesGenerat!n_TRUWaste
9

10 v' Examplesof the majortypesof operationsthatresultInthegenerationof TRUwastelnolude:

12 v' • Produotionof nuotearproducts
13 V • Plutoniumrecovery
14 _/ • Researohanddevelopment
15 ,/ • Deoontan'_Inatlonanddecommissioning.
le V'
17 ,,/ TRU waste Is not normallysegregatedwith respeotto the wastematerialtype. However,
is _/ segregationdoesooouras neoessaryto faollttatethe recoveryof plutonium.DOEfaolllttesthat
1_ V use plutoniumIn the fabfloationand manufacturingof nuolearproduotshave morehighly '
20 V segregatedwastebeoauseof the needto properlyaocountforand recoverplutonium.Other
21 V generatora=Ivltlesdonotrequiresuoha highdegreeofwastesegregationbecauseof thenature
22 V of theprocessesorthefact thattheresiduesandmatedaisgeneratedare belowthe radlonuoUde
23 V economlodiscardlimitsestablishedby DOE. Independentof the slte-speolflooperationsorthe
24 V degreeofwastesegregation,thegeneraltypesofwastematerials(e.g.,oombustlbles,glass,and
2s V metal)are similarat aligeneratorsites.
2s ,,/
27 v/ TRU wastemaybe paokagedInoneor moreplastlobagsor plastic,glass,or metalcontainers
2s v' atthe pointwherelt Isgenerated.SmallerInnercontainersmaythen,In someeases,beplaced
29 V Inlargerplastlobags.Thepaokaglnghelpspreventthespreadof radioaotivecontaminationduring
:30 V thehandlingandtransferoperationsthatpreoedeplacementof the baggedwasteintothewaste
31 V container. The operationsandprocessesthat generateTRU wasteare not fundamentally
32 ,,/ differentfromthosethatgenerateTRUmixedwaste.TRUmixedwasteresultswhenTRUwaste
33 v/ isco-contaminatedwithhazardouswasteduringtheprocessesand operationsdescribedInthis
34 V section.AsrequiredunderRCRA,DOE evaluatesitsoperationsandusesmatedalsubstltullon
3s ,,/ andprocessmodificationsto minimizethe quantitiesof TRU mixedwastethatare generated.
3s ,,/
37 ,,/ Productionof NuclearProducts
38 v'
30 V Theprodu_onof nuolearproductsIncludesreactoroperation,radionuclideseparation/finishing,
4o ,/ and weaponsfabricationan_manufacturing,Theseoperationsmayresultinthe generationof
41 V manytypesofradloa_vewaste,tnoludingTRUwaste.Theoperationsthatgeneratethemajority
42 _/ of TRU waste are radionuclideseparation/finishingand weaponsfabrication. Radionuclide

Chapt,rc
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J seperatlon/ftntshtngoperationsare primarilyohemloalprocessesthat resultin the produotlonof 1
J mixturesof radlonuolldeswithspeolfiedpurity.TRUwasteIsgeneratedfromtheresidueremoved 2
J duringthe preparationof ohemtoalsolutionsfor reuse,samplingprooeduresto verifyprooess 3
v' qualityassuranoerequirements,air filtrationto maintaincontainment,filtrationto removeresidue 4
J fromliquidprooesses,andmalntenanoeandrefurbishmentof equipmentandfaolllttes, s
J 8
J The radlonuolldesthat are ohemloatlyseparatedare used In fabrloattonand refurbishment 7
J operations.A portionof refurblshrnentoperatlonstnoludesremovingdaughterproduotsand, 8
J therefore,ts similarto the radlonuoltdeseparation/finishingoperations.Weaponsfabrloatlon 9
J operationsresultinthegenerationof TRUwastefromr_asttng,maohlnlng,oleanlng,andproduot10
J qualttysamplingandanalytloalaotlvlttes.The firststepIntheseoperationsInvolvestheforming 11
J andoastlngof plutoniumcomponentsInfoundryoperations.Foundryoperationslnoludeoasttng,12
J rollingand forming,thermaloyollng,and performingphysloalmeasurementsof plutonium13
J components.AnintermediatesteprequiredbeforeoasttngIssolventdegreaslng.Theplutonium14
J metalIs meltedInoruolbles,oasttngraphiteor steelmolds,andsentto thefabdoatlonarea. OII- 18
J basedooolantsandfluidscontaottheplutoniumInthefabdoatlonprocess. Thecomponentsare is
J thensentto maohlnlngfor finalshaping.Mac=hlnlngoperationsuseoilsInoutUngpartsas well 17
J as lathecoolants.Partsarethenoleanedwithsolvents,suohas oarbontetraohlorlde,inaddition, is
J TRUwasteIsgeneratedasa resultofcontainment,filtration,facilitymodlfioatlons,andequipmentlg
J andfaotlltymaintenance. 2o
J 21 I
J PlutoniumRecoveryOl_eratlons 22
J 23

J PlutoniumrecoveryoperationsresultIn the recoveryof the produotmdlonuolides,whlohare 24
J recyoled.Ifthe remainingmatedalisbelowtheeconomlodiscardlimit,ttbeoomeswaste.Waste 2s
J segregationis performedpdmadtyto meetthe treatmentprocessrequirementsforradlonuollde2s
J recovery. Dependingon the physic:alform of the matedaland the ahemlcalstate of the 27

J plutonium,differentrecoveryprocessesare used. Plutoniumrecoveryoperationsmaylnolude2s
J soraptngof molds,incinerationof combustibles,leaohingof metalsandglass,washingof parts, 29
J andflltrat10nof liquids. 3o=
J 31
J Plutoniumresiduesaregeneratedduringplutoniumrecoveryprocessing,weaponsfabricationand 32

_ J manufa_udng,and researoh and developmentaotlvltles. These residuesmay require 33
J pretreatmentto recoverplutoniumpriorto deoladngthemwaste. ResiduesmayInoludeeastlng 34
J eruolblesandmolds,reduotlonresidues,glovesandplastlas,paperandothercombustiblewaste, as
J anda vadetyof miscellaneousmaterialssuohas glass,sorapmetal,and Insulation.Residues3s
J are incinerated,leached,dissolved,saraped,and/orhand-washedin gloveboxesto removeas 37
J much plutoniumas possible. The treatmentused dependsuponthe type of residueto be 3s
J processed.Electrorefining,directoxidereduotlon,andaolddissolution'arecommonplutonium39
J recoveryprocesses. . 40
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1 J Electrorefiningteohnlquesinvolveheatingplutonlum-contalnlngmaterialsIn oruolblesto a molten
2 J state Inan enolosedfurnace. Salts are usedto help extra= Impuritiesfrom the molten material,
a J Pure plutonium metal Is reoovered from residues by extraction In pyroohemioalsalts. This
4 J operation generates ohloride effluents, spent ton exohange resins, pyroehemloalsalts, and
s J combustiblewaste.
e 'J

7 J The direct oxide reduotlon process Is another plutonium recovery teohnlque that oonverts
s J plutoniumdioxideto plutoniummetalustngcalolummetalas the reducingagent, The directoxide

J rP,ductton process Is a pyroohemloalsalt system using high-temperaturefurnaces, Caldum
10 J chloddeorcalolumchloride/oaldumfluoridemixturesare usedto removethecalciumoxide,which
11 J is a byproductof this process and to permit propermetal ooalesoence,
12 J

13 J Residues,Inelthermetaloroxide form, thatoannotbe reoyoledas metalare subjectto plutonium
14 J recovery throughsold dissolutionprocesses. After being converted to the oxide form, these
15 J residuesare dissolvedInnltdcacid oontalningsmallamountsof fluodde. The resultingsolutions,

is J if suffiolentlypure,undergoa precipitationprocess to recoverthe plutonium.
17 J

la J The plutoniummetal Is reoycled,and the filtrates from the preolpltatlonprocess are evaporated.
19 J The conoentrateproducedby evaporatloraIs processed usinganion exchange resinsto further
20 J extract any residualplutonium.

22 J items suohas firebrick,soot, and off-gasfiltersbecomecontaminatedwith plutoniumand must
23 J also undergoplutoniumrecovery. The solubleplutoniumIn these residues Is extraotedthrough
24 J repeated contact with nitric acid. The resultingnitricacid solutionsare passed throughanion
25 J exchangecolumnsto purifyandconcentrateany solubleplutonium.The anionexchangeeffluent
2s J is passed through the columnuntil the concentrationof the actinides ts below the economic
27 J discard limit. The effluent is then processedthrough liquidtreatment and converted to a solid
2s J form. The adsorbedplutoniumis stripped from the ioncolumnsand sent throughprecipitation
29 J processes for further purification. The Insoluble portion from the teachtngand dissolution
30 J operationisagain recycledthroughaciddissolutionuntilthe plutoniumconcentrationIs belowthe
31 J radionuclideeconomicdiscardlimits.
32 J
33 J Researchand DeveloPmentOperations
34 J

35 J Researoh and developmentprojectsare performed to develop the technologyand equipment
36 J needed to Improve the processes used to produce nuclear products, recover radionuclides,
37' J develop new products,and Improveexistingproducts. Research and developmentoperations
3s J In(_udea varietyof hot cell or glove box activities. Chemical and physicaltests are developed
39 J and conducted on a variety of sampletypes includingplutonium-containingmetals, salts, oils,
4o J aotds, bases, and organic liquids. Reseamh and development operatiorlsrelated to process
41 J chemistry include small-scale experiments that attempt to develop more effective chemical
42 J proceduresfor plutoniumrecovery. Developmenttestsare performedusing several proQesses,
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J including anion and cation exchange, calcination, liquid extraction, and peroxide precipitation. 1
J Researchand developmentoperationsrelatedto metallurgicalresearchincludemetalcasting in 2
J furnaces, heat treating, tensiletesting, and high temperature or pressure testing. Successful 3
J small-scale research projectsmay be implementedas large-scale operationsat various DOE 4
J facilities. The TRU waste generated from these operations are similarto waste from full-scale 5
J operations. 6
J 7
J In addition, DOE facilities are involved in actinide separations research and process s =

J demonstrationsfor the productionof fuel forms manufactured from plutonium. The custom 9
J fabricationof researchmaterials from various isotopicmaterials, includingsmall quantities of 10
J highlyenrichedactinides,involvesvacuum, metallurgical,and ceramictechnologies. In support 11
J of DOE missions,research and development operations also are conducted related to the 12
J chemical and physicalpropertiesof actinideelements andthei_compounds. 13
J 14
J Atthe end of a researchand developmentprojecttheequipmentmay be removedandthe facility is
J area decontaminatedor cleaned in preparationfor a new project. Equipmentthat cannot be is
J reused becomes waste. Operationsin =hotcells and glove boxes commonly result in a high 17
J percentageof combustiblewaste. 18
J , ; 19

J Decontaminationand Decommissionin_Operations . 20
J 21

. J Facilities that are no longer needed to support DOE missions are decontaminated and 22
J decommissioned.Reusableor recyclablematerialsand equipment are removedforuse in other 23
J programs. If the facilityis needed for another program, it is cleaned and refurbished. If the 24

. J facifityis not needed, decontaminationand decommissioningoperationsare conductedto make 25
J the area available for unrestricteduse. Decontaminationand decommissioningoperationsare 26
J conductedat ali DOE generator sitesand involvethe strip-outof unusableequipment,glovebox 27

J lines, and entire roomsor buildings. 'TRU waste generated in these operations include soil, 2s
J buildingmaterials,and discardedequipment. 29
J 30

J In addition,waste that may be generated as a resultof the cleanupof spillsor ether nonroutine 31
J events is considered to be part of decontaminationactivities. Decontamination waste is 32
J generatedwithinthe plutonium-controlrledareas and may be contaminatedwith TRU actinides. 33

. J Soilsand soilsmixedwith concrete,asphalt,andsandare commonwastesgeneratedfromthese 34
J nonroutJneactivities. 3s

-_.. J 36

- J C-2b Descriptionsof AcceptableWaste Cate_lodes 37
J 3s

_. J Information regardingTRU waste from ali TRU waste generator siteswas evaluatedto establish 39
J the waste verification r¢:luirementsfolrali past, present, and future generated TRU waste, and 4o
J the WIPP Waste AnalysisPlan Waste Categories(herein referredto as Waste Categories)were 41

J e_blished. Waste CategoriesfacilitateRCRA wasteverificationeffortsand reflectthe original 42
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1 4 materials usedIn a processor operation(e.g., glass, metal, and filters);the mode of generation
2 V (e.g., glove box lines); the type of operation (e,g., plutonium recovery or research and

V development);or waste treatmentor processingsimilarities.
4 ,/

5 V lt should be noted that, in other WIPP documents,TRt_ waste is commonly referred to by
6 v/ TRIJPACT-II Con___.tentCodes (TRUCON) Codes and Iten! De_cdptionCodes (IDOs). TRUCON
7 _/ Codes were establishedpdmadlyas a classificationscheme for transportationpurposes. IDCs
s 4 are site-specific, internal codes to track and segregate waste for purposes of plutonium
9 V accountability,recovery,packaging,andhandling.The Intentof thesedesignationsand groupings

10 V was not to specificallydescdbe TRU mixed waste or to provide a basis for RCRA waste
11 V verificationmethodologies.
12 V

13 _/ The TRU waste generatorshave providedinformationdescribingpast and currentlygenerated
14 V waste. This information was used to establish the parameters of interest summarized in
is V Table C-1. Additionalpast and currentinformation for individualwaste streamsis available in
16 _/ AppendixB of the Waste Isolation Pilot Plant No-Migration Variance Petition (NMVP)
17 _/ (DOE, 1990a).
le V

19 _/ Waste Categorieshave been establishedbased on the predominantmaterial of a waste. Ali of
20 V the materialswithin a Waste Category are chemicallycompatible. Except as indicated for a
21 V' specificWaste Categorydescription,any of the EPA wastecodes includedin Part A of the permit
22 ,/ applicationmay apply to the wastes withineach Waste Category. The followingsubsections
23 v/ providea descriptionof the acceptableWaste Categories.
24 v/

25 V' Generatorswill use processknowledgeand writtenrecordsto determinethe a_opropdateWaste
26 _/ Categoryforeach waste. The wastewill be charactedzedat the generatorsite accordingto the
27 V' established sampling and analytical requirements associated with each Waste Category
2s _/ (SectionsC-4 and C-5). These descdptionsincludethe physicalandchemicalcharacteristicsof
29 _/ the predominant material in a Waste Category, and the waste generation processes and
3o V operationsthat illustratethe potentialmechanismsforco-contaminationof hazardouswasteswith
31 V these materials.
32 _/

33 _/ Combustiblesand Noncombustibles
34 V

3s V Combustibleandnoncombustiblewaste isgeneratedat ali DOEfacilitiesand is commonto waste
36 _/ generated in hot cells and glove boxes. This waste may includea mixtureof any of the solid
37 v/ materialsused by DOE facilities. This Waste Categorycontainsvariousmixturesof combustible
3s V waste, such as paper, and noncombustiblewaste, such as metal. When no one material is
39 _/ predominant,theWaste Categoryis identifiedas Combustibleand Noncombustible.The project-
4o V specificnatureof the operationsthat generate many of the Combustiblesand Noncombustibles
41 V makethedetailed segregationof variouswaste materialsunnecessary. Small-scaleprojectsthat
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v' use specificradionuoUdesdo not require extensive segregationof waste materials for plutonium 1
v' accountabilityor recovery. 2

3

v_ The hazardousmetals in this Waste Categoryare associatedwith specificitems in the waste 4
V (e.g., leadin equipmentparts,leadedtape, or glass). Basedon the originalmaterialscomprising 5
v' this waste and waste generation operations,only residual concentrationsof RCRA-regulated 6
V volatileorganiccompounds(VOCs) are expectedto be present. 7
v' s
V Combustibles 9

v' Combustiblewaste isgenerated at ali of theTRU waste generatorsites. Combustiblewastesare 11
v' notignitable,as definedunderHWMR-6, PL II, SubpartC. Forexample,cellulosetscombustible 12
V as a textile fabdc or as paper. Combustibleplastics,suchas polyethyleneand polyvinylchloride, 13
V will melt and decompose when exposed to fire but do not propagate flames. 14

V Combustiblesconsistof paper, plastics,clothrags and clothing,andwood resultingfromalmost is
V ali plutoniumoperations. Cloth and paper wipes are used to clean partsand wash downglove 17
_/ boxes during virtually ali operations. Depending on the operations, damp combustiblesare 18
_/ generallyused and then wrungout, drained or dried.A smallquantityof noncombustiblewaste, 19
_/ such as concrete,scrap metal, and equipment,may also be present in this Waste Category. 2o
_/ 21

v/ Combustiblewasteconsistsof waste materialgenerated duringa variety of processesand may 22
= _' containtrace organics from cleaningoperationsor from the absorptionof spillsin gloveboxes. 23

RCRA-regulated metals are typicallya minorcomponent of thisWaste Category. 24
25

= _/ Graphite 26
v/ 27

Graphite is an inertcarbonmaterialused in foundryand metallurgicalresearchand development 2s
operations, lt has a high electricaland thermal conductivity. Common commercial products 29

_ V containinggraphiteincludepencils, molds,bricks, crucibles,and electrodes. 30
_/ 31

V Because of the inert propertiesof graphite,it is used'at DOE facilitiesworkingwtthpyrophoric, 32
a V radioactivemetal to help maintaina reducingenvironmentnecessary duringplutoniummelting 33

_/ operations. Graphitethat consistsof graphite molds,cleaned or scraped graphite chunks,and 34
V coarse graphitepieces which have been usedfor castingmoltenplutonium, Graphite moldsare 35
V cut from solidblocks,logs,or slabs. Graphite moldsare cleaned or scraped in glove boxes to 36
V remove excess plutonium and then inspectedto ensure that recoverable plutonium has been 37

- t/ removed. 38

_/ 39

_/ Graphite waste consists of a uniform,well-defined matedal that has specific uses in weapons 4o

V fabrication and manufacturing operations. Plutoniumcasting operations include the use of 41
V solvents from the cleaningof graphite molds and, thus, residualspent solventsmay be present 42
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1 v' on the surfaces of graphite pieces. In addition, residual metals may be present from Impurities
2 v' in plutoniummetal.
3 .J
4 v' Filters
s v'

s V Filter waste includesthe followingtypes of filters:
7 v'

s J • High efficiencyparticulateair (HEPA) filters
9 _/ • FuI-FIo_ filters

10 J • Flter media
11 _/ * Processedfiltermedia
i2 J • Prefilters.
13 J

14 J PrefiltersandHEPA filtersare usedon all ventilationIntakeandexhaustsystemsassociatedwith
15 v' all plutoniumoperatlons. Rlter frames can be eitherwood,aluminum,orstainlesssteel; the filter
16 J media may be Fiberglas@,Nomex_, or similarmaterial Rberglas_ Is a tradename fora variety
17 V of productsmade of or withglassfibersor glassflakes. Commercialproductsincludeinsulating
Is _/ wools, mats, yams, curtains, electrical insulation,and reinforced plastics. Glass fibers are
19 J commonlymade by heating equal partsof slate and limestone. The final material has a high
2o v' resistanceto alkaliesand is a suitablesubstitutefor asbestos. Nomex_ is a trade name for an
21 J aramlde fiber,a distinctiveclassof highlyaromaticpolyamldefibers,whichare characterizedby
22 _/ theirflame-retardantproperties. Aramldefibersare commonlydedvedfromp-phenylenedlamlne
23 'J and terephthaloylchloride. Commercialuses of this material includedust-filterbags, tlre cord,
24 _/ and bullet-resistantstructures.
25 J

26 v' FuI-FIo(E)filters consistof fibrouspolypropylenefiltermedia and are used to removeparticulates
27 J from aqueous streams. Polypropyleneis a synthetic,crystalline,thermoplasticpolymer. This
2s J material is insolublein cold organic solvents and is resistant to strong acids and alkalies.
29 J Common uses of polypropyleneincludeautomobileparts, housewares suchas foodcontainers,
3o _/ and pipes.
31 _/

32 _/ Filtermedia aregeneratedfromsplittingabsolutedryboxand HEPA filtersapartinthe plutonium
33 _/ processareas. Loose particulatematerialsthat are dislodgedfrom the filtersare stabilizedand
34 J packaged separatefrom themedia. Filtermediaare packaged in 1-gallonplasticbottlesor bags.
35 J

36 _/ Processedfiltermediaconsistof FuI-Flo_, filtermedia,and whole filtersremovedfrom acid and
37 _/ non-acid environments. Filter media may be mixedwith portland cement to neutralizeresidual
38 J nitricacid that may be present.
39 v/

40 V Filters are designed to remove and retain specific particulate materials from air or liquids.
41 J Although the filtersassociated with plutoniumoperations are not designed to retain organic
42 _/ vapors, they maycontainthese residuesdependingon the operationsconductedin a glove box

ChapterC
XPTB-148.C C-10 3/92



WIPP ROllA Part B Permit Applloation
DOE/WIPP 91-005

Revision 1

V or building. AJrbome RCRA-regulated metals, resultingfrom grindingor machining operations, 1
.... v' also may be trapped ingloveboxfilters. However,based on knowledgeof the originalmaterials 2

v/ and the operationsconducted,the concentrationsof these metals are not expectedto exceed 3
v/ regulatorythresholdlimits. There,tore, the fittersare not classifiedas a characteristichazardous 4
V waste, s

_/ Benelex_ and Plextglas_ 7

_/ Benelex_ and Plexiglas_ am manufacturer'strade namesthat are genedcallyusedto describe g
v' materialsof the same or similarcomposition.Benelex_ consistsof large sheetsof materialused 10
_/ as neutron radiation shielding around glove boxes, tanks, and equipment. This waste ts 11
_/ generated during strip-outoperations as a part of decontamination and decommissioning 12
_/ activities. Benelex_ is manufacturedby compressing,at extremelyhighpressures,a numberof 13
_/ pure wood plies with interstitiallayers of phenolic resin used as an adhesive, lt consistsof 14
V approximately99.5 percentwood, with residualamountsof the phenolicresin. Plexiglas_ is a 15
V polymethyl methacrylatepolymerusedfor gloveboxwindowsand is generatedas wasteduring 16
V the change-out of the glove box windows. Commercial uses of Plexiglas_ include lenses, 17
V chalkboards,windshields,and windows, le
V 19

V This Waste Category is composedof well-definedmaterialsthat are used as neutronshielding 2o
V materialand in gloveboxconstruction.Organicresiduesmay be presentas a resultofglovebox 21

V cleaning priorto disjCssembly.Because lead is presentas partof glove boxshieldingor leaded 22
_/ glass, thiswaste rr_y exhibitthe toxicitycharacteristicfor lead. 23
_/ 24

V Firebflckand Cerarric Crucibles 25
_/ 26

_/ Firebrickis a high-d,)nsityrefractoryclay used as an insulatingmaterial. Firebrickis a ceramic 27
V materialof lowthermal conductivitythat is capableof withstandingextremelyhigh temperatures 2s
V withessentially no change. Rrebrickmay be composed of silica, magnesite, and dolomiteor 29
V alumina,carbon, and siliconcarbide. The primarycommercial use of firebdck is for liningsteel 30
V furnaces, coke ovens, and other high-temperatureapplications. 31
_/ 32

V FirebdckbecomesTRU wastewhenplutoniumprocessingfurnacesorincineratorsaredismantled 33
V or repaired. Rrebdck is cleaned withdiluteacids and then rinsed,dded, and scrapedto remove 34
V excess plutoniumbefore disposal. Oil-DriP, an absorbentclay material, is usually placed in 3s
_/ packages of damp firebrick. Dependingon the operation, firebdckmay be packaged in Fibre- 36
V Paks_ or polybags. Ceramiccruciblesare includedinthisWaste Category because theyconsist 37
V of a similar, heat-resistanttype of material. Ceramic cruciblewaste is generated by plutonium 38
V analytical laboratories. 3g
v' 40

V The surfacesof firebdckor cruciblesmay have residualconcentrationsof metals; however, the 41
V predominant metals associatedwiththis waste (e.g, magnesium, iron, aluminum,and titanium) 42
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1 V are not RORA-regulated. Because the processes In whic_l ttt,ese materials are used Involve very
2 _/ high temperatures, organic constituents are not typically associated with this Waste Category,

4 _/ Leaded Rubber =
5 J

6 v' Leaded rubber waste contains layers of Hypalon_ and lead oxide-impregnated neoprene.
7 V Hypalon_ is a trade name for chlorosulfonatedpolyethylene,a syntheticrubber. This matedal
8 vi is resistantto 011,solvents,chemicals,and abrasion. Commercialuses of this material include
9 V insulationforwire, shoesoles,automobilecomponents,and flexibletubingand hoses.Neoprene

10 v/ is also a synthetic rubber available commerciallyin solid form as a latex or as a flexible foam.
11 V lt is =°e._;'_.;tantto oitsand has a high flame reslstanoe(e.g., less combustiblethan naturalrubber).
12 _/ Com_i"_liilIlpr,_ucts include mechanioalrubber products,coatingfor electdcwtdng, gaskets,
13 _/ carpe'!b_king ! and automobileaccessories. Lead oxides are noncombustible,toxic materials
14 v' that are Insolublein water but solublein acids.
15 v'
16 _/ Sourcesof TRU-contaminated,leadedrubberwaste includeglovesremovedfromglovebox lines
17 V andaprons. Leadedrubberfromwet-chemistryglovebox lines are washedwithwaterto remove
is V nitratecontaminationassociatedwith nitricacid environments. Leaded rubber is dried, drained,
lg V or packagedtoensure no free liquidsare Included. In addition,adsorbentsmay be added directly
20 V to the waste to sorb residual moisturethat may be present. Leaded rubberwaste also may
21 V containa smallportionof toolsand equipmentcomponents that containothermetals.
22 _/
23 _/ Leadedrubberis often classifiedas hazardousbecauseof itspotentialfor exhibitingthe toxicity
24 _/ characteristicfor lead. In addition, leaded rubber gloves frorr,glove boxes In which organic
25 V solventshavebeen used are often conservativelyclassifiedbythe generatorsitesas listedspent
26 _/ solventwaste.
27 V

2s V M..etal
29 V

3o ,/ Metal waste includes"light"metals, "heavy"metals, equipment, tanks, and machinery formerly
31 V either in or attachedto glove boxes. "Light"metals, in engineeringterminology,are metals or
32 V alloys of low density that are strong enough for use in construction. "Light" metals include
33 ,/ aluminum, magnesium, and beryllium. "Heavy" metals are metals whose specific gravity is
34 V approximatelyfive or higherand includemetalssuchas lead, cobalt, and iron.
35 V

36 V TRU-contaminated metal waste that has economically recoverable amounts of plutonium
37 V associatedwithit Isleachedwithnitricacidand/orhot wateror mechanicallytreatedfor plutonium
38 V recoverypriorto declaring it waste. Metal waste may includeglovebox parts,hand tools, sheet
39 V metal, trays, clamps, pipe,valves, nutsand bolts,wire, and equipmentconsistingof a variety of
4o V metals, suchas iron,copper,aluminum,lead, tan_.alum,and stainlesssteel. Smaller items,such
41 v/ as nuts and bolts, are often packaged in mf_talcar_,,_or plastic wide-mouthed bottles prior to
42 v/ removingthem from the glove box lines. _
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_/ Large pieces of equipment, tanks, or maohlneryare disassembled or otherwise reduced In size 1
_/ to Increasethewastecontainerpackagingefficiency. Gearbox0tl, hydraulicfluid,or other liquids 2
v' are drained from maohlnery. Sharp metal pieces are often taped to deorease the handling 3
V hazards and preclude containment punctures. 4
V s
V Depending on the operation in which the equipmentor tools were used, this waste may have 6
V been in contact with or,'lanlosolvents and have residual surface contamination. Predominant 7
V RCRA-regulated mett_lsIncludelead, chromium,and cadmium from toolsand metal-platedbolts s
_/ and screws. 9
v' 10
V Glass 11
V 12

V Glass is an inert,noncombustiblematerialthat consistsof a uniformlydispersedmixtureof silica, i3
_/ soda ash, and lime. These materialsare often combinedwith metallicoxides,suchas calcium, 14
V lead, lithium,or boron,dependingon the specificdesiredproperties. Pyrex_, a borosilicateglass, lS
V is a trade namethat is commonto analytical laboratories, is
V 17
_/ Glass waste is created duringvirtuallyali TRU,operationsat DOE generatorsites. Two general ls
V types of glass waste are generated. R_schlg rings,one type of glass waste, are borosilicate 10
_/ glass ringsused as neutronabsorbers in storagetanks holdingliquid radioactivewaste. The 2o
V other type of glass waste consists of a variety of laboratory glassware, fluorescent lights 21
_/ containingsmall amountsof mercury,and glove boxwindows. 22
V_ 23

V Glass waste may contain small quantities of oil and organic solventsthat remain in emptied 24

v' glasswareor as residueson Raschigringsfromthe solventpresent instoragetanks. Lead is the 25
V predominantmetal reported in theWaste Categoryand is associated withleadedglass and lead 2s
v' tape. 27
_/ 2s

V SupercompactedWaste 2g
v' 30

V Supercompacted waste includesthose solidmaterials described above that are amenable to 31
,/ compaction. This treatment technologyhas been developed to decrease waste volumes and 32
_/ increasemanagomentefficlenciesthroughreductionin requiredstoragecapacities. As required 33
V' by this Waste AnalysisPlan, ali waste containersare scanned prior to supercompactionusing 34
V Real-Time Radiography (RTR), a nondestructivex-ray technique,to verify the original Waste 3s
V Category. 3s
_/ 37

_/ The Rocky Flats Plant is currently the only generator site that is implementing the 3s
_/ supercompactionprocess. Althoughthe followingprocessc_scdption,providedas an example 39
v/ of this treatmentprocess,is specificto the RockyFlats Plant, similarprocessesmay be initiated 40
,/ at the othergeneratorsites. Volumes and types of waste that are compactedwill depend on the 41
V treatmentunit design. 42
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1 V Waste Is retrieved from storageand segregated based on the type of matedal (I.e., hard versus
2 v/ soft waste), plutoniumcontent,TRU versus TRU mixed waste, and finaloverpackdrum weight
3 4 (e.g., 800 pounds). Soft materialsmay includecombustibles,filters,and leaded rubber, while
4 V hard materials may Includemetal,glass, and graphite. Waste is packaged or repaokaged Into
s 4 35-gallondrumspriorto superoon'lpaetion.A maximumof four55-gallondrumsof softwastecan
6 ,4 be precompacted Into one 35-gallondrum. Hard waste ts not precompaoted. Each 35-gallon
7 4 drum of precompa=ed soft was'le as well as hard waste is pierced with four holes to allow
s V entrapped air to escape during supercompactlon. EaQh 35-gallon drum of waste is
9 4 supereompactedintoone puck. A maximumof four pucksare placed into one55-gallonIoadout

lO 4 drum to be sent to the WIPP facility.
1.1 4
12 4 Because supercompactedwaste may consistof any of the above described Waste Categories,
13 4 tt maycontainany or ali of the hazardouswaste associatedwiththosecategories. No additional
14 4 hazardouswaste will be added dudng the supercompactionprocess.
15 4

16 4 Ino_qanicWaste Water Tr.eatmentSludqe
17 V

18 4 Inorganicwaste water treatment sludge results from the acid/base neutralizationof aqueous
19 _/ waste slurries, the filtrationof solids,and the subsequentsolidificationof oxide and hydroxide
20 V precipitatedsolids. The threephysicalformsof thiswasteare (1) dry, solidmonoliths;(2) highly
21 4 viscousgel-like solids;or (3) Qrumblysolids. Diatomaceousearth, a clay absorbent, is often
22 _/ included in the sludgeas part of the filtrationprocessand cements,Oil DriP, or vermiculitemay
23 4 be added to create the final waste form. Consistentwith similarindustrialor nunloipal waste
24 4 water treatment processes,the sludge is vacuumfiltered. Sludge is stabilizedwithcements or
25 _/ otherappropriateadsorbentspriorto packaging. Usingknowledgeof thematerialsandprocesses
26 _/ generating the waste, generatorsdeterminethe amountsand types of absorbent necessaryto
27 _/ ensure propersolidificationand then verify the finalwaste form using RTR.
2s V

29 _/ The predominantchemical components of wastewater treatment sludge are silica, calcium,
3o _/ sodium,magnesium, and ironoxidesresultingfrom the neutralizationand stabilizationprocess.
31 _/ Acidicwastewatersare generatedfrom a varietyof processes,includingcleaningand dissolution
32 4 chemistry. As a result, generatorshave reported a vadety of solventsand heavy metals as
33 _/ possiblecontaminantsin the final waste water treatmentsludge. Based on the input materials
34 4 for the various processes generating this waste and the waste water treatment processes
35 4 themselves (includingsludge vacuum filtrationand stabilization),volatile organicconstituents,
3s _/ althoughreported, are expectedto be a minorcomponentof thisWaste Category.
37 4

3s 4 Inorganic waste water treatment sludge may Include spent solvents that are listed under
39 4 HWMR-6, Pr. II, Subpart D. In addition,thiswastemay exhibittoxicitycharacteristicsfororganic
40 4 constituentsincludedunderHWIVtR-6,Pt. II, SubpartC. Dol>endingon the sourceof the waste
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J water, RCRA-regulated heavy metals also may be present. Heavy metals are concentrated 1
J dudngthe treatmentprooesssothat the finalsludgemay exhlblttoxicityoharactedstlosformetals. 2
J ! 3

v' Omanlc Liquidand Sludge 4
v' s

J Organic sludge Is producedby stabilizationof organic liquidssuch as oils, solvents,and lathe s
J coolants. Some organicliquidwaste is convertedto a sludgebyusingthe Envlrostone(]_process, 7
J which Involvesthe additionof water, an oll and solv"_ntemulsification agent, and finallythe e
J stabilization and solidification of the mixture with gypsum-based Envirostone_). TRU- 9
J contaminated organic liquid is collected at or near the point of origin in appropriate tanks or 10
J containersas theyare generated. Olderwaste was mixedwtthcalcium si!loateto forma paste- 11
J like substance. Other organic liquids,primarily from research and developmentactivities, may 12
J be absorbedon Inert materials suchas vermiculite. 13

_/ 14

V This Waste Category Is expected to contain relatively high concentrationsof volatile organic is
J compounds, In addition,metalsmay be present from machiningopera_ions. Because a portion ls
J of this waste has been generatedpriorto 1982, the potentialexistsfor waste oils inthis Waste 17
J Categoryto containpolychlorinatedbiphenyls(PCBs). is
J 19

J .Solid!fledLiauld 20
J 21

J Solidifiedliquidis composedof aqueouswaste that is not compatiblewith the pdmary aqueous 22
J waste water treatment processbecause of the presence of complexingchemicals. This liquid 23
J waste is excluded from the production I!quid waste because of the presence of potential 24

= J complexingchemicals thatwould interferewith the recoveryof actinides. Complexing _hemicals 25
J includeorganicacids,alcohols,or otherchelatingagents_ Batchesof this waste may be as little 2s
J as 1 literor as muchas several hundredlitersand may be solidifiedwithportlandand magnesium 27
V cement. Other nonflammableaqueous waste is solidifiedwith vermiculite. Similar to inorganic 2s
J waste water treatment sludge, the chemical constituentsreported in this waste include small 29
J quantitiesof spent solventsand RCRA-regulatedmetals. 30
J 31

0

_/ I_norclantcProcess.Solidsand Soll 32
J 33

J This Waste Category consistsof solidsthat cannot be reprocessedor process residues from 34
_/ evaporatorand othertypesof storagetanks,grit, flrebdckfines,ash, salts,metal oxides,andfilter 35
_/ sludge.Thiswaste istypicallysolidifiedinportland or gypsum-basedcements. Contaminatedsoil, 3s '
_/ asl_halt,and sand is generated from the cleanup of spills, as well as decontaminationand 37
_/ decommissioningactivitiesat DOE generatorsitesand may also be present in thiswaste. This 3s
_/ Waste Category includes materials from a variety of sources with the potential for an 39
_/ accumulation of metalsor organics. 40
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1 v' =Pyroohem!0alSalt

3 _/ n,, Johemloalsalt 1_t_omprtsedof salts used In molten salt and dtreot oxide reductionprocesses,
4 _ _ 41_' % r: salt is a fusedhalide salt mixtureof sodium,potassium,and magnesiumsalts, in molten
5 _ salt extraction, the salt serves as a solvent for plutoniumand americium. Plutonium and
8 v' americium are removedfromspentmolten saltby the sail-scrubprocessto yield a wastesalt and
7 v/ an aluminum.magnesium-plutonium-americiumalloy.
s ,i'
9 v' Direct oxide reductionsalt ts a oaiolumohlortdesalt containingunreaot,_ calcium metal (1 to =

lO v' 3 weightpercent)andcal01umoxide, The directoxide reduotlonprocessIs a one-r,cepreduction
11 v/ of plutoniumoxide to plutoniummt:}tal.The processemploysa calcium metal reduotantand a
12 v' molten calcium ohlortdesalt flux, "/'heuncertaintyIn the quantitiesof unreaotedcalcium metal
13 v' present Inthu saltresults in the needto processthe salt by air oxldlzatlon. Air oxidationensures
14 _/ that residual calcium metal, a nonradlonucUdepyrophoflcmaterial, Is oxidized in the waste salt
15 _/ so that lt will notexhibit the characteristicof reaattvity, Molten and direct oxide reductionsalts
la ,/ are packaged In metal cans priorto being placed in 55-gallon drums.

le v' Because pyrochemical salts are used In a high temperature process, metals are the only
t9 ,/ hazardousconstituentstypicallyreportedas present. The types and _ncer_trattonsof metals
2o _/ present in the waste will depend on the Impuritiespresent In the feed-stock materialsand the
21 V' Impuritiesretainedin the salt after plutoniumIs recovered.

23 v' Cation and Anlon.E_xc_han.cleRe.sins
24 v/

2s v' This Waste Categoryconsistsof leached andunleaohed spent ionexchange resins. The resins,
2s _/ syntheticpolymers,typicallyconsistof polystyrenecopotymertzedwith dlvtnylbenzene. Nitrate
27 V' and chlodde anionexchange areusedto separateand purifyplutoniumfrom nitflcacid or chloride
28 _/ solutions,respectively. After the impuritieshave been removed from the effluent, the plutonium
29 v' sorbed on the resin is eluted and precipitated.
30 _/

31 _/ Feed solutions requiringplutoniumseparationand purificationmay contain trace quantitiesof
32 v_ spent solventsfrom various operations. Metals may be present; however, the concentrations
33 V' typicallyare expectedto be below regulatorythresholdlimits.
34 _/

35 v' Solid and Solidifled Matedals
36 V

37 vt This Waste Categoryconsistsof a mixture of solidmaterials,whichIncludethe followingWaste
38 v' Categories: Combustiblesand Noncombustibles,Combustibles,Graphite, Filters, Benelex_ and
39 v' Plexlglas_, Firebrickand Ceramic Crucibles,Leaded Rubber, Metal, and Glass and solidified
4o v' materials (which includes the Waste Categodc,s of I_organic Waste Water Treatment Sludge,
41 v' Organic Liquidand Sludge, SolidifiedLiquid, Inorganic Process Solidsand Soil, Pyrochemical
42 _/ Salt, and Cationand Anion Exchange Resins.
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_/0,2oOn-81teGeneratedandDerlved,We,_e, I

_/AlinonradloaotlvehazardouswastegeneratedattheWIPP faollltyIsoharaoterlzed,placedIn 3
v'oontalners,andstored(forpedodsoflessthan90days)untllltIstransportedoffsitefortreatment4
V and/ordlsposal,Thlswastegeneratlonand aooumulatlonaotlvltyIsnotsubjecttoRCRA s
v' perml_ngrequirementsand, as such, ts notaddressedIn thispermttapplication, s
,,/ 7
_/ Administrativecontrols,whtohdirectnormaloperationsat theWIPP facility,willbeImplemented e
,/ to ensurethatno RCRA-regulatedmaterialswill be mixedwiththe radioactivewaste. Forthis 9
,./ reason,any mixedwastegeneratedthroughnormalwastehandlingoperationswillbe derived lO
_/ fromthe receivedwaste. Sincethesesite.generatedwastesmaycontainonlythoseRCRA- 11
v' regulatedmaterialspresentInthewastefromwhichtheywerederived,nosamplingandanalysis 12

v' of these derivedwastesIs proposedfor characterizationpurposes. 13
Vl 14

v' Anticipatedsourcesof dedvedmixedwasteduringthe TestPhaseIncludethe following: 15
v' is

V • Spentcarbonfromthe bin gasdischargesysiemcarbonsorptionsystem 17

V • Anytestbinssubjectto mechanicalfailureofsamplingports,pressurereliefvalves, 19
V or otherassociateddevicesto the extentthat the bin may no longerbe usedto 20
,/ supportthe test program 21
v/ 22

V • Anywastegeneratedthroughnon-routineeventssuchas the oleanupof spills. 23
V 24

_/ Inthe eventof an off-normalor acctdentsituation,it maybe necessaryto use RCRA-regulated25
V materials(e.g., solvents)to decontaminateequipmentor structures, tn these situationsthe 26
v' matedalsusedwillbewelldooumented.Theonlymaterialstobe usedforthispurposearethose 27

_/ thatareohemioallycompatiblewithwasteto be emplaoedInthe WIPPfaolllty.Charaotedzatton2s
v' requirementsforanywastegeneratedin anoff-normalor aootdentsituationwillbedevelopedon 29
v' a case-by-casebasis in cooperationwith representativesof the New Mexico Environment30
v' Department(NMED). 31
_/ 32

V 0-3 BoundaryConditionsand ProcessT01eran.oeLimits 33
V
v' TheWIPP facilityhasbothfacility-establishedboundaryconditionsandprocesstolerancelimits 35
v' andboundaryconditionsestablishedbythe U.S. EnvironmentalProtectionAgency(EPA)inits 36
V ConditionalNo-MigrationDeterminationforthe Departmentof EnergyWasteIsolationPilotPlant 37
,/ (NM,.3)(EPA,1990). Facility-establishedboundaryconditionsandprocesstolerancelimitsare 38
v' summarizedInTableC-2. EPA-establishedboundaryconditionsare summarizedinTableC-3. 39
v' 40
_/ Boundaryconditionsare maximumvaluesof wastepropertiesthat,if exceeded,wouldindicate41
_/ thatan incomingwastedoes notmeet itsestablished,acceptablevaluesfortheseproperties.
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1 J Process tolerance limitsare those characteristicsof a waste that a waste manager'nentprocess
2 V oan handle while maintainingpermit compliance, Wastes that exoeed boundaryconditionsor
a V processtolerance Itmltswill notbe aooeptedat the WIPP facilitybut uponreceiptwillbe returned
4 v' to the generatorsite (seotlon c.6),
s ,/
s J C-3a FaqlUW-Es!abllshedBo.undaryConditionsand process.Tole_ranc_eLimits
7 ,J
s V Boundaryconditionsand processtolerance Umltshave been establishedto ensure compliance
9 V with the WIPP faolUty's RCRA waste management requirements, The followingwaste Is

lO V unacceptable for managementat the WIPP facility:

12 V' • Ignitable, reactive, and oorroslvewastes,as definedunderHWMR-6, Pt,lll, sea, 61,i

13 V SubpartC
14 v/

lS V • Incompatiblewastesas defined underHWMR-6, Pt. V, AppendixV
'ts V
17 V • Waste not describedby one of the Waste Categories In Section C-2b of this Waste
18 _/ AnalysisPlan

2o _/ • Wastes that do not meet the EPA-establishedboundary¢_ondltlons.
21 _/

22 v/ !+clnltabllIW,Rea_lvtty, and Co++r_oslvitv
23 _/

24 _/ The WIPP facilitywill not acceptwaste that exhibitsthe aharactedstiouof ignitablltty,reaativtty,
2s _/ or oorroslvlty. In aacordarmewith DOE Order 5820.2A, RadioactiveWaste Management (DOE,
26 V 1988), DOE has establishedthe TRU Waste AcceptanceCdteda (WAC) (DOE, 1991a) to aontrol
27 v/ the chemical and physicalformsof the TRU waste at the generator sitesthat will ultimatelybe
2e V emplaced atthe WIPP facility. The WIPP WAC are implementedby DOEgenerator/storagesites
29 V throughWAC waste certlfioationprograms. WAC certificationprogramsare overseen by DOE
30 _/ through annual audits. DOE ensures that TRU waste received at the WIPP facility does not
31 _/ exhibitthese ¢haracteflstlcsthroughadministrativeand operationalproceduresatthe generator
32 ,/ sites. The WIPP WAC certificationprogramsresult tn controlledand consistentchemtaal and
33 _/ physicalwaste propertiesand final packaging.
3+ ,/
35 _/ Compliancewith the restrictionson characteflstic TRU wastes will be veflfied by review of ali
36 _/ Waste Profile Formsand ali RTR data recordsby WIPP Projectpersonnel. The Waste Profile
37 _/ Form(SectionC-6) indicatesthat the TRU wastedescribed in the Waste ProfileFormhas been
3s V WAC-certlfied. RTR data recordsare data reportformsthat containali of the informationto fulfill
39 v/ the RTR data reportingrequirementsestablishedinthe Quality AssuranceProgram Plan for the
40 v' Waste IsolationPilotPlantExped',nentaI-WasteCharacterizationProgram(QAPP) (DOE, 1991a).
41 +/ RTR analysis Is required on ali originalcontainersof TRU waste. In the case of containersthat
42 V are comprisedof TRU waste from morethan oneodginalcontainer,RTR analysisis not required
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'/ on the final, oornpodtedwaste container, Forexample,dudng theTest Phase a SWB willcontain 1
_/ a bin Intowhich has been emptied the contents of four to six 66-gallon drums, RTR analysis Is 2
v' requiredon each of the 55.-gallondrums emptied Intothe bin but noton the bin Itself, Copies of a
V RTR tapes will De oDtalned for review, as necessary, 4
,/ s

V The TRU waste reoetvedat the WIPP facility Is not aqueous or liquid, contains no prohibited s
v' rnatedals, and Is capable of being handled at standard temperaturesand pressures without 7

V reactionto oxygenor water (Table C.4), The WIPP facility cannot aor.,eptoontalners holding s
V liquidwaste or waste that wouldbe considered a Itquldwaste If a representativesample of the 9
V waste (as deflnectIn HWMR-6, Pt, II, see, 260.10) was taken and examined. Therefore, every lo
V containerholdingTRU wastemustcontain as littleresidualliquidas is reasonablyachievable and 11
V ali Internal containers (e.g., bottles and cans) must be well-drained. Additionally, TRU waste 12

v' cannotcontainexplosives,oornpressedgases, oxidizers,or nonradlonuolidepyrophodomaterials. 13
_/ 14

V Priorto the aaoeptanoeof a container holdingTRU waste,WIPP Projectpersonnelwillexamine is
V the RTR data recordsto vedfythat lt contains no unrented compressedgas containers and only is
V residualamountsof liquids, if discrepanciesor Inconslstenolesare deteotedduringthe RTR data 17
v' record review,WIPP projeotpersonnelwill request a copyof the RTR tape to verifythe Waste is
V Categoryand ensure that no prohibitedmaterialsare present tn the waste. 19
,/ 20

V To ensure that TRU waste contains no oxidizers, explosives,or nonradlonuolidepyrophorio 21
V materials, WIPP Proje_ personnel will review the Waste Profile Forms to verify that each 22
v' container has been WAC-certtfled. WAC-certlfied waste contains no explosives, no oxidizers, 23
V and no nonradionuolldepyrophoriomaterials. 24
V 25

V Compatlbll_lt_ is
_/ 27

V The WIPP facility Is designed to manage only (:ompatible waste. Using HWMR-6, Pt. VI, 2s
V Appendix V and tile EPA document, A Method for Determiningthe Compatibilityof Hazardous 29
_/ Wastes (EPA, 1976), DOE has determined that ali of the Waste Categories described in 30
V Section C-2 are mutually cornpatible. The EPA has concurred with DOE's determination of 31

_/ compatibility(EPA, 1990). To ensure waste compatibility,the WIPP facility(_annotaccept any 32
V Waste Categorythat, If mixedwithone of the aooeptableWaste Categories,wouldproducetoxic 33
_/ fumes, generatea violentreaction,or Initiate a fire orexplosion. Therefore, the WIPP Projectwill 34
V accept only those Waste Categoriesdescribed In Section C-2. Tt_ WIPP Project requiresthat 35
_/ RTR analysisbe performedon eaoh oflgtnalcontainerholdingTRU waste andwill reviewali RTR 36
./ data records and the Waste Profile Form to ensure that eaoh odginal container holds an 37

_/ acceptable Waste Category. If discrepancies or Inconsistermlesare detected, WIPP Project 3s
v' personnelwill requesta copyof the RTR tape fromthe generatorto verify the Waste Category 3_)
V' and ensure that no prohibitedmaterialsare present. 4o
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1 v' _ste Oateaonl
2 V

3 V Waste Categories have been established based on the ortgtnalmaterials used In an operation
4 V or the processesgeneratinga waste (SeotlonG-2). Analyticalrequirementsare determined by
s V Waste Category. Waste Categories also ensure that prooess toleranoe limits are maintained.
e V For example, pressurizedcontainers,whloh are notpresent Inany of the Waste Categories,are
7 ,,/ an unaooeptablewastebeoause theyoouldoontalncompressed gases that may oause thewaste
e V to exhibitthe oharaotedstioof tgnltablllty.

10 V The WIPP faollltywillaooeptonly those Waste Categoriesdesorlbed tn SeottonG-2. The Waste
11 V CategoryIs determinedbythe generatorsites, The WIPP Projeotrequiresthat RTR analysisbe
12 V performedon eaohortglnalcontainerholdingTRU wasteandwtllrevtewali RTRdata recordsand
13 V the Waste Profile Form to ensure that eaoh original container holds an aooeptable Waste
14 _/ Category. If dlsorepanolesor Inconslstenotesare deteoted during the RTR data review, WIPP
15 V Pmjeot personnelwill requesta oopy of the RTR tape to verifythe Waste Category.

17 _/ C.3b EEPA;Es_bl!sl'LedBoundaryConditions
ls v'
lo v' In aooordanoewith 40 CFR 268.6, boundaryconditions'havebeenestablishedby the EPA NMD
20 _/ (EPA, 1990) andare effeottveat the WIPP faollltyuntilthere Is offtolalnotice from EPA Indicating
21 V' otherwise. The followingdeterminationswill be made to monitorthe additionalEPA-established
22 ,,/ boundary conditions(Table C.3):
2_ _/

24 ,,/ • Conoentratlonof VOCs In the headspaoeof containersholdingTRU waste
25 v/

23 v/ • Flammabilitypotentialof the headspaoeof containersholdingTRU waste.
27 _I

28 _/ Concentrationof VOGs tn_he Hesdspaoe of ContainersHoldlnaTRU Waste
20 v'

so v/ The boundaryconditionsfor headspaoeVOC eon_entratlonsapplyto containerizedTRU waste.
31 v' The boundary conditions are spedflo to the Waste Types as defined in the document,
32 ,,/ TRUPACT-II Content Codes (TRUCON) (DOE, 1990b).
33 _/

_ v' For TRU waste containerized In drums, the ooncentratlonsof VOCs In the drum headspaoe
ss ,/ cannot exceed maximum values for osrbon tetraohlodde, methylene ohlodde,
ss v' 1,1,1-tdohloroethane,tdchloroethylene,and 1,1,2-tdohloro.l,2,2-tdfluoroethane. For TRU waste

37 ,/ containerized In bins, the concentrationsof VOGs In the bin headspaoe cannot exc_eedmean
38 _/ values for carbon tetrac_hlodde,methylene ohlodde, and trlohloroethylene. Generator sites
3_ _/ determinethe concentrationsof the boundaryconditionVOCs (Table C-3) tnthe TRU wasteand
4o V transmitthe data to the WIPP faollity. WIPP Project personnelverify that these data are within
41 v' the range of acoeptableboundaryconditionvalues. If a containerholdingTRU waste exoeeds
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v' the boundaryconditionsfor headspaceVOC concentrations,it willnot be acceptedat the WIPP 1
J facility. 2
J 3

J FlammabilityPotentialof the Headspace of ContainersHoldinQTRU Waste 4
,/ s

J The boundaryconditionfor flammable gases requires that containersholdingTRU waste have 6
_/ no mixturesof gases that are potentiallyflammable at the time of emplacement. Flammable 7
J gases that may be associatedwith TRU waste includehydrogen,methane, and the flammable s
_ VOCs listedin Table C-5. A mixtureof gases containinghydrogenand methane plusflammable 9
J VOCs at concentrations less than 500 parts per million by volume (ppmv) is considered 10
J flammable by the EPA if it exceeds 50 percent of the calculatedlower explosive limitfor the 11
J hydrogenand methane portionof the mixture. A mixture of gases containing hydrogenand 12
J methaneplusflammable VOCs at concentrationsgreaterthan500 ppmvis consideredflammable 13
J by the EPA if a sample of the mixturepropagates a flame duringa flame test. Generatorsites 14
J determinetheconcentrationsof hydrogen,methane, and flammableVOCs (Table C-3) intheTRU 15
J waste and transmitthe data to the WIPP facility, as discussedin SectionC-7a. WIPP Project 16
v_ personnelvedfy that these data are withinthe range of acceptable boundaryconditionvalues. 17
J Any containerholdingTRU waste exceedingthe boundary conditionsfor flammable gases will is
J not be emplacedin the miscellaneousunit. 19 '
V 20

_/ C-4 paramete..rs,Rationale,and Test Methods 21
,/ 22

J To determinethe samplingtechniquesand waste analysispararr_Jiersnecessary to ensure that 23
J the TRU waste accepted at the WIPP facility is properly characterized and can be safely _
J managed, the current waste characterization information provided by the generator sites 25
J (SectionC-2) has been reviewed. The Waste Categories were grouped based on how the 26
_/ originalmaterialswere used, howthe waste was generated,and the consistencyof the physical 27
J waste form. 28
v/ 29

V The analytical parameters of interest include RCRA-regulated metals (Table C-6), organic 3o
_/ compounds(Table C-7), and headspace VOCs (Table C-8). A parameter was selected based 31
_/ on one or more of the followingcriteda: 32
_/ 33

_/ • lt is includedfor itstoxicitycharacteristicas defined in HWMR-6, PL II, SubpartC 34
_/ 3s

,/ • lt is listed as a spent solventas defined in HWMR-6, Pt. II, SubpartD 36
v/ 37

J • lt is identifiedin the NMD (EPA, 1990) 3s
_/ 39

v' • lt is identifiedby a DOE generator site _TableC-1) and is listedas a hazardous 40
J constituentin HWMR-6, Pt. II, Appendix VIII. 41
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1 v' The parameters of interest and the rationale for including each parameter in. this plan are
2 v' summarized in Table C-1. This section includesa descriptionof the acceptable methodsto
3 V evaluate theso parametersfor each Waste Categoryand the objectiveof each evaluation.
4

s V Total RCRA-regulated metal and organic analyses will be used instead of the Toxicity
6 V CharactedsUcLeachingProcedure(TCLP) to evaluate if a waste exhibitsa toxicitycharacteristic
7 V' as defined in HWMR-6, Pt. II, Subpart C. If the total concentrationof a constituentis less than
s V the limitsspecifiedin Table 1 of HWMR-6, Pt. II, ssc. 261.24, the waste willnot be considered
9 V hazardous.If the totalconcentrationof a constituentis greaterthan the regulatorythresholdlimit,

10 V the wastewillbe evaluatedbased on an assumptionof 100 percentdissolutionof theconstituent,
11 V if a TCLP extraction had been performed. The regulatory limits, which are based on
12 V concentrationsof each hazardousconstituentin a TCLP extract,wouldbe expressedas a total
13 V concentrationfor each constituent based on a dilutionfactor of 20 (i.e., the ratio of solid to
14 v' extractantas specifiedin the TCLP), and the results from a total analysiswill be comparedto
15 V those values.
is V

17 _ In ali cases, DOE facilitieswill use methodsprovidedby the EPA as guidancein Test Methods
le V for EvaluatingSolid Waste, Physical/ChemicalMethods (SW-846) (EPA, 1986), or equivalent
le V methodsas requiredto properlyanalyze TRU waste. DOE has developedanalyticalprotocols
2o V and proceduresfor analyzingheadspace VOCs and gases and hasIncludedthese in the QAPP
21 V (DOE, 1991a) andthe WIPP Waste CharacterizationProgramSamplingand AnalysisGuidance
22 V Manual (Guidance M_,,_ual)(DOE, 1991b), respectively. SW-846 methodsused to analyze
23 _/ solidified/stabilizedTRU waste formsare currentlybeing evaluated by DOE. Equivalencyof a
24 _/ method will be demonstratedby meeting the quality assurance and quality control (QNQC)
25 v' requirements specified in SW-846 for a given method. Ali final analytical protocols for
26 V solidified/stabilizedwaste forms will be included in a future revisionof the QAPP. Detailed
27 _/ analytical proceduresspecificto analyzingTRU waste will be providedas guidancein a future
2e V revisionof the GuidanceManual.
29 V

30 V Inmostcases, thedifferencesin the hazardouschemicalsreportedbyeachgeneratorfor specific
31 V waste withina Waste Category do notjustifyestablishingwaste analysisrequirementsbased on
32 _/ individualwastestreamsor generatorsites. Thus, in somecases, the datamay be usedto verify
33 V that a waste is nonhazardousor containscertain constituentsin concentrationsbelowregulatory
34 _/ thresholdlimits.
35 V

/

3s V C-4a Criteriafor Selectionof Waste AnalysisParameters
37 _/

38 V The WIPP Projecthas established a rationaleby which to group the Waste Categodes. This
39 v' approachprovidesa consistentand logicalbasisfor the identificationof requiredwaste analysis
40 V parameters for each group. Tlm Waste Categoriesare dividedintothree groups (i.e., Group I,
41 _/ Group II, or Group III) based on the rationale provided in this section. The Waste Category
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J descriptionsincluded in Section C-2 provide detailed waste informationand illustratethe 1
J similaritiesamong the Waste Categorieswithineach group. 2
J 3

J The followingrationalewas used for includinga Waste Category in Group I" 4
J s
J • Pdmadlyidentifiedbased on the odginalmaterialsused in an operationor process 6
J 7

J • The original materials are common components of industrial and commercial s
J productsand therefore are well-characterizedmaterials 9
J 10

J • The odginalmaterialshave a consistentand well-defined use throughoutthe DOE 11
J complex 12
J , 13

J • The purposeand functionof the odginalmaterialsare similarat ali DOE TRU waste 14
J generatorsites. 15
J 16

J The followingrationale was usedfor includinga Waste Category in Group I1: 17
J 18

J • Waste generationprocessesare specificand well-defined 19
V 2o

J • The sourcesof originalmatedal inputs(e.g., plutoniumscrap or feedstock) usedin 21
J a processmay be diverseand vadable 22
J 23

J • Finalwastereflectsa mixtureof residualsolidsor solidifiedliquidsfrom a Varietyof 24
J sources 25
J 26

J • Waste may includeliquidwaste that has been treated, solidified,or stabilized 27
J 28

J • The wastegenerationprocessservesto removeor concentratespecificcomponents 29
J (e.g., cation and anion exchange resinsthat cortcentrateplutonium). 30
J 31

J The following rationaJewas usedfor Includinga Waste Category in Group II1: 32
J 33

J • The waste is a mixtureof Group I and Group II Waste Categories 34
J 35

J • The populationsof solidified/stabilizedwaste mayrepresentmorethanone Group II 36
J Waste Category and are potentiallyfrom more than one generatingsource 37
J 38

J • The waste typicallyrepresentsolder, storedwaste. 39
J

J In summary,Group I includesthose Waste Categoriesfor whichthe originalmaterialsused are 41

J the predominant component of the final waste. Group II Waste Categories includewaste that 42 O
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1 J results from a specificprocess or a final treatment operation. The Group III Waste Category
2 J includesmixturesof Group I and Group II Waste Categories.
3 J

4 J GroupI, GroupII, and GroupIII Waste Categoriesare compatibleandthereforecan be packaged
5 J in the same waste container, transported,and accepted at the WIPP facility. However, for
6 J purposesofcompliancewiththesamplingandanalyticalrequirementsdescribedin thisplan,TRU
7 J waste generatorfacilitiesmanagingGroupIII waste musteither(1) segregate100 percentof the
s J waste being sampled into the appropriate Group I and Group II Waste Categories and
9 J characterize these wastes in accordance with each Waste Category or (2) sample and

lO J characterizethe entire waste populationin accordance with the requirementsfor the Group III
11 J Waste Category. The approachused willdepend on the quantitiesof Group III waste and the
12 J degree of processknowledgeavailable. These optionsare providedto minimizethe amountof
13 J wastehandlingandprocessingthatwill be necessaryto verifythewasteisproperlycharacterized.
14 J In either case, the statisticalsamplingmethods includedin SectionC-5 will dictate the number
is J of samples requiredto be analyzed in a given population.
16 J

17 J C-4b Parametersand Test Methods
18 J

19 J Each generatorsitewillevaluateitswaste usingthe Waste Categorydescriptionsand determine
20 J the appropriateWaste Category for each waste. Once the Waste Category is identified,waste
21 J verificationinformationis providedin accordancewiththe appropriategroup. Generatorsmust
22 J providedata from the resultsof Phase I Waste ShipmentScreening(Section C-6) for ali Waste
23 J Categories as well as the applicableanalytical data described in this section. Figure C-1
24 J diagramsthe waste screeningand waste characterizationdata collectionprocess that is to be
25 J performedbygeneratorsites. The samplingand analyticalrequirementsdescribedinthisWaste
26 J AnalysisPlan are a functionof the selectedWaste Category andgrouping. The rationalefor the
27 J hazardouswaste determinationswillbeprovidedbythe generatorusingthe Waste ProfileForms
28 J (SectionC-6). The applicablesupportingdata also will be includedfor review by WIPP Project
29 J personnel. The WIPP Projectrequiresgeneratorsto submita Waste Profile Formthat includes
3o J a descriptionof each waste for eacn waste containerfor reviewand approval by WIPP Project
31 J personnelpriorto w_asteshipment.
32 J

i

33 J Group I
34 J

35 J The parameters, tesllmethods,and a summaryof the rationaleforGroup I analyses are provided
36 J inTable C-9. RCRA..regulatedmetalspresentin Waste CategorieswithinGroup I are associated
37 J with specificwaste n'atedals(e.g., leadin leaded rubber,leaded glass,or lead shielding). Based
38 J on the use and knowledgeof the originalmaterials that comprisethis waste, other reported
39 _/ metalsmay existas residueson the surfacesof solidmaterials(e.g., residualmetalson graphite
40 J molds or crucibles). Knowledge of the materialsand opera_onsthat generate this waste are
41 J sufficientto determine if thewasteexhibitsa toxicitycharacteristicforthe metalsas definedunder
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J HWMR-6, Pt. II, Subpart C (Table C-6). No additional informationrelated to RCRA-regulated 1
J metalsis necessaryto properlymanagethis waste. 2
J 3

J VOCs are used in many glove boxoperationsto clean equipmentor matedal surfaces. Listed 4
J spent solvents (EPA hazardous waste codes F001-F005) are commonly reported in waste 5
J includedin Group I. The absorptioncapacityof the solid materialsthat compdsethese Waste s
J Categoriesisminimal. The use of highlyvolatileorganicsto clean or degreas_matedals in glove 7
J boxes is expected to result in waste that contains small or trace quantities of volatile, spent s
J solvents. In addition, materialsin thisgroup may be processed for plutoniumrecovery priorto 9
J declaringthem waste. Plutoniumrecoverymay Involveheatingor leachingwithacid. TRU waste 10
J generatorshave conservativelycharacterizeditemssuchas tools,disassembledequipmentand 11
J glove boxes, or leaded rubber, which may be residuallycontaminatedwith solvents,as listed 12
J spent solvent waste. Semivolatileorganic compoundsare not commonly used in plutonium 13
J operationsor processes.PCBs are not used in plutoniumoperationsor processes. Knowledge 14
J of the originalorganicsusedand theoperationsthat generatethe waste is sufficientto determine is
J if the waste is hazardousor containsPCBs and other hazardousconstituents(Table C-9). 16
J 17

J Headspace gas analysesforvolatileorganiccompoundsincludedinTable C-8 willbe performed la
J for ali Waste Categoriesin Group I sent to the WIPP facilityduringthe Test Phase. The data 19
J obtainedfromthese analyseswill providean indicationof the typesandconcentrationsof volatile 2o
J organicspresent in the headspace of containers. Results of headspace gas analyses will be 21
J usedto demonstratecompliancewith EPA-establishedboundaryconditionspriorto shipmentto 22
J the WIPP facility(Section C-3). 23
J 24

J Group II 25
J 26

J The parameters,test methods, and rationaleforGroup II analysis are includedin Table C-10. 27
J RCRA-regulatedmetals associated with Group II Waste Categories originate from numerous 2s
J operationsand processes. Group II includessolidifiedor treated particulate or liquidwaste. 29
V Acidic processes,commonly used in plutoniumrecovery operations, tend to solubilize heavy 30
J metals that may be present. Dependingon the initialconcentrationsof metalsin a waste water, 31
J the final inorganictreatment sludge may contain concentrations of metalsabove or below the 32
J regulatorythresholdlimits. In addition,processsolidsconsistof materials scraped or cleaned 33
J from firebrick,graphite,and other relateditems. The Waste Categoriesinthisgroupmay contain 34
J RCRA-regulatedmetalsat concentrationsabove the regulatorythresholdlimitsinHWMR-6, Pt. II, 35
J Subpart C. The Waste Categories in Group II will be sampled and analyzed for total RCRA- 3S
J regulated metals (Table C-6) priorto transportto the WIPP facility. These metals, if present, 37
J representhazardousconstituentsthat are either (1) characteristicwaste or (2) other hazardous 3s
J constituentslistedin HWMR-6, Pr. II, AppendixVIII, identifiedby the generatorsites. 39
J 40

J Similarly,the organicconstituents associatedwith the Waste Categoriesin Group II are derived 41
J froma varietyof sourcesincludinganalyticallaboratories,weaponsmanufacturingand fabrication 42
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1 V operations,and plutoniumrecovery operations. With the exception of pyrochemicalsalts, ali
2 V Waste Categories in this group will be sampledand analyzed for the organicconstituentsin
:3 v' accordance with the requirementsin Table C-7. Knowledgeof the electrorefiningprocesses,
_ vi whichinvolveshightemperaturemoltensalt extraction,is adequate to demonstratethat organic
._i v' constituentsare notassociatedwithpyrochemicalsalts. If present, the organiccompoundsthat

v' may be associatedwiththeotherWaste Categoriesin GroupII representhazardousconstituents
7' _/ that are includedas (1) listed, spent solventwaste, (2) characteristicorganic waste, (3) other
e vl hazardousconstituentslistedin HWMR-6, Pr. II, AppendixVIII, identifiedby the generatorsites,
9 _/ or (4) potentiallyflammableorganicsidentifiedby the generatorsites.

10 V

11 V TransformeroilscontainingPCBs have been identifiedin a limitednumberof wastesincludedin
12 _/ the OrganicLiquidand SludgeWaste Category. Therefore, solidifiedwaste oilsincludedin this
13 V Waste Categorywillbe analyzedforPCBs (Table C-7). Waste containingconcentrationsof PCBs
14 V greater than 50 parts pers million (ppm) will not be accepted at the WIPP facility. PCBs are
15 _/ identified as hazardousconstituenL_listedin HWMR-6, Pr. II, AppendixVIII. In addition,waste
16 V containingconcentrationsof PCBsgreaterthan50 ppmareregulatedunderthe ToxicSubstances
17 '/ ControlAct (TSCA), as well as under RCRA 40 CFR 268.32(a)(2). TRU waste generatorswill
le _/ sample and analyzethiswasteto ensurethat PCBs at TSCA-regulatedlevelsare not shippedto
19 _/ the WIPP facilityduringthe Test Phase.
20 ,,/

21 V' Headspace gasanalysesforVOCs are requiredforali waste includedin GroupII thatwillbe sent
22 V to the WIPP facilityduringthe Test Phase (Table C-10). These data willprovidean indicationof
23 _/ the types andconcentrationsof volatileorganicsthatare present in the headspaceof containers.
24 _/ Resultsof headspacegasanalyseswillbe usedto demonstratecomplia,'cewithEPA-established
25 V boundaryconditionspriorto shipmentto the WIPP facility(Section C-3).
26 V

27 _/ GroupIII
2s _/

29 V' The parameters,test methods,and rationalefor Group III analysis are includedin Table C-11.
3o V Group III consistsof onlyone Waste Category,whichis a mixtureof GroupI andGroup II Waste
31 v' Categories. Because the wastes in Group I and Group II are compatible,this Waste Category

32 v/ <doesnot require segregation. The potentialexistsfbr this Waste Category to contain RCRA-
33 V' regulated metals, organic solvents, or PCBs as included in Group I and Group II Waste
34 V' Categodes. Therefore, the Group III Waste Category requires the complete analysis as
35 V 5=ummadzedin Table C-11 forali solidifiedmaterialsas well as the use of processknowledgeto
36 V s_pport the characterization informationprovidedfor the solid materials (e.g., glass or metal
37 v/ _./aste).
3s V

39 V' Headspace gas analysesfor VOCs are requiredfor ull waste includedin Group III that will be
40 _/ sent to the WIPP facility (Table C-11). These data will provide an indicationof the types and
41 v' co,ncentrationsof VOCs that are present in the headspace of containers. As described in
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_/ Section C-3, results of headspace,gas analyses will be used to demonstrate compliance with 1
_/ EPA-established boundary conditionsprior to transport of the waste to the WIPP facility. 2
,/ 3
V C-5 Waste SamplingPlan and Data Analysis 4
V s

V A wasteverificationprogram,includingsamplingandanalysis,isto be implementedbyeach DOE 6
V site that intendsto send waste to the WIPP facility. Analyseswill be provided to WIPP Project 7
_/ personnelfor review priorto waste shipment,, Data obtained from site-specificsamplingand 8
_/ analysisprogramswill providethe estimatesof waste populaUonparameterswithineach Waste 9
V Categorythat are necessary to meet waste verificationrequirements, lo
v/ 11

V Headspace Samplinq 12
V 13
_/ Waste Categories in ali groupswillbe sampled and analyzed to determinethe concentrationsof 14
V headspaceVOCs (Table C-8) and headspacegases. To obtainrepresentativeheadspaceVOC 15
_/ and gas data for waste intended for shipment to the WIPP facility, the statisticalmethods 16
V describedin this sectionwillbe used andwillparallelthe methodsused forsamplingGroupII and 17
V III solidified/stabilizedwaste. Results of the initial headspace sampling will be comparedto is
_/ maximum values reported in the NMO (Table C-3) to determine the number of additional 19
V headspace samples required to verify hazardous waste determinations. Sampling protocols, 2o
V equipment, and QNQC methods for headspace sampling are included in the QAPP 21
V (DOE, 1991a). 22
_/ 23

V Solidified/StabilizedWaste SamplinQ 24
V 25

V Group II and Group III solidified/stabilizedwaste formswillbe sampled and analyzed to assess 26
V these wastes for hazardous constituent content. Representative samples of Group II and 27
_/ Group III solidified/stabilizedwaste willbe obtained using guidance set forth in SW-846, 2s
V Chapter 9.0 (EPA, 1986). GroupII and Group III solidified/stabilizedwaste samplingfrequencies 29
v' willbe determined in accordancewith the equations specifiedin this samplingplan. 30
_/ 31

V DOE is currentlydevelopingsamplingprotocolsfor solidified/stabilizedTRU waste. Sampling 32

V frequenciesare outlinedin Table C-12. Due to the variety of waste characteristicsof the waste 33
V matrix,as described in Section C-2, a numberof samplingmethodsmay be used. Ali sampling 34
_/ protocolswill be describedand documented,and records will be completed and maintainedas 35
V describedin futurerevisionsofthe QAPP (DOE, 1991a). Samplingproceduresand guidancewill 36
V be includedin future revisionsof the Guidance Manual (DOE, 1991b). 37
V 38
V C-5a SamplinQPlan 39

i

V For the purposes of this sampling plan, ali waste generat_,,dprior to the development and 41
_/ implementationof samplingand analyticalcapabilitiesat each generator site will be considered 42
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1 V as storedwaste. Storedwaste maybe generatedas eitherprocessor batchwaste streams. For
2 _/ the purposesof this samplingplan, a "process"is defined as a systemor seriesof continuous
3 v' or regularlyoccurringactionstakingpiace in a predeterminedmannerover extendedperiodsof
4 _/ time resultingin a productthat is substantiallyuniform. A "batch' is defined as an amountof
5 V materialsubjectedto some unitchemicalprocess,unit physicalmixingprocess,or othershort-
6 V term operationresultingin a finalproduct that is substantiallyuniform. Generator sites may
7 v' provideprocessinputdata or batch-specificdata for current/futuregenerated waste and obtain
s V a sample once per year for processanalysisor once per batchin accordancewithTable C-12.
9 ,/

10 v' As related to solidified/stabilizedwaste, this waste samplirg plan establishes a statistical
11 V foundationfor determiningchemical concentrationsin Group t and Group III waste (by Waste
12 _/ Category)and vedfyingwhether a waste is hazardousas deflni,d in HWMR-6, Pt. II, SubpartC.
13 V Waste containerpopulationsconsideredin this sectionare a subsetof a Waste Categoryand
14 _/ may be determinedbased on the date of waste generation. CI&_sificatlonof waste forsampling
15 V and analysis may be influencedby knowledge of specific was,'¢_generation processes. As
is v' outlinedbelow,a two-tierapproachwill be used to verifyhazardous,'aste determinations.Each
17 _/ generator site will evaluate its waste and determine the appropriatepopulations within each
is V Waste Category.
4,) V
2o V Tler 1
21 V

22 _/ The maximumpopulationsizeanalyzed in samplingconductedunderthisplan must notexceed
23 v' 1,000 waste containers(ASTM, 1988). When a populationof containersis assembled, process
24 _/ knowledgewill be usedto determinesimilarityin waste contentwithin that population. Thiswill
25 V be accomplished using waste stream information and other available records such as
26 vl identificationcodes that indicatea populationcontains waste from a specificprocessor batch.
27 _/

2s V At each generator site sending waste to the WIPP facility,the goals of Tier 1 samplingare to
29 V' determine baselineconcentrationsand vadabilitlesof hazardousconstituentsfor a populationof
3o V wastecontainers. Tier 1 samplingconsistsof obtaininga randomsample of tenwaste containers
31 V fromeach population. Datato assessthe statisticaldistributiontype (e.g., normal and lognormal)
32 _/ forchemicalswithinthewaste arecurrentlyunavailable. Therefore,sufficientTier 1 samplingand
33 v' analysis[applyingthe CentralLimitTheorem (Koopmans,1986)]will be conducted to justifyusing
34 V a normaldistributionfor analyteconcentrations.The appropriatenessof usingnormaldistdbutions
3.s V forchemicalconcentrationswithineach populationwill be vedfiedby statisticalevaluationof data
36 V gathered in Tier 1. Statisticaldistributiontypes used for each waste will then be correctedas
37 V necessary.
as v'
39 V' Tier 2
4o V

41 V The numberof samplesrequiredforTier 2 samplingwillbe baseduponresultsof Tier I sampling

42 _/ and determined using equations from SW-846, Chapter 9.0 (EPA, 1986). If chemical
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J concentrationvariability is small from point-to-pointwithin Individualwaste containers, and from 1
J waste container-to-wastecontainer in a population,then the numberof Tier 2 samples for that :

J populationwill be greatly reduced. This reductioncan be accomplishedwhile maintainingan 3
J acceptable level of statistical confidence when comparing average concentrations to the 4
J regulatorythresholdsset forthin HWMR-6, Pt. II, SubpartC. Tier 2 samplingwii_ensurethat no 5
J significantdifferencesexist in the average concentrationsof chemicalswithina population, s
J 7
J C-5b SamplingMethod 1 8
J 9

J SamplingMethod1is used to obtain samplesfrom bulk,stabilized,or solidifiedwaste packaged 10
J in w_ste containerswith no smaller innercontainers. 11
J 12

J Tier1 Samplinq 13
J, 14

J MethodI samplingforTierIconsistsofobtainingthreecoresamplesfromtenrandomlyselected15
J waste contalnerswithlna maxlmum populationof1,000containers,Sampllngtenrandomly 16
J selectedcontainerswithina populatlonof1,000containerstsconsideredsufficientforbulk17
J solidified/stabilizedwaste because of the following: is
J 19

J • Waste matdces for Waste Categoriesthat this samplingmethod will apply to are 20
J expectedto be someof the moreuniformwaste rnatdcesinthe DOE inventory(e.g., 21
J wastewater treatment sludge). 22
J 23

J • Processknowledgeis moreeffective for groupingwaste when a relatively uniform 24
J waste matrix is being considered,pdmadlybecause some of the larger identifiable 25
J populationsof similarwaste resultfromprocessesgeneratingwaste inthese Waste 26
J Categories. 27
J 28

J • When the Waste is well-groupedand relatively uniform, the containers may be 29
J consideredto be incidentalbarrierssurroundingthe waste matrix. This allows this 30
J moreuniformwaste to be approximatedstatisticallyas a monolithicobject. Potuntial 31
J forstatistical correlation existsin this approach. However, due to the waste matrix 32
J that this sampling method is applicable tc, the correlation is expected to be 33
J insignificantand sample independence is expected to be preserved. 34
J 35

J • Sampling ten containers will provide30 core samples, three core samples ppr 36
J container (minimum for horizontal variance analysis). Also, the cores will be 37
J sampledacrossthree strata--upper, middle,and lower--which willprovidesufficient 38
J data to analyze vertical variance (e.g., gravitationalsettling). 39
J _4o
J • Although other numerical schemes are possible to obtain 30 core samples, this 41
J methodwill provide the necessary data to perform the statisticalanalyses while 42
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1 J reducing the number of containers opened, thus reducing exposure during the
2 J samplingprocess.
3 J

4 J The core samplingis to be done using a sample trier as described in SW-846, Chapter 9.0, or
5 J equivalent device. Specific details of the codng procedure will be includedin the Guidance
s J Manual (DOE, 1991b), Core locationswill be randomlyselected.
7 J

s J Fromoneof the ten Tier 1 wastecontainersineach population,a fieldduplicatecore sample will
9 J be taken. Forqualityassurancepurposes,the duplicatesamplewillbe recordedas suchin the

lo J samplingrecord. However,the duplicatesample willbe identifiedandtreatedas a routinesample
11 J for analysis purposesand followinganalysis,and the duplicatesample data will be incorporated
12 J into the Tier 1 data pooD.
13 J

14 J Each core samplewillbe partitionedto obtainrepresentativesamples of the upper, middle,and
15 J lower thirds (strata) of!the core, and an aliquO!Iwill be taken from each third. A three-way
le J analysisof variancethat examinescore-to-core(horizontal),strata-to-strata(vertical),andwaste
17 J container-to-wastecontainervadabUitywill be applied to this stratifieddata to determine if data
18 J from the three strata may be collapsed. Collapsing(combiningintoone similarpopulation)data
19 J is appropriatewhenvar_abilityalongthe lengthof thecorefrom strata-to-strataandvariabilityfrom
2o J core-to-corewithina container hasbeen demonstratedto be insignificantusingvarianceanalysis
21 J equationsand methodsin thisplan. Collapsingdata from ali stra_.awill permitobtaininga single
22 J representativeTier 2 sample at any intervalalong a core sample at any horizontallocationin a
23 J waste container,and will reduce the total numberof Tier 2 samples required. The three-way
24 J analysisof variancewill be performedusingstandard statisticalsoRware.
25 J
26 J Tier 2 SamDlin_a
27 "/

28 J Tier 2 samplingwill permit WIPP Project personnelto verify with 90 percentconfidence that
29 J values resultingfrom Tier 1 samplingare representativeof the populationbeing analyzed. The
30 J requirednumberof waste containersto be sampledwill be determinedusingTier 1 and previous
31 J Tier 2 data, [EquationiC-5(5)], andcriticalvaluesfromthe Student'st-distributionfor a 90 percent
32 J confidencelevel (Kooprnans,1986). Waste containersto be sampledwill be randomlyselected.
33 J Ata minimum,one samplecore will be collectedfromeach waste containerselectedfor sampling
34 J fromtheTier 2 population. Inaddition,in accordancewithSW-846, Chapter1.0 (EPA, 1986), one
35 J field duplicatecore sample will be taken from every 20 waste containers sampled or one per
36 J population,whichever is more frequenL For waste containers from which a field duplicate is
37 J taken, cores willbe collected and identifiedas describedabove for Method 1-Tier 1 sampling.
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_/ C-5c SamDlln_Method 2 1
V 2
V Method 2 samplingwill be used to sample waste containers having smalleroontainersInside 3
V (e.g., Fibre-Paks@,cans, bottles,or jars). The contentsof the innercontainersare expectedto 4
V be solidified/stabilizedwaste. 5
,/ 6
V Tier 1 SamDiin_l 7
V s

V Method 2-'l'ler 1 samplingrequires samplingali inner containerizedwaste withinten randomly 9
_/ selectedwaste containers. The ten containersare to be randomlyselected from a maximum 10
V populationsize of 1,000. The samples will be collected by opening the inner containers and 11

V obtainingone representativecoresample or alternativelysplittingthe solidifiedmass heldinside, 12

V and obtaininga representativesampleof the solidifiedmassusinga shovel,scoop,or equivalent 13
V tool. In ali cases a representativesample shall be obtainedin accordancewith the intentof this 14

V planto the best abilityof the techniolansampling the waste. An example of this situationis a 15
V one-gallon can containing only a single, solid mass of pyrochemical salt. A representative is
V random sample of the solid mass may be obtained by core sampling or alternatively may be 17
V obtained by sampling the mass at a random distance (height) from the bottomof the can. For lS
_/ a can containing a number of pieces of waste, a random distancewill be determinedfrom the 19
V bottom of the can, and a representative sample of the waste existing at, or nearest to, that 20
V locationwill be taken regardlessof the waste form. 21
,/ 22
_/ Fromone of the tenTier 1 wastecontainersineach population,a field duplicatecore sample will 23
_/ be taken. Forquality assurancepurposes,the duplicatesample will be recordedas suchin the 24
_/ samplingrecord. However,theduplicatesamplewillbe identified_nd treatedas a routinesample 25
V forana_sis purposesand followinganalysis,and the duplicatesample data willbe incorporated 26
V intothe Tier 1 data pool. 27
V 28
_/ Tier 2 Samplinq 29
_/ 30

_/ Analysisof data from Tier 1 samplingwill be used to determine the number of Tier 2 samples 31
_/ [EquationC-5(5)] requiredto verifya hazardouswastedeterminationfora population. Method 2- 32
V Tier 2 samplingwill involverandomsampling one third of the innercontainers(e.g., cans, bottles, 33
V or jars) of waste from waste containersthat are selected for samplingin Tier 2. Samples for 34
_/ Method 2-Tier 2 sampling will be obtained as described above for Method 2-Tier 1. As in 35
_/ Method 1-Tier 2 sampling, one field duplicate sample will be taken from every 20 waste 36
J containerssampledor oneper population,whicheveris morefrequent. For wastecontainersfrom 37
_/ whicha fieldduplicate istaken, bothsamples willbe collectedand identifiedas describedabove 3s
V for Method 2-Tier 1 sarnpling. 39
,/ 40

V Waste analysis data from Tier 2 sampling may be pooled, as appropriate(Section C-5e), with ali 41
_/ previousTier 1 data for that waste and with previousTier 2 data as it becomes available, to 42
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1 J calculate updatedmean and vadanoe valuesfor the total populationfor each Waste Category.
2 J Qualificationsfordata poolingare described in Section C-5e.
3 J

4 J C-5d Data AnalysisMethodolcxly
5 J

6 J The goal of statisticalwaste verificationis two-fold. First, enough representativedata will be
7 J collected from a waste populationto provideestimates of that populatiorl'saverage chemical
s J concentrations.Second,theseestimateswillbe comparedto the applicableregulatorythresholds
9 J to assess if a waste is hazardous as defined in HWMR-6, Pt. II, SubpartC. Verificationof

lO J hazardous waste determinationswill be assessed through a statisUcaltest of hypothesis.
11 J Because the sample size was chosen so that the Central LimitTheorem applies, criticalvalues
12 J fromthe Student'st-distribution(Koopmans,1986) are used.
13 J
14 J Hazardous Waste Verification
15 J

is J Sampling and analyses are required for ali Group II and Group III solidified/stabilizedWaste
17 J Categories. Data collected will be usedto vedfy that a wastedoes or does notexhibita toxicity
18 J characteristic,as defined in HWMR-6, Pt. II, Subpart C. Waste that is hazardousbecause of a
19 J listingin HWMR-6, PL II, SubpartD, mustbe sampledbut is notevaluatedusingthis verification '
20 J method.

21 J

22 J Let 14be the true but unknown average concentration of the analyte, and let RT denote the
23 J regulatorythreshold. To verifythat a waste doesor does not exhibita toxicitycharacteristicfor
24 J a constituentof interest, test the null hypothesis(Ho) that the average concentrationfor that
25 J constituentis equal to the regulatorythresholdvalue versus the alternativehypothesis (HA) that
26 J the average concentrationis belowthe regulatorythreshold. The standardnotationis:
27 J

28 J Ho: 14= RT versus HA:14< RT
J

3o J Verifying that waste is not hazardous means rejecting Ho. The null hypothesis is rejected
31 J whenever the sample's average analyte concentration is too low to have come from a
32 J concentration distributioncentered at the regulatorythreshold.
33 J

34 J The level of significance of the test, _ is the probabilityof concludingthat a waste is not
35 J hazardous,when in fact lt is. An acceptableprobabilityof an incorrectconclusionis chosen in
3s J advance of data collectionand willnot be changed afterdata have been collected. The level of
37 J significancewill be chosen fora one-sidedtest to be 0.05. The correspondingcdticalvalues for
3e J the one-sided test may be found in any standard statisticaltext (Kooprnans, 1986) with the
39 J degrees of freedom, n - 1, denoted as v. The completeverificationthat a waste does or does
4o J notexhibita toxicitycharacteristicis conductedas follows. To test
41 J

42 J Ho: 14= RT versus HA: 14< RT

ChapterC
XPTB-148.C C-32 3/92



WIPP RCRA Part B PermitApplication
DOE/WIPP 91-005

Revision 1

v' at a level of significanceo_,with v = (n - 1). Verificationthat a waste does not exhibita toxicity 1
_/ characteristicis demonstratedif 2
¢ 3

I'_-RTI > t=, C-5(1)
-_n ' '

V where 4
V ' s

-- I n
x = --_ x,, the sample mean C-5(2)

n_-_

V and 6

_1 " C-5(3)
s2 = x=_ - , the sample variance

s = _, the sample standard deviation C-5(4)

n = sample size

t,,, - t critical value.

_/ 7

v' VerifyingTier 1 Parameters s
¢ 9

V After "13er1 samplingis completed,estimatesof the average amountof a particularanalyte and 10
¢ its standard deviationmay be used to determinethe numberof Tier 2 samples. 11
_/ 12

V For a particularanalyte, there are three possibleoutcomesfrom tlm Tier 1 sampling. F-3rst,the 13
V average amount may be so far below the regulatorythreshold that further sampling is not 14
¢ warrantedbecausethe probabilityof ever reachingor exceedingthe thresholdvalue is practically 15
V zero. Second,the average amount may be so far above the thresholdthat further samplingis 16
¢ notwarrantedbecause the probabilityof ever fallingbelowthe thresholdvalue is nearlyzero. In 17
V the third case, the average amount may be closeto the thresholdvalue (either above or below), is
¢ sothat further sampling is requiredto verifywhether a waste should be classifiedhazardous or 19
¢ not. 20
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1 _/ The numberof samplesrequired(EPA, 1986) forTier 2 willbe computedusing

n- c-s(s)
I,_-RTI=

2 V When the sample average is far from the RT (either aboveor belowit,) the denominatorwill be

3 _/ large. This, in turn, will reduce the numberof samplesfor Tier 2 sampling.
4 ,/

5 _/ C-5e Data Variabilityand PoolingQualifications
s ,/
7 _/ The Tier 2 parameter averagesand variances[EquationsC-5(2) and C-5(3)] w_llbe compared
8 _/ to those of the Tier 1 sample and previoussimilarTier 2 samples to ensurethat no significant
9 _/ changes inaverage concentrationsor in variabilityexistwithinthe population. Thiscomparison

10 ,/ will be performed by fo_ally testing two hypotheses. The first test involvesthe sample
11 _/ variances. The secondtest involvesthe averages. If eithertest resultsin a bonclusionthat the
12 V Tier 2 samplestatisticis differentfromthat of Tier 1, thena significantdifferenceexists,anddata
13 _/should not be pooled. Therefore, another Tier 1 randomsample (30 or more)will be collected
14 v' usingthe o_iginalTier 2 dataas part of the new sample.
15 ,/ i
16 _/ The test forequal variancesis based on tPe F-statisticand the hypothesesareI
17 _/ I

18 _/ HO: 012 = 022 versus HA: 012 ¢ 0'22 !
19 V

20 V where 0"1is the standarddeviationfor the Tier 1 sample and 02 is the standarddeviationfor the
21 _/ Tier 2 sample. The ratio of thevariancesis comparedto a criticalvalue (Koopmans,1986) from

22 _/ the F-distributionwith v1 = (nI - 1) and v2 = (n2 -1) degrees of freedom. The ratio of the
23 _/ variances is computed so that the larger variance appears in the numerator, and the ratio is
24 _/ compared to a criticalvalue withthe closest numeratorand denominatordegrees of freedom. A
25 V significantchange in varianceexists if

c-s(8

26 V
27 V

28 V If the variances are significantlydifferent (reject null hypothesis),the Tier 2 sample will riot be
29 V pooledwithTier 1data. A significantwasteanalyteconcentrationdifferenceexists,andthe Tier 2
30 V sample will be includedas partof a new initialTier 1 sample.
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Q
v' If the variances are equal as evaluatedusing EquationC-5(6), the next step is to compare the 1
v' average of the Tier 1 sample (and previoussimilar Tier 2 samples) to the currentTier 2 sample. 2
v' This comparisonis made with a two-samplet-test as follows. The hypothesesare 3
v' 4

_/ HO: H4 =P'2 versus HA: P'I _ H2 ' 5
v/ 6

V where the averagesare from the Tier 1 and Tier 2 samples, respectively.The sample'st-statistic 7
_/ is compared to a t-criticalvalue withv equal to (n1 + n2 - 2). The two-samplet-statisticis s

Irl = I xi I

+ - _,f/1

_/ 9

v' and the nullhypothesisof equivalentaveraggs is rejected if the sample's t-value exceeds the 10
J criticalvalue. 11
_/ 12

J If the averages are significantlydifferent,then the data will not be pooled. The Tier 2 data will 13
_/ be treated as part of a new Tier 1 sample. However, if both the two-sample t-test 14

v/ [EquationC-5(7)] andthe F-test[EquationC-5(6)] concludethat there is no _=gniflcantdifference 15 _l
J' between the currentTier 2 data and the Tier 1 (and previoussimilar"Tier2) data, then the data 16
_/ may be pooled and updated values of the average and vadance will be computed 17
_/ [EquationsC-5(2) and C-5(3)]. Failureto pooldata, when it is appropriate,will limitthe precision is

, v' of the estimatesto what was achieved in Tier 1 _.'ampling. 19
v' 20
v' C-6 Waste Shipment Screeningand Verification 21
v' 22
J Ali incomingwaste shipments will be screened to ensure that the waste received meets the 23
J permitted boundary conditions and process tolerance limits. As described in Section C-7, 24
J stringentquality controls related to waste labelling, identification, transport, and screeningwill ?.s
J ensure that the waste arriving at the WIPP facilityis identical to that transported from the 2_._
J generatorsites and is correctly identifiedwith the hazardouswaste manifest. 27
_/ 28

V Waste shipment screening is a two-phased process that Involvesthe verification of process 29
_/ tolerance limits; the verificationof boundary conditions;the examination of the Waste Profile 30
,/ Form; the examination of the hazardous waste manifest and associated waste tracking 31
_/ information;the examinationof the land disposalrestrictionnotice;and the visual inspectionof 32
J the waste shipment. The waste shipment screening process is diagrammed in Figure C-2. 33
V Table C-13 listsali of thewastescreeningdeterminations,theirodgin(facility-establishedor EPA- 34
V established),and whether they affect the decisionto transportor the decisionto accepta waste 3s
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1 J shipment. Tables C-14 and C-15 list ali of the waste screeningdeterminationsand summarize
2 J the parameter(s)and method(s)for each determination.
3 J

4 J C-6a Phase I Waste Shipment Screeninaand Verification
s J

s J The first phaseof the waste shipmentscreeningprocessverifies the wasteshipmentscreening
7 J data and Informationthat is associatedwith processtolerance limitsand boundaryconditions.
s J The data and informationresult from five determinationsthat are made at the generator sites;
9 J namely, (1) the determinationof Waste Category;(2) the determinationof ignitability,reactivity,

10 J and corrosivity;(3)the determinationof compatibility;(4) thedetermination of the concentration
11 J of VOCs in the headspaceof containersho!dingTRU waste; and (5) the determinationof the
12 V flammabilitypotentialof the headspace of containersholdingTRU waste. The firstphase of the
13 J waste shipmentscreeningprocessalsoverifiesthe resultsof one determinationthat Is made at
14 J the WIPP facility;namely,the determinationof Waste ProfileFormcompleteness. WIPP Project
15 J personnelverify that each container in a potential waste shipmentmeets ali of the boundary
is J conditionsand processtolerance limitsbefore the waste shipmentis transportedto the WIPP
17 J facility. Generatorscannottransportany containerholdingTRU waste that does not meet ali of
18 J the boundaryconoitionsand processtolerancelimits.
lg J

b

20 J Verificationof ProcessTolerance Limits
121 J

22 J Three wasteshipmentscreeningdatavedficationsare made byWIPP Projectpersonnelon every
23 J container holdingTRU waste before a shipmentleaves the generatorsite for the facility. The
24 J three vedficationsare performedon data fromthe followingdeterminations:(1) the determination
25 J of Waste Category; (2) the determinationof ignltability,reactivity, and corrosivity;and (3) the
26 J determinationof compatibility.
27 J

2s J The determinationof Waste Category is madebythe generatorsiteandverifiedby WIPP before
29 J a waste shipmentis transported to the WIPP facility. For each container holdingTRU waste,
30 J generatorsites providethe RTR data recordsand indicatethe Waste Categoryon the Waste
31 J Profile Form. The generatorsitestransmitth_ RTR data recordsand Waste ProfileForms to the
32 J WIPP facility in advance of a waste shipment. WIPP Project personnelverify ali RTR data
33 J recordsand Waste ProfileFormsto ensurethat onlyacceptable Waste Categodes are included
34 J in the waste shipment. If, in a waste shipment,oach containerholdingTRU waste containsan
35 J acceptableWaste Category,WIPP Projectpersonnelnotifythegeneratorthat thewaste shipment
3s J can be accepted at the WIPP facility. If not, the waste shipmentcannotbe transported to the
37 J WIPP facility. Aliaspects of QNQC associatedwiththe transmittaland approvalof the RTR data
3e J records and the Waste Profile Forms are contml_3dby the waste shipmentscreening QNQC
3s J programdescribedin SectionC-7.
40 J

41 J The determinationof ignitability,reactivity,and corrosivityis made by the generator site and

42 J verifiedby WIPP Projectparsonnelfor everywaste containerin every waste shipmentbe,_orea
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J waste shipment ts transported to the WIPP facility. Using RTR analysis, generator sites 1
J determine if compressedgases or significantquantitiesof liquids are present tn any of the 2
J containersmakingup a wasteshipment.GeneratorsalsodetermineifeachcontainerholdingTRU 3
J waste in a waste shipmenthas been WAC-certlfied.The data from RTR analysis,whichincludes 4

J ali of the RTR data records,anddocumentationof WAC-certificationare transmittedto the WIPP s

J facility in advance of a waste shipment. Documentationof WAC-certiflcattonis providedon the 6
J Waste Profile Form. Priorto the shipmentof TRU waste, the RTR data recordsand the Waste 7
J ProfileFormsare vedfiedby WIPP Projectpersonnel. Thisensuresthat onlyacceptableWaste s
J Categoriesand WAC-certifledcontainers are includedin the waste shipment. If ali TRU waste 9
J is acceptable, WIPP Project personnel notify the generatorthat the waste shipmentcan be 10
J accepted at the WIPP facility. If not, the waste shipmentmust be reconfiguredto containonly 11
J acceptablewastecontainers. Aliaspects ofQNQC associatedwiththe transmittalandapproval 12
J of data recordsandWaste ProfileFormsare controlledby thewasteshipmentscreeningQNQC 13
J programin SectionC-7. 14
J ' 15

J The determinationof compatibility,as discussedin SectionC-3a, is vedfled by WIPP Project is
J personnel accepting only specific Waste Categories. The determination of compatibility is 17
J therefore made by determinatingthe Waste Category. is
J 19

J Verificationof BoundaryConditions 20
J 21

J Two waste shipmentscreeningdata verificationsare made by WIPP Projectpersonnelon eve_, 22
J containerholdingTRU waste before a shipmentleaves the generator sitefor the WIPP facility. 23
J The two verifications are performed on data from the following determinations: (1) the 24
J determinationof the concentrationof VOCs in the headspaceof containers holdingTRU waste 25
J and (2) the determinationof the flammabilitypotentialof the headspaceof ContainersholdingTRU 26
J waste. Generator sites perform the requisiteanalyticalwork on each container in the waste 27

J shipment and transmit the data to the WIPP facility. The data are vedfied by WIPP Project 2s
J personnel to ensure that boundary conditionsare not exceeded. If each containerIn a waste 29
J shipmentmeets ali of the boundary conditions,WIPP Project personnelnotifythe generatorthat 30
J the waste shipmentis acceptableat the WIPP facility'. If not, the generator can transportonly 31
J those containersthat have met the boundaryconditions. Aliaspects of QAJQc associatedwith 32
J data acquisition,and data report transmittaland approvalare controlled by the waste shipment 33
J screening QNQC programin Section C-7. 34
J 35
J Examinationof the Waste Profile Form 36
J 37

J ,_.Waste ProfileFormmustbe completed for eachwastecontainer. In thecase of containersthat 38
J are comprisedof TRU waste from more than one originalcontainer, a Waste Profile Form is 39
J required for ali of the originalcontainers as well as another Waste Profile Form for the final, 4o
J composite waste container. For example, duringthe Test Phase a SWB willcontain a bin into 41
J which has been emptiedthe contents of four to six 55-gallondrums. A separate Waste Profile 42
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1 v' Form is required for each of the 55-gallon drums emptied intothe binas well as a Waste Profile
2 v' Formfor the bin itself. An example of the Waste Profile Formis shown In FigureC-3.
3 ,/

4 _/ Waste Profile Forms are transmittedto the WIPP facility beforea waste shipmentleavesthe
s _/ generatorsite. Upon receiptof the Waste ProfileForms, a determinationof Waste ProfileForm
s v/ completenesswill be made at the WIPP facility. WIPP Project personnel will use standard
7 v' operatingproceduresto checkthe Waste ProfileForm for the followinginformation:
8 V

9 _/ • The generatorsite name, technicalcontact,telephonenumber,and EPA generator
10 V identificationnumber

12 V ,o The waste container identificationnumberand whetheror not the waste container
13 _/ iS a Test Bin
14 _/

15 _/ ° A listingof the Identificationnumbers for waste containersplaced in the Test Bin,
16 _/ as appropriate
17 _/

18 V' ° The data reportcross-referencenumber
19 V'

20 V • The waste categon/

21 _/
22 V • The waste type
23 _/

24 V' • The date of waste container WAC-certification
25 v'

2s vi • The analyticaltechniquesused to characterizethe waste
27 _/

28 V ° The reference and date for each samplingprocedureused
29 _/

30 V • The designationof the appropriatesamplingtier
31 V

32 _/ • The listingof ali appropriateEPA Hazardous Waste Codes
33 _/

34 V • A signed statementof accuracy.
35 V

36 V If any discrepanciesarise as a result of this examination, the generator will be contacted to
37 _/ resolve the problem before the waste containeris transported to the facility. If the discrepancy
38 _/ cannot be resolved, the waste container cannot be transported to the facility. Ali aspects of
39 V QA/QC associatedwith the determinationof Waste ProfileFormcompletenessare controlledby
40 V the waste shipment screeningQA/QC program described in SectionC-7.
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_/ C-6b Phase II Waste Screenin_and Verification 1
_/ 2

_/ The secondphaseofthe waste shipmentscreeningprocessverifiesthe resultsof determinations 3
_/ that are made after a waste shipmenthas arrivedbut before it is accepted at the WIPP facility. 4
v' The second-phase determinationsare: (1) the determinationof hazardous waste manifest 5
V completeness,(2) the determinationof waste shipmentcompleteness,(3) the determinationof 6
V land disposal restrictionnotice completeness, and (4) the determinationof waste shipment 7
V irreguladtles. WIPP Project personnelwillonly sign a hazardouswaste manifestto'accept an s
_/ entire waste shipment if the results from ali of the Phase II waste shipment screening 9
V determinationsare acceptable;othenNtse,the entirewaste shipmentwillnot be accepted bythe 10
,/ WIPP facility. If a waste shipmenthas containersthat fail oneor more Phase II waste screening 11
V determinations,WIPP Project personnelmay choose to accept onlythose waste containersthat 12
_/ pass ali Phase II waste screeningdeterminations. In thiscase, WIPP Projectpersonnelwillfirst 13
V indicate the unacceptable containers on the hazardous waste manifest and then sign the 14
V hazardouswaste manifest. 15
_/ 16

_/ Entirewaste shipmentsthat have been rejectedwill be transportedbackto the generatorwiththe 17
V hazardouswastemanifestunsignedby WIPP Projectpersonnel. Unacceptablewaste containers 18
_/ that have been rejected will be transportedto the generator site from the WIPP facilityusinga 19 '
_/ new hazardouswaste manifest. 2o

_/ 21 O
,/ Examinationof the HazardousWaste Manifestand AssociatedWaste Tracking Information 22
_/ 23

_/ Upon receiptof a waste shipment, a determinationof hazardouswaste manifestcompleteness 24
_/ will be made at the WIPP facility. Each hazardouswaste manifestthat accompaniesa waste 25
v' shipment will be checked for completeness. WIPP Project personnel will follow standard 26
V operatingproceduresto check the hazardouswaste manifestfor the followinginformation: 27
V 28
_/ • The hazardouswaste manifest number 29
_/ 30

V • The shipmentidentificationnumber 31
_/ 32

_/ • The generator'sname, address, and EPA identificationnumber 33
,/ 34

_/ • The transporter'sname and EPA identificationnumber 35
V 36

V ° The destinationof the waste shipmentincludingthe nameof the hazardous waste 37
,/ management facility,address, and EPA identificationnumber 3s
_/ 3g
_/ • A DOT shippingname and number 40

V • The quantity(weight)of waste in the shipment 42

Chapter C
XPTB-148.C C-39 3/92



i

WIPP RCRA Part B Permil Application
DOE/WIPP 91-005
Revision 1

1 _/ • The number and type of containersin the shipment
2 J

3 _/ • A signedand dated certificationof the shipment'scontent.
4 v'

5 J If there are discrepancies,theywillbe resc,Ivedby contactingthegeneratorbeforethe hazardous
s J waste manifestis signed by WIPP Projectpersonnel. If the discrepanciescannotbe resolved,
7 ,/ WIPP Projectpersonnelwill eitherrejecttheentirewasteshipmentor rejectonlythosecontainers
s _/ associatedwiththe discrepancies. Rejectedwastewillbe returnedto thegenerator. Aliaspects
9 J of QAVQCassociatedwith the determinationof hazardous waste manifestcompletenessare

lO v_ controlledby thewaste shipmentscreeningQA/QC program describedin SectionC-7.
11 v/

12 V' Usingstandardoperatingprocedures,WIPP Projectpersonnelwill makea determinationof waste
13 v' shipmentcompletenessby checkingthe unique,bar-codedidentificationnumberfoundon each
14 _ containerholdingTRU waste. The bar-coded identificationnumbercheckwill be performedon
15 _/ every SWB. Thebar-coded identificationnumber(s)willbe notedandcheckedagainsttheWIPP
is _/ Waste InformationSystem(WWIS) database. The WWIS mainframecomputersystemmaintains
17 _/ the followinginformationassociatedwith each containerholdingTRU waste:
18 _/

19 J • Shipmentidenti_cationnumber
20 J • TRUPACT-II cask identificationnumber

21 _/ • Assemblynumber
22 _/ • Package (container)identificationnumber
23 _/ * Overpack identification number (if appropriate)
24 _/ * Package (container)receiptdate
25 _/ • Package (container)emplacementdate
26 _/ • Package (container)emplacement location
27 _/ ° Package (container) emplacement panellroom.
2s J

29 _/ The WWIS links the bar-coded identificationnumbers of ali containers in a specific waste
30 _/ shipment to the waste shipmentidentificationnumber, whichis writtenon the hazardouswaste
31 J manifest. Generatorsuse the WWlS to electronicallytransmitthe waste shipmentinformation
32 ,/ above to the WiPP facilitybefore the waste shipmentis transported. Once a waste shipment
33 _/ arrives,WIPP Project personnelcan verifythe identityof each containerusingthe WWlS. Any
34 _/ discrepancieswill be resolved by contactingthe generatorbeforethe hazardouswaste manifest
35 J is signedby WIPP Projectpersonnel. If the discrepanciescannot be resolved,WIPP willeither
36 _/ rejecttheentirewasteshipmentorrejectonlythoseContainersassociatedwiththediscrepancies.
37 _/ Rejected waste will be retumed to the generator. Ali aspects of QA/QC associatedwith the
3s _/ determinationof waste shipmentcompletenessare controlledby the wasteshipmentscreening
39 _/ QAVQCprogramdescribedin SectionC-7.
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J Examinationof the Land DisposalRestrictionNotice. 1
J 2
J The EPA has granted DOE a conditionalvariance for the land disposalof untreated,restricted 3
J TRU waste at the WIPP facility. The term of the variance is from November 14, 1990, to 4
J November 14, 2000. The WIPP Projectmay acceptthe restrictedwastedisclosedinthe NMVP 5
J (DOE, 1990a). With each waste shipmentof land disposalrestrictedwaste, the generatormust s
J providethe WIPP facilitywitha landdisposalrestrictiondeterminationanda noticethatthewaste 7
J is notprohibitedfrom landdisposalbecausethe EPAhasgrantedDOE a conditionalno-migration 8
J 'variancefor the WIPP facility. WIPP Projectpersonnelwill reviewthisnoticeforthe accuracyand 9
J completeness of the followinginformation: 10
J 11

J . • The EPA hazardouswaste number(s) 12
J 13

J • The correspondingtreatmentstandards for wastes FO01- F005 14
J 15
J • The treatmentstandards for otherallowable restrictedwaste . is
J 17

J ° The applicablefive-lettertreatmentcode foundin Table 1 of 40 CFR 268.42, where is
J applicabletreatmentstandardsare expressedas specifictechnologies 19
J 20

J ° The hazardouswaste manifestnumberassociatedwith the waste shipment 21
J 22

J • The date the waste is subjectto the prohibitions. 23
J 24

J If there are discrepancies,theywill be resolvedby contactingthe generatorbeforethe hazardous 25
J waste manifest is signed by WIPP Project personnel. If the discrepanciescannotbe resolved, 26
J WIPP Projectpersonnelwilleitherrejectthe entirewaste shipmentor rejecton_jthosecontainers 27
J associatedwiththe discrepancies. Rejected wastewillbe returned to the generator. Aliaspects 2s
J of QA/QC associatedwiththe determinationof landdisposalrestrictionnoticecompletenessare 29
J controlled by the waste shipmentscreeningQA/QC programdescribed in Section C-7. 30
J 31

J Visual Inspection 32
J 33

J Usingstandardoperatingprocedures,WIPP Projectpersonnelwillmake a determinationof waste 34
J shipment irregularities. Each waste shipment arriving at the WIPP facility will be visually 35
J inspected noting: 36
J 37

J • If the numberand type of containersholdingTRU waste matchthehazardouswaste 38
J manifest 39
J 4o

J • If the shipmentlabels and placards matchthe hazardouswaste manifest 41
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1 _/ • Any irregularitieswith the shipment, as for example, packaging deformities.
2 _/

3 _/ If thereare discrepancies,theywill be resolvedbycontactingthegeneratorbeforethe hazardous
4 _/ waste manifest is signed by WIPP Projectpersonnel. If the discrepanciescannot be resolved,
5 V WIPP Projectpersonnelwilleither rejectthe entirewasteshipmentor rejectonlythosecontainers
6 _/ associatedwiththe discrepancies. Rejectedwaste willbe returnedto the generator. Ali aspects
7 v' of QA_QCassociatedwith the determina8onof wasteshipmentirregularitiesare controlledby the
s _/ waste shipmentscreeningQNQC programdesodbed in SectionC-7.
9 J

10 _/ C-7 QNQC ProQram
11 V

12 V DOE operatesa QA/QC programto ensure and maintainthe integrityof data, documents,and
13 V informationassociatedwith the managementof TRU waste. The QNQC programalso ensures
14 _/ that waste is tracked from the generator site to its final emplacemc_ntat the WIPP facility. The
15 V overall QNQC program is divided into the areas of waste charactedzation,waste shipment
is _/ screening,and waste tracking.
17 _/

lS V C-7a Waste CharacterizationQA/QC

20 V Waste characterizationisthe detailedanalysesof TRU wast_ thatservesto monitoranychanges
21 _/ in the concentrationsof requiredparameters (Sections C-4 and C-5), the appearance of new
22 V parameters, or variations in physicalpropertiesof the waste. Samplingand analyticalwaste
23 _/ characterizationrequirementsare establishedby the WIPP Project (SectionsC-4 and C-5) and
24 _/ are implementedat the generatorsites.
25 v'

26 _/ Waste characterizationQNQC ensuresthatthe characterizationdataobtainedat generatorsites
27 _/ is suitable for regulaton/ compliance purposes. WIPP maintains stringent QAJQC over the
2s V generation,transmittal,and vedficationof data from waste characterizationdeterminations. In
29 _/ addition,tW WIFP Projectextends QA/QC practicesto themanagementof ali recordsassociated
30 _/ with waste shipment screeningdeterminations.
31 _/

32 V Data Generation
33 _/

34 V As requiredby Chapter1.0 of SW-846 (EPA, 1986), waste charactedzatlonQA/QC is controlled
35 ,/ byqualityassuranceprojectplans(QAPJP).The generatorsiteQAPJPsare inturn controlledby
36 ,/ the QAPP (DOE, 1991a). The QAPP addressesthe QA/QC requirementsof bothChapter 1.0
37 _/ of SW-846 (EPA, 1986) and the American Society of Mechanical Engineers NQA-1, Quality
38 V AssuranceProgramRequirementsfor Nuclear Facilities(ASME, 1989). The QAPP identifiesthe
39 _/ specific requirements for ali QAPJPs, including data quality objectives; quality assurance
40 V objectives; sampling procedures; sample custody procedures; calibration procedures and
41 _/ frequencies;analyticalprocedures;data redu_on, validation,andreportingrequirernenls;internal

42 _/ QC checks and frequencies; performance and system audits and frequenciA_;preventive
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,I

v' maintenance;proceduresfor assessingdata quality;and proceduresfor correctiveactions. Ali 1
V generatorsiteQAPJPsare reviewedby WIPP Projectpersonneland auditedby the WIPP Waste 2
V Acceptance Cdteda Certification Committee (WACCC). WACCC audits ensure that 3
_/ implementationof the QAPjPs is consistentwiththe Intentof the requirementsof the QAPP. 4
V s

V The WIPP Projectfurther'requiresali analyticallaboratoriesanalyzingTRU waste samplesfor the 6
V generator sitesto have established,written QA/QC programs. DOE periodicallyaudits these 7
V labo_todes and their QA/QC programs, s
V 9

V Analyticalmethodsused must (1) satisfyali of theappropdat_qualityassuranceobjectivesgiven 10
V in the QAPP and (2) be Implemented through laboratory documented, standard operating 11
V procedures. If propedyImplemented,the analyticalmethodspublishedin SW-846 (EPA, 1986) 12
V ortheirequivalentscan be used to satisfyali data generationrequirements. In addition,DOE has 13
V publisheda compendiumof recommendedanalytical methodsin the Guidance Manual (DOE, 14
V 1991b). The methodscontained in the Guidance Manual will, if properlyimplemented,fulfillali is
V of the QAPP requirements. The GuidanceManual methodsare modificationsof SW-846 (EPA, is
V 1986) protocolsand other EPA-approvedmethods. 17
V is
V Data Transmittal 19
V 20

V The QAPP, throughthegeneratorsiteQAPJPs,controlsali aspectsof wastecharacterizationdata 21

V transmittal. Data reportsdocumentthe analyticalresultsfrom ali of the requiredcharacterization 22
V analyses and contain ali of the raw data plus documentationof ali required QA/QC activities 23
V associatedwiththe samplingand analyses. 24
_/ 25

V The QAPP establishesrequirementsfor maintainingthe integdtyof the data in data reports by 26
V requidngdata validation at bolh the data generation level and the generator-site project level 27
V before the data are transmittedto the WIPP facility. 28
v/ 29

V Data Verification 30
_/ 31

V The WIPP facilitymaintainsapproved,document-controlledstandardoperatingproceduresfor the 32
V vedflcation of data and informationfrom ali waste characterizationanalyses. Only approved, 33
,/ document-controlledstandardoperatingprocedureswill be used by WIPP Project personnelfor 34
_/ the verification of waste characterization data and information. Use of controlled standard 3s

vl operatingproceduresassuresthat data verificationis conductedconsistentlyand that recordof 36
V data verificationis created that can be audited. 37
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1 _/ Records Management
2 _/

3 J Ali wastecharactedzatlondata and documentsthat are part of the WIPP facility operatingrecord
4 v' are managed Inaccordancewithapprovod,dooume_¢-oontrolledstandard operatingprocedures.
s J

s J C-7b Waste ShipmentScreeninqQNQC
7 v'

s J Waste shipmentscreeningIs a two-phase process at the WIPP facility (Section C-6). Waste
Q _/ shipment screeningQNQC ensures that the data obtained from waste shipmentscreening

10 J determinationsare acoum_,eand precise so that the WIPP facilityaccepts only the waste lt is
11 J designed and authorized to property manage. The WIPP Project accomplishes this by
12 _/ maintainingstringentQA/QC over the generation,transmittal,and vedflcatlonof data ,fom waste
13 v' shipmentscreeningdeterminations. In addition,the WIPP Project extendsQNQC practicesto
14 J the managementof ali recordsassociatedwithwaste shipmentscreeningdeterminations.
is _/
is J DataGeneratton
17 v'
is J The detailed n_,tureand magnitudeof the waste shipment screening data that are obtained at
19 J genarator sites requiresthat the WIPP Project providesthe generator sites with specific,data
20 v' generationQNQC requirements. Therefore, ali elementsof QNQC that affect data for (1) the
21 _/ determinationof the Waste Categoryof the waste; (2) the determinationof ignitability,reactivity,
22 J and corrostvlty;(3) the determinationof compatibility;(4) the determinationof the concentration
23 _/ of VOCs in the headspace of containersholdingTRU waste; and (5) the determinationof the
24 _/ flammabilitypotentialof the headspaPeof containersholdingTRU waste, are establishedin the
2s J QAPP. As discussedin SectionC-7a, the QAPP e_',tabl_shesquality assuranceobjectives,data
26 V' quality objectives,and instrument calibrationsand frequermies,in additionto specifyingthe
27 v/ QNQC requlrementGfor sampler and analyst training, sample chain-of-custody, and data
2s V validationand reporting. The QAPP further requiresanalytical laboratoriesto participate in a
29 J regularlyscheduled laboratoryperformancedemonstrationprogram.
30 _/
31 ,/ Data Transmittal
32 _/

33 J Generatorswill transmitdata reportsandWaste ProfileFormsto theWIPP facility, inaccordance
34 J with the protocolsspecifiedIn the QAPP. Together,this informationdocumentsthe analytical
3s J resultsof ali of the waste screeningdeterminationsrequiredof a waste shipment.
36 v/

37 _/ The determinationof waste shipment completeness requires waste shipment data that are
3s J transmitted to the WIPP facility using the WWIS. The WIPP facility maintains approved,
39 J document-controlledstandardoperatingproceduresforali functionsaffectingtheWWIS, Including
4o J accessing, protecting, and maintaining currentwaste shipment data. In addition, DOE has
41 _/ established a restrictedaccess, computernetworksecr_dtysystemfor the WWIS.
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J Data vedflcat!on 1
J 2

J TheWIPP Projecthasestablishedapproved,document-controlledstandardoperatingprocedures 3
J for the verificationof data and informationfrom ali waste screeningdeterminationsperformedat 4
J generatorsites. Only approved,document-controlledstandardoperatingprocedureswillbe used 5
J for the vedflcatlonof wasto screeningdeterminationdata and Information. s
J 7

J The WIPP Projecthas establishedapproved,document-controlledstandardoperatingprocedures 8
J for the determinationof Waste Profile Formcompleteness. The determinationof Waste Profile 9
J Form completenessis conducted at the WIPP facilitypriorto transportingthe waste container 10
J listedIn the Waste Profile Formto the WIPP facility. 11
J 12

J The WIPP Projecthasestablishedapproved,document-controlledstandardoperatingprocedures 13
J for the followingwaste screeningdeterminationsthat are conductedat the WIPP facilitypriorto 14
J the acceptance of a waste shipment: (1) the determination of hazardous waste manifest 15
J completeness,(2) the determinationof waste shipmentcompleteness, (3) the determinationof is
J land disposalrestriction notice completeness, and (4) the determination of waste shipment 17
J irrogularities. 18
J lg

J RecordsManagement 20
J 21

J As part of the WIPP facility'soperating record,ali data and documentsassociated with waste 22
J characterizationdata are rnanagedIn accordance with approved,document-controlledstandard 23
J operatingprocedures. 24
J 25
J C-7c Waste Trackinq QA/QC 26
J 27

J The TransportationTracking and CommunicationsSystem (TRANSCOM) is a unique, waste 2s
J shlprr_ monitoringsystem that provides24 hour-a-day feedback to the WIPP facility, via 29
J satellite,on the locationand statusof each waste shipmentduringtransport. Each tractor-trailer 30
J transporting TRU waste to the WIPP facility is equipped with a two-way, TRANSCOM 31
J cornmunic'_tlonssystem. Every 15 minutesthe systemautomatically signalsthe TI/._ANSCOM 32
J ControlC.,eI_terwith updated geographical locationand status information. DOE _cantrack a 33
J contait_,r'holdingTRU waste,via TRANSCOM, fromthe generatorsiteto the WIPP facility. The 34
J TRAN$COM system, plus drtver qualificationsand training,provides greater waste shipment 35
J secudty _han the waste shipment secudty of typical hazardous waste transporters. DOE 3s
J maintainsapproved,document-controlledstandardoperatingproceduresfor trackingTRU waste 37
J via the=TRANSCOM system. 38
J 39

J The WWlS is used for on-sitewaste tracking. Aftera waste shipmentarrivesat theWIPP facility, 40
J the WWIS is updated with the appropriate containeremplacement information(emplacement 41
J coordinatesand time) as well as thewaste shipment'shazardouswaste manifestnumber. After 42
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1 _/ entering ali appropriate emplacement Informationarid the hazardous waste manifest number, a
2 _/ WWIS databasereportis generated. The WWIS reportis maintainedas partof theWIPP faolllty
3 V operatingrecord. DOE maintainsapproved,dooument-c0ntrolledsta,ldardoperatingprocedures
4 _/ for alifunotionsaffectingthe WWIS. Additionally,the WIPP Projecthasestablisheda restricted-
5 _/ aocess computernetworksecuritysystemfor the WWIS.

'6 _/

7
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TABLE C-1
RATIONALE FOR SELECTION OF PARAMETERS OF INTEREST

,

Llated Waste Characterlstlc Hazardous Condltlonal Generator

(HWMR.6, = Waste Constltuents No-Mlgrstlon Information

Chemioals 1 Part II, (HWMR.6, = (HWMR-6, :z Determination
section 261.31) Part II, Part II, (S5 FR 47700)

section 261.24) Appendix VIII)
.,

Volatile Organic Compounds (VOC)

_' Benzene . • • ' '

Bromoform • •
.. , ,..,.-.,

Carbon • • •
disulfide

Carbon • • • • "
tetraohlodde

Chlorobenzene .....

Chloroform ' ' *
.....

__

Cyclohexane " "

1,1.Dichlomethane • • " ,,

1,2-Dichl(x'oethane .... ,,

1,1-Dk_hloroethylene • • •,

(Z)-1,2-Dichloroethylene • "

Ethyl benzene . " "

Methylene Chloride ....

2-Nitropropane . • "

1,1,2,2-TeUachlo¢o- • "
ethane

Tetrachkxoetbylene ....

Tduene ....

1,1.2-Trichloroethane • • •

1,1.1-Trichloroethane ....
..

Trichloroethylene .....
.,. ....

Trichlorofluoromethane • • *

1,3,5-Trimethylbenzene '

1,2,4-Tfimethlybenzene
.
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TABLE C-1
RATIONALEFORSELECTIONOF PARAMETERSOF INTEREST

(CONTINUED)

Listed Waste Ch=raotedetlo Hazardous Conditional Generator

(HWMR-6, = Waste Constituents No-Mlgratlon Information

Chemicals 1 Pert II, (HWMR-6, 2 (HWMFI-6, = Determination
sootlon 261.31) Part II, Pert U, (55 FR 47700)

seotlon 261.24) Appendix VIII)

1,1,2-Trk:hloro- ....
1,2,2.trifluoroethane

Vinyl ahlorlde • •

Xylenes • • •4

Non-Halogenated VOCs

Acetone • • '

n-Butylak:ohcfl . • '.i

Cyclohexanone •

Diethylether • • '
, .,

2-Ethoxyethanol ,.,

Ethyl acetate • ,_

Formaldehyde ...... i

Hydrazine • '

Isobutanol °

Methanol • • •
..........

Methylethyl ketone • .... i

Methyl isobutylketone • •

SemI-VOCs

Cresols ....

ortho-Dichlorobenzene . • '
i..,

1,4-Dichlocobenzene • •

2,4-Dinitrotoluene • •

Hexachloroethane • •
.

Nitrobenzene ....
......

ChapterC
XPTB-148T.C1 C-51 3/92



WIPP RCRA Part B Permit Appllaatloni

' DOE/WIPP 91-005
Revlston 1

TABLE C-1
RATIONALE FOR SELECTION OF PARAMETERS OF INTEREST

(CONTINUED)

,i

r ,, ,.,,

Listed Waste Chareoterlstlo Hazardous Condltlonal Generator

(HWMR-6, = Waste Constituents No-Migration Information

Chemicals1 Part U, (HWMR-6, 2 (HWMR-6, = Determination
seoUon 261.31) Pert II, Part II, (S5 FR 47700)

section 261.24) Appendix VIII),,

Polyohodnated ' '
Biphenyls i ..... ,,,'"", , ,,.

Pyrldirm ....

Metals
,,,, ,,, ,,, ,,,,L

/lu'senio • ' '
,,,,,,, ,,,, , , ,,

Barium " " '
,,. ,

Beryllium • '
,, ,, ,

Cadmium • • '
h

Chromium • • '
, , ,,,, , ,,,, , ,,,_.

Lead • • •
, .

Mercury " " ',,, i,,

Nickel • '
, .... _,

Selenium ' • •
,,

Silver ' • '
,,. , ,,.,,

Thalium • "
,.. ,,,

1. The following oNodnatedpesticidesand herbicides:2,4-D; Endrin;Heptaohkx;Hexaohlerobenzane;Hexaohiorobcdadlene;
MethoxyGhlo_,Penteohkxophenol; Toxaphene; 2,4,5-Triehlorophenol;2,4,6-Trk:hlorophenoland _!,4,5-TP (SIIvex) are
conservativelylisted in the Part A to this PermitApt_ication,howeverthese ohemk_s are not used at the generatorsites
and are not present in the waste.

2. New MexicoHazardousWaste Management Regulations(HWMR-6), as amended 1991.
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TABLE C-2
BOUNDARY CONDITI]ONS AND PROCESS TOLERANCE LIMITS'

ESTABLISHED BY THE WASTE ISOLATION PILOT PLANT

Determination Parameter Boundary Condition or
Process Tolemnoe Limit

Liquidsor AqueousWaste Residual liquidonly withali Internal
containerswell-drained

Ox_dlzers No oxidizers

IgnJtabillty,rea_ttvity, Expti_stves No explosives
and corrosivity

Compressedgases No compressedgases

Pyrophod¢materials No nonradionuoltdepyrophoricmaterials
J

Compatibility Waste Category OnlythoseWaste Categories
describedin SeotionC-2

I'
t

Waste Category Waste Category Only those Waste Categodas '
describr,KI in SeottonC-2
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, ' TABLE C-5

FLAMMABLEVOLATILEORGANICCOMPOUNDS= (VOCs)AND
THEIR LOWEREXPLOSIVELIMIT (LEL)VALUES°'°

_n _ .....,, _ , ' ,'--" , ',I,,,, I _ '

VOCs LEL (viv%)

Acetone 2,5

Benzene 1,3

n-Butyl alcohol 1,4

Chlorobenzene 1,3

Cyclohexane 1.3

1,1-Dtchloroethane 5,6

1,2-Dlchloroethane 6.2

1,1-Dlchloroethylene 6,5

(Z)-1,2-Dlohloroethylene 5.6

Diethyl ether 1.9

Ethyl benzene 1.0

Methanol 6.0

Methylethyl ketone 1,4

Methyl isobutylketone 1.2

Toluene 1.2

1,2,4-Trimethylbenzene 0.9

1,3,5-Trimethylbenzene 1.4

o-Xylene 1.0

m-Xylene 1.1

iPxylene 1.1

" VOCs identifiedas flammablebytheU.S. EnvironmentalProte_on Agency(EPA)fortheNo-Migration
Determination(EPA1990). TheEPAdeterminedflammabilitybyassessingpotentialfirehazardsunderWaste
IsolationPilotPlantconditionsona compoundbycompoundbasis,

b The LELis alsoreteredto as the lowerflammablelimit(ASTM,1989andNFPA,1986)
o LEL valuesare reprintedfromNFPA,1986andGPC,1988.
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TABLE C-6
SUMMARY OF SAMPLE PREPARATION AND

ANALYTICAL METHODS FOR TOTAL METALS

. ,,.,,,. i , , i,,,.

Parameters Analytloal
Methods'

Total Arsenlo 6010, 6020, 7060, 7061
or equivalent

Total Barium 6010, 6020, 7080, 7081
or equivalent

Total Beryllium 60i0, 6020, 7090, 7091
or equivalent

Total Cadmium 6010 6020, 7130, 7131

or equivalent

Total Chromium 6010, 6020, 7190, 7191

or equivalent

Total Lead 6010, 6020, 7420, 7421 .

or equivalent

Total Mercury 6010, 7471
or equivalent

i_t,

Total Nickel 6010, 6020, 7520

or equivalent
,, H

Total Silver 6010, 6020, 7760, 7761
or equivalent

Total Selenium 6010, 7740, 7741, 7742
or equivalent

Total Thallium 6010, 6020, 7840, 7841
or equivalent

, i
r

= "Test Methods for EvaluatingSolid Waste, Physical/ChemicalMethods,"SW-846, Third Edition,
(EPA, 1986). Equivalentmethods are demonstratedby meeting the qualityassurance/qualitycontrol
requirementsspedfled in SW-846 protocols.
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TABLE C-7
REQUIRED ORGANIC ANALY'I'ES ;_D TEST METHODS

ORGANIZED BY ORGANIC ANALYTICAL GROUPS

' ' ..... " ' '""_ ,l - _ ' ' '' '

Org=nloAnalytloalGroup ' RequiredOrganloAnalytes Analytloal
Method"

, ,, , ., ,,,,,, ,

VolatileOrganloCompounds Benzene;Bromoform;Carbondlsutflde;Carbon 8240,8260
tetrachloride;Chlorobenzene;Chloroform;Cyolohexaneb; orequivalent
1,1-Diohloroethane;1,2.DJohloroethane;1,1-
Dlchloroethylene;(Z)-1,2-Dlohloroethytene;Ethyl
benzene;Methylenechlorldo;2-Nitropropane;I ,I ,2,2-
Tetraohloroethane;Tetraohloroethylene;Toluene;I ,I ,2-
Trlohloroethane;I ,I ,I-Trlohloroethane;Tdchloroothylene;
Trlohlorofluoromethano;1,3,5-Tdmothy(benzenob;1,,?.,4-
Trlmethylbenzeneb;1,1,2.Tdohloro..1,2,2-tdfluoroethane;
Vinylohlorlde;Xylenes

, i , ,,,, , ,,, ,,,, ,,,,

Non.HaJogenatod,Volatile Aoetone;n.Butylalooho4;Cydohexanorle;Diethylether; 8015,8240,
OrganloCompounds 2-Ethoxyethanol;Ethylaoetate;Formaldehyde; 8260,or

Hydrazine;Isobutanol;Methanol;Met_fylethylketone; equivalent
MethylIsobutylketone

,,

Semi-VolatileOrganlo Cresols;ortho-Dlchlorobenzene;1,4-Dlchlorobenzene; 8250,8270
Compounds 2,4-Dlnttrotoiuene;Hexachloroethane;Nitrobenzene; orequivalent

Pyridine;Polychlorinatedbiphenyls(PCB)° forali
aompounds

8080,8081
orequivalent

forPCBs
_ ',' .'. _L.'- ' ' '

" *'TestMethods for Evaluating Solid Waste, Physical/ChemicalMethods,' SW-846, Third Edition
(EPA, 1986), Equivalentmethodsare demonstratedby meetingtile quality assurance/qualitycontrol
requirementsspedfied in the SW-846 protocols.

b Althoughnot hazardousconstituents,listed wastes, or charactedstlcwastes, these compoundsmust
be analyzed because of the U.S. EnvironmentalProtectionAgencyestablished,flammabilityboundary
condition.

o Polychlorinatedbiphenyls(PCBs) analysis for Group !1waste Is requiredonly for waste oilswithinthe
Organic Liquidand SludgeWaste Category. PCB analysists requiredfor ali Group III waste.
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TABLE C-8
VOLATILEORGANICCOMPOUNDS(VOC) HEADSPACETARGETCOMPOUNDLISTa

Volatile OrganicCompounds

Aoetone
Benzene
Bromoform
n-Butylalcohol
Carbontetraohlodde
Chlorobenzene
Chloroform
Cyolohexane
1,1-Dlohloroethane
1,2-Dlohloroethane
1,1-Dlohloroethylene
(Z)-1,2-Diohloroethylene
Diethylether
Ethylbenzene
Ethylether
Formaldehyde
Hydrazine
Methanol

Methylenechloride
Methylethylketone
MethylIsobutylketone
1,1,2,2-Tetraohloroethane
Tetraohloroethylene
Toluene

I,I,1-Tdohlomethane
Tdchloroethylene
1,I,2-Tdchloro-1,2,2-trlfluoroethane
1,3,5-Trimethylbenzene
1,2,4-Trlmethylbenzene
Xylenes

" i , ,

= inaccordanoewiththeQualityAssuranceProgramPlan(DOE,1991b),tentativelyIdentified
compoundsshallalsobereported.

I
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TABLE C-13
THE ORIGIN AND PHASE = OF ALL WASTE SCREENING DETERMINATIONS

Waste Shipment Origin Waste Shipment
Screening DetermlnsUon Screening Phase Level

Waste Category Facility-established Phase I
determination

Ignitability,reactivity, Facility-established Phase I
and corrosivity determination

Compatibility Facility-established Phase I
determination

ConcentTationof Volatile U.S. EnvironmentalProtection Phase I ,

Organic Compounds(VOCs) in Agency(EPA) established
waste containerheadspace determination

Flammabilitypotential of EPA-established Phase I
waste containerheadspace determination

Waste ProfileForm Facility-established Phase I
completeness determination

Hazardous waste manifest Facility-established Phase II
completeness _ determination

Waste shipmentcompleteness Facility-established Phase II
determination

Land disposalrestrictionnotice Facility-established Phase II
completeness determination

Waste shipmentirregularities Facility-established Phase II
determination

a Phase I determinationsare made before a generatorcan transporta waste shipment. Phase II
determinationsare made beforethe U.S. Departmentof Energy signsthe hazardouswaste manifest.
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Obtain s headspaas sample
from a wears oontalner

(Seotton C.3)

theVOCheKls_eoa

oonoentrottons meet Igl No Releot or i
EPA.estaOlished modify waste Ibounderv oondltlons?

(SeoUon C-3)

Does the Wlltl meet

aSIWiPP faollltV-eetabllshed No Releot or
oondltlone? modify waste

(SeoUon C.3)

FIGURE C-1, GENERATOR WASTE SCREENING AND
WASTE CHARACTERIZATION DATA COLLECTION FLOW DIAGRAM
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[

I Generator s_temtransmit

data repO_l end Waste Profile Forms
to the WiPP feolllW

(Section C,6)
....,,, /

, ,,.,

The WIPP exam'_lnea ali data teporll
and Wemte Profile Forms for

boundary oondltlon and
prooeee tolerance limit valuee

(Section C,6)

ali boundary oondltionm No Weate cannot be
Phase I prooeel tolerance ILmlts matt trmnaponed to the

(Section C.8) WIPP feotllw

Yes

Notify generator of
acceptable waste oontamara

(Section C.6)
/

, n, _ II ,., , .

I Conduct Phnee li o'

Wolfe Screerdng and Verifioatton
(Se©tton C.6)

I
i

No "' I
Phalle

II Contact generator l

Yea Yee

I Sign idl cople, of the I I ....../
I hazmr¢ioue weete mar.feet _ I

L (Section C.6) / , _ No

i R'eJeottheenitr, wute I

i shlpment or relect only the

I unacceptable container|

FIGURE C-2, WASTE ISOLATION PILOT PLANT FACILITY
WASTE SCREENING FLOW DIAGRAM
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WiPP Waste Profile Forma

1, GeneratorSite NameL

2, Technical Contact:

3, Telephone Number:

4, EPA Generator lD Number:

5, Waste ContainerlD Number:.....

6a, Is this Waste Containera Test Bin? E3Yes rnNo (If yes, complete 6b, Special Instructionsapply,)

6b, List the lD Number of each Waste container Placed Inthis Test Bin:

7, Data ReportCross-Reference Number:

8, Waste Category:

9, Waste Type:

1Oa. Date of WAC.Certlfloatlon:

1Cb. Title, RevisionNumber, and Date of D_ument(s) Used forWAC-Certlflcatlon:

11,Indicatethetechniquesusedtooharaoterlzethlswaste:

[] KnowledgeofMaterlalsand Process-Reference(s)and Date(s)ofSupportlngDocument(s)Used',

[] RTR - Reference and Date of Procedure Used:

[] Total Metals - Reference and Date of Procedure Used:

[] VOCs - Referenceand Date of ProcedureUsed:

[] Non-HalogenatedVOCs - Reference and Date of Procedure Used:

[] SemI-VOCs - Reference and Date of ProcedureUsed:

a Waste Profile Forms and detailed Instructions for completing them can be obtained from the Waste

Isolation Pilot Plant (WIPP) facility.

FIGURE C,-3. THE WIPP WASTE PROFILE FORM
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Waste Contalner ID Number:

rl PCBs - Reference and Date of ProcedureUsed:

[] Headspaoe VOOs- Reference and Date of Procedure Used:

[] Headspaoe Gases- Referenco and ['ate of ProcedureUsed:

r

12a0Sampling of Group I Waste Categories- Reference(s) and Date(s) of Procedure(s)Used:

12b, Samplingof GroupII Waste Categories- Reference(s) and Date(s) of Procedure(s)Used:

12o, Samplingof GroupIII Waste Category- Reference(s) and Date(s) of Procedure(s)Used:

I

13, Was This Container Sampledas Part of Tier I Sampling? [] Yes El No
(If yes, enter the date sampled: )

14, Was This ContainerSampled as Part of Tier II Sampling? [] Yes [] No
(if yes, enter the date sampled: )

15, Does this waste Containerhold hazardouswaste? [] Yes [] No

If yes, listali appropriateEPA Hazardous Waste Codes and the rationalefor the designation(s),If no, provide
rationale,

16, Waste ProfileFormCertification.

I hereby oerttfy that I have reviewedthe InformationInthis Waste ProfileForm and tt is completeand accurate
to the best of my knowledge.

Signature of TeChnical Contact Date

FIGURE C-3, THE WIPP WASTE PROFILE FORM

(CONTINUED)
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CHAPTER D 1
FACILITY AND PROCESS INFORMATION 2

Introduction 3

J Emplacementof waste in the Waste IsolationPilotPlant(WIPP) facilityduringtheTest Phase is 4
J subjectto regulationunderNew Mexico HazardousWaste Management Regulations(HWMR-6), 5
J Part V, Subpart X. As required by HWMR-6, Pt. V, section264.601, the U.S. Department of 6

Energy (DOE) must demonstrate that the environmental performance standards for a 7
] miscellaneousunitwillbe met. In addition,technicalrequirementsof othersubpartsof HWMR-6, 8
J Pt. V, are appliedto theoperationof the WIPP facility,as appropriate. Thischapterof the permit 9

application describes the miscellaneousunit, waste-handling facilities and operations, and lO
J compliance with the environmental performance standard. As required by HWMR-6, Ft. V, 11

J sec. 270.23, engineering reports on siting and location of the repository ara provided in 12

J AppendixD1. EngineeringdesignbasisreportsareprovidedinAppendixD2. Detailedplansand 13
J designdrawingsfor the repositoryand associatedwaste handlingfacilitiesand equipmentare in 14
J AppendixD3. For those drawingsundergoingrevision,the engineeringchange ordersare also 15
J included in AppendixD3. For the convenienceof the reader, a list of drawingsis shown in 16
J Tabls D-I. 17

Test Phase Overview 18

The Test Phase will consist of a series of activities, including experiments with transuranic (TRU) 19
J mixed waste, sampling and data collection, modeling, and calculations, leading to a demonstration 20

of compliance with the long-term performance standard as defined by 40 CFR Part 191 (DOE, 21
J 1991b). Information acquired during the Test Phase will also be used to verify data and modeling 22

J assumptions in the No-Migration Variance Petition, which demonstrates that migration of 23
J hazardous waste or hazardous constituents from the WIPP underground repository during the 24

J Test Phase is unlikely, as required under HWMR-6, Pt. IX, sec. 268.6, and is the basis for the 25
U.S. Environmental Protection Agency's (EPA) No-Migration Determination (EPA, 1990a). 26

] At this time, the DOE is seeking a permit to perform bin tests only. Detailed information on 27
J container design and operations during the bin tests is presented in Appendices D2 and D3 to 28
J support this permit application. 29

Bin-Scale Test Summary 3o

Three representativewaste types have been selected for testing: 31

Chapter D
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1 .. High organic waste, both noncompaoted and superoompaoted
2 • Loworganic waste, both noncompacted and superoompacted
3 • Solidified processing sludges.

4 The testbinswillbe preparedat RockyFlatsPlantandthe IdahoNationalEngineeringLaboratory
5 to meet test plan requirements and to complywith the WIPP Waste Acceptance Cdteda (WAC)
6 (DOE, 1991a).

7 At the beginningof the bin tests,bin internalatmosphereswill be controlled. Subsequently,gas
s generationrates willbe monitoredand gas compositionstudied. Binsare expectedto generate
9 hydrogen, methane nitrogen, and oxygen through the processes of radiolysis, microbial

lO decomposition,and corrosion.Small quantitiesof volatileorganiccompounds(VOCs) whichare
11_/ present in the waste may also be present in binoff-gases. Binswill be emplacedin Panel 1 of
12_/ the WIPP repository(Molecke, 1990).

13_/ Both dry (i.e., containingno more than 1 percent free liquid by volume) and wet (i.e., up to
14_/ 120 litersof brineper testbin injectedafter emplacement)binswill be monitoredduringthe Test
15_/ Phase. Bdne,compostttonallysimilarto thatpresentnaturallyinthe WIPP vicinity,willbe injected
16 intosometestbinsto enhanceunderstandingof theeffectand magnitudeof potentialgasbuildup
17 in the repository. The test programwillproceed indistinctphases. Initially,bin-scaletestswill
lsz/ evaluate the representativenessof waste forms under experimentalconditions(Molecke and
1_ Lappin, 1991). This permitapplicationis for the performanceof bin-scale testsonly.
2o_/
21 D-1 Containers

22_/ Container handlingis discussedas part of the process descriptionfor the WIPP facility in
23 SectionD-9a(2). Physicaldescriptionsof the containersaqd managementpracticesthataddress
24_/ requirementsof HWMR-6, Pt. V, Subpart I, are presented in SectionD-ga(3)(f).

25 D-2 Tank Systems

26_/ The WIPP facilitydoes not manage hazardousor mixedwaste usinga tank systemas defined
27_/ in HWMR-6, Pt. I, sec. 260.10, and regulatedunder HWMR-6, Pt. V, SubpartJ. Tank system
28_/ regulationsare not applicableto the WIPP facility.

29 D-3 Waste Piles

3o_ The WIPP facility doesnot manage hazardousor mixedwaste usinga waste pileas defined in
31_/ HWMR-6, Pt. I, sec. 260.10, and regulated under HWMR-6, Pt. V, Subpart L. Waste pile
3_ regulations are not applicable to the WIPP facility.
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D-4 Surface Impoundments ..... 1

_/ The WIPP facility does not manage hazardous or mixed waste using surface Impoundment as 2
_/ definedin HWMR-6, Pt. I, sec. 260.10, and regulatedunderHWMR-6, Pt. V, SubpartK. Surface 3
_/ Impoundmentregulationsare notapplicable to the WIPP facility. 4

D-5 Incinerators 5

_/ The WIPP factlity does not manage hazardous or mtxed waste using an incinerator as defined 6
in HWMR-6, Ft. I, sec. 260.10, and regulated under HWMR-6, Ft. V, Subpart O. Incinerator 7

_/ regulations are not applicableto the WIPP facility. 8

D-6 Landfills 9

_/ The WIPP facility does not manage hazardous or mixed waste using landfills as defined in 10

_/ HWMR-6, Ft. I, sec. 260.10, and regulated under HWMR-6, Pt. V, Subpart N. Landfill regulations 11
_/ are not applicable to the WIPP facility. 12

D-7 Land Treatment 13

_/ The WIPP facility does not manage hazardous or mixed waste using land treatment as defined 14
_/ in HWMR-6, Ft. I, sec. 260.10, and regulated under HWMR-6, Ft. V, Subpart M. Land treatment 15
_/ regulations are not applicable to the WIPP facility. 16

_/ D-8 Ddp Pads 17

_/ The WIPP facility does not manage hazardous or mixed waste using drip pads as defined In 18
_/ HWMR-6, Ft. I, sec. 260.10, and regulated under HWMR-6, Pt. V, Subpart W. Requirements for 19
_/ drip pads are not applicable to the WIPP facility. 2o

D-9 MiscellaneousUnit 21

_/ The WIPP facility is a geologic repository.As such, it is defined as a miscellaneousunit in 22
_/ HWMR-6, Ifr. I, sec. 260.10, and regulated under HWMR-6, Pt. V, Subpart X. 23

D-ga Description of the MiscellaneousUntt 24

The WIPP repository is constructed within a 2,000-foot-thick bedded salt formation. The 25
undergroundwaste emplacement horizonis 2,150 feet beneath the ground surface. Waste 26

managementactivitiesundergroundwill be confinedto a portionof the 15-acre mined area that 27

_/ willbe used forexperimentalpurposesduringthe Test Phase. Waste willbe emplaced inPanel 1 28
_/ withinthe 15-acre mined area. 29
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1 The miscellaneous unit boundary, as defined In EPA's No-Migration Determination, Is the entire
2 area below ground defined by the upper and lower extent of the Salado Formation and the
3_/ vertical projection of the 16-square-mile land withdrawal boundary on this underground volume
4 , (EPA, 1990a). The miscellaneous unit boundaries are shown In Figure D-I.

5_/ Waste handling activities wilt occur on the surface above the miscellaneous unit. Waste will be
6 received, unloaded from the Transuranle Package Transporter (TRUPACT-II) shipping container,
7 Inspected, and moved to the Waste Shaft for transfer underground. The specific surface facilities
8 associated with waste handling Include an outdoor truck off-loading and loading area on the south

side of the Waste Handling Building (WHB) and the WHB Itself. Inside the WHB, the area where
10 waste Is handled Is designated as a Radioactive Materials Area (RMA). Within this area are the
11_/ Inventory and preparation area, where TRUPACT-IIs are opened and waste containers removed,
12 and an overpack and repair room.

13 Shafts connect the underground area with the surface. The Waste Shaft Is located within the
14_ WHB and is used to transport TRU mixed waste, equipment, and materials to the repository
15_/ horizon. The waste hoist can also be used to transport personnel. Other shafts leading to the
16 unit are the Air Intake Shaft and the Exhaust Shaft, which connect underground ventilation

17 systems to the surface. The Salt Handling Shaft is used to hoist mined salt to the surface and
18 serves as the principal personnel transport shaft.

19 Further Information on the waste handling facilities and the repository Isgiven In Section D-9a(3).
2o The WIPP surface facility, shafts, and repository horizon are shown in Figure D-2.

i

21 D-ga(l) Site Characteristics

22 The physical attributes of the WIPP site and adjacent vicinity contribute to the ability of the WIPP
23_/ facility to Isolate waste and assure that human health and the environment are protected.

24 Geologic disposal of TRU wastes has been studied intensively for more than 30 years. The
25_/ National Academy of Sctences recommended that salt beds and salt domes be used for the
26_/ disposal of TRU wastes. These salt formations were created millions of years ago by the
27_/ evaporation of ancient seas. Geologic studies indicate that these formations are free of
28_/ unsaturated water which could cause dissolution and create openings within the formation
29 (NAS/NRC, 1970). The beneficial lack of openings and water eliminates an otherwise potential
3o transport mechanism for waste migration to the surface or to groundwater.
31

32_/ Another advantage of salt Is that lt behaves as a plastic; that is, under heat and the Iithostatic
33_/ pressure found in deep geologic repositories salt will flow to heal any openings created by
34 excavation or natural causes. Wastes emplaced in such a medium will become completely
35_/ encased in a few decades, and in tectonlcally stable areas are expected to remain in place and
36_/ Isolated from the biosphere for geologically lengthy periods of time.
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Detailed studies and evaluations of the natural environmental setting of the repositoryarea have 1
been part of the sitingprocess. The following sections desedbe the climatic, geologic, and 2
hydrologiccharacteristicsof the WIPP facilityand local vicinity. This Informationalsoprovides 3
the basis for evaluation of potential migrationpathways In Section D-9d, Environmental 4
Performance Standardsfor the MiscellaneousUnit. 5

D-9a(1)(a) Climate, 6

_/ The WIPP facility Is locatedon the edge of the Chlhuahuan Desert, a regionof add to semiarid 7
climate. The average annual precipitationIs about 12 inches, half of which Is received during 8
summer thunderstorms. Prevailingwinds are from the southeast; however, strong winds are 9
frequent, especially In spring, and can blow from any directionoreattngwindstormsthat carry lO
large volumes of dust and sand (Fischer, 1987). Detailed meteorologicaldata on the site has 11

been collected(Fischer,1990) and publishedIn WIPP AnnualSite EnvironmentalReportssince 12
_/ 1985. The report for calendaryear 1990 is providedas Appendix D4. Figure D-3 summarizes 13

winddata collected during1989. Additionalhistoricalwind rose data are providedIn FiguresB-9 14

_/ throughB-13. AppendicesD5 and D6 also providemore detail on the climate. 15
16

D-9a(1)(b) Geoloqv 17

GeoloqicHistory 18

The WIPP site is situated within the Delaware Basin, which Is part of the larger Permian Basin, 19

located in the southwestern part of the central region of North Amedca. During the Permian 2o
period, which came to a close about 225 million years ago, ancient seas covered the basin. Thetr 21

later evaporation resulted in the deposition of a thick sequence of salt and other marine 22

_/ sediments. A detailed discussion of the regional geologic history is presented in Appendices D6, 23

_/ D7, and D8. Three major evaporite-beadng formations were deposited In the Delaware Basin in 24

this manner (Figure D-4)' 25
26

• The Castile Formation, formed through evaporation of the Permian Sea, consists of 27

interbedded anhyddtes and halite (salt). Its upper boundary is at a depth of about 28
_/ 2,825 feet below ground surface (BGS), and its thickness near the WIPP faclllty is 29

_/ 1,500 feet (Appendix D7). 30

_/ • The Salado Formation, in which the repository Is located,overlies the Castile Formation 31
and resulted from prolonged desiccation that produced cycles containing some 32
carbonates and anhydrttes, but predominantly halite. Its upper boundary is at a depth 33
of about 850 feet BGS, and lt is about 2,000 feet thick in the repository area 34

_/ (Appendix D7). 35
36

• J
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1 • The Rustler Formation was deposited In a lagoonal environment during a major
2 freshening of the basin and consists of carbonates,anhyddtes, and halites, Its beds
3 are comprised mostly of clay and anhydrite and contain small amounts of brine. The
4 Rustler Formatlon's upper boundary Is about 500 feet BCS, and lt ranges up to 560
s_ feet in thickness In the area (Appendix D7).
6

7 These evaporite-beartng formations lie between two other formations significant to the geology
s and hydrology of the WIPP site. The Dewey Lake Redbeds overlying the Rustler Formation are

dominated by non-marine sediments and consist almost entirely of mudstone, olaystone, slltstone,
lO and Interbedded sandstone (Appendix D7). This formation forms a 540-foot-thick barfler of
11 fine-grained sediments that retard the downward percolaUon of water Into the evaporlte units
12 below. The Bell Canyon Formation is the first wate_'-beadngunit below the Salado (Appendix D7).
13 lt is confined by the thick evaportte sequences of the Castile Formation above, lt consists of
14 1,500 feet of Interhedded sandstone, shales, and siltstones.
15

is The Salado Formation was selected to host the WIPP reposltonj for several reasons. The Salado
17 is regionally extensive, underlying an area of more than 36,000 square miles. Its permeability Is
18 extremely low, and fluids within lt are effectively Immobile. Mechanically, salt behaves in a plastic
19 manner under pressure (the pressure at the faciltty horizon is more than 2,000 pounds per square
2o inch) and readily reorystalllzes to heal cracks or openings). Any fluid remaining In small fractures
21 or openings ts saturated with salt, Is Incapable of further dissolution, and has remained In place
22 for millions of years. Flnally, the Salado is sandwiched between the Rustler and the Castile
23 Formations (Figure D-5), which themselves are highly Impermeable and will act to further confine
24 and Isolate waste within the WIPP repository (Appendices D6 and D7).

25 Geomorpholoclv

26 The terrain of much of southeastern New Mexico ts characterized by a gentle, southwesterly slope
27 and a roUing surface marked by karst features, caliche, and sand dunes. The Pecos River,
28 14 miles west of the WIPP facility, ts the nearest major perennial stream and receives almost ali
29 the surface drainage in this region and a large part of its subsurface drainage (Appendices D6
3o_/ and D7).
31

32 Nash Draw is the nearest majorgeomorphicfeature, located5 mileswest of the WIPP facility.
33 lt is an undrained physiographicdepressionresultingfrom the differentialdissolutionof portions
34 of the Rustler Formation and the upper part of the Salado Formation. Dissolution has also
35 producednumerous small sinkholeswithin Nash Draw. In the immediate area of the WIPP
36 facility, however, post-depositionaldissolution in the Rustler has been minor, reducing its
37 thicknessby, at most,a maximumof 30 feet. There has been nodissolutionof the Saladowithin
38 the WIPP facility area.
39
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Most, If not all, of the depressions in the Immediate vicinity of the WIPP facility resulted from the 1
erosion and depositionof wind-blownsand, not from the dissolutionof underlyingevaporites, 2
EvapodtedissolutionIn the area is not active at the WIPP site today, and its future occurrence 3
Is highlyImprobableunder foreseeable climatic conditionsbecause' 4

5

_/ • There Is relatively little rainfall and evapotransplratlon consumes at least 96 percent of e
the precipitation. 7

• Geologic units above the Salado are confining layers with extremely low transmissivlty, 8
_/ which virtually prevent any Infiltration of water from the surface. 9

In addition, a thlok layer of Mescalero callohe Is found near the sun_.oeacross the entire area, lo
_/ except Nash Draw. Formed dudng the mid-Pleistocene time, the presence of the oallche 11

Indicates the absence of significant erosion or deeper Intrusion of rainwater, oreatlng one of the 12
most stable landscapes In the world. At the WIPP facility, the callche Is about 10 feet thick and, 13
where lt Is well developed, most available porosity In Its upper zone lt plugged wtth calcium 14
carbonate to form a nearly-_onttnuous additional battier to the downward Infiltration of the small 15

_/ amount of precipitation that falls in the area. (Appendices D6, D7, and D9 provide an In-depth 16
discussion of the existing and future dissolution features of the WIPP site area.) 17 '

18

Geoloqlo Stability 19

No surface faults have been mappedwlthtn5 milesof the center of the WIPP facility,andthose 2o
beyond are related to the dissoluttonand collapse of solublematerialsrather than to tectonic 21
activlty. Deep-seated faults of tectonicoriginare presentthroughout the_Delaware Basin, but 22
movementalongthese faultsceased wellbefore depositionof theevapodteunits. The Bell Lake 23
Fault, which is in Lea County, New Mexico,and 15 to 20 mileseast of the site, Is theclosest such 24

structure to theWIPP facilitywith approximately500.feet of displacement(Halgler, 1962; Halgler 25
and Cunnlngham, 1972). There are no folds of tectonic origin tn the area of the WIPP site, 26

although some thickening of the Salado associated with gravity-drivensalt movement tn the 27

_/ Castile has been observed. (AppendixD7 descdbes In detail the local and regional geologic 28
structure and faulting In the Delaware Basin and a complete discussionof seismology In the 29
vicinity of the WIPP facility.) 30

D-9a(1)(o) _GroundwaterHydrology 31

The Salado Formationwas selectedas thehost geologicunit because lt is hydrologicallyIsolated 32
and becausethe plastic natureof the salt causes any fracturesto closeand heal. The general 33
hydrogeologyof the area surroundingthe WIPP facility is describedIn this sectionIn ascending 34
order of geotoglcunits. More detailed discussionsof the local and regional hydrogeologyare 35

_/ given In Appendices D5, D6, and D7. 36
37
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1 Bell Canyon Formation

2 The uppermost sandstones of the Bell Cat,yon Formation, the Ramsey Sandstone Member,
s contain unsaturated brine with sufficient equivalent freshwater head to reach the Rustler
4 Formationoverlyingthe Salado. However,there Is no naturalhydrologicconnectionbetween the
s Bell Canyon Formationand the Rustler Formation, The sandstones of the Bell Canyon Formation
s are surrounded by siltstones of very low permeability, and the Bell Canyon Formation Itself Is
7J confined by the overlying thick evaporite depositsof the Castile (Appendices D7 and D10),

s Castile Formation

9 The Castile Formation ts a basin-filling evapodte sequence of sediments that Is surrounded by
10 the Capltan Reef andwas depositedwithinthe basinoutlinedby the reef. TheCastilerepresents
11 a major regionalgroundwateraquloludethat effeotlvelypreventsany water from movingup from
12 the underlyingBellCanyon Formation. Any fluid presentin the Castiletsvery restdotedbeoause
13 evaporitesO0notreadilymaintainporespace,solutionchannels,or open fraoturesat depth. Drill
14 stemtestsoonductedIn the Castileduringconstructionof the WIPP facility foundItspermeability
is too low to be measured; however,the hydrautiooonductlvltyhas been conservativelyestimated
16 to be lessthan 10.8 foot per day.
17

l S lt has been suggestedthat dissolutionof the Salado salts could occur If a flow path were to
19 develop throughthe Castilewhich would allowtheupwardmovementof unsaturatedbrinesfrom
20 the Ramsey SandstoneMember of the Bell Canyon Formation (Anderson, 1978). However,
21 detailed studies of the logs and cores from drilling In the vicinity of the WIPP faallity have failed
22 to identify fractures or other evidence indicating that water has moved vertically through the
23 evapodte sequences. On the basis of numerical modeling, lt has been suggested that, should
24 suoh an event occur, salt removal from the Castile would occur at a rate of about 0.1 Inch in

2s 10,000 years (Lappin, 1988).
26

27 Another Issue associated with the hydrology of the Castile Formation Is the presence of Isolated
28 zones of pressurized brtne found in fraatured anhydrite beds. Two brine reservoirs were
29 encountered by ddllholes ERDA-6 and WIPP-12 during WIPP site characterization activities. The
3o volumes of the ERDA-6 and WIPP-12 brine reservoirs are estimated to be 98,100 and
31 2,616,000 cubic yards, respectively. (Boreholes have not been ddlled through the repository; stte
32 characterization boreholes have been sealed.)

33 The brine is pressurized and capable of discharging to the surface under artesian conditions.
34 Most of the brtne Isstored in low-permeability mlorofractures,with only about 5 percent of the fluid
3s present In large, open fractures. Bdnes have been encountered In fractured Castile anhydrites
36 in other holes drilled for hydrocarbon exploration In the northern Delaware Basin both north and
37# northeast of the WIPP facility In the Belco Weil, approximately 6.5 kilometers from the center of
38 the site (Lappin, 1988). A geophysical survey using transient electromagnetic techniques was
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'q conducted directly over the WIPP facility waste-emplacement panels in 1987 (Earth Technology 1
Corporation, 1987), The survey was conducted to determine the presence or absence of Castile 2
bdnes beneath the faolllty, The results, based on a conservative Interpretation, Indicate that 3
Castile bdnes are present beneath at least the northern, experimental excavations of the WIPP 4
repository (Lappln, 1988). 5

There are two theortes regarding the origin of these brine reservoirs. One theory Is that the fluids 6
originated from ancient seawater; the other Is that they were transmitted to the Castile through 7
an episodic connection with the Capltan Reef (Lappln, 1988). 8

Brine reservoirs within the Castile are Inactive and Isolated. According to a detailed study by 9
Lambert and Carter (1984), the residence or Isolation times for the Castile brines at ERDA-6 and 10
WIPP-12 are between 360,000 and 880,000 years. The ERDA-6 and WIPP,12 brine reservoirs 11
were also studied in detail by Poplelak et al, (1983). They concluded that the brine chemistries 12
are distinctly different for each reservoir, Indicating an Isolated and distinct separate ortgln for 13
each reservoir with no regional interoonneotlon. Hydraulic pressures within the resewolrs are 14
higher than other regional groundwater systems, and have been maintained for at least a million 15 i
years. The brine occurrences are described In several reports (Poplelak et al., 1983; Mercer, 16
1983; Griswold, 1980; DOE, 1990b, 1990o). In any event, lt has been concluded that the brines 17

are saturated with respect to halite, are not increasing In volume or pressure, are unconnected 18
with other aquifers or the surface, and have no further dissolution potential, lt has also been 19

concluded that neither of the proposed mechanisms are likely to generate significant additional 2o
_/ brine beneath the WIPP facility within the next 10,000 years (Appendices D7, Dg, and D10). 21

Salado Formation 22

The Saiado Formation is an evaporite sequence that completed the filling of the Delaware Basin 23

and lapped extensively over the Capitan Reef and the back-reef sediments beyond. The Salado 24

Format.ion consists of approximately 2,000 feet of bedded halite wtth interbeds of seams of 25
anhydrite, clay, and polyhalite, tt acts hydrologically as a regional confining bed and does not 26
contain any circulating fluids. The porosity of the Salado halite is very low, and Interconnected 27

pores are virtually nonexistent at the depth of the facility horizon. Fluids associated with the 28
Salado occur malnty as very small flutd Inclusions in the halite crystals and also between crystal 29

boundaries ("interstitial" fluid) of the massive crystalline salt formation. Published values for 30
permeabllitles measured from the surface in the area of the WIPP facility are tn the range of 0.01 31
to 25 mlcrodarcles (Lappln, 1988). The most reliable value, 0.3 mlerodarcy, was obtained from 32
well DOE-2 (Mercer, 1983). The results of permeability testing at the facility horizon are within 33
the range of 0.001 to 0.01 rnicrodarcy (Lapptn, 1988). As a comparison, the permeability of the 34
Salado is roughly a thousand times more restrictive than the lower clay liner required of surface 35
Impoundments and landfills, assuming similar thicknesses, The results of recent testing suggest 36

_/ that perrneabilitles In undisturbed rock salt may approach zero (Appendices D6, DT, and D10). 37
38
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1 Several features of the Salado Formation have been extensively evaluated with regard to their
2. potential Impacts on repository Integrity:
3

4 • Pressurized Gas - Pressurized gas has been encountered within the $alado in
s_/ surface boreholes, tooal mines, and WIPP facility ex_vatlons. Because gas has
6 been encountered only In disturbed rook associated with drllllng and exoavatlon, lt
7 Is likely the gas exsolvedfrom brine as surrounding pressure was relieved (Lappln,
s_/ 1988; Deal and Case, 1987) (Appendix D7).
9

lO_/ • Brine Seeloaqe - The bdne seeps observed In the WIPP facility excavations have
11 received considerable attention. While the Permian salt beds of the Salado
12. Formation are considered to be dry in that the Inflow of brine Isvirtually nonexistent,
13 very small volumes of brine have been observed to weep from exposed surfaces
14_/ tn the WIPP facility excavations (Deal and Case, 1987; Deal et al., 1987). The
15 moisture readily evaporates, leaving behind thin salt cruststhat build up :_vertime.
16 The brtne Is not derived from inclusions, but from Interstitial fluid that, prior to
17 disturbance, had been in piace for at least several millionyears. Brine has also
is been observedto accumulate Inddllholes,with measuredInflowratesrangingfrom
19 less than the rate of evaporation to 0,13 gallon per day. The rate of inflow is noted
2_ to decrease with time (Appendix D6).

21 Sandia National Laboratories has modeled the rate of brine seepage (Nowak et al.,
22. 1988) and estimates that the expected brine accumulation In a waste disposal room
23 after closure _tll be In the range of 141 to 1,518 cubic feet, the maximum value
24 representing 1,2 peroent of the Initial room volume. This ts within the range of the
2,5 amount of brine easily released by the excavated salt. The WIPP facility dl:,po_al
26 rooms, after backfilling, are expe_ed to reoonsolidate to virtually the same density
27 as the surrounding host rock In about 100 years, The baokflll materials will readily
28 absorb the maximum expected brine aooumulatlon while maintaining their
29 mechanloal strength. The small amounts of brine thatwill seep into the excavations
30_/ are not postulated as a potential for any significant problem to the safe operation
31_ of the WIPP facility.

32 ° Marker Bed Undulations- Marker Bed 139 (MB 139) directly underliesthe WIPP
3,_ facility and is charectedzed as a layer of polyhalite,anhydrite, and halite slightly
34 more than three feet in thickness. Investigation of MB 139 was prompted by
35 concern that Itsundulating surface developed in response to some late-stage stress
36 which might affect the Integrity of the WIPP facility. Studies have concluded that the
37 undulations did not result from stress; rather, the upper surface of the marker bed
38 was unevenly deposited (Boms, 1985).
39
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• Marker Bed Fractures - Pre-existing fractures in MB 139, partially to wholly filled 1
with halite, were formed in response to loading or, less likely, structural deformation 2

_/ inthe Castile Formation(Borns,1985). These pre-existingfractures provide planes 3
of weaknessthat reactivateinresponseto the near-fieldstressesgeneratedby the 4

_/ excavations. SeparaUonalong these fractures in the floors of WIPP facilityrooms 5
and drifts has occurred,with the amountof separationmeasuring up to several 6
inches in width. The fractureseparationsare temporary,short-term responsesto 7
stressreliefandare expectedto closeover timeas the repositoryexcavationscreep 8

_/ shut and repressudze (Appendix D10). Hydrologictesting of MB 139 in one area 9
of the repository suggested that separate fracture systems have developed within 10
the marker bed due to excavation-induced stress relief and have yielded 11

_/ transmisstvityvalues of 1 to 2 square feet per day (DOE, 1991c). 12

• DisturbedRock Zone - Followingthe excavationof undergroundopeningsat the 13

WIPP disposal horizon, a disturbed rock zone (DRZ) forms in the wall rock. The 14
DRZ is definedas the zone of rock in which mechanicaland hydrologicproperties 15
have changed in response to the excavation. The markerbed fracturesdescribed 16
above are part of the DRZ, which also includes an area of macrofracturingand 17

microfracturing of the walls and roof of the excavationsand extends into the 18
_/ sunounding rock mass to a depth of up to 5 meters (16.4 feet). The potential lg

impactsof the DRZ havebeeninvestigatedand ,willcontinueto be examinedduring 2o
the Test Phase, particularlywith regardto the maintenanceof excavatedopenings 21

during operations,behaviorat the seal/rock int,E_rfacefor long-term isolation,and 22
v' brine inflow. Duringthe Test Phase, only the m_croscopicaspects of the DRZ are 23

of importance. Ground control measures (rockbolting and openings maintenance) 24

have been implemented to minimize any adverse impacts from the DRZ. 25
_/ Appendices D6 and D8 provide more information on the DRZ. 26

Rustler-Salado Contact 27

Away from the WIPP site in the vicinityof Nash Draw, the contactof the Rustler and Salado 28
Formations is evidenced by a layer of thinly-bedded clay and brecciatedgypsum averaging 29
24 feet inthicknessandcontainingbrine. The hydraulicgradientinthis layer is southwestacross 30
the regionto Nash Draw. Transmissivityranges from 3x10"s to 5x10"2 square feet per day 31
(Mercer, 1983). The water contained in this unit is saturated with respect to halite and is 32
incapableof furtherdissolution.This brecciatedwater-bearingzone is not seen in the shafts at 33

_/ the WIPP facility and is not a factor affecting the containmentof waste at the WIPP facility.
_/ AppendicesD-6 and D7 presenta detaileddiscussionof llhe hydrogeologyof the Rustler-Salado 35

contactin the WIPP site area. 36
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1 Rustler Formation

2 The Rustler Formation has been the subject of extensive characterization activities because it
3 contains the most transmissive hydrologic units overlying the Salado Formation. Within the
4 Rustler, five hydrologic units have been Identified. Of these, the Culebra Dolomite Member is the
s most transmissive and has been the focus of most of the Rustler hydrologic studies
6_/ (Appendices D6, DT,and D10).
7

8 The Culebra Dolomite Member is the first continuous water-bearing zone above the Salado, and
9 ranges up to 30 feet in thickness (Mercer, 1983; Lappin, 1988). Water in the dolomite is usually

10 present in fractures and is confined by overlying gypsum or anhydrite and underlying clay and
11_/ anhydrite beds. Its hydraulic gradient in the area of the WIPP facility is approximately 20 feet per
12 mile and becomes much flatter south and southwest of the site (Figure D-6) (Crawley, 1988).
13 Transmissivities in Nash Draw range up to 1,250 square feet per day; closer to the WIPP facility
14 they are as low as 0.007 to 74 square feet per day (Lappin, 1988). The Culebra is hydrologically
15_/ confined, and testing indicates no leakage between it and other units (Appendices D6, D7, and
16_/ D10).
17

18 Use of water from the Culebra Dolomite is quite limited because of its van/ing yields and high
19 salinity. The Culebra Dolomite is not used for water supply in the immediate WIPP site vicinity.
20,/ Its nearest use is approximately 7 miles southwest of the WIPP facility, where salinity is low
21 enough to allow its use for stock watering as shown in Figure D-7. Detailed discussion of the

2z hydrologic characteristics of the other Rustler Formation members and the Dewey Lake Redbeds
23_/ are provided in Appendix D7.

24 D-ga(1)(d) _Surfacewater Hydroloqv

25 A detailed discussion of the local and regional surface water hydrology and water quality is
26,/ presented in Appendices D5, D6, and D7.

27_/ The mean annual precipitation in the region is approximately 12 inches, and mean annual runoff
28 is up to 0.2 inch. The maximum recorded 24-hour precipitation at Carlsbad was 5.12 inches in
2g August 1916. The potential evaporation is much greater than the annual precipitation. Almost
3o ali water that infiltrates the soil's surface is retained above the extremely impervious Mescalero
31 caliche and then is lost through evapotranspiration (DOE, 1990c).

32 No natural drainage features exist at the WIPP site, which is situated more than 400 feet above
33 and 14 miles east of the 100-year floodplain of the Pecos River (Figure D-8). A few small
34 unnamed drainage channels constitute ali the tributaries to the Pecos River within 50 miles north
35 or south of tl_esite.
36
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There are no major surface water bodies located within ten miles of the WIPP facility. Beyond 1
10 miles, several water bodies lie to the north and south of the site. The largest of these, Laguna 2

Grande de la Sal, located south of the site, is several square miles in area and is a catchment 3
bastn for limited surface drainage and artesian saUnesprings (Robinson and Lang, 1938). 4

5

Although large floods have occurred on the Pecos River (USGS, 1986), probable maximum flood 6
calculations predict maximum flood levels on the Pecos near the WIPP facility to be near the 7
levels of the modern floodplain (DOE, 1990d). The horizontal and vertical separations between 8
the Pecos River floodplain and the WIPP facility are great enough that the Pecos River cannot 9
affect the surface structures of the WiPP facility. 10

The drainage patterns at the WIPP facility are such that normal surface runoff from areas north, 11
south, and west of the surface facilities drains westward into Nash Draw without affecting the site 12
structures. Surface runoff during intense precipitation events could potentially pass through the 13
site from the east; however, storm-water runoff is diverted away from the surface facilities by a 14
system of berms and ditches. The WIPP facility drainage system is designed so that storm runoff 15
due to the probable maximum precipitation event would not flood the WIPP facility (DOE, 1990d). 16

D-9a(1)(e) Soils 17

soils in southeastem Ne_" Mexico developed from Quaternary and Permian parent 18 /Regionally,
material. The parent material from the Quaternary system is represented by alluvial deposits of 19

major streams, dune sand which is the dominant surficial deposit in the immediate area of the 2o
facility, and other surface deposits. These are mostly loamy and sandy sediments containing 21

some coarse fragments. Parent material from the Permian system is represented by limestone, 22

dolomite, and gypsum bedrock. 23

There are three soil associations within 5 miles of the facility. Of these, only the Kermit-Berino 24
association occurs at the facility in control Zones I and I1. Generally, a hard caliche layer occurs 25
at 7 to 13 feet below the surface. The Berino series, which covers about 50 percent of the area, 26
consists of deep, noncalcareous, yellow-red to red sandy soils that developed in wind-worked 27

matedal of mixed odgin. These soils occur as gently sloping (up to 3 percent slope), undulating 28
to hummocky areas and are the most extensive of the deep, sandy soils in the Eddy County area. 29

The Kermit series is made up of deep, lightly colored, noncalcareous, excessively drained loose 30
sands, typically fine and yellowish-red in color. The surface is undulating (up to 3 percent slope) 31
and consists primarily of stabilized sand dunes. Kermit soils are slightly to moderately eroded. 32
Permeability is very high, and ttle potential for wind erosion is very high in denuded areas. 33

_/ Additional information concerning the area's soils is given in Appendices D5, D6, and D7. 34
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1 D-9a(1)(f) Air Quality

2_/ An air monitoring program was Initiated at the WIPP facility In 1985 (Fischer, 1985) to establish
3 baseline air quality data. The Operational Environmental Monitoring Program (Mercer et al.,
4 1989) continues to monitor air quality to document changes in air quality compared to the
s baseline period prior to waste receipt. At a sampling site located 0.6 mile northwest (downwind)
6 of the Exhaust Shaft, five atmospheric gases are monitored continually: carbon monoxide,
7 hydrogen sulfide, ozone, oxides of nltrogen, and sulfur dioxide. In addition, total suspended
e_/ particulates are measured at several locations surrounding the site. Air quality data from the
oJ WIPP facility monitoring station have been reported in the Annual Site Environmental Reports for

10_/ 1988 (Flynn, 1989), 1989 (Fischer, 1990), and 1990 (DOE, 1991b,Appendix D4). The Ecological
11 Monitoring Program Annual Report for 1987 (Fischer, 1988) also gives air quality data
12_/ (Appendix D5). The reports present a detailed discussion of the WIPP stte air quality as
13 monitored during the past four years.

14_/ Although the WIPP facility is not subject to regulation as an emission source for EPA-criteria
15 pollutants, the measured concentrations of monitored gases are compared with New Mexico air
16 quality standards, which serve as a trigger point for further investigation of possible emission
17_/ sources. The data provided in Appendices D4 and D5 show pedodic increases in concentrations
le_/ of three of the monitored gases (sulfur dioxide, hydrogen sulfide, and ozone). Hydrogen sulfide
19 and ozone concentrations were regularly higher during the spring and summer months of 1988
2o and 1989. Sulfur dioxide concentrations were also elevated from April 29 through May 20, 1987.
21 The air quality data have been analyzed against concurrent wind direction data to determine the
22 direction of the source. No source of these gases was identified at the WIPP facility (Fischer,
23 1988). The apparent increases are attributable to instrument error.
24

25 D-ga(1)(g) Bioloc_icalCommunity Structure
..

26 In general, the biota of the region represents a transition between the northern chihuahuan
27 Desert and the southern Great Plains, and is dominated by shinneryoak (Quercus havardii), sand
28 sage (Artemisia filifolia), honey mesquite (Prosopis glandulosa),and perennial grasses. Extensive
29 root systems of the dominant species provide stability to the erodible dune soil. Mammal species
3o counted during Ecological Monitoring Program trapping sessions include the Ord's kangaroo rat
31 (Dipodomysordi_,the Plains pocket mouse(Peroqnathusflavescens),the northern grasshopper
32# mouse (Onychomys leuco_, the Southem Plains woodrat (Neotoma micropus), the white-
33_/ footed mouse (Peromvscus leucopus), and the deer mouse (Perom_yscusmaniculatus).
34

35 This area of southeastern New Mexico is unusual in that it supports a large population of raptors
36 (birds Ofprey), particularly Harris' Hawks, which reproduce more successfully here than in other
37 parts of their range. A DOE-supported project was initiated in March 1985 to study the population
38 dynamics, behavior, and strategies for management of raptors in the area around the WIPP
39 facility (Bednarz and Hayden, 1988). Consultations with the U.S. Fish and Wildlife Service and
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the New Mexico Department of Game and Fish regarding threatened and endangered species 1
in the WIPP.vicinity were held in 1979 and again In 1989 (DOE, 1990c). These consultations 2
resulted in the conclusion that no state or federally listed threatened or endangered species nor 3

J critical habitat is projected to be Impacted by the construction and operation of the WIPP facility 4
(DOE, 1990c). 5.

6

Detailed discussionsof the local biologicalcommunity and the results of monitoringby the 7
J Ecological MonitoringProgramare given in AppendicesD4 and D5. 8

D-9a(2) Process Description 9

Overview 10

] Hazardous wasteis notprocessedat the WIPP facility. Activitiessubjectto thispermitapplication 11

are waste handling and managementof TRU mixedwaste used in experimentsduringthe Test '12
] Phase. The bin-scale testsare describedin Section B-l(b). TRU mixedwaste handlingand 19

management practicesdudng the Test Phase operationsare summarizedin this section. A 14

detailed descriptionof t,_: .'acilitiesand systemsassociatedwith managingthiswaste is provided 15
in Section D-9a(3). Specific container management practices in the miscellaneousunit are 16

discussed in D-9a(3)(f). 17

D-ga(2)(a) Description of ExperimentalWaste 18

J TRU mixedwasteused for Test Phase experimentswillbe placedin test binsat the Rocky Flats 19
Plant and Idaho National EngineeringLaboratorygenerator sites. The total volume of waste 2o
which may be emplaced during the Test Phase is limited to a volume equivalent to 8,500 21

] 55-gallondrums(EPA, 1990a). Waste types andcompositionshave been determinedby DOE's 22
J scientificadvisor,SandiaNational Laboratories(Molecke, 1990) and are describedin ChapterC 23
] of this permitapplication. 24

] Atthis time, DOE is requestinga permit to perform bin tests only. Bin-scaletest waste will be 25
containedin speciallypreparedbins. Duringthe bin-scaletests, a maximumof 233 test binswill 26

J be emplaced. Each binmay containa wastevolumeequivalentof fourto seven55-gallondrums. 27

The average volume per bin is estimatedto be equivalentto six 55-gallon drumsor less. Bins 28
will be containedinsidestandardwaste boxes(SWBs). Detailedcontainerdescriptionsmay be 29

J foundin SectionD-ga(3)(f). Ali bin-scaletests willbeconductedwithinthe scopeof the Test Plan 90
J and Test Plan Addendum(Molecke, 1990; Molecke and Lappin, 1991). 31

Derived Waste 32

J Ali nonradioactive hazardous waste generated at the WIPP facility is characterized, placed in 33
containers, and stored (less than 90 days) until it is transported off site for treatment and/or 34
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1_/ disposal. This generation and accumulation is not subject to RCRA permitting requirements and,
2 as such, is not addressed In this permit application.

3_/ The WIPP facility operational philosophy is to Introduce no new hazardous chemical components
4_/ Into mixed waste which could potentially be generated in the RMA. This will be accomplished
5 through administrative controls and the use of Safe Work Permits procedures in WP 12-1, WIPP
6_ Safety Manual (Westinghouse, 1991a), and Radiation Work Permits In WP 12-5, WIPP Radiation
7_/ Safety Manual (Westinghouse, 1991b).

8 Some additional volume of mixed waste, such as used personnel protective clothing, swipes, or
tools, may result from decontamination operations, VOC Monitoring System maintenance, bin

10 failure, or other off-normal events. Such waste will be assumed to be contaminated with the
11 same RCRA materials contained in the waste from which it was derived. Dertved waste will be

12 contained in standard U.S. Department of Transportation (DOT) approved 55-gallon drums, or
13_/ other approved containers, and emplaced underground in a vented condition. Carbon sorption
14_/ beds will be capped and stored in the derived waste area underground, Only wastes described
15 in Chapter C will be emplaced in the'repository during the Test Phase. No other RCRA-regulated
16 wastes will be treated, stored, or disposed of in the miscellaneous unit.

17 D-ga(2)(b) Waste ManaclementOperations

18_/ Prior to receipt of any experimental waste at the WIPP facility, waste operators will be thoroughly
19 trained in the safe use of waste handling and transport equipment. Their training includes both
2o procedural training and on-the-job training.

21 Bin-Scale Test Waste Handlin.q

22 Waste will arrive by truck at the WIPP facility in sealed TRUPACT-II containers (Figure D-9) that
23_/ have been certified by the U.S. Nuclear Regulatory Commission. A forklift will remove
24 TRUPACT-II containers from the trucks at the TRUPACT-II unloading area and transport them
25_/ a short distance through an airlock into the WHB. The forklift will deposit the shipping containers
26 at one of the two unloading docks inside the WHB.

27 Inside the WHB Inventory and Preparation Area, the TRUPACT-II will be surveyed for radiological
28_/ contamination. As the outer containment vessel ltd Is lifted, a survey of the TRUPACT-II Inner
29,,/ vessel will be performed to minimize the potential for spreading extemal radioactive
3_ contamination, should it be present. The inner vessel lid will be lifted under the hood ventilation
31_/ system (HVS), and the SWBs will be surveyed during and after this llft. If contamination is
32 detected, the containers will be assumed to be potentially contaminated with hazardous
33_/ constituents as weil. Decontamination using non-RCRA regulated solutions may proceed when
34 contamination is detected at any point in the waste receipt process.
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i
_/ Deoontamtnationproceduresare outlined In the WP 05-1, Waste HandlingOperations Manual 1
_/ (Westinghouse,19910), and WP 12-5, WIPP RadiationSafety Manual (Westinghouse,1991b). 2
J Waste products from decontaminationwill be managed as derived waste. Decontaminated 3

containers may be placed back Into the normal test waste program. 4

_/ For Inventory control purposes, waste container assembly Identification numbers (bar oodes on 5
_/ the exterior surfaces of the SWBs) will be verified against the WIPP Waste Information System 6
_/ (WWlS) data base, discussed in Chapter C of this permit application, and against the Uniform 7
_/ Hazardous Waste Manifest. The manifest Identification codes will be checked against the 8
_/ Identification codes of the containers received. Inconsistencies will be resolved with the generator 9
_/ before waste is accepted for emplacement. 10

_/ The TRUPACT-II shipping container may hold two SWBs, each containing a test bin. After a 11
_/ survey for radiological contamination, an overhead brtdge crane will be attached to SWB lift 12

_/ fittings, and the SWBs will be removed. The SWB/bin combinationswill be set on the WHB floor, 19

_/ and the SWBs will be surveyed for radiological contamination. The strapping holding the two 14

_/ SWBs together will be disconnected. Each SWB wilt be surveyed In order to detect any 15
radioactive contamination, and decontaminated if necessary. The test bin is hoisted clear of the 16

_/ SWB and rechecked for contamination. The SWB HVS is removed, and the bin is placed on a 17

_/ stand for inspection. Hoses, filters, and thermocouples are then Installed and proper bin 18
_/ assembly is vedfied. Proper bin assembly is verified by checking the torque applied to bin ltd 19
_/ bolts and ensuring that fittings have been properly assembled. After inspection and a 2o
v/ contamination survey, the bin is placed back into the SWB. 21

The SWBs containing bin'scale test wastes will be modified in the WHB to foml a Radiological 22

_/ Control Boundary (ROB) to provide containment for the test waste bins, while allowing access to 23

test port connections. The RCB consists of the bottom of the SWB and a special lid that replaces 24
the shipping lid. The special lid is designed to accommodate the leak tight connections between 25
the test bin and test monitoring and support equipment. When the new lid has been bolted to the 26

_/ SWB, the entire outer container is considered a layer of containment and is a RCB. 27

_/ The RCB/bin unit is placed in the SWB HVS and purged to achieve an anaerobic environment 28
v_ inside the test bin. An anaerobic environment is intended to represent the long-term atmosphere 29

_/ in the repository. To achieve this environment, an internal purge will be performed to obtain an 9o
_/ oxygen level of 1,000 parts per million (ppm) or less. An oxygen gettering system may then be 31
_/ installed and Operated until internal oxygen content is about 1 ppm. If a bin oxygen inleakage 32
_/ rate of 2 ppm per year or less cannot be verified, an oxygen gettering system may be installed 33
_/ to maintain the bin atmosphere in an anaerobic condition. The btn will be sUghtlypressurized and 34

_/ ali isoiation valves closed. Once the RCB/bin unit passes ali extemal radiological contamination 35
_/ surveys, lt will be placed on a facilitypallet. A forkliftwill transportthe loaded facility pallet to the 36

conveyance loadingcar Insidethe air lock at the Waste Shaft. The conveyance loadingcar will 37
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1 be driven onto the waste hoist deck where the loaded faolllty pallet will be transferred to the waste
2 hoist (Figure D-10).

3 The waste hoist will lower the loaded facility pallet to the underground, At the waste station, the
4# underground waste transporter will back up to the waste hoist cage, and the facility pallet will be
5 winched onto the transporter, The transporter will then move the facility pallet to the appropriate
s# waste management room for emplacement.

7 A forklift will be used to off-load the ROB/bin units from the underground waste transporter. The
s RCB/bln units will be emplaoed in the Panel 1 test rooms approximately in order of receipt, L_ased
9 on the bin Identification numbers, starting at the northern end of the test room and progressing

10# southward. Panel 1 at the WIPP facility Is reserved for emplacement of ROB/binunits forthe bin-
11 scale tests.

12 ROB/bin units wilt be placed on steel platforms approximately 6 inches off the floor In an off-set
13 configuration to allow access to ports (Figure D-11). Container management in the repository is
14 discussed tn Section D-9a(3)(f). Internal pressure in the bins will be monitored throughout the
15 bin-scale tests.

16# Grab samples of the gases and volatile components will be collected periodically as specified by
17# the Test Plan for analysis by gas chromatography and mass spectroscopy to verify that this
18# condition of operation Is met (Molecke and Lappln, 1991). Ali ROBs and test bin platforms will
19# be visually inspected each week to monitor for any physical deterioration, as described in
2o Chapter F of this permit application.

21 If a test bin or a major component of the test system (e.g., seals, valves, filters) requires repair
22 during the Test Phase, the RCB/bin unit may be transported to the WHB or repaired in place.
23 The bin will remain contained within the ROB to prevent the release of hazardous waste. Repairs
24# will be limited to those actions that can be performed without violating the prima_ confinement
25 boundary of the test bin. When possible, a RCB/btn unit will be repaired and then transported
26# back to the underground to continue as part of the bin-scale tests. If the RCB/bin untt is no
27# longer useful for test purposes, it will remainin place, but be withdrawn from the test program and
28# vented continuously to the underground exhaust ventilation airflow atmosphere via the VOC
2_ manifold system.

3o# Each bin will be vented into a manifold system that will direct gas flow through a carbon sorption
31# system used to remove VOCs. Each bin will be equipped with mechanical pressure relief to
32 provide overpressure protection.
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D-9a(3) Faotllty besiqn and Construotlon 1

The WIPP faoillty has been sited and designed to ensure safe operations durtng the Test Phase 2
and throughout its antlotpated 25-year operational Ilfetlme and be proteetive of human health and 3
the environment through the post-operational period. 4

Geomeohantcal testing of the WIPP repositoryrock salt core was conduoted by Sandia National 5
Laboratories (Powers et al., 1978). The host rock charactedstlos with respect to physioal and 6
chemlcal properties, geomeohantcal properties, stability, and strength have been evaluated and 7
validation investigations have been conducted (DOE, 1986). These activities servedas the basis 8
for repository siting and design. The Geological Characterization Report describing the repository 9

_/ location Is lnoluded In Appendix D1. lO
t

The main underground entdes for the WIPP repository were designed based upon empirical data; 11
site characterization data, inoludlng Information from boreholes; surface geophysical 12

measurements and laboratory tests; and mining and engineering standards universally applied 13
_/ to underground projects (DOE, 1986). The room and pillar design conoept for the WIPP facility 14

was based primarily on mining experience gained from general potash mining practice in the 15
same localvicinityand under similarIithologicconditions,althoughmodificationswere made to 16

_/ account for the differences in depth between potash mines and the WIPP factUtyrepository 17
horizon. Since the extractionratio (the ratio of the area of salt removed by miningto the total 18

_/ area) at theWIPP facilityis significantlylowerthanthatused in potashmining,designparameters 19

also reflectedthis difference (DOE, 1986). 2o

_/ Designvalidationefforts for the WIPP facilitybegan In 1981 withthe Site and PreliminaryDesign 21

Validation (SPDV) program whichwas implementedto furthercharacterizeandvalidatethe WIPP 22
site geology and to provide preliminaryvalidationof the undergroundopening design (DOE, 23

1983a). The SPDV programInvolvedthe excavationof a test panel consistingof four fuU-sized 24
rooms. The four SPDV test roomswere excavated 13 feet high,33 feet wide, and 300 feet long 25
and are separated by 100-foot-wide pillars similar to the proposed repository design. Data 26

obtained from geologic field activities and geomechanical instrumentation were subjected to 27

preliminary analysis and evaluation to determine the suitability of the design criteda and design 28
bases and to provide initial confirmation of the underground opening reference design (Bechtel, 29
1983). 3o

Additional informationwas gathered, analyzed, and evaluated after completionof the SPDV 31
_/ Program. The summary reportSummary of Site CharacterizationStudiesConductedfrom 1983 92

through 1987 at the Waste IsolationPilotPlantSite ts includedin AppendixDI. The final report 33
_/ on design validationis also Included in AppendixDI. lt was recognized that the vertical and 34

horizontalclosure rates in the undergroundfacility were higher than expected by a factor of 35
approximatelythree (DOE, 1986). Formalreviewswere performed by WIPP Projectparticipants 36
and an outsidePeer Review Panel. The reviews concludedthat modificationsto the reference 37
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1 design were necessary. Five alternative design modifications were proposed and subsequently
2 evaluated by DOE with respect to regulatory constraints, radiological safety, cost, and schedule
3 (TIIIman, 1987). The decision was made to accept a combination of altematlves that
4 recommended deleting the crushed-salt backfill requirement during the Test Phase, mining the
s rooms to the near-maximum allowable design dimensions of 14 feet by 34 feet, and enlarging the
s rooms as necessary just before the transition 'to wa_,to handling operations to remove a portion
7 of the primary creep component (TIIIman, 1987).

8 As a part of the design validation process, geomechanlcal tests were conducted tn SPDV test
9 rooms. During the tests, salt creep rates were measured. Separation of bedding planes and

lO_/ fracturing were also observed. A support system consisting of patterned rockboltlng and light
11_/ steel-beam supports with wire mesh and wire cable lacing was Installed in Panel 1 in response
12 to observed conditions and to satisfy the requirement that the structural integrity necessary for
13 safe retrieval of waste from Panel 1 areas be maintained throughout the Test Phase and retrieval
14_/ period (DOE, 1991c). The underground support system Is not expected to prevent salt creep or
l S_/ to stop the fracturing and separation that have been observed underground. Rather, the system
is will maintain or suspend the fractured or separated material in place and prevont the roof rock
17 from falling once lt has become fully detached. Shields or guards will be placed over the bins and

18_/ valves to prevent small pieces of rook, which may not be held by the support system, from
1_) damaging the waste containers. Normal mine maintenancewill also be performed tn the bin-scale
2o test rooms during the Test Phase as needed. Thus, additional ground control support or removal
21 of fallen rock from the top of the waste stack would not be required for retrieval operations if
22 repository performance cannot be demonstrated.

23_/ Geologic and geomechanlcal information continues to be gathered in the WIPP facility
24 underground on a regular basis and bin-scale test rooms in Panel 1 are specifically monitored
25 (DOE, 1989). Geologic mapping and observational boreholes are used to characterize the host
2s rock and to assess the effects of excavation. Displacement data are gathered from manually and
27 remotely read Instruments to measure closure rates and to evaluate rock-mass behavior. This
28 Information is used to further validate design criteria and to monitor the stability of underground
29 openings to ensure safety and operational reliability.
3O

31 The WHB has been designed to meet DOE design and quality assurance requirements specified
32 in DOE Order 6430.1, General Design Cdteria (DOE, 1983b), for Design Class !1structures and
33_/ components for non-reactor nuclear facilities. The destgn class designations are defined for
34 structures, systems and components in accordance with the importance of their function relative
35 to health and safety of the pubUcand on-site personnel during plant operations (DOE, 1990d).
36_/ The underground area is classified as a Destgn Class IIIB nonreactor nuclear facility. Table D-2
37_/ summarizes basic design requirements, principal codes, and standards for the WIPP facility.
38_ Engineering design-basis earthquake and tornado reports are provided in Appendix D2. The
39_/ design-basis earthquake report provides the basis for seismic design of WIPP facility structures,
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i

_/ Including the WHB foundation, A flood design basis report Is not available because flooding Is 1
_/ not a credible phenomenonat the WIPP facility (see AppendixBl), 2

The specific systemsand facilities related to environmental,safety,and health protectionduring 3
waste handlingand managementoperationsare discussed In the followingsubsections, 4

D-9a(3)(a) Site Security 5

The WIPP stte has extensive security protection Inoludlng physloal aooess control, fencing, 6
lighting, wamtng signs noting potential hazards, secudty protection personnel, alarms, and 7

q communication systems. Site seourtty Isdescribed In Chapter F of this permit application. Details 8
_/ on the design of access control fencing Is provided tn Appendix D3, - 9

D-ga(3)(b) Waste Handlln_qBui!din_ lO

The WHB hasan area of approximately84,030 square feet. The concrete floorsare sealed with 11
an Impermeablecoatingwhich resistali but strongoxidizingagents. Such oxidizing agents are 12

_/ not currentlyWaste Acceptance Criteria CertificationCommittee certifiableand are not present 13
_/ In waste coming to the WIPP facility. Therefore,testwaste poses no compatibilityproblemswith 14

respect to the WHB floor. FigureD-12 is a planview of the WHB, showingareas where waste 15
_/ handlingactivities discussedIn this sectiontake place. Detaileddesign drawingsfor the WHB 16

_/ and waste handlingsystemsare providedIn AppendixD3. 17

The TRUPACT-IIs are receivedthroughone of three air lock entriesto the WHB. The air locks 18
maintainthe Interiorof theWHB at a pressurelowerthan thatof ambientatmosphere. The doors 19
at each end of the air lock are Interlockedto preventboth from openingsimultaneously. The air 2o
locks ensure that air flows into the WHB to preventthe Inadvertentrelease of any radioactive 21

particles, potentiallycontaminatedwith hazardousconstituents,from the WHB. Bays on either 22

side of the central air lock In the Inventory and Preparation Area (IPA) are equipped with a dock 23
and a 5-ton overhead crane for opening and unloading the TRUPACT-II shipping container. The 24

overhead crane is rated to lift both the TRUPACT-II Udsas well as palletlzed waste containers. 25
The crane is designed to remain on its tracks and hold Its load even In the event of a Design 26

Basis Earthquake. The IPA is maintained at a lower air pressure than the WHB to minimize the 27
spread of potentialcontamination. 28

Additionally, waste-holding space is available should off-normal events occur, such as the 29
Interruption of waste hoist operations. The waste-holding space is shielded to reduce radiation 30
exposure to personnel in the WHB. Pallets loaded with Waste containers can be stacked there, 31
tf required. ' 32

An Overpack and Repair Room (OPRR) provides space and facilities for opening, unloading, and 33
_/ decontaminating TRUPACT-II shipping containers. The OPRR is also used for decontaminating 34
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1_/ and/or overpaoklng SWBs or drums, The OPRR Is maintained at a negative pressure relative to
2 the IPA and the WHB for eontarrllnatlonoontrol,

3_/ To specificallysupportthe bin soale tests,an on-site laboratoryhas beendevelopedto perform
4_/ the analysis of gas samples taken from the bins. Ventilation for this laboratory Is exhausted
s_/ throughthe WHB ventilation system.

6 The otherpdmary WHB supportarea is the heating,ventilatlon,and air conditioningarea for the
7 WHB. This equipment Is contained within the main mechanical equipmentroom of the WHB,
8 locatedon a second level abovethe OPRR. Thisarea housesthe exhaustfans and associated
9 ductlng that control ventilation flow within the WHB,

lO Ventilation

11 The WHB ventilation system provides a filtered air exhaust path consisting of one stage of
12 prefltters and two stages of High Efficiency Particulate Air (HEPA) filters to remove radioactive
13 particulate contamination. These filters are tested to Amedoan National Standards Institute
14 requirements ANSI-N-510 and have a 99,95 percent remrwal efficiency.

15/ The WHB ventilation exhausts through a single stack at a nominal flow of 55,000 cubic feet per
lsz/ minute with a design maximum of 90,000 cubic feet per minute. A schematic airflow diagram for
17 the WHB Is shown in Figure D-13. The final exhaust from the stack Is continuously monitored
18 for radioactive particulate contamination. Airflow reversal during the passage of a tornado Is
19 prevented by tornado dampers. If necessary, the exhaust systems can be powered from the
2o backup power system If off-site power is lost, thus maintaining negative pressures In potentially
21 contaminated areas.

22_/ The HVS and SWB HVS (a design extension of the HVS) function as local exhaust systems to
23_/ control radiologtcally contaminated airborne dust particles through the use of HEPA filters during
24_ the Initial opening phases of a TRUPACT-II container and SWB. The HVS and SWB HVS draw
25_/ headspace gases and convey them through the CH-TRU WHB heating, ventilation, and air
26_/ conditioning system.

27 Fire Protection

2s_/ The design of the fire protection system satisfies the applicable sections of the National Fire
29 Protection Association codes, DOE Orders, and federal codes. Fire barders protect the cage
30 loading area and shaft areas, within the WHB, and separate the overpack and repair room,
31 shielded waste-holding area, support areas, and walls enclosing stairwells. In addition, the

32 mechanical equipment room has fire barriers that separate this room from other areas of the
33 WHB.
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PTB:177 D-22 3/92



. WIPP RORA Part B Permit Application
DOEANIPP 91.oo5

Revision 1

A sprinkler systemIs Installed throughout the contact-handled TRU waste handling areas of the 1
_/ WHB. The designof the fire-suppressionwater-collectionsystem is describedIn a revisionto the 2

FinalSafety Analysis Report, Fire suppressionwater willbe collectedandheld for hazardous (or 3
radioactive)contaminationverification,and Its managementwillbe determinedbythe test results, 4

The waste handling area is provided wtth Interior fire hose connections and portable 5
extinguishers, Chapter F discusses fire protection, e

D.9a(3)(o) Waste HandlingEaulDme,nt 7

TRUPACT-II Type B ShlpplnqContainer 8

The TRUPACT-It Isa double-contained cylindrical shipping container measuring 8 feet In diameter 9
and 10 feet high. lt meets DOT Type B shipping container requirements and Is certified by the 10
U.S. Nuclear Regulatory Commission after passlng rigorous container Integrity violat!on tests, 11

_/ The payload consists of two SWBs stacked on top of the other, which rest on a TRIJPACT-II 12
pallet (Figure D-14). 13

.UnloadingDock 14
.,

Each unloadingdock Is designedto accommodateup to two TRUPACT-II shippingcontainers. 15
The unloading dock functions as a work platform, providingwaste handling personnel easy 16
accessto the containerduringunloadingoperations(Figure D-15). 17

Forklifts 18

_/ Electric-poweredforkliftsare used to transferthe TRUPACT-II shippingcontainersIntothe WHB 19
_/ and are usedto transferpalletizedwaste to the conveyanceloadingcar. Anotherforklift Is used 2o

for general purpose transfer operations. This forklift has attachmentsand adaptersto handle 21
Individual waste containers, if required. 22

Crane and AdiustableCenter-of-GravityLift Fixture 29

A 5-ton traveling overhead crane Is attached to the lift fixture to disassemble the TRUPACT-!Is. 24

_/ Separate liftingattachments have been specificallydesigned to couple with SWBs. The lift fixture 25
_/ has a built-in level indicator and two counterweights which can be adjusted to compensate for 26

uneven loads to keep them level. The lift assembly is shown in Figure D-16. 27

FacilityPallet 28

The facility pallet is a fabricated steel unit designedto hold two TRUPACT-II palletsof waste. 29
The facility pallethas a rated loadof 28,000 pounds. The uppersurface of the facility pallet has

_/ two recesses sized to accept SWBs, The facility pallet will accommodate a maximum of two 31
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1_/ RCBs side by side or four SWBs stacked two-high to a total weight of 15,000 pounds. Two
2 rectangular tube openings In the pallet bed allow the facility pallet to be lifted and transferred by
3 a forklift to prevent direct contact between waste containers and forklift tines, This arrangement
4 minimizes the potential for puncture accidents,

I ,

5 Conveyan,_e Loadln_ Car

s The conveyance loading car ts an eleotdo vehicle, lt is designed with a flat bed of adjustable
7 height and Is used to transfer the facility pallets on or off the pallet support stands In the waste
8 hoist cage (Figure D-17). The oar operates on rails.

9 Waste HoistCa.qe

lO_/ The hoist systems in the shafts and ali shaft furnishings are designated as Destgn Class IliA and
11_/ are designed to resist the dynamic forces of the,hoisting system and withstand a design-basis
12_/ earthquake (defined In Chapter B), A control systemdetects malfunctions or abnormal operations
13 of the hoist system, such as overtravel, overspeed, power loss, circuitry failure, or starting in a
14 wrong location, and triggers an alarm that automatically shuts down the hoist.

15 The waste shaft hoist operates tn the Waste Shaft and is a multi-rope, friction-type hoist, The
16 conveyance car is 9 feet deep by 15 feet wide by 24 feet high (Inside dimensions) and contains
17 an upper and lower deck with personnel being carded on the upper deek. The waste hoist
18 , conveyance (outside dimensions) is 30 feet high by 10 feet wide by 14 feet deep and carries a
19 payload of 45 tons. During loading and unloading operations lt is steadied by fixed guides. The
2o hoist's maximum rope speed Is 500 feet per minute. A counter weight of 50 tons is used to
21 balance the waste hoist oonveyanoe.

22, The waste shaft hoist system has two sets of brakes. Eaoh Is designed so that either brake
23 acting alone can stop a fully loaded conveyance under ali emergency conditions. In the event
24 of a power failure, the brakes will set automatically. The hoist Is protected by a fixed automatic
2s fire suppression system. Portable fire extinguishers are also provided at several points in the
2s hoist station and hoist house.

27 _UnderqroundWaste Transporter

28 The underground waste transporter is a commerc;lallyavailable diesel-powered tractor and trailer
2_ designed specifically for transporting palletlzed waste from the waste hoist to the underground-
30_/ facility pallet platform. This transporter Is shown In Figure D-18.
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Underground Forklift , 1

Underground waste containers are removed from the underground-facility pallet platform using 2
_/ a forklift. The RCBs are equipped with lift pocketsto minimize the potential for puncture by the 3

forklift tines. RCBs are stacked two-high on 6-inch platforms in bin-scale test rooms. 4
5

D-9a(3)(d) Shafts and SubsurfaceFacilities 6

Shafts 7

The WIPP facility utilizes four shafts: the Waste Shaft, the Salt Handling Shaft, the Air Intake 8
Shaft, and the Exhaust Shaft. These shafts are vertical Openingswhich extend from the surface 9
to the repository level. Figure D-19 shows the location of the shafts relative to surface features. 10

The Waste Shaft is located in the WHB and is nominally 19 feet in diameter. The Salt Handling 11
Shaft is located north of the Waste Shaft beneath the Salt Handling headframe and is nominally 12
10 feet in diameter. Salt mined from the repository horizon is removed through thio shaft, lt is 13
the main personnel and materials hoist, and also serves as a secondary supply air duct for the 14
underground areas. The Air Intake Shaft is located northwest of the WHB. lt is a 16-foot- 15 '
diameter shaft and is the primary source of fresh air underground. The Exhaust Shaft, east of 16
the WHB, is nominally 14 feet in diameter and sentes as the exhaust air duct for the underground 17
areas, le

19

, Experience insalt mininghas shown thatexcavated openings in salt, which are underoverburden 20

pressure, experience closure movement. The closure rate affects the design of ali of the 21

openings discussed in this section. Underground excavation dimensions, therefore, are nominal 22

since they are dependent on the results of the ongoing salt creep. The unlined portions of the 23
shafts have larger diameters than the lined portions, which allows for closure caused by salt 24

creep. Each shaft includes a shaft collar, a shaft lining, and a shaft key section. Shafts and shaft 25
components are discussed in greater detail in Appendix El. 26

The reinforced concrete shaft collars extend from the surface to the top of the underlying 27

consolidated sediments. Each collar serves both to retain adjacent unconsolidated sands and 28
soils and to prevent surface runoff from entering the shafts. The shaft linings extend 1¢omthe 29

base of the collar to the top of the salt beds approximately 850 feet below the surface. The shaft 3o
lining serves to retard water from seeping into the shafts from water-bearing _._rmations,such as ,91

the Magenta and Culebra Doiomite Members of the Rustler Formation, and is designed to 32
withstand water pressure associated with the fufllpiezometdc head in these formations. The liners 33
are also designed to retain loose rock. The shaft liners are concrete except in the Salt Handling 34
Shaft, in which a steel shaft liner has been grouted in place. 35
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1 The shaft key is a circular reinforced concrete section emplaced in each shaft below the liner in
2 the base of the Rustler Formation and extending about 100 feet below _;_d into th3 Salado
3 Formation. The key functions to resist lateral pressures and to support the shaft liner. The key
4 assures the liner will not separate from the host rocks or fall under tensi0n. This prevents the
s shaft from becoming a conduit for groundwater flow Into the underground facility.

6 Two water-seal rings are incorporated in each key. The rings are separated by an 11-foot interval
7 into which eight 2-inch-diameter pipes are inserted to monitor any water that may penetrate the
s upper ring. If groundwater isdetected flowing past the upper ring, this condition is corrected by
9 injecting chemical sealants or cement grouts to stop the leakage.

10 On the inside surface of each shaft, excluding the Salt Handling Shaft, there are three water
11 collection rings. The first is located just below the Magenta Dolomite Interval, the second just
12 below the Culebra Dolomite Interval, and the last at the lowermost part of the key,section. These
13 collection rings function to collect any groundwater that may seep into tha shaft through the liner.
14 At the present time, the Air Intake Shaft has not been grouted. Groundwater seepage from the
15 Rustler Formation is collected by water rings and routed to mobile water holding tanks. These
16 tanks are inspected and emptied on a daily basis. Therefore, overfilling and leakage from these
17 tanks is not a source of water underground which coutd come into contact with the waste. Recent '
18 inflow measurements from the Air Intake Shaft indicate that total seepage is approximately
19 1.24 gallons per minute.

2o The Waste Handling Shaft is protected from precipitation by the roof of the WHB. The Exhaust
21 Shaft is sealed at the top bya 14-foot-diameter duct which diverts air into the exhaust ventilation
22 system. Other shaft collars are open except for the headframes.

23 D-9a(3)(e) Repository SubsurfaceStructures

24 The subsurface structures in the repository, located at 2,150 feet below the surface, include the
2.5 experimental waste, geotechnical experiment, and support areas. Access to ali active waste
26 management areas is restricted. Ali normal access to and from these areas is via a check
27_/ station. Details of underground layout are provided in Appendix D3.

28 The status of important underground equipment, including fixed fire protection systems, the
29 ventilation system, and contamination detection systems are monitored by a central monitoring
3o system. Backup power is provided, as discussed in Chapter F. The subsurface support areas
31 are constructed and maintained to conform to federal mine safety codes.
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Panel 1 Waste Experiment Areas 1

The repository has been designed for the emplacement of 6.2 million cubic feet of 2
contact-handled waste. Dudng the Test Phase the volume of waste emplaced in the repository 3
will not exceed that equivalent to the volume of 8,500 55-gallon drums. This represents less than 4

1 percent of the design capacity. 5

There are four main entries and cross-cuts in the repository that provide access and ventilation 6
for waste management rooms. The main entries link the shaft pillar/service area with the waste 7
management area and are separated by pillars. Normal entdes are 12 feet high; one is 25 feet 8
wide and the remaining three are 14 feet wide. Drifts and waste emplacement areas are 9
structurally reinforced with rockbolts. The underground area is shown in Figure D-20. 10

11

Panel 1 of the repository has seven rooms. Rooms 1, 2, and 3 are reserved for the bin-scale 12
_/ tests. The location of these test rooms is shown in Figure D-21. The rooms have initial 13

dimensions of 13 feet high by 33 feet wide by 300 feet long and ere supported by 100-foot-wide 14
pillars. There will be 42 platforms made of carbon steel which will hold RCB/bin units in the test 15
rooms. 16

Panel 1 w;_sexcavated in 1986 through 1988. The rooms and access drifts of Panel 1 have been 17
rockbolted to assure stability for the duration of the Test Phase and retrieval pedod. Panel 1 test 18
rooms are typically pattem bolted with 10-foot mechanical bolts on a center-spacing pattern 19
3.9 feet by 3.9 feet through the middle third of each room. The outer third of each room has the 2o
same type and length of roof bolt, but uses a center-spacing pattern 3.9 feet by 6 feet (DOE, 21

1991c). Light steel crossbeams in an inverted channel configuration are installed In bin-scaletest 22
rooms to provide additional roof support. The roof area between the crossbeams is covered by 23
an tr_t_'iaced wire rope underneath a mat of steel mesh to contain the rock between the cross 24
channels and distribute the load more evenly, reducing scaling and breakup of the roof beam. 25

Figure D-22 provides an isometric view of the support system for Room 1, Panel 1. Figure D-23 26

_/ depicts the wire mesh and lacing detail, while roof bolt detail is shown in Figure D-24. Detailed 27
_/ engineering drawings of roof supportsystems are provided in Appendix D3. 28

_/ An underground support monitoring system will measure continuing creep and deformation inand 29
_/ around the room, loads on the rock bolts, stress loads on the rocks, and deflection of the steel 3o
_/ crossbeams. This monitoring system allows loads in the rock bolts to be adjusted to 31
_/ accommodate room creep and will provideearly indicationsof any unusualclosure activity. 32

Bin EmissionsControl 33

Ali test bin gas sampling ports are equipped with HEPA particulate filters to prevent release of 34
radioactive contamination. The RCBs which contain test bins are electrically grour_ded. 35

J
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1_/ Figure D-25 shows the instrumentation and piping necessary to support a typical test system
2 Installation.

3_/ Gas discharges from the test bins are through gas flow valves, pressure relief valves and/or
4_/ rupture disks. For safety reasons, bin pressure should not exceed 4.0 pounds per square inch
5_/,differential (psid); therefore not approaching the calculated design pressure of 6.1 psld. Rupture
6_/ disks will be set to open at pressures at or above 1.2 + 0.6 or -0.4 psid to prevent buildup of
7_/ internal pressure. The rupture disks will operate independently of any electrical power supply.

8_/ Gaseous emissions from the test bins will be controlled by a manifold which will route emitted
gases to the VOC sampling equipment. The manifold consists of 2-inch-diameter stainless-steel

10 tubing. Gases will be directed through an activated carbon sorption system designed to remove
11_/ VOCs with an efficiency of 95 percent or more, as required as a condition of the No-Migration
12_/ Determination (EPA, 1990a). The design basis is discussed in Appendices Dll and D12 and will
13 be verified during operations as described in Section D-9e. The carbon sorption system
14_/ schematic is shown in Figure D-26 and in Appendix D3 (Drawing Number 52-2-001-W) and is
15_/ further described tn Section D-9d(3). Detailed design drawings related to this system are
lsz/ provided in Appendix D3.

17 UndergroundFire Protection

le The ventilation systems are designed to eliminate the recirculationof hot gases and smoke by
1_ venting these products of combustion to the outside. The result Is improved visibility for safe
20 egress and fire-fighting operations, and the evacuation of high-temperature gases.

21 The fire protection and suppression systems for underground support areas include:

22 ° Automatic dry chemical extinguishing system (actuated by thermal detectors).
23 ° Manual pull stations.
24 ° Portable fire extinguishers.
25

26 Escape routes are designated by reflectors on the sides of the drift; green reflectors denote the
27 primary escape route and red the secondary escape route. The back of each reflector is white
28 denoting travel away from the escape route.

29 Ventilation

3o The ventilation system for the underground facilities is designed to provide a suitable environment
31 for personnel and equipment during normal activities, lt is also designed to provid_ confinement
32 and channeling of potential airbome radioactive material in the event of an accidental release or
33 fumes from an underground fire. Schematic diagrams Ofthe underground ventilation system are
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_/ presented in Figures D-27 and D-28, Detailed engineering drawings of the ventilation system and 1
_/ underground air flow control are provided in Appendix D3. 2

The main underground ventilation system is divided into three separate flows. One flow serves 3
the mining areas, a second flow serves the geotechnical experiment areas, and the third flow 4

serves the Panel 1 waste experiment areas. The three flows are recomblned near the bottom of 5
the Exhaust Shaft that serves as a common exhaust route from the underground level to the 6
surface. 7

The underground ventilation system is designed as an exhaust system in which the working 8
environment is maintained below atmospheric pressure in Panel 1. A small quantity of air is 9
drawn down the Waste Shaft to offset natural updraft convection currents and minimize the 10
potential of any radioactive contamination escaping up the shaft. This small quantity of air is 11
Immediately routed to the bottom of the Exhaust Shaft, so as to avoid mixing potentially 12
contaminated air with air being circulated throughout the underground, is

The design airflow quantities are base_tupon standard local, state, and federal industrial and 14

mining laws and practices. Air quantitle; supplied to ali the underground areas were determined 15

to meet of exceed the criteria specified in the Mine Safety and Health Administration code. 16

The system is designed to perform u,lder three modes of operation: normal mode (HEPA 17
exhaust filtration system bypassed), filtered mode (exhaust filtered through HEPA filtration system 18
if the concentrations of radioactive contaminants exceed pre-set limits), and air reversal mode. 19

The ventilation system consists of five centrifugal exhaust fans arranged in parallel, two identical 2o

HEPA filter assemblies arranged in parallel_ isolation dampers, filter bypass arrangement, and 21
associated ductwork. 22

The five fans are divided into two groups. One group consists of two fans which are used during 2s
normaloperation to providethe requiredundergroundflow of 425,000 cubic feet per minute. 24

These fans are locatednear the ExhaustShaft. The remainingthree fans, ratedat 60,000 cubic 25
feet per minuteeach and locatedat the ExhaustFilter Building,form the othergroup and are 26

used during the filtered mode of operation. 27

The ventilationpathforthe Panel 1 area is separatedfrom the miningarea bymeansof air locks, 28
bulkheads, and _lt pillars. A pressure differential is maintained between the mining area and 29

the Panel 1 area to assurethat any releases exhaustthroughthe waste managementareas. A 3o
pressurechamberhas been added to the west side of the Waste Shaft Stationto ensure that no 91

potenttai for leakage from the Panel 1 area to the miningarea occurs. 32

In the normalmode, the two main surfaceexhaustfans, located near the ExhaustShaft, provide ss
continuousventilationof the undergroundareas. Ali undergroundflowsjoinat the bottomof the 94
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1 Exhaust Shaft before rising to the surface for discharge to the atmosphere. In this mode, the filter
2 assemblies are isolated and bypassed.

3 Outside air is supplled to th_ mining areas, the Panel 1 areas, and the geotechnical experimental
4 complex via the Air Ii-_'_k@i_Shaf_,the Salt Handling Shaft, and access entries. A small quantity

s of outside air flow_',_N_W!i/'thoWaste Shaft to ventilate the waste shaft station, Fan failure is
6_/ monitored by a flow Senslrlg'devlce onthe suction side and is statused in the Central Monitoring
7 System.

s In the filtration mode, the exhaust air passes through two identical filter assemblies at reduced
9 flow (60,000 cubic feet per minute). The filtration mode is activated automatically at

10 predetermined detection levels of the airborne radioactive particles by the radiation monitoring
11 system. This system also provides a means for removing the airborne radioactive contaminants
12 in the reduced exhaust flow before they are discharged through the exhaust stack to the
13 atmosphere. The reduced exhaust flow is diverted to the HEPA filters by isolation and diversion
14 dampers on the exhaust fans and duct work.

is The system provides for an air reversal mode, designed primarily for fire emergencies. In this
16 mode, the air flow direction is reversed by opening and closing certain ventilation doors and air
17 regulators and, in some cases, by reversing the underground booster fans. The surface exhaust
18 fans can be operated normally or can be deactivated, as required, to control the balance of the
19 underground airflow.

2o Electrical System

21_/ The WIPP facility uses electrical power (utility power) supplied by Southwestem Public Service.
22_/ On lossof utility power, waste handling and related operations cease.

23',/ Backup alternating current power for non-waste handling activities is provided on site by two
24 1,100-kilowatt diesel generators. These units provide 480-volts power with a high degree of
2s reliability. Each of the diesel generators can carry predetermined equipment loads while
2s maintaining additional power reserves. Predetermined loads include lighting and ventilation for
27 underground facilities, lighting and ventilation for the waste handling areas, and the Air Intake

28 Shaft hoist. The diesel generator can be brought on line witI=tn30 minutes either manually or
2¢J from the control panel in the Central Monitoring Room. ,_

3o Uninterruptable power supply units are also on line providing power to pred _terminedmonitoring
31 systems. This ensures that the power to the radiation detection system for airborne
32 contamination, the local processing units, the computer room, and the central monitoring room
33 is always available, even during the interval between the loss of off-site power and initiation of
34 backup diesel generator power.

Chapter D
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D-9a(3)(f) Containers 1

Containerized experimental waste for the WIPP Test Phase will be received at the WIPP surface 2
_/ facilities and emplaced in the underground test area. Bin-scale test containers of mixed waste 3
_/ will be managed in accordance with the applicable regulations of HWMR-6, Pr, V, Subpart I. 4

D-9a(3)(f).l Container_ With Free Licluids 5
6

The WIPP WAC precludes waste in free,liquid form. However, minor liquid residues remaining 7
in well-drained bottles, cans, and other containers are acceptable (DOE, 1991a). Since the WIPP 8
WAC method of determining the presence of free-liquid is not consistent with the required method 9

_/ of HWMR-6, Pr. Ii, Appendix III (Paint Filter Test), ali test waste containers received at the WIPP lO
_/ facility will be considered to contain potential free liquids. The liquid will constitute no more than 11
_/ 1 percent by volume ofthe waste for the dry bin-scale tests. A maximum of 120 liters (about 127 12

_/ quarts) of brine solution may be Injected into containers for wet bin-scale tests (Molecke, 1990; 13
_/ Molecke and Lappin, 1991). 14

D-ga(3)(f).la Description of Containers 15

Waste containers to be received for the bin-scale tests will be test bins that are contained in 16

_/ SWBs (which are converted to RCBs by changing lids). Only new and clean containers will be 17

used. A summary description of each container type is provided below. 18

Test Bins 19

Test bins are waste containers used to confine individual waste experiments for the bin-scale 2o
_/ tests. There will be a maximum of 233 test bins managed at the WIPP facility during the Test 21

_/ Phase. Test bins have a gross internal volume, of 42.4 cubic feet (DOE, 1991c). See 22

_/ Figure D-29 for detailed drawings including test bin dimensions. '23

Test bins are constructed of mild steel plate and contain a polyethylene liner. The bin material 24

and liner will not react with, and are otherwise compatible with, the test waste so that the ability 25
_/ of the container to contain the waste is not impaired. Appendix D13 provides a discussion of 26

compatibility. 27

Standard Waste Boxes 28

_/ SWBs are DOT Type A shipping containers used for the bin-scale tests to contain individual test 29
_/ bins. The SWBs are fitted with a standard carbon composite filter as required for shlpmer,_in a 30
_/ TRUPACT-II. SWBs have an intemal volume of 64 cubic feet (DOE, 1990d). Detailed design 31

_/ drawings for the SWBs are provided in Figure D-30 and Appendix D3. Up to 233 SWBs will be 32
required for the bin-scale tests. 33

r
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1_/ After arrival at the WIPP facility, each SWB that contains a test bin will be modified by replacing
2 the SWB lid with a RCB lid. The RCB lid accommodates test connections and, like the SWB, is
3 constructed of carbon steel. SWBs/RCBs cr_ntaining test bins will not have an inner liner.
4 Although waste should not be In contact wtth the SWB/RCB at any time, the SWB/RCB material
s will not react with, and is otherwise compatible with, the test waste so that the ability of the
6_/ container to contain the waste In the event of a test bin leak is not impaired. Appendix D13
7 provides a discussion of compatibility.

8 SWBs meet ali the requirements of DOT regulations contained in 49 CFR, Includingthe structural
9 requirements of 49 CFR 173.412for Type A shippingcontainers. SWBs are also required to have

10 a nominal life of 20 years from the date of waste certification to allow for Intact container retrieval
11_/ (DOE, 1991c).
12

13 Standard55-Gallon Drums

14_/ Standard 55-gallon drums are used as waste containers for the collection of derived experimental
15 waste (any waste generated in support of the Test Phase experiments). A standard 55-gallon
ls_/ drum has a gross lntemal volume of 7.4 cubic feet (DOE, 1990d). Figure D-31 shows a standard
17 waste drum.

18 Standard 55-gallon drums are constructed of mild steel and may also contain a dgid, molded
19 polyethylene liner. The drum material and liner will not react with, and are otherwise compatible
2o with, the test waste so that the ability of the container to contain the waste is not impaired.
21# Appendix D13 provides a discusslon of compatibility.

22 Standard 55-gallon drums (e.g., DOT 17-C, DOT 17-H) meet ali requirementsof 49 CFR Including

23 the structural requirements of 49 CFR 173.412 for Type A shipping containers. The drums are
24 also required to have a nominal life of 20 years from the date of waste certification to allow for
25 intact container retrieval (DOE, 1990c).

26 D-ga(3)(f).lb Container Manaclement Practices

27 Bin-Scale ContainerManagement

28 Test binsof experimentalwaste receivedduringthe Test Phase remain closedthroughoutthe
29 Test Phase. SWBs containingbins are opened under a hood ventilation system only for
3o inspectionand preparation. Waste containerhandlingpracticesare summarized below.

31 Ali waste handlingoperatorswill be thoroughlytrained in the safe use of waste handlingand
32 transportequipmentto minimizethe potentialfor a ruptureor leak of a test bin or SWB/RCB.
33 Their trainingincludesbothproceduraltrainingand on-the-jobtraining.

J
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When the waste Is received, the overhead bridge crane and specially designed Center-of-Gravity 1
Lift fixture (Ftgure D-16) will be attached to the SWB(s) contained In the TRUPACT-II. The 2
SWB(s) will be lifted out of the TRUPACT-II and placed on the WHB floor. Ali lifting devices and 3

_/ container fixtures are designed in accordance with engineering speolfcatlons and standards, and 4

_/ operated In accordance WP 10-4, WIPP Hoisting and Rigging Manual (Westinghouse, 1991d), ,5

The SWB container lid will be unbolted and opened so that a different lid, which has been 6
modified to accommodate bin test Instrumentation conl,ections, can be attached and bolted 7

closed. The SWB with the new lid is a RCB. The RCB is placed on the facility pallet, conveyed 8
by forklift to the waste hoist deck, and transported to the repository horizon on the waste hoist. 9
The pallet is equipped with lift pockets to minimize the potential for the container to be punctured lo
with the forklift tines. The waste hoist is maintained and inspected regularly, as described in 11

Chapter F of this permit application, to assure its safe functioning. 12

The waste hoist will lower the loaded facility pallet to the repository horizon. At the waste station, 13
the underground transporter will back up to the waste hoist cage, and the facility pallet will be 14

winched onto the transporter. This transporter Is shown In Figure D-18. 15

The transporter will then move the facill'ty pallet to the appropriate underground waste test room. 16
The underground drifts are continuously maintained to ensure a safe, level surface for the "roads," 17
as are test room entrances in Panel 1. In the test rooms, RCBs are removed from the transporter 18
using a forklift. 19

RCBs will be stacked two high on 6-Inch-high platforms on 12-foot centers set back from the east 2o
_/ and west ribs (walls) of the bin-scale test room In an altemating pattern (Figure D-32). Each RCB 21

will be emplaced approximately 3 feet from the rib or adjacent wall leaving a 17-foot aisle 22

between rows. This spacingallows personnel access between the RCBs to Install Instrumentation 23

and perform Inspections. 24

Post-Test Phase RCB removal operations are the reverse of emplacement and utilize the same 25
waste container handling equipment. 26

D-9a(3)(f).lc Secondary Containment System Destqn_and Operation1 27

Bin-Scale SecondaryContainmentSystem 28

_/ Each Individual bin is conta ned within a SWB/RCB (Figure D-33). The SWB/RCB provides 29
adequate secondary containment in the event of a rupture or leak of a test bin, as demonstrated 30

1Containmentdiscussedin this section relates to Pt. V, sec. 264.175, requirementsratherthan the DOE definitionof radiological 31
containmentfound in Order DOE 6430.1, General DesignCriteria (DOE, 1983b). 32
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P'rB:177 D-33 3/92



iii , _li_lilllII ,i_l

WIPP ROF_APart B.Permit Application
DOEA/VIPP 91-005
Revlslon 1

1 in D-ga(3)(f).lf, Containment System Capacity. Any leak from an emplaoed bin will be Indicated
2 by a drop In gas pressure, which is monitored continuously as part of the tests.

3 D-9a(3)(f).ld Requirement for the Base or Liner to Contain Liquids.
t

4 Each test bin will be contalned within a low carbon steel RCB. The RCBs are leak-tested,

5 DOT-approved containers free of cracks or gaps. The physical Integrity of the RCBs will be
6_/ confirmed weekly by a visual Inspectionto check for leaks, rupture, and container corrosion. The
7 requtred lifetime for the containers Is 20 years.

8 D-ga(3)(f).le Containment System Draina.qe

9 Each bin is provided with a dedicated secondary containment, its RCB. Only the failed bin would
10 be affected by the rupture. As such, a bin need not be elevated within a RCB or otherwise
11 protected from contact with accumulated liquids.
12

13 D-ga(3)(f).lf Containment System Capacity
,i

14 RCBs have a net volume of 64 cubic feet. The net volume of an enclosed test bin is 42.4 cubic

15 feet. There are 21.6 cubic feet (612 liters) of secondary containment capacity. The bins will
lsz/ contain no more than 120 liters (about 127 quarts) of brine and 12 liters (about 12.7 quarts) of
17 liquids. The SWB is more than adequate to contain the contents of the test bin if a rupture or
18 leak occurs.

19 D-9a(3)(f).lg Control of Run-On

2o Surface run-on during Intense precipitation events could potentially pass through the WIPP site
21_/ from the east, but Is diverted by a system of culverts and drainage ditches designed to protect
22_/ the WIPP facility from flooding, as depicted in Figure D-34, Site Work Finish Grading and Paving,
23_/ Overall Plan. Therefore, run-on will not affect the underground est areas, Additional WIPP site
24 grading and paving drawings are included in Appendix D3.

25 D-9a(3)(f).lh Removal of Licluidsfrom ContainmentSyst_}.m.m

26 Ali liquid which could leak from a bin would be completely contained within the test bin's
27 SWB/RCB. Since there exists no potential for overflow, removal of liquids will not be required.

28 D-ga(3)(f).2 Containers Without Free Liquids

29# Ali waste containers to be shipped to the WIPP facility are limited to no greater than 1 percent
30_/ residual liquids by volume and are managed as such.

Chapter D
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D-gb Waste Characterization . 1

Waste characterization is described In Chapter C. 2

D-9o Treatment Effectiveness , 3

_/ Waste treatment,as definedIn HWMR-6, Pt.I, sec. 260.'10,Is notperformedat the WIPP facility. 4

D-9d EnvironmentalPerformance Standardsfor the MiscellaneousUnit 5

The WIPP miscellaneousunit has been designed, sited,and constructed,and will be operated, 6
maintained, and closed, in a manner that will ensure protection of human health and the 7

_/ environment,In accordance with HWMR-6, Pt. V, see. 264.601. The WIPP facilityts located in 8
a sparselypopulatedarea with siteconditionsfavorableto Isolationof waste fromthe biosphere. 9
Geologic and hydrologiccharaetedstlcsof the site relatedto Its waste isolation capabilitiesare 10

_/ discussedInSection D-ga(l). The WIPP facilityhas beendesignedto facilitatesafe handlingand 11
disposal in order to prevent adverse human health and environmental Impacts. Operating 12
requirements minimize the potential for any release. Further, during the Test Phase, the 13
monitoringprogramsdescribedin Section D-ge have been designed to detect and measure.any 14 '

release of hazardous waste or constituents. Hazard preventionprograms are described In 15
Chapter F of this permitapplication. Contingencyand emergency responseactionsto minimize 16

impacts of unanticipated events, such ._s spills, are described in Chapter G of this permit 17

_/ application. The closure plan for the WIPP facility is desadbed in Chaper I of this permit 18
_/ application. 19

D-gd(1) Protectionof Groundwaterand SubsurfaceUnit 2o

_/ Exposureof hunlans or environmentalreceptorsto.hazard0us waste or hazardousconstituents 21
_/ via the groundwateror subsurfaceenvironmentis unlikely. Thisconclusionis supportedbythe 22

following considerations: 23

• The total volume of waste to be emplaced during the Test Phase has been limited by 24

EPA's No-Migration Determination to a volume equivalent to 8,500 55-gallon drums, 25
or about 62,500 cubic feet (EPA, 1990a). Waste will be containerized throughout the 26

_/ Test Phase. The physical form of the WIPP facilitywaste is predominantly solid. 27

• Secondarycontainmentof bin-scale testwaste is providedto ensure that any release 28
is cr_ntalnedwithinthe unit, as discussedin SectionD-9a(3)(f).lc. 29

_/ • The WIPP facility repository Is hydrologically and geologically Isolated. As discussed 30
in Section D-9a, the permeability of the Salado Formation, whtch hosts the repository, 31
is extremely low, and fluids within lt are effectively immobilized. No viable pathway 32

ChapterD
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1 exists for waste to migrate Intogroundwater or the subsurface environment beyond the
2 unit.

a_/ This conclusion Is also supported by EPA's No-Migration Determination (EPA, 1990a). EPA
4 states'.

5 After a review of DOE's petition, supporting information, and public comment, EPA
s finds that DOE has demonstrated, to a r,_asonable degree of certainty, that
7 hazardous constituents will not migrate from the WIPP repository as a result of Its
s planned test activities.... Because of the nature of the tests that will be
9 conducted at WIPP and their relatively short duration, EPA has concluded that

10 releases of hazardous constituents from the unit through brine, salt or other
11 geological media Is Implausible during the test phase.... Waste will be
12 ' containerized during the test period, and even if lt were released from a container,
13 there Is no possibility that waste could migrate from the unit by groundwater or
14 directly through the salt rook within the test period. No oommenters questioned
15 this conclusion....

16 D-9d(2) Protection of Surface Water, Wet.!ands_and Soil Surface

17_/ Exposure of humans or environmental receptors to hazardous waste or hazardous waste
18_/ constituents via surface water, wetlands, or the soil surface Is unlikely. This conclusion Is
19 supported by the following considerations.

2o • Ali waste will be containerized throughout the Test Phase. As descdbed above, the
21 small volume of waste; limited quantity of Ilquid; provisions for containment of any
22 release within the unit; and location of the unlt deep within a stable, Isolated geologic
23, formation effectively precludes any potential for contamination of surface water,
24 wetlands, or soil surface.

25 • The site Is 14 miles northeast from and 500 feet above the Pecos Rtver. lt Is 400 feet

26 above the 100-year floodplain. The site has been graded to provide Interceptor
27_/ diversions to channel storm runoff away from the surface structures (Figure D-34). The
28 site drainage system has been designed to handle a probable maximum storm (DOE,
2_ 1990d). Local surface water drainage and precipitation patterns are addressed In
3o Section O-9a, Site Characteristics.
31

32_/ ° In the vicinity of the WIPP facility, there is no hydrologic communication with any
33 surface-water source. There is no driving mechanism which will allow waste to migrate
34 through the salt into any below-surface water-bearing unit which discharges to surface
35 water during the Test Phase.

Chapter D
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_/ This supports the conclusion that the potential for adverse effects to human health or the 1
q environment via surface water, wetlands, or soil surface pathways Is Implausible. 2

D-9d(3) Protectionof the Atmosphere. 3

_/ Release of haz_,rdouswaste or hazardous constituents to the air that may have adverse effeot,_ 4
_/ on human health or the environment is unlikely. Although VOOs could be present In the waste 5

emplaoed within the unit and could potentially be a source of release to the air, provisions have 6
been made to control such emissions to prevent any adverse effects to human or environmental 7

receptors. 8

Lead and other heavy metals (presumed to have the characteristic of toxicity) will also be present 9
in somewaste forms. Metal in the waste, mostof which Is lead In monolithicform, Is present tn lo
bdcks and shieldingratherthan In particulateform (DOE, 1990c). The pdmary sources of other 11
metals are in the form of sheets,rods,partsofequipment, or solidifiedsludges. Since ali waste 12
willbe containerizedand wastecontainervents employparticulate filters,there will be no routine 13
releases of particulatemetalsto the atmosphere. 14

Performance Standard 15__

J The environmentalperformancestandards for the WIPP facility descdbed In the Apdl 6, 1990, 16

_/ Federal Re_ister, ConditionalNo-Migration Determinationfor the Departmentof Energy Waste 17
_/ IsolationPilot Plant(WIPP) (55 FR 47700) for airborneemissionsare protectiveof human health 18
_/ and theenvironment,inaccordance withHWMR-6, Pt. V, sec. 264.601. Concentrationsof VOCs 19

in air emissionswastewill be below EPA regulatoryconcern for the most restrictiveconstituent, 2o
carbon tetrachloride. EPAcriteda for establishinglevelsof regulatoryconaernare determinedby 21

calcL=latingthe concentrationof a carcinogenicctlemical that would pose a dsk of one excess 22
cancer in a populationof 1 million people (lx10 "s risk level), assumingthat the person remains 23
at the unit boundary for a 70-year lifetime (EPA, 1990b). The unit boundary relevant to air 24

emissions is the top of the Salado Formationwithin the repository. 25

Air EmissionsControls 26

Air emissions from the undergroundPanel 1 waste managementareas have been studied in 27
detail and the results presentedto the EPA In the WIPP No-Migration Vadance Petition (DOE, 28

_/ 1990b). As a result of thesestudies, a bin-exhaustmanifold and carbonsorptionsystem have 29

_/ been designed and Installed to limit the potential for releases during the Test Phase. 30
I

Exhaust from the experimental bins is routed through the manifold system Into a carbon sorption ,31
_/ bed designed to be greater than or equal tc 95 percent effective in removl¢lgVOCs. Each test 32

room will have an independent collection rnanlfold and sorption system. The carbon sorption 33
material for the system Is loosely packed Calgon.type BPL granular carbon. The sorption system 34

ChapterD
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1 design was based on the maximum quantity of VOOsthat may be released from the experimental
2 bins over a one-year period, estimated to be 5 moles per drum equivalent volume per year
3q (Moleoke, 1990). The designspeolfioatlon forthe oarbon sorption systemreoommends using 26.5
4_/ pounds (12 kilograms) of oarbon per room per year and represents a 400 peroent overdeslgn
s_/ safety margin for a room oontalning 116 bins, to assure that the voc removal effiolenoy will
6_/ exoeed 95 peroent. Appendix Dll desortbes the type of oaloulatlon made to assure that the
7_/ carbon sorption system Is adequate to provide the desired safety margin, The rate for
8_/ replacement of the earl)on bed will be vedfled using Volatile Organlo Sampling Train (VOST)
_/ tubes oontalnlng Identical carbon sorption material. A VOC, sampling system Is Iooated

10_/ downstream of the carbon sorption system and just prior to the manifold exhaust.
11_/

12 Health Risk Evaluation

13_/ Health and environmental risks resulting from air emissions from the WIPP faoility have been
14 estimated using oonservattve assun_ptlons whioh tend to overestimate the oonsequenoes of
is# releases to the environment (Appendix D12). The source terms, assumptions, and risk
le assessment methodology are desoribed below.
17

18 Based on charaotedzatlon of newly-generated waste from the Rocky Flats Plant whloh tsourrently
1_ stored at the idaho National Engineering Laboratory (Table D-3), five VOCs have been selected
2o as indicators for environmental performance based on their toxlolty and prevalence in the waste
21 (DOE, 1990c). These are the only RCRA-regulated hazardous chemicals that may potentially
22 compose greater than 1 percent by weight of the waste emplaced during the Test Phase:

23 • Carbon tetraohlodde

24 • Methylene chloride
2s • Tdchloroethylene
26 • 1,1_l-Trlchloroethane
27 • 1,1,2-Trlchloro-l,2,2-tdfluoroethane (Freon 113).

28 With regard to their toxicity ¢:haractedstlcs, carbon tetrachloride, methylene chloride, and
29 tdohloroethyleneareconsideredpotentialcarcinogens,while1,1,1-tdchloroethaneand Freon113
30 are known to produceadversesomatio effects when present In sufficientconcentrations.

31 The average voidvolumewas used to calculatethe total grams of a volatileorganicin the gas
32 phase of each drum. The "voidvolume" or "headspace" Is the total volumeof a drum occupied
33 by gases. The average voidvolumewithtnthe drums sampled was calculatedto be 5.2 cubic
34 feet (147 liters)(Clementsand Kudera, 1985).

35 Informationobtainedfrom studiesconductedat the IdahoNationalEngineeringLaboratoryon gas
36 generationrates (ClementsandKudera,1985) provldesthe basisfor estimatingthe concentration
37 of selectedvolatileorganicsInthewaste drumsused for experimentsat the WIPP facilityand for

ChapterD
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postulating release fractions. The studieswere conducted as part of a TRU waste sampling 1
programundertakenby the Idaho NationalEngineeringLaboratoryto evaluatevarioustypes of 2

TRU waste receivedfromthe Rocky FlatsPlant fortemporarystorage. A totalof 13 waste forms 3
(combustibles,sludges,metals,etc.) were selectedfrom thosethat were expectedto complywith 4
the requirementsof the WIPP WAC. 5

The averageconcentrationsof the selectedvolatileorganicsin the headspaceof the drumsare 6
_/ given in Table D-4. Althoughit is assumedthat this concentrat!onof gases is present in every 7

drum,analyticalresultsindicatethat the VOCs are oftenbelow detectionlimitsfor many drums. 8
Thus, the use of these average concentrationsrepresentsa conservativeassumption(DOE, 9
1990b). 1o

Releases of HazardousChemicalsfrom Underqround 11

Total gas generationrates for each binhave been calculated. Molecke (1990) estimatesthat a 12
crediblemaximumrate of 23.7 cubicfeet (670 liters)of gas will be released fromeach bin in one 13
year throughradiolysis,microbialdecomposition,and corrosion, lt is assumedthat the average 14

_/ concentrationsof VOCs found in the headspace gases of Rocky Flats drums (Table D-4) are 15
continuouslypresent. 16

_/ The total gramsof each of the five predominantVOCs in the headspace of the bins(Table D-5) 17
were calculatedusingthe followingequation: 18

._VOC = Av. headspace .g_ X 116 binsX 670 litersX 1 bin-year 19

dayroom Gas Concentration bin room bin-year 365 days 2o

This calculation is based on an earlier estimatethat each roomwould contain 116 bins. The 21
presentplan includesonly76 binsperroom,makingthisa conservativeestimate. The volumetric 22
air flow throughthe undergroundfacility is 425,000 cubic feet per m!nute,or 1.73x107 cubic 23
metersper day. Dividingthe total grams of VOC generated per roomby the volumetricair flow 24

_/ per day gives average daily concentrationof VOCs that would be exhaustedat the facility unit 25
_/ boundary. Table D-6 showsthe calculatedconcentrationsof VOCs at the facilityunit boundary 26

resulting from each Panel 1 waste experimentroomassuming 95 percent removalefficiencyby 27

the VOC manifold exhaust controls. These concentrationsare compared with concentrations 28
establishedby EPA whichare below regulatoryconcem for health protection(EPA, 1990b). 29

Potentialfor Health Ri_s 30

_/ Based on calculations,the daily average concentrationsof VOCs from each test room are a 31
minimumof 25 timeslowerthan those of regulatoryconcern to EPA priorto their release to the 32

_/ aboveground atmosphere (EPA, 1990-1). Since there will be no more than 233 test bins 33
(conservativelyassumedto be a maxim,Jmof 116 per room), total emissionsfrombin off-gasing 34
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0
1 will not exceed twice the concentrationscalculated per room. Atmospheric dispersion will be
2 expected to substantially further reduce the VOC concentrations at the WIPP site boundary.
3 Since concentrations are at least an order of magnitude below EPA's health-based levels of
4 regulatory concern at the unit boundary prior to atmospheric dispersion, no adverse health or
5 environmental impacts are associated with this level of emissions.

6 D-ge .Monitodn.q,Inspectio.n,and Reportinq

7 The following section describes the activities at the WIPP facility that are,,undertaken to satisfy
8# the regulatory requirements in HWMR-6, Pt. V, secs. 264.601 and 364.602.

9 D-9e(1) Monitodn_
,,

lo Groundwater MonitodnQ

11# In the development of the WIPP Project monitodng programs, potential pathways for release of
12 hazardous materials to the environment were evaluated. This evaluation indicated no credible

13 release pathway via surface water. Release through groundwater_is also believed to be
14# implausible. In view of this, DOE has prepared groundwater monitodng information consistent
15# with HWMR-6, Ft. V, sec. 264.90(b)(4). This information is included as Chapter E of this permit
16 application.

17 VOC Monitoring

18# To meet the conditions of EPA's No-Migration Determination, an extensive VOC sampling and
19_/ analysis program has been developed. WP 12-6, VOC Monitoring Plan for Bin-Room Tests
2o# (Westinghouse, 1991e), is provided as Appendix D12. This plan is responsive to the HWMR-6,
21# Ft. VIII, sec. 268.6, Monitoring Requirements. Table D-7 relates specific monitoring requirements
22 to portions of the plan.

23# The monitoring program is designed to verify that VOCs emitted from bin-scale tests are
24 effectively removed prior to discharge into the Exhaust Shaft. VOC concentrations are monitored
25 by means of samplers located at each bin-exhaust system manifold release point, downstream
26# of the carbon sorption system. In addition, for the bin-scale tests, VOC samples are collected
27# at two other locations underground and two above ground to verify that concentrations of the
28# target constituents due to the waste area measured at the unit boundary as defined in the No-
2_ Migration Determination (EPA, 1990a) are below the levels of regulatory concern. Further, as
3o# required by the No-Migration Determination, any VOC which is detected in average estimated
31# concentrations of one part per million or more at the point of sampling during any four-month
32# period and is detected in at least 10 percent of the samples from the bin gas discharge system
33# must be targeted for routine quantification.
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The sampling and analysis method selected for the WIPP VOC Monitoring Program is EPA 1
Compendium Method TO-14 (EPA, 1988). The method describes a procedure for determining 2
VOC concentrations in ambient air using the SUMMA® passivated canister sampling and gas 3

J chromatographic/mass spectroscopy (GC/MS) analysis. Hazardous constituents targeted for 4

quantification have been successfully collected in pressurized canisters and measured by this 5
J method at the part per billion by volume level. 6

] The target VOCs have been proven to be stable in the SUMMA® canisters. Samples will be 7
J analyzed using GC/MS to quanUfythe VOCs. 8

The VOC sample?for each bin-scale test room will be located immediately downstream of the 9
J carbon sorption sys_,em(Figure D-35). The VOC sampling equipment for bin test rooms consists 10
J of a self-contained, canister air sampler, Programmable Logic Controller, and a helium make up 11
J gas system. This sampler operates using an internal neoprene diaphragm pumpwhich fills one 12

or more SUMMA® passivated stainless-steel sample canisters. The sampling flow rate (rate at 13

J whi(;;1the canisters are filled) is controlled by an adjustable flow controller which can control the 14
J flow from 0 milliliters per minute up to 100 per minute into the canister. Samples of the gas that 15
J has passed through the sorption bed will be collected daily after waste emplacement. These 16
J samples will be 24-hour integrated samples and will be representative of the total emission stream 17

being released to the atmosphere of Panel 1. 18

In order to provide confirmatory data that the calculated capacity of the carbon sorption VOC 19
] removal bed is adequate, a sampling loop consisting of three modified VOST tubes is included 2o
J in the monitoring system design (Figure D-35). Each tube is packed with 8 grams (approximately 21
J 2.8 x 10"1ounce) of carbon sorption material identical to that used in the carbon sorption system. 22

Bin-gas discharge will be periodically routed through these tubes. These tubes will be used and 23
] analyzed based on a modification of EPA Test Method 0030, as described in the document Test 24

Methods for Evaluating Solid Waste (SW-846) (EPA, 1986). The analytical data from these 25
samples, coupled with system mass flow data, will provide a basis for estimating more accurately 26

J the lifetime of the carbon in the main sorption bed. 27

J Eleven locations may be used for monitoring VOCs at the WIPP site (Figure D-36). Sampling at 28
these locations will measure concentrations of VOCs at the point of potential release in the 29
underground, the ambient air drawn into the underground, the air drawn into and exhausted from 3o
the Panel 1 experimental area, and the point of emission into the atmosphere. Sampling 31

J locations include the bin-scale stations, the Panel 1 Intake and Outlet, the Air Intake Shaft, and 32

] the Exhaust Shaft in StationA (DOE, 1990d). 33

] The Panel 1 outletstationwillmonitorany VOC emissionspotentiallyreleased from any leaks in 34
the bin ductingand manifoldsystems. Subtractionof VOC target compoundconcentrationsin 35

J the Panel 1 air intakepassageway (background)from those measured in the air outletwillyield 36

] an estimate of VOCs that may have been released from the bin rooms. 370
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1 The station deployed at the Air Intake Shaft is designed to measure detectable background
2 quantities of the target compounds in the ambient air drawn into the underground. However,
3 there will be additional sources of VOCs located in the underground which will contribute to tile
4 overall background concentrations of VOCs found at the facility.

5_/ The unit boundary sampling site will be the sampler located in Station A, at the top of the Exhaust
6 Shaft. This VOC sampler will be integrated with the existing radioactive particulate monitoring
7 system to measure detectable quantities of the VOC target compounds in the exhaust airstream
8 that leaves the underground disposal facility.

Gases released by the VOC removal system should have very low or no measurable VOC
1o_/ concentrations. The quantity of VOCs measured at the top of the Exhaust Shaft will primarily be
11 the result of contributions from sources other than the waste stored in the test bins. Numerous

12 background sources of VOCs exist at the WIPP site. These include lubricants, solvents, paint,
13 and other materials not related to the waste. These materials used both above and below ground
14_/ at the WIPP facility will contribute VOCs to the underground atmosphere. Air drawn into the
15 underground facility will also be a potential source of VOCs. Ali sources of VOCs will be well
16_/ mixed by the mine ventilation airflow. Background sources will be monitored and evaluated prior
17# to waste being emplaced in the WIPP facility underground.

18 The EPA has determined that in no event shall the monitoring frequency for the bin discharge
19 system be reduced to less than 20 percent of the minimum time required for the consumption of
2o the total working capacity of the carbon sorption system (EPA, 1990a). Following this
21 requirement will ensure that, should the total working capacity of the sorption system be exceeded
22 prematurely and breakthrough occur, the event will be detected in sufficient time to take corrective
23_/ action and replace the used carbon bed with a new unit. Initially after waste emplacement,
24 samples from the bin monitoring system will be collected daily. Sampling at this frequency will
2s quicklydetect any measurable concentrations of the target compounds that may have passed
26_/ through the carbon sorption bed. Early detection of any higher than normal concentration in a
27 sample would indicate that breakthrough of the carbon sorption bed was beginning to occur. If
2e_/ any sample shows significantly increased VOC concentrations, itwill be assumed that the sorption
29 bed is near saturation and will be immediately replaced with a new unit.

3o To determine if any VOC migration has occurred (i.e., any of the targeted compounds exceeded
31 health-based levels at the unit boundary), the EPA has proposed that concentrations be averaged
32 over an annual time period. To define at the earliest possible time if migration is occurring, the
33 DOE is required to report to the EPA within ten days if, during any three-month period, the
34 average concentration of any hazardous constituent measured or calculated inthe Exhaust Shaft
35 above background levels exceeds a health-based level. The sampling frequency at the release
36 point and the reporting requirements will allow early determination of potential failure of the VOC
37 control system and rapid corrective action.
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_/ Operation of the VOC monitoringstations is in progressat VOC-l, VOC-2, VOC-8, and VOC-9 1

_/ and will have been in progressfor more than 30 days priorto the receiptof waste at the WIPP 2
_/ facility. This preliminarymonitoringwillbetter define backgroundconcentrationsof the target 3

compoundsbefore the startof the bin-scaleexperiments. 4

_/ Procedures in WP 12-6 outline the requirements and dailyoperatingprocedures to ensure that 5
equipmentand samples are not contaminatedby exposureto background sources of VOCs 6

(Westinghouse, 1991e). The WIPP VOC Monitoringprogram staff are trained and have 7
proceduresin place addressingsampler operation, sample collection,and proper handling of 8
samples and equipment. The VOC Monitoring Program is carded out in accordance with 9

_/ WP 12-7, Vo!ative Organic Compounds Monitoring Quality Assurance Program Plan lO
(Westinghouse, 1991f). 11

Geomechanical Monitoring. 12

Waste expedment rooms, drifts, and geomechanical test rooms are monitored to provide 13
confirmation of structural integrity. Geomechanical data on the performance of the repository 14
shafts and excavated areas are collected as part of the geotechnical field monitoring program, i,,_
The results of the geotechnical investigations are reported annually (DOE, 1989). The report 16
describes monitoringprogramsand geomechanical data collected duringthe previousyear. 17

Convergence of rock walls in the repository Panel 1 rooms is continuously monitored using 18

geomechanical instrumentation. Convergence stations, consisting of horizontal and/or vertical 19
measurement points, wehe installed at the room midpoints at 25-foot intervals and selected 2o

_/ locations along the drifts. Locations of the convergence stations are shown in Figure D-37. At 21
these stations, ve¢_icalclosure at midspan and horizontal closure at mid-rib height is being 22
monitored. At the other stations shown in the figure, additional closure points have been installed 23
to better define the cross-sectional closure. Borehole extensometers were installed on each rib 24

near the center of the room to monitor salt creep and deformation rates. Rockbolt supports, 25
installed throughout the panel area, are visually inspected as part of the monitoring program to 26

assure that structural stability is maintained. 27

OperationalEnvironrnen.talMonitorinqProclr..am(OEMP) 28

During the preoperational phase, measurementsof environmentalparameters were made to 29
_/ establishthe baseline conditionsin the WIPP facility vicinitypriorto waste receipt. Monitoring 30

programsincluded air quality,surface and groundwaterquality, soil chemistry,and ecological 31
characterization(Reith et al., 1985). The radiologicalbaseline for the site was also established 32
(Reithand Daer, 1985). 33

During the Test Phase, an operational environmental monitoring program incorporating elements 34

of the preoperational monitoring program will be undertaken (Mercer et al., 1989). This program 35 (b
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1 is designed to detect hazardous chemical or radiological releases to the environment and to
2_/ assess trends in environmental parameters which may be the result of WIPP facility operations.
3 Radiological environmental monitoring program elements are described in the permit application
4 for information only and comply with DOE monitoring program requirements and objectives.
5 Annual reports will be publishedwith monitoringdata and analyses during the Test Phase.

6 As required by the OEMP, measurements are taken of ambient radiation levels, atmospheric
7 conditions, air and water quality, soil properties, and the status of the local biological community.
8 Ecological portions of the program tend to focus on the immediate area surrounding the facility,

9 whereas radiological surveillance will generally cover a broader geographic area including nearby
10 ranches, villages, and cities. Environmental monitoring will continue at the site throughout project
11 operations and decommissioning.

12# Tables D-8 and D-9 summarize typical OEMP sampling and analysis schedules. The tables list
13 the sample types, the number of sampling stations, the approximate sampling schedule, and the
14 environmental/ecological parameters to be monitored or analyzed. Additional or different types
15 of samples will be collected and analyzed as necessary to Investigate and explain trends or
16_/ anomalies that may have a bearing on the environmental impacts of the WIPP Project. The
17 OEMP will be reviewed annually, and the scope and intensity of the program will be adjusted in '
18 response to changing facility processes, environmental parameters, and program results.

lg Sampling and related activities (record keeping, packaging, and shipping) will be conducted in
20_/ accordance with the procedures and Instructions described in WP 02-3, Environmental
21_/.Procedures Manual (Westinghouse, 1991g). Most samples will be analyzed by a commercial
22 laboratory selected through the use of a prequalifying program. Sample splits will be made
23 available to the State of New Mexico for independent verification of the DOE environmental
24 surveillance program and some will be archived. Quality assurance/quality control will be
25_/ established within the framework of WP 13-1, WIPP QA Program Manual (Westinghouse, 1991h).

26 D-9e(2) Inspection
27

28_/ As required in HWMR-6, Ifr..V, secs. 264.15 and 264.33, the WIPP facilities and systems are
2g inspected on a regular basis and in accordance with written procedures to assure their integrity,
3o maintenance, and safe operation. Inspections focus on identifying malfunctions, signs of
31 deterioration, operator errors, and discharges or spills. Inspections are undertaken on a regular
32 schedule based on the likelihood Ofcomponent failure and associated consequences.

33_/ Chapter F of this permit application describes the inspection program at the WIPP facility.
34 Monitoring equipment, safety and emergency equipment, security devices, and operating and
3s structural equipment related to waste management activities are inspected to insure that human
36 health and the environment will be protected.
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D-9e(3) RecordKeeplnq 1

Biennial Report 2

_/ In accordance with HWMR-6, Pr. V, sec. 264.75, a biennial report on facility activities will be 3
_/ prepared and submitted to the Secretary of the NMED and to the Administrator, EPA Region VI. 4

_/ The report will be prepared and submitted in accordance with procedures in WP 02-6 and 02-7 5
_/ (Westinghouse, 1992) and will cover facility activities during the previous year. The EPA 6

identification number, name, and address of the facility will be included In the report. A 7
description and the quantity of each RCRA-regulated waste received at the facility will be listed 8

_/ by the EPA identification number of each waste generator from whom the WIPP facility received 9
the waste. The method of treatment, storage, or disposal for each RCRA-regulated waste will be 10

_/ described. (Experimental waste received at the WIPP facility will be emplaced in the repository 11
without any on-site treatment.) The report will also describe both the efforts undertaken at the 12

_/ WIPP facility during the year to reduce the volume and toxicity of waste, including derived waste, 13
generated at the site and the effectiveness of those efforts in comparison with prior years. 14

_/ Proposed methods of waste minimization at the WIPP facility are described in the Draft Waste 15
_/ Minimization and Pollution Prevention Awareness Program Plan for the Waste Isolation Pilot 16

Plant. (Westinghouse, 199ii). The report will be certified correct and signed by the authorized 17
_/ official (Westinghouse,1992). 18

UnmanifestedWaste Report 19

The WIPP facilitywill not acceptany unmanifestedhazardouswaste. Aliwaste shipmentswill 20
be accompaniedby a hazardouswastemanifestthat satisfiesali the requirementsof HWMR-6, 21
Pt. V, Subpart E. The manifestwillbe reviewedupon receiptof the shipment. Discrepanciesin 22

the hazardouswaste manifest will be resolvedwith generators before waste will be accepted. 23
No unmanifestedwaste willbe accepted. 24

Additiorial Reports 25

_/ In compliance with HWMR-6, Pt. V, sec. 264.560), and HWMR-6, PL VI, sec. 265.56(j), any 26
_/ release, fire, explosion, or other unusual occurrence will be noted in the WIPP facility operating 27
_/ record and reported in writing within 15 days to the Secretary of the NMED and the Administrator 28
_/ of EPA Region VI. Details of unusual occurrence reporting are in Chapter G of this permit 29

application. 30

_/ In addition, annual reports will be provided to the Administrator, EPA Region VI, in accordance 31
_/ with HWMR-6, Pt. V, sec. 268.6, reporting requirements. The reports will descdbe monitoring 32
_/ activities and the extent, if any, of migration from the miscellaneous unit. Copies of the report will 33
_/ also be provided to the Secretary of the NMED. Additional information on reporting requirements 34

associated with EPA's No-MigrationDeterminationare provided in Chapter L. 35
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1_ No corrective actions for Solid Waste Management Units as desodbed in HWMR-6, Pt. V,
2 sec. 264.101, are necessaryfor the site. ChapterJ discussesSolid Waste Management Units.
3 Final closure of the site will be reported within 60 days of completionin accordancewith
4_/ HWMR-6, Pt. V, sec. 264.115, and as describedin the WIPP Closure Plan, Chapter I of this
5 permitapplication.

e
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Restrictions,"Federal Re_ister, Vol. 55, No. 67, pp. 13068- 13094. 13

_/ U.S. Environmental Protection Agency (EPA), 1988, "Compendium Method TO-14, The 14
_/ Determinationof VolatileOrganicCompounds(VOC) in AmbientAir UsingSUMMA® Passivated 15
_/ CanisterSamplingand Gas ChromatographicAnalyses,"U,S. Envimnmentg,l Pr¢::ectionAgency, 16

_/ QualityAssurance Division,EnvironmentalMonitoringSystems Laboratory,ResearchTriangle 17
_/ Park, North Carolina. 18
_/ 19

_/ U.S. EnvironrnentalProtectionAgency(EPA!, 1986, "Test Methodsfor EvaluatingSolidWaste, 20
_/ PhysicaVChemicalMethods," SW-846, Third Edition, U.S. EnvironmentalPrctectionAgency, 21
_/ Officeof SolidWaste and EmergencyResponse, Washington, D.C. 22
V 23

_/ U.S. GeologicalSurvey(USGS), 1986, "Water ResourcesData New Mexico_Water Year 1985," 24

_/ Water Data Report New Mexico-85-1, U.S. GeologicalSurvey. 25
26

_/ USGS, see U.S. GeologicalSurvey. 27
V 28

_/ WestinghouseElectricCorporation(Westinghouse),1992, "ResourceConservationand Recovery 29
_/ Act Compliance Manual for WIPP," WP 02-6 and WP 02-7, Westinghouse Waste Isolation 30
_/ Division,Cadsbad, New Mexico. 31
V 32

Westinghouse Electric Corporation (Westinghouse), 1991a, "WIPP Safety Manual," WP 12-1, 33
_/ WestinghouseWaste IsolationDivision,Carlsbad, New Mexico. 34
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13`/ Westinghouse Electric Corporation (Westinghouse), 1991f, "Volatile Organic Compounds
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19V IsolationPilotPlant," WP i3-1, WestinghouseWaste IsolationDivision,Carlsbad,New Mexico.
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TABLE D-1
Listof Drawings1 In AppendixD3, DetailedPlansandDrawings

,, ,.,..-_-. , __.m

DrawingI Number Title

DOE-WIPP 91-059 (Report) WIPP Underground Storage Area, Panel 1, Room 1

WP-04-ED1341 (Report) Site Backup Power System
,

23-C-O01-022 Project Location Maps

23-C-003-003 North Access Road, Orientation Plan (Sh 01 of 02)

23-C-004-003 North Access Road, Orientation Plan (Sh 02 of 02)

23-C-014-003 Access Roads, Details

23-C-161-05A Access Railroad, Plan & Profile

24-C-140-022 Site Work, Finish Grading & Paving, Overall Plan

24-C-145-022 Site Work, Finish Grading and Paving Plan

24-C-147-022 Site Work, Fencing Plan

24-C-149-022 Site Work, Finish Gr'tding and Paving Sections & Details

25-J-015-W1 Yard Electrical, Area Sub No 3 and On Site Power, 48OV SWGR
25P-SWG04/3, Electrical Diagrams & Details

25-J-O20-W1 WIPP Site Primary Power Distribution-One Line Diagram

25-J-020-W6 Selected Load System Operations-Surface & U/G

25-F-O03-W Yard Piping - Fire Water System Plan,

41-F-082-014 Waste Handling Building 411, Fire Protection Floor Plan (Sh 1 of 4)

41-F-087-014 Waste Handling Building 411, Firewater Collection System, Flow
Diagram

41-S-003-W1 Waste Handling Building 411, Fire Protection Sprtnlder System P&ID

41-S-003-W2 Waste Handling Building 411, Fire Protection Spdnlder System P&ID

41-S-003-W3 Waste Handling Building 411, Fire Protection Sprinlder System P&ID

41-S-003-W4 Waste Handling Building 411, Fire Protection Spdnlder System P&ID

53-S-002-W Underground Fuel Stations 1 & 2, Dry Ch,._micaiFire Suppression
Systems. P&lD

53-J-039-W Underground Utilities, Fire Panel 534-FP-0320

1Unlessotherwisespe¢ifled,
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TABLE D-1 (Continued)
List of Drawings1 in Appendix D3, Detailed Plans and Drawings

Drawing 1 Number Title

53-J-040-W Underground Utilities, Fire Panel 534-FP-14001

53-J-O41-W Underground Utilities, Fire Panel 534-FP-i4002

53-J-O42-W Underground. Utilities, Fire Panel 534-FP-00601

53-J-O51-W Underground Util_es, Fire Panel 534-FP-033

53-J-O54-W Underground Utilities, Fire Panel 534-FP-0315

41-E-008-019 Exhaust Filter Building No. 413, Architectural, Plan Elevation &
Schedules

41-F-026-019 Exhaust Filter Building 413, Underground Exhaust System, Flow
Diagram

41-D-002-014 Waste Handling Building 411, Foundation Plan

41-D-003-014 Waste Handling Building 411, Foundation Plan

41-D-006-014 Waste Handling Building 411, Ground Floor Slab, Plan El. 100'-0"

41-D-010-014 Waste Handling Building 411, Foundation Details

41-D-016-014 Waste Handling Building 411, Hoist Tower Foundation, Plans El.
76'-0" & 89'-0"

41-D-017-014 Waste Handling Building 411, Hoist Tower Floor Slab, Plan El. 100'-
0"

41-D-117-014 Waste Handling Building 411, Steel Framing, Elevation Line F

41-D-118-014 Waste Handling Building 411, Steel Framing, Elevation Line "E"

41-D-119-014 Waste Handling Building 411, Steel Framing, Elevation Lines 3, 5,
and 7

41-E-003-01 _ Waste Handling Building No. 411, Architectural, C.H. Area-Plan at
El. 100'0"

41-E-005-014 Waste Handling Building No. 411, Architectural, RH Area - Plan at
El. 100'-0"

41-E-006-014 Waste Handling Building No. 411, Architectural, Mech. Equip. Rra.
Plan at El. 123'-0"

41-E-063-014 Waste Handling Building 411, Architectural, Plans at Tower

41-F-022-014 Waste Handling Building 411, CH Area HVAC, Flow Diagram

1Untess otherwisespecified.

e
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TABLE D-1 (Continued)
List of Drawings 1 In Appendix D3, Detailed Plans and Drawings

Drawing 1 Number Title

41-F-025-W TRUPACT Dock Vacuum/Iv;onitodng, Equipment Location, Drawing
Equipment No. 41-D.-047

41-A-O01-W Exhaust Filter Btdg 413, Underground Exhaust and Ventilation
System P&ID

41-B-O01-W1 Waste Handling Bldg 411, CH Area HVAC Piping and instrument
Diagram

41-B-O01-W2 Waste Handling Bldg 411, CH Area HVAC Piping and Instrument
Diagram

41-B-O01-W3 Waste Handling Bldg 411, CH Area HVAC Piping and Instrument
Diagram

41-B-003-W Exhaust Rlter Bldg 413, HVAC System Piping & Instrument Diagram

' 31-R-O01-O1D Waste Shaft 311, Shaft Development Sections

31-R-002-O1D Waste Shaft 311, Shaft Lining and Key, Section and Details

31 -R-006-O1D Waste Shaft 311, Geomechanical Instrumentations, Installation
Detalls

35-R-001-01D Exhaust Sham 351, Shaft Development, Plan, Sections and Detail

35-R-O04-01D Exhaust Shaft 35_, General Arrangement, Plans and Sections

41-D-O11-W Waste Handling Facilities, Facility Pallet Assembly, Eqpt. No. 52-Z-
002- C,D

165-F-001-W TRUPACT II Standard Waste Box Assembly

54-W-001-W Underground Mine, Ventilation System

54-W-002-W Underground Ventilation Plan, Waste Handling Mode

54-W-O04-W Underground Ventilation Plan, Filtration Mode

54-W-009-W Underground Mine Plan, Shaft and Ddft Dimensions

24-D-001-W Tech Devel. Trailer, Base for Radio Antenna Tower

73-E-001-W Underground Utilities, Evacuation Warning Layout (2 sheets)

73-J-010-W Underground Utilities,Public Address System Layout

73-,J-011-W Underground Utilities, Mine Paging System Layout

1Unlessotherwisespecified.
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TABLE D-1 (Continued)

List of Drawings t In Appendix D3, Detailed Plans and Dtawlngs

Drawing1 Number Title

73-J-014-W ,. Surface LayoL,t, Plant Communications

73-J-025-W Public Address and Intercom, Block Diagram and Master Control
Console Wldng Diagram 73-P-006

51-W- 102-W Underground Development
,, i

54-D-003-W1 Supplementary Roof Support, Room 1, Panel 1 General
Arrangement

54-D-003-W2 Supplementary Roof Support, Room 1, Panel 1 Steel Set Locations
& Details

54-D-003-W3 Supplementary Roof Support, Room 1, Panel 1 Steel Set
Fabrication

, ,_

54-D-O03-W4 Supplementary Roof Support Room 1, Panel 1 Cross Section

54-D-O(J3-W5 Supplementary Roof Support Room 1, Panel 1, Wire Mesh and
Lacing Detail

412-F-017-W Bin-Scale Tests, Dry Test Bin Details (2 sheets)

412-N-O02-W Bin-Scale Tests, Dry Test Bin Assembly

412-N-009-W Bin Scale Tests, SWB Lid Modification tor RCB Lid Assembly and
Details

52-L-001-W Bin-Scale Tests VOC Monitoring System P & I Diagram

52-L-002-W1 Bin-Scale Tests VCC Monitoring and Helium Stations, Details

52-L-OO2-W2 Bin-Scale Tests VOC Monitoring and Helium Stations, Details

52-L-O02-W3 Bin-Scale Tests, VOC Monitoring and Helium Stations, Details

52..L-O02-W4 Bin-Scale Tests. VOC Monitoring and Helium Stations, Details

52-L-O02-W5 Bin-Scale Tests. VOC Monitoring and Helium Stations, Details

52-L-002-W6 Bin-Scale Tests VOC Monitoring and Helium Stations, Details

52-L-O02-W7 Bin-Scale Tests, VOC Monitoring and Helium Stations, Details

52-L-002-W8 Bin-Scale Tests VOC Monitoring and Helium Stations, Details

52-L-002-W9 Bin-Scale Tests VOC Monitoring and Helium Stations, Details

52-L-O02-W10 Bin-ScaJe Tests, VOC Monitoring and Helium Stations, Details

1Unless otherwisespecified.
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r ' TABLE D-l, (Con'dnued)
List of Drawings1 In Appendix D3, Detailed Plans and Drawings

l Drawing 1 Number Title

105-F-013-W VOC (1O) Monitoring System, Air Sampler Unit Assembly 105-S-008

412-M.OO3-W Bin Scale Te_ts, VOC Monitoring System, Carbon Sorption System

4

IUnlessotherwisespeoifled,
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TABLE D-3
ESTIMATED CONCENTRATIONS OF HAZARDOUS CONSTITUENTS

IN TRANSURANIC MIXED WASTE FROM THE ROCKY FLATS PLANT

MINIMUM , MAXIMUM
HAZARDOUS CONSTITUENT (milligrams per kilogram)

1,1,1-Trichloroethane 15 150,000

, CarbonTetrachloride 25 50,000

1,1,2-Tdchloro- 75 50,000
1,2,2-tdfluoroethane

Trichloroethylene(1) 15 150,000

MethyleneChlodde 50 750

,MethylAlcohol 0 , 25
i

Xylene , 0 50

Butyl Alcohol 0 10

Cadmium 0 10

Lead 0 1,000,000

(1) No estimates were available on the total concentrationof tflchloroethytene. Based on knowledgeof past Industry
praotlce,the concentrationwas assumedto be equivalentto that of 1,1,1-trlohloroethane,

Souroe: DOE, 1990o
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TABLE D-4
AVERAGE CONCENTFIATION OF SELECTED VOLATILE ORGANIC COMPOUNDS

IN THE HEADSPACE OF TRANSURANIC WASTE DRUMS

AVERAGE CONCENTRATION
SELECTED VOC (grams per liter)

Carbon Tetrach',odde 1.85 x 10.3

1i1,1 -Trichlomethane 13.2 x 10.3

Methylene Chloride 0.47 x 10"s

1,1,2-Trichloro-1,2,2-tdfluoroethane 1.22 x 10"3

Trtchloroethylene 6.9 ° x 10.4

Souroe:ClementsandKudera,1985
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TABLE D-5
TOTAL QUANTITY OF VOLATILE ORGANIC COMPOUNDS

AVAILABLE FOR RELEASE FROM A BIN-SCALE EXPERIMENT ROOM

CHEMICAL ' (grams/room/year) (1)

Carbon Tetrachloride 144

1,1,1 -Tdchloroethane 1,026

Methylene Chloride 37

1,1,2-Tdchloro-
1,2,2-tdfluoroethane 95

Tdohlomethylene 54

Souroe:DOE,1990b
(1)Thesequantitiesarebasedon theassumptionof 116binsineaohexperimentalroom.Atthe presenttime,eaoh V

roomIs expeotedtocontain76 bins. V'
J
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TABLE D-6
ESTIMATED MAXIMUM DAILY CONC;ENTRATIONS OF VOLATILE ORGANIC COMPOUNDS

AT THE UNIT BOUNDARY FOR EACH WASTE EXPERIMENT ROOM

EPA LEVELS OF
CONCENTRATION 11) REGULATORY CONCERN

CHEMICAL (/_g/m3) (/_j/m s) 12)

CarbonTetrachloride 0.0012 . 0.03 t"i' !!!1,1,1-Tr!ohloroethane 0.0081 10,000 ......"'.a

Methylene Chloride 0.0003 0,3

1,1,2-Trtchlo rc- =
1,2,2-trtfluoroethane 0.0008 30,000

Trlchloroethylene 0.0005 ' 0.3
1 ,

_/ 11)Emissionsperroom,Thesecalculationsarebasedonthe.assumptionthattherewillbe a ma_tmumof233 bins,
V' or tworooms,At the presenttime,each roomisexpectedto contain76 bins.

(2) EPA,1990b
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TABLE D-7
CROSSREFERENCEOF NEW MEXICOHAZARDOUSWASTEMANAGEMENT

REGULATIONS(HWMR-6),PARTVIII,SECTION268.6 REQUIREMENTS

MONITORING PLAN SECTION(S)
HWMR-6 CITATION REQUIREMENT RESPONSIVE TO REQUIREMENT _/

268.6(a)(4) "A monitoring plan that detects migration at Entire document
the eadiest practicable time..." must be
provided.

268.6(b)(6)(1)(i) "The media monitored,.." must be described. 6.1.1.1

268.6(b)(6)(1)(ii) "The type of monitoring conducted at the unit 6.1.3
..." must be described.

268.6(b)(6)(1)(iii) "The locationof the monitoringstations..." 6.1.3.1
must be described.

268.6(b)(6)(1)(iv) "The monitoringinterval(frequencyof 6.1.3.3
monitoringeach station)..." mustbe
described.

268.6(b)(6)(1)(v) _l'he specifichazardousconstituentsto be 6.1.3.2
monitored..." mustbe described.

268.6(b)(6)(1)(vi) "The implementationschedulefor the 6.1.3.3
monitoringprogram..." must be described.

268.6(b)(6)(1)(vii) "The equipmentused at the monitoring 6.1.3.3
stations..." must be described.

268.6(b)(6)(1)(viii) "The samplingand analyticaltechniques 6.1.3.3, 6.1.5
employed..." mustbe described.

268.6(b)(6)(1)(ix) "Thedata recording/reporting procedures..." 6.1.5.5, 6.1.6.10
mustbe described.

268.6(b)(6)(2) "Whereapplicable,the monitoringplan... 6.1.3.3
mustbe in place for a periodof time specified
bythe Administrator... priorto receiptof
prohibitedwaste at the unit."

268.6(b)(6)(4) "A copyof the monitoringdata.., mustbe 6.1.6.10, 6.1.6.11,
kept on-siteat the facility in the operating 6.1.6.14
record."
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TABLE D-7

CROSS REFERENCE OF NEW MEXICO HAZARDOUS WASTE MANAGEMENT

REGULATIONS (HWMR_), PART VIII, SECTION 268.6 REQUIREMENTS
(CONTINUED)

MONITORING PLAN SECTION(S)
v/ HWMR-6 CITATION REQUIREMENT RESPONSIVE TO REQUIREMENT

268.6(b)(6)(3) "The monitoringdata.., mustbe sent to the 6.1.5.5
Administratoraccordingto a formatand schedule
specifiedand approvedinthe monitoringplan."

268.6(b)(6)(5)(i) "Ali sampling,testing,and analyticaldata 6.1.6
mustbe approvedby the Administratorand must
providedata that is accurateand reproducible."

268.6(b)(6)(5)(ii) "Ali estimationand monitoringtechniques Entire document
mustbe approvedby the Administrator."

268.6(b)(6)(5)(iii) "Aqualityassuranceand qualitycontrolplan 6.1.4, 6.1.5, 6.1.6
addressingali aspectsof the monitoringprogram
mustbe providedto and approved bythe
Administrator."

i'

Source:DOE,1990b
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TABLE D-8

TYPICAL SAMPLING SCHEDULE

SAMPLING SAMPLING '

TYPE OF SAMPLE LOCATIONS FREQUENCY

Liquid Influent 1 Semiannually

Liquid Effluent 1 Semiannually

Airborne Effluent 3 Continuously

Meteorology 2 Continuously

ExposureRate Meter 1 Continuously

AtmosphericParticulate 7 Weekly

Air Quality 1 Continuously

VegetationRadioanalysis 2"4(1) Annually

Beef 2 Annually(1) ,

Game Birds 2 AnnuallY,

Rabbt_.3 2 r Annually

Soil-Radioanalysis 7 Biennially

SurfaceWater 8 Annually

GroundWater 14 Annually

Fish 2 Annually

Sediments 6 Biennially

' Aerial Photography 1 Annually

EnvironmentalPhotography 7 Semiannually

Soil Chemistry 7 Quarterly

Soil Microbiota 7 Semiannually

VegetationSurvey 7 Biannually

WildlifeSurvey 4 Annually

(1)Ifavailable.

Source:Merceret al., 1989

i
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TABLE D-9
TYPICAL ENVIRONMENTAL SURVEILLANCE ANALYSIS SCHEDULE

TYPE OF SAMPLE ANALYSIS

LiquidInfluent GrossAlpha(0¢),GrossBeta(13),pH,TotalSuspendedSolids
(TSS), SpecificRadionuclides

LiquidEffluent Gross¢, Gross13,pH,TSS, SpecificRadionuclides,Chemical
Constituents

AirborneEffluent Gross_, SpecificRadionuclides

Meteorology Temperature,WindSpeed,WindDirection,Precipitation,Dew
Point,BarometricPressure

ExposureRate Meter PenetratingRadiation

Air Quality Ozone, CarbonMonoxide,HydrogenSulfide,SulfurDioxide,
NitrousOxides,Total SuspendedParticulates

Vegetation-Radionuclides Specific Radionuclides

Beef SpecificRadionuclides

Game Birds SpecificRadionuclides

Rabbits SpecificRadionuclides

Soil Radioanalysis Grosso_,Gross13,SpecificRadionuclides

SurfaceWater Grossc¢,Grossj3,SpecificRadionuclides,TSS, pH

Ground Water Gross c¢,Gross J_,Specific Radionuclides, TSS, pH

Fish Gross (z,Gross _, Specific Radionuclides

Sediments Gross e¢,Gross 13,Specific Radionuclides

Aerial Photography Area of Land Disturbed

Wildlife Survey Bird and Small Mammal Population Densities

Source:Merceret al.,1989
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TABLE D-9
, TYPICAL ENVIRONMENTAL SURVEILLANCE ANALYSIS SCHEDULE

(CONTINUED)

.TYPEOF SAMPLE ANALYSIS

Salt Impact Study:

Surface Photography Visual Impacts
Soil Chemistry pH, Electrical Conductivity, Sodium, Chloride, Magnesium,

Calcium, Potassium
Soil Mtcrobiota Microbial Activity, Utter Decomposition
Vegetation Survey Foliar Coverage, Species Richness, Annual Plant Density

• 238 pu239 pu240, pu241 ,-, 242 ,,233 --241 -_243
Specific Radionuclides= Pu , Cs13_ P'u , u , Arn , P,rn , Cm244,Th232, Np23"_,Ra22s, Sr 90, Co s0, Unat, Thnat

Chemical Constituents = Chloride; iron; manganese; phenols; sodium; sulfate; pH; specific
conductance; total organic carbon; total organic halogen; arsenic;
barium; cadmium; chromium; fluoride; lead; mercury; nitrate;

. selenium; silver; enddn; methoxychlor; toxaphene; 2,4-D; 2,4,5-TP
silvex; radium; turbidity; coliform bacteria.

Source: Mercer et al., 1989
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CHAPTER E 1

GROUNDWATER MONITORING 2

3

vi E-1 Compllanoewith GroundwaterProtectionRequirements 4

E-la Waste Piles 5

The Waste Isolation Pilot Plant (WIPP) faotlltyIncludes nowaste piles In which hazardous waste 6
Is treated or stored, as defined in New Mexico Hazardous Waste Management Regulations 7

v' (HWMR-6), Part I, section260.10, and regulatedunderHWMR-6, Pt. V, SubpartL. This section 8
V does not apply to the WIPP facility. 9

E-lb .Landftl_.._.._l 10

V The WIPP facilityinoludesno landfillsmanaginghazardouswaste as defined In HWMR-6, Pt, i, 11
V sec. 260.10, and regulatedunderHWMR-6, Pt. V, SubpartN. Thissection doesnot applyto the 12

V WIPP facility. 13

E-1¢ NQ Mi.citation 14

lt is the positionofthe U.S. Departmentof Energy (DOE) that the migrationof hazardouswaste 15
or hazardous constituentsfrom the WIPP Test Phase activitiesto the environment through 16
groundwater is unlikely. For this reason, DOE is submittingthe demonstrationcontainedin 17

Appendix E1 to determine the applicability of the groundwatermonitoringregulationscontained is
_/ in HWMR-6, Pt. V, Subpart F, and HWMR-6, Pt. V, sec. 264.602, during the Test Phase. 19

Pending the outcome of the Test Phase, permit modifications, if required,will discuss DOE's 20
_/ positionregardinggroundwatermonitoringtor possiblefutureoperationsat the WIPP facility. 21

V Appendix El, RCRA Groundwater Protection Information,Waste Isolation Pilot Plant, of this 22
permit applicationsummarizesthe geological, hydrological,and climatologicalfeatures of the 23
WIPP site which, along with the nature of the WIPP Test Phase activities, determine the 24

v/ applicability of RCRA groundwater monitoring requirements. The protection information 25
demonstratesthat thereis nopotentialfor migrationof liquidfromthe regulatedunitto the nearest 26

_/ aquiferduringthe Test Phase. Therefore, it is DOE's positionthatthe requirementsof HWMR-6, 27

v/ Pt. V, sec. 264.602, for monitoring,testing, Inspection,:.,etc., are not applicable because the 28
V stipulationsprovidedin HWMR-6, Pt. V, sec. 264.60 =(a), are met. 29

DOE Order 5400.1, General EnvironmentalProtectionProgram (DOE, 1988), requires that ali 30
DOE facilitiesprepare a Groundwater ProtectionPlan and reportgroundwatermonitoringdata 31

annually to the Office of Ope_ationalSafety as part of an Annual Site EnvironmentalReport. This 32 @

Chapter E
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1 plan Is dooumented in the Waste isolation Pilot Plant Groundwater ProteotlonManagement Plan
2 (DOE, 1990).

1,

3 E-2 Intedm StatusGroundwaterMonltodn_Dat..a

4,/ AnInterimstatusgroundwatermonitoringwaiver was preparedandis locatedat theWIPP facility.
5,/ As Indicated In the monitoringwaiver, the WIPP facility is to be operated without RCRA
6,/ groundwater monitoring, In accordance with the provisions made In HWMR-6, Pt. VI,
7,/ seo. 265.601(a). AppendixE1 containssimilar Informationthat demonstratesvery low potential
sv' for migrationof hazardouswasteor hazardousconstituentsfromthe WIPP site via groundwater.
9,/ Therefore, this sectiondoes not applyto the WIPP facility.

lO E-3 General Hydro.cleoloqloInformation

11 A descriptionof thegeneralhydrogeologtocondltlonsatthe WIPP sre Is IncludedIn Sections4.0,
12 5.0, and 6.0 of AppendixEl.

13 E-4 Topoqrap.hloMap Requirements

J

14 The topographle and geomorphological features that may affect groundwater flow at the WIPP
15 site are described in Sections 3.0 and 4.0 of Appendix El.

16 E-5 Contaminant Plume Description

• 17 No contaminant plume is present at the WIPP site; therefore, this section is not applicable to the
18 ,'#IPP facility.

19 E-6 General Monitodnq Proqram Requirements

2o,/ The requirements of HWMR-6, Pr. V, Subpart F, do not apply, as stated In HWMR-6, Pt. V,
21,/ sec. 264.97(d). Groundwater monitoring is not required to assure the performance standards in
22V HWMR-6, Pr. V, sec. 264.601, are being met.

23 E-7 DetectionMonitodnclPro.clram

24v/ The requirementsof HWMR-6, Pt. V, Subpart F, do not apply because, as stated in HWMR-6,
25`/ Pt. V, sec. 264.97(d), thegroundwaterdetectionmonitoringprogramis not requiredto assurethe
26,/ performancestandardsin HWMR-6, Pt. V, sec. 264.602, are being met.

ChapterE
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E-8 oompl!_.noeMon!tortn_Program . 1

J DOE Is providinggroundwaterproteotlonInformationto demonstrateoompllanoewith HWMR-6, 2
J Pt.V, seos,264.601(a) and 264.602; therefore,oompllanoemonitoringis notrequiredat the WIPP 3
J faolllty. , 4

E-9 CorreotlveAot!onProgram ' s

J DOE wtllinstituteoorreotiveaotlonsfor ali releasesof hazardouswasteor hazardousoonstltuents 6
J from solidwaste managementunits at the WiPP faoillty that are neoessary to proteot human 7
J health and the environment. Solidwaste management unltsare desodbedIn ChapterJ of this 8
J permit applioation. Correottveaotlons will be performed In oompllanoe with HWMR-6, Pt.V, 9
J seo. 264.101. lO

ChapterE
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1 List of Referenoes for Chapter E

2 U.S. Department of Energy (DOE), 1990, "Waste Isolation Pilot Plant Groundwater Proteotlon
3 Management Plan," DOE/W!PP 90-008, U.S, Departmentof Energy, Carlsbad,New Mexioo. b

I

4 U.S. Department of Energy (DOE), 1988, "General EnvironmentalProteotlonProgram," DO__._EE
s Order 5400.!, U.S. Departmentof Energy, Washington,D.C.
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CHAPTER F , 1

PROCEDURES TO PREVENT HAZARDS 2

Introduction 3

The purposeof this chapteris to describethe measurestaken duringthe Test Phase to prevent 4
hazards, ltdescribesthe secudtyequipmentandproceduresin placeat the Waste IsolationPilot 5
Plant (WIPP) facilitythat continuouslymonitorand control entry ontothe active portionof the 6
facility, including24-hour securitysurveillance,fencing, and signs. The chapterdiscussesthe 7
facility inspections(includingcontainerinspections)that areconductedto detectmalfunctionsand 8
deterioration,operatorerrors, and dischargesthat may be causingor may lead to releases of 9
hazardouswasteor hazardousconstituentstothe environmentor thatcouldbe a threatto human 10

health. Preparedness and prevention procedures; structures, and equipment are also 11
documented,includingthose relatedto ignitable,reactive,and incompatiblewaste. 12

F-1 Secudty 13 '

The security requirements contained in the New Mexico Hazardous Waste Management 14
_/ Regulations(HWMR-6), Part V, section264.14, and HWMR-6, Pt. IX, sec, 270.14(b)(4), require 15

that securitybe providedby 24-hoursurveillanceor a barrierand meansto controlentry; if these 16
requirementscannotbe met, a waiver may be requested. The followingsectionsdemonstrate 17
that the WIPP facility fullycomplieswiththe requirementsand that a waiver is not requested. 18

F-la SecudtyProceduresand Equipment 19
i .

The designand operation of the WIPP facilityare specificallyplannedto fully meet the security 20
V requirementscontainedin HWMR-6, Pt. V, secs. 264.14(b) and (c). Because the WIPP facility 21
v' is not requestinga waiver underHWMR-6, Pt. V, sec. 264.14(a), it must have 24-hour security 22

surveillanceo_/ra barrierand meansto controlentry. In addition,warningsignsmustbe provided. 23
The WIPP facility meets the critedaforali three, as discussedbelow. 24

F-la(l) 24'Hour SurveillanceSyste.m 25

V The WIPP facility fully complieswiththe requirementsof HWMR-6, Pt. V, sec. 264.14(b)(1), for 26
a 24-hour surveillance system (i.e., televisionmonitoringor surveillanceby guards or facility 27

personnelwho continuouslymonitorand controlentry ontothe active portionof the facility). 2s

ChapterF
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1 The responsibilityfor security surveillance rests with the armed security guard force, which
2 providesprotection24 hoursperday, 365 daysper year, and withdesignatedreceptionists,who
3 log in alivisitors,contractors,and vendorsbeforethey proceedto the Main Gate for accessinto
4 Zone I.

5 Figure B-5 in Chapter B, Facility Description,shows the relationshipof the WIPP facility site
6 boundary (which provides a 1-mile buffer around the area available for underground
7 development),Zone II (whichoverliesthe maximumextentof the area availableforunderground
8 development),and Zone I (the fenced area containingali major surfacebuildings). FigureB-4
9 inChapterBof thispermitapplicationShowstheWIPP facilitysurfacestructures,theirusageand

lo structurenumbers,and their relationto the fence. Figure F-1 showsthe WIPP facilitysecudty
11 gate, and FigureF-2 showsthe Guard and Security Buildingwhere the securityguardforce is
12 stationed.

13 The majorduties of the securityguardforceare personnel,vehicle, and materialaccess/egress
14 control during work hours. During nonwork hours, the guard force conducts documented security
le patrolsinsidethe facilityas well as outsidethe securityarea. The _cudty guardforce consists
1sV of employeesof the WIPP Management and OperatingContractor (MOC).

17 In addition to the security guard force, WIPP facility employees are called upon to challengeany
18 personin WIPP facilitieswho is not wearinga badge or who is notunderescortwhen an escort
19 is required. Furtherphysical protectionis providedby fences, protectivelighting,and closed-
20 circuittelevisionsystems. The closed-circuittelevisionsystemis monitoredby thesecurityguard
21 force 24 hours per day.

22 F-la(2) Barrierand Means to ControlEntry

23,/ The existenceof a barrierand meansto controlentry demonstratescompliancewith HWMR-6,
24 Pt. V, sec. 264.14(b)(2). Each is discussedin detail in the followingsections.

25 F-1;_(2)(a) Barrier
J

26 Primary WIPP facilities(Zone I) are contained within a 35-acre fenced area. This area is
27 surroundedby a permanent8-foot-highchain-linkfence and topped by three strandsof barbed
2s wire for a total height of 9 feet. The fence encloses major surface structures. The plant
29 subs;tationis surroundedby an additionalchain-linkfence for security. The regularlyinspected
3o chain-link fencingat the WIPP facility completelysurroundsthe active portion of the facility,
31,/ thereby complyingwith HWMR-6, Pt. V, sec. 264.14(b)(2)(i). Rgure F-3 showsthe fence and
32 sign_;that surroundZone I.

e
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F-la(2)(b) Means to ControlEntry 1

Entranceto Zone I, whether by personnel or vehicles, is through controlledgates and doors 2
(FiguresF-l, F-2, F-4, and F-5). WIPP facilityaccesscontrolproceduresaredesignedto ensure 3
that onlyproperlyidentifiedand authorizedpersons,vehicles,and propertyare allowedentrance 4
to and exit from the facility. A personnelidentificationand acc¢_sscontrolsystem is maintained 5
withinthe facility. Employeesidentify_hemselveswith an identificationbadge when enteringor s
leaving the premises. The reception/protectiveforce 'personnel require proper authorization 7

before admittingvisitorsto the facility. In addition,visitorsare requiredto wear a temporary s
badge and to be accompaniedby an authorizedescort. The protectiveforce is on duty24 hours 9
per day, 365 days per year. Becausethe WIPP facilitycontrolsentry to the activeportionof the 10

J facilityat ali times, the requirementsof HWMR-6, Pt. V, sec. 264.14(b)(2)(ii), are met. 11

F-la(3) Wamin_clSians 12

The permanentchain-linkfenc.esurroundingZone l is postedat approximately50-foot intervals 13
with U.S. Departmentof Energy's(DOE) "No Trespassing"signsand with "Danger: Authorized 14
PersonnelOnly" signsir,I Englishand Spanish(Figure F-3). The signsare legiblefroma distance 15
of 25 feet and can be seen from any approachto the facility. These same signs,plussecurity 16

O and trafficsigns,are also locatedon the Controlledgates (FiguresF-4 and F-5). The fence and 17_/ gate signsat the WIPP facility fullycomplywith HWMR-6, Pt. V, sec. 264.14(c). 18

F-lb Waiver 19

_/ The WIPP facility fully complies with ali three of the requirements of HWMR-6, 20
Pt. V, secs. 264.14(b) and(c), asdescribedinSectionsF-la(l), F-la(2)(a), and F-la(2)(b) ofthis 21

_/ chapter. Therefore, no demonstrationunder HWMR-6, Pt. V, secs. 264.14(a)(1) and (2), is 22
required. 23

F-2 InspectionSchedule 24

The WIPP facili_,has a sedes of manuals thatincludeali the detailedinspectionproceduresand 25
J forms necessaryto complywith HWMR-6, Pt. IX, sec. 270.14(b)(5), and HWMR-6, Pt. V, sec. 2s
_/ 264.33, duringthe Test Phase. Table F-1 liststhe inspectionproceduresforeach itemor system 27

_/ requiring inspection under these regulations. HWMR-6, Pt. IX, sec. 270.14(b)(5), lists 28
J requirementsthat are specificallycontainedin HWMR-6, Pt. V, secs. 264.15(b), 264.174, and 29

264.602, which are applicableto the WIPP facility. HWMR-6, Pt. IX, sec. 270.14(b)(5), also lists 30
requirementsfor facilitiesthat are notpresentat the WIPP facility or for operationsnotperformed 31
at the WIPP facility. As discussedin SectionsF-2b(2) throughF-2b(7) of thischapter,the WIPP 32
facility does not manage mixed waste using tanks, surface impoundments,waste piles, land 33
treatments,landfills,or drippads. Therefore, HWMR-6, Pt. V, secs. 264.193(i), 264.195, 264.226, 34

0
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1 264.254, 264.273, 264.303, and 264.574 are not applicable to the WIPP facility. In addition,
2 HWMR-6, Pt. V, secs. 264.1033, 264.1052, 264.1053 and 264.1058, are not applicable to the
3 WIPP facility because the WIPP facility does not perform distillation,fractionation,thin-film
4 evaporation,solventextraction,or air or steam strippingoperations and does not have routine
5 operationswhereequipmentcomesIncontactwithwaste with organicconcentrationsof at least
6 10 percentby weight. Compliancewiththe specific requirementsis discussedbelowand in the
7 followingsections,and the manuals that containthe relevantinspectionInformationare cited
s where appropriate.

9 The WIPP facility maintains operational manuals detailing the inspections required under
lO_ HWMR-6, Pt. V, secs.264.15(a) and (b). Table F-1 liststheoperationalmanualscontainingthe
11,/ inspectionprocedures. The facility is Inspectedfor malfunctionsand deterioration,operator
12 errors, and discharges that may cause, or potentiallycause, releases to the environmentor
13 threaten human health. Frequency of Inspectionsis discussedin detail in Section F-2a(2).
14 Inspectionsare conductedoftenenoughto identifyproblemsin time to correctthem beforethey
15 pose a threat to human health or the environment and may also be based on regulatory
16 requirements. The operationalmanualsassign responsibilityfor conductingthe Inspection,the
17 frequencyof each inspection,the types of problemsto be watched for, what to do if items fall
1s inspection,directionson routingfor recordkeeping,and Inspectorsignature,date, andtime. The
19 operationalmanualsare maintainedat the WIPP facility.

20 Inspectionproceduresinclude identifying malfunctionsor deterioratingequipmentand structures.
21_/ The equipment tagout/Iockout procedures in WP 04-3, Operations Administration Manual
22_ (Westinghouse, 1992a), describe the steps taken to tag or lock an item that requires repair or
23v/ replacement. Items that are operational with restrictions are tagged with those restrictions. Items
24V / that are not operational are tagged and locked to prevent their use. T_gged and locked items
25_/are listed on the Tagout/Lockout Index. The work authorization procedures in WP 04-3 outline
26 the work request controls for repetitive or one-time tasks. [An exception is routine mine openings
27,,/ maintenance, including wire meshing and rockbolting, which are covered in WP 04-2, Mining
2s_/ Operations Manual (Westinghouse, 1991a).] Once a scheduled repair or replacement is
29_/ accomplished in accordance with the work authorization procedures, the tag and lock are
3m/ removed from the item in accordance with the equipment _goutJlockout procedures. If an item
31_/ is being tested under the procedures in the controlling document for that piece of equipment, theli
32_/ the scheduled test will be noted on the Plan of the Day or the Daily Release Sheet maintained
33,/ in the Facility Operations Shift Supervisor's Office. These procedures allow the persons
34 conducting the inspections listed below to verify the status of items that have previously been
3s identified for repair or replacement and to enter that information Into the appropriate inspection
36_/ form or log. Implementation of these procedures constitutes compliance with HWMR-6,
37 Ft. V, ssc. 264.15(c).
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e
_/ Requirementsof HWMR-6, Pt. V, soc. 264.15(d), are metby the inspectionproceduresfor each 1

item or systemincludedin Table F-1. The resultsof the inspectionsare maintainedforat least 2
threeyearsinaccordancewithWP 02-6 andWP 02-7, ResourceConservationand Recoven/Act 3

_/ (RCRA) ComplianceManual (Westinghouse,1992b). The inspectionlogsincludethe date and 4

time of inspection, the name of the inspector,a notationof the observationsmade, and the date 5
•and natureof any repairsor other remedialactions. 6

i

F-2a General InspectionRequirements 7

Table F-1 liststhe major categoriesof monitoringequipment, safetyand emergencysystems, e
securitydevices,and operatingand structuralequipmentthat are importantto the preventionor 9
detectionof, or the responseto, environmentalor human health hazardscaused by hazardous 10
materials. These systems may includenumeroussubsystems. These systemsare inspected 11
accordingto the frequencylistedinTable F-l, a copyof whichis maintainedat the WIPP facility. 12
The frequencyof inspectionsis based on the nature of the equipment or hazard or meets 13
frequencyrequirementswhen these are specified. When in use, daily inspectionsare made of 14

_/ areas subject to spills, such as loadingand unloadingareas, in accordancewith HWMR-6, 15
Pt. V, soc. 264.15(b)(4). Bin-scale test rooms and derived waste emplacement areas are is

_/ inspected weekly as waste container storage areas, in accordance with HWMR-6, 17
Pr. V, soc.264.174. Volatile organic compound (VOC) monitoringis conducted daily and le
equipment is inspected daily until statisticalstandards are met, allowingthe frequencyto be 19
reduced to weekly in accordance with the U.S. Environmental Protection Agency's (EPA) 2o
ConditionalNo-Migration Determination(EPA, 1990). The EPA's requirement is made in 21

v/ accordancewithHWMR-6, Pt. V, soc'.264.602. As requiredin HWMR-6, Pt. V, soc. 264.33, the 22
WIPP facility inspection procedures for communicationand alarm systems, fire protection 23
equipment,and spillcontroland decontaminationequipment includeprovisionsfor testingand 24
maintenanceto ensure that the equipmentwill be operablein an emergency. 25

F-2a(1) Typesof Problems 26

The inspection r_anualsfor the systemssubject to this Part B permit applicationand listed in 27
Table F-1 include the types of problems(e.g., malfunctionsor deterioration)to be looked for 2e

V duringthe Inspectionof each itemor system,if applicable,and are incompliancewithHWMR-6, 29
Pr. V, soc.264.15(b)(3). 3o

F-2a(2) Frequencyof Inspections 31

Table F-1 liststhe inspectionfrequencyfor equipmentand systemssubjectto the Part B permit 32
application. The frequency is based on the rate of possibledeteriorationof the equipmentand 33
the probabilityof an environmentalor human health incidentif the deteriorationor malfunction, 34
or any operatorerror, goes undetectedbetween inspections. Areas subjectto spills,such as 35
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1 Io_.d!ngand unloadingareas, are Inspecteddailywhen in use, consistentwith the requirements
2V of HWMR-6, Pt. V, sec. 264.15(b)(4).

3 The EPA's Conditional No-Migration Determination (EPA, 1990) contains an additional
4 requirementto monitorfor VOCs. DOE will operate a carbon adsorptiondevice designedto
5 achieve a controlefficiencyof at least95 percentin the discharge systemof the binexpedment
6 rooms. Initially,the controldevice outlet airstream will be inspectsd and sampled on a daily
7 schedule. Once statisticalstandardsare met, inspection and sampling may be reduced to
e weekly. The VOC monitoringand the inspectionof the monitodnqequipmentare part of the
9V additional EPA requirements for the miscellaneous unit in accordance with HWMR-6,

10 Pt. V, sec. 264.602.

11 Bin-scale test rooms and the site of emplacement of derived waste will be in Panel 1.
12 [Section D-8a(2)(a) in Chapter D of this permitapplicationcontains a detailed explanationof
13 derivedwaste.] Thebin-scaletest roomsandderivedwasteemplacementroomwillbe inspected
14_/ weekly in accordancewith HWMR-6, Pt. V, sec. 264.174, to determineif containersare leaking
15 and to monitor for deterioration of either the containers or the containment system. If
16_/ deteriorationisfound,the typeandextentwillbe notedduringthe inspection. FigureD-20 shows
17 the location of the bin-scaleTest Phase area; derivedwastewillbe emplacedinan unusedroom
le in Panel 1.

20 F-2b Specific ProcessInspectionRequirements

_.1_/ The regulations listed in HWMR-6, Pt. IX, sec. 270.14(b)(5), and HWMR-6,
22 Pt. V, sec. 264.15(b)(4), require inspections of specific portions of a facility, rather than the
23 general facility. These Include container storage areas, tank systems, waste piles, surface
24 impoundments, incinerators, landfills, land treatment facilities, and misce!laneou,_units. Each is
25 addressed below.

2s F-2b(1) Container Inspection

27 Inspection of container storage areas in the miscellaneous unit at the WIPP facilityis addressed
2ev' in Section F-2a(2) above and demonstrates that the WIPP facility is in compliance with HWMR-6,
29 Pr. V, sec. 264.174.

3o F-2b(2) Tank System Inspection

31 The WIPP facility does not manage hazardous or mixed waste using a tank system as defined
32_/ in HWMR-6, Pt. I, sec. 260.10, and regulated under HWMR-6, Pt. V, Subpart J. Tank system
33 regulations are not applicable to the WIPP facility.
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F-2b(3) Waste Pile Inspection 1

The WIPP facilitydoes not manage hazardousor mixedwaste usinga waste pile as definedin 2
V HWMR-6, Pt. I, sec. 260.10, and regulatedunder Pt. V, SubpartL,. Waste pile regulationsare 3

notapplicableto the WIPP facility. 4

F-2b(4) Surface ImpoundmentInspection 5

The WIPP facilitydoes not managehazardousor mixedwaste usinga surfaceimpoundmentas s
J definedinHWMR-6, Pt. I, sec. 260.10, and regulatedunderHWMR-6, Pt. V, SubpartK. Surface 7

impoundmentregulationsare not applicableto the WIPP facility, s

F-2b(5) IncineratorInspection 9

The WIPP facilitydoes not manage hazardousor mixed waste using an incineratoras defined lO
•,/ in HWMR-6, Pt. I, sec. 260.10, and regulated under HWMR-6, Pt. V, SubpartO. Incinerator 11

regulationsare not applicableto the WIPP facility. 12

F-2b(6) Landfill Inspection 13

The WIPP facility does not manage hazardousor mixedwaste using a landfillas defined in 14
_/ HWMR-6, Pt. I, sec. 260.10, andregulatedunderHWMR-6, Pt. V, SubpartN. Landfillregulations 15

are not applicableto the WIPP facility. 16

F-2b(7) Land Treatment FacilityInspection 17

The WIPP facilitydoes not managehazardousor mixedwaste using landtreatmentas defined 18
J in HWMR-6, Pt. I, sec. 260.10, andregulated underHWMR-6, Pt. V, SubpartM. Landtreatment 19

regulationsare not applicableto the WIPP facility. 20
_=

. F-2b(8) Ddp Pad Inspection 21

The WIPP facility does not manage hazardousor mixedwaste using drip pads as defined in 22
HWMR-6, Pt. I, sec. 260.10, and regulated under HWMR-6, Pt. V, Subpart W. Drip pad 23
regulationsare not applicableto the WIPP facility. 24

F-2b(9) MiscellaneousUnit Inspection 25

_/ HWMR-6, Pt. V, sec. 264.602, requires that inspections contained in HWMR-6, Pt. V, 26
V secs. 264.15 and264.33, as wellas any additionalrequirementsneededto protecthumanhealth 27

_/ and the environmentas specified in the permit,be met. The requirementsof HWMR-6, Pt. V, 2e
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1V secs.264.15 and 264.33, are discussedin Section F-2 of thischapter, along with how the WIPP

2,,/ facilitycompiles with those requirementsfor standardtypesof inspections.

3 The EPA's ConditionalNo-MigrationDetermination(EPA, 1990) requiresVOC monitoringfor the
4 Test Phase. The details of this monitoringprogram are contained in Section D-8e(1) and
5 AppendixD12. As required In HWMR-6, Pt. V, sec. 264.15, inspectionsmust be conducted
6 where there is a potential for release of hazardous waste or hazardousconstituentsto the

i

7 environment or a threat to human health. As discussedin Section F-2a, the WIPP facility
s includesitheVOC monitoringand Inspectionof the equipmentused for the VOC monitoringas
9 part of its RCRA inspection/monitoringschedule. VOC monitoringis conducteddaily and VOC

10 monitoringequipmentis inspecteddailyuntilstatisticalstandardsare met,allowingthe frequency
11 to be reduced to weekly, inaccordance with the EPA requirements. VOC monitoringand
12 equipmentinspectionfrequenciesandthe manualsthat containtheproceduresforthe monitoring
13 ' and inspectionsare listed in Table F-1.

,,

14 F-3 Waiver or Documentationof Preparednessand PreventionRequirements

15 As descdbec_in the followingsections,theWIPP facilityhas a variety of communicationssystems
16 and emergency response equipment and possesses a continuouswater supply to meet
17 emergency situations. In addition,proceduresare in placefor maintainingsufficientaisle space
is in whichto respondto emergenciesinvolvinghazardouswasteorhazardousconstituents,These
19_/ systemsand proceduresfullymeet the preparednessand preventionrequirementsof HWMR-6,
2o,,/ Pt. V, secs.264.32, 264.34, and 264.35, and therefore, no waiver under HWMR-6,
21 Pt. IX, sec. 270.14(b)(6), is requested.

22 F-3a Equipment Requirements

23, TheWIPP facilityis well-equippedwithinternalandexternalcommunicationssystems,emergency
24 equipment, and water for fire control. As shownin the followingsections,the facilityfully meets
25V therequirements of HWMR-6, Pt. V, secs.264.32 and 264.34.

26 F-3a(1) InternalCommunications
t

27V/ HWMR-6, Pt. V, sec. 264.32(a), requiresa facilityto have an internalcommunicationsor alarm
28 system capable of providing immediate emergency instructions(voiceor signal) to facility
29V personnel. In addition,HWMR-6, Pt. V, sec. 264.34(a), requiresthat employeeshave immediate
3o access to an internal alarm or emergencycommunicationdevice when handlingwaste. The
31 followingdiscussionsshowthattheWIPP facilityiswell-equippedfor internalcommunicationsand
32 fully com_)lieswith the regulations.
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i

The intraplant communication systems, designed to provide Immediate emergency instructions 1
to facilitypersonnel,Includetwo-way communicationby the publicaddress(PA) system andits 2

V intercomphonesand pagingchannels,an intraplanttelephonesystem,minephones,pagersand 3
_/ plectra,portabletwo-way radios,and localand facilitywldealarm systems. The proceduresfor 4

notifyingfacilitypersonnelIn an emergencyand the locationsof these communicationsystems s
are contained in the ContingehoyPlan, Chapter G of this permitapplication. 6

The PA andintercomsystemconsistsof handsetstationsand loudspeakerassemblies,each with 7
itsown amplifier. The system has multiplechannels: one forpublicaddressandpaging andthe 8
othersfor independentparty lines. The handsetsare hard-wired,hand-heldtransmitter-receivers 9
that are capable of transmittingtOotherindependenthandsetsor to the PA loudspeakers, initial 10
communicationbetween partieswithinthe plantcan be establishedby usingthe pagingchannel. 11
Each designated location has a single set of electricallyisolated speakers and a handset. 12
Multiple sets are provided in large open areas. In order to cover most areas in the plant, 13
loudspeakersare properlyoriented and volume levels _re adjusted. If one station fails, the 14

remaining stationsare isolatedfrom the out-of-serviceunit to preventa failurein the remaining 15
system. 16

Private automatic branch exchange (PABX) two-waycommunicationis providedbetween any two 17
telephoneslocatedaboveor belowground. Directdialingto outsidetelephonesanddirectdialing is
to WIPP facilitytelephonesare providedby this system. Failureof a singletelephonestation 19
doesnotaffect the balanceof the telephonesystem. If the telephonesystemshouldfall, the PA 20
systemandthe portabletwo-wayradiosprovidebackupsurfacecommunications. 21

Vr 22

_/ TheSite NotificationSystem (SNS) consistsof 50 pagers inthepossessionof officewardensand 23
V40 plectra located in various buildings. The SNS pagers and plectra are tone-activated radio 24
_/ receiversthat are activatedbythe two-way radio system. TOgeneratea tone on the pagersand 25
_/ plectraor to senda verbal message, the radio operatorenters a securitycodeinto the two-way 26

_/ radiosystemandbeginsbroadcasting.The SNS pagersare portableandbattery-operated.The 27
_/ plectraare portableandcan be pluggedintoa standardelectricalcircuitor poweredfrom internal 28
_/ batteriesthat are continuouslyrechargedwhen connectedto the electricalcircuit. The two-way 29
_/ radiosystem is suppliedwith power from the uninterruptiblepower supplyif the off-sitepower 30
V' supplyfalls. 31

A plant radio station in the Guard and Secudty Buildingand one located in the Emergency 32
Operations Center in the Safety and Emergency Services Building allow two-way radio 33
communicationwith on-site personneland with mobile/portableWIPP facilityunitsoperatingon 34

_/ and off the WIPP site. The two-way radio also allowsone-way emergency notificationon the 35
" V portableSNS pagersand plectra. 36
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1 There are various alarm systems at the WIPP facility. The evacuation alarm system is used for,
2 and limited to, situations requiring immediate, rapid, and complete or selective area evacuation.
3 Its signals are produced by a tone generator and are transmitted plantwide over the paging
4 channel of the PA speakers,overridingitsnormaluse. Thesignalsare high-intensity,intermittent
5 signalsthat last about ten seconds. The plantwidealarm signals are initiated manually for
s radiation problemsand automaticallyby undergroundfire detection and alarm systems for
7V undergroundareas. Undergroundfire alarms also initiate the undergroundevacuationalarm.
s These alarm signalstake pdorityover othersignalson the pagingchannelbut do notaffect the
9 intercomchannels. Evacuationalarms usingthe PA system,local and plantwide,also can be

10 initiatedmanuallyfromthe CentralMonitoringRoom(CMR) inthe SupportBuilding.The audible
11 alarm signalsare supplementedby warning lightsin high ambient noise areas underground.
12 These alarms are suppliedwithpower fromthe uninterruptiblepower supplyif the off-sitepoWer
13 supplyfails.

14_/ Whenever mixedand/orderivedwaste are handled,two persons,at a minimum,are involvedin
15,,/ the operation. The Waste HandlingBuilding(WHB) containstelephones and publicaddress
is stationsinthecontact-handledwastebayandoutsidetheOverpackand RepairRoom. The mine
17 phonesare the mainmeansof communicationunderground,althoughthepublicaddresssystem
le is also available. The minephonesare movedperiodicallyso that they are maintainedin close
19 proximityto the workareas.

20 Table G-1 inthe ContingencyPlan,ChapterG of thispermitapplication,describesthe capabilities
21 and locationsof the variousinternalcommunicationsystems.

22 F-3a(2) ExternalCommunications

23V HWMR-6, Pt. V, ssc. 264.32(b), requiresthata communicationsdevicebeavailableforcontacting
24_/ outsideagenciesforemergencyassistance. Inaddition,HWMR-6, Pt. V, ssc. 264.34(b), requires
25 that if just one employee is on the premises,the employee must have immediateaccess to a
26 device capableof summoningoutsidehelp. Waste handlingoperationsare notconductedat the
27 WIPP facility when only one person is present on the premises. Waste handling operations are
28,/ conductedby two or morepersons. The securityguard force is also present on the premises
29 duringwaste handlingoperations. When no waste handlingoperationsare beingconducted,at
30 a minimum,the securityguardforce is presenton the premises. As discussedbelow,the WIPP
31 facility has the requiredexternal communicationdevices and operates in a manner that fully
32 complieswiththese regulations.

33 The externalcommunicationsystems,designedto providetwo-way communicationwithoutside
34 agenciesor for summoningemergencyassistancefromoffsite,includethecommercialtelephone
35 system and two-way radios.
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I

Direct dialingthroughany telephone locatedabove or belowgroundallowscontact,withoutside 1
agencies. Failure of a singletelephone stationdoes not affect the b_=lanceof the telephone 2

system. Sixty percentof the direct-dial incomingand outgoinglinesare routedvia a microwave 3
locatedon the edge of the parking lot. The remaining40 percent of the direct-diallines are 4

_/ routedto Cadsbad by means of a buriedcable. This diverse routingallows for continueddirect- 5
dialcapabilityif eitherof the routingmodes fails. 6

A plant radio station in the Guard and Security Buildingand one located in the Emergency 7
Operations Center in the Safety and Emergency Services Building allow two-way radio s
communicationwith the Eddy Countyand Lea County Sheriff'sDepartments,the Hobbs Fire 9
Department, the New Mexico State Police, the Guadalupe Medical Center, and the Otis Fire 10
Resl:_se Teams. 11

1

TableG-1 intheContingencyPlan, ChapterGof thispermitapplication,describesthe capabilities 12
r

and locationsof the variousexternalcommunicationsystems. 13

F-3a(3) EmerclencvEcluiDment 14

Table G-1 of theContingencyPlan,ChapterG of thispermitapplication,describesthe c_pab_lities15 '
and locationsof the fire suppressionequipmentand systems. Table G-2 liststhe _p,_ of fire 16
suppressionsystemsby structure. FigureG-4 displaysthe undergroundlocationsof emergency 17

equipment. FigureG-5 showsthe tire-water distributionsystem on the surface. Figure G-6 18
shows the undergroundfuel area tire protectionsystem. The informationcontained in these 19
tables and figuresdemonstratesthat the WIPP facilityhas the portabletire extinguishers,tire- 2o

V controlequipment (includingspecial extinguishingequipmentthat use foam, inert gas, or dry 21
chemicals),spillcontrolequipment,and decontaminationequipmentneeded for full compliance 2;_
with the requirementsof HWMR-6, Pt. V, sec. 264.32(c). 23

F-3a(4) Water for Fire Control 24

HWMR-6, Pt. V, sec. 264.32(d), requires that the facility be equipped with water at adequate 25
volume and pressure to supply water hose streams, foam-producingequipment, automatic 26
spdnklere,or water-spraysystems. The followingdiscussionon firecontrolsystemsat the WIPP 27

facilityd,_monstratescompliancewiththis requirement. 28

The primary functionof the WIPP facility water systemis to supplywater for domesticuse and 29
tire protection. Water is furnished by the Double Eagle Water Company, ownedby the City of 30
Cadsbad. Wells located 30 milesnorthof the WIPP facility are the source of the water. Water 31
is supplied bygravityflow througha 24-inch-diameterpipelineto a junctionpointabout 13 miles 32
northof the site at U.S. Highway62/180. This line is sized to provide6,000 gallonsper minute 33
for use by others, inadditionto the peak flow rate required bythe WIPP facility. Controlsat the 34
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1 junction point give the WIPP facility ;.,dofityover flows to ali other users. A lO-inch-diameter
2 pipelinesupplieswater by gravityflow from the tie-in puiJlt to the WIPP facility.

3J Atthe WIPP facility,thewaterentersa pairof 180,000-gallonabove-groundstoragetankslocated
4J adjacent to the Pumphouse (Rgure F-3). These tanks are 32 feet in diameter and are
sV constructedof welded steel. The water level in each tank is monitoredin the CMR. Of the
sJ 360,000-gallontotal capacity,about 160,000 gallons (80,000 oallonsper tank) is designatedfor
7J storage of a two-day supply of domestic water. The remaining200,000 gallonsof water is
eV' dedicatedto firesuppressionandis sufficientto handlethe maximumcrediblefire (DOE, 1990a).
9J Separtte sets of pumps for the domesticwater and fire water systemsare provided in the

l oy' Pumphouse. Duringa tire, the tire-water pump is automaticallystarted,and availabledomestic
11J water is usedfirst. Upon depletionof the domestic-waterinventory,the domestic-waterpumps
12V are automaticallyshut off, and the dedicatedtire-water reserveis availablefor fire suppression
13J use only. The primaryfire-waterpump is a 100-percent-capacityelectricpump. A 100-percent-
14J capacitydieselfire-waterpumpprovidesbackupincase of a powerfailureor when maintenance
lSJ is requiredon the electricpump. Each tire-waterpump is ratedat 1,500 gallonsper minute at
lSJ 125 poundsper squareinch. Fire-waterpressureis maintainedby an electricpump.

17 The followingbuildingsare connectedto and protectedby the central sprinklersystem: the
18 Pumphouse,the Guard and SecurityBuilding,the Support Building,the WHB, the ExhaustFilter
19 Building, the TRUPACT fv,aintenanceFacility, the Engineering Building,and several other
2o warehouse and maintenance buildings. The Pumphouse,the Support Building,the WHB, and
21 several other warehouse and maintenancebuildingsalso have hose reels. There is no fire-
22 fighting water supply system underground, Instead, the undergroundis equipped with fire
23 extinguishersof varioustypes and in ,-zdous locations(includingvehicles)and a fire truckwith

l

24 a 300-gallon-capacitytank,350-gallon-per-minutepump,30-gallonfoamtank, and 125-pounddry
25 chemicalextinguisher. Undergroundfuel stationsare equippedwithautomatic,1,000-pounddry
26 chemicalextinguishingsystems.

27 Table G-1 ofthe ContingencyPlan, ChapterG of thispermitapplication,describesthecapabilities
2e and locationsof the fire-suppressionequipmentand systems. Table G-2 liststhe typesof fire-
29 suppressionsystems by structure at the WIPP facility. Figure G-4 displaysthe underground
3o locationof emergency equipment. FigureG-5 shows the tire-waterdistributionsystem on the
31 surface. FigureG-6 showsthe undergroundfuel area tire-protectlonsystem.

32 F-3b Aisle Space Requirement

33J HWMR-6, Pt. V, sec. 264.35, requiresthat a facility maintainsufficientaisle space to allowthe
34 unobstructedmovement of personnel, fire protection equipment,spill controlequipment, and
35 decontaminationequipmentto any area of the facilityduringan emergency. The portionsof the

@
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WIPP facility included in this permit application have sufficientaisle space for emergency 1
response,therebycomplyingwiththe regulations. 2

Waste Handlin_qBuildin_ t_

Dudng waste handlingoperations,sufficientroomis maintainedfor unobstructedmovementof 4
personnel,fire protectionequipment,spillcontrolequipment,or decontaminationequipmentto 5
areas in the WHB. 6

V' Standard Waste Boxes (SWBs) will remain inside the Transuranic Package Transporter 7
(TRUPACT-II) containerson the trailers parked outside the WHB until waste handlers are e

V preparedto handlethem. The TRUPACT-II is a double-containedcylindricalshippingcontainer 9
speciallydesignedto meet U. S. Department_of Transportation(DOT) Type B requirementsfor 10

_/ the transportationof mixedwaste to the WIPP facility. The TRUPACT-II payloadconsistsof up 11

V to two SWBs, one of which may be dunnage. FiguresD-9 and D-14 illustratethe TRUPACT-II 12and its load. , 13

V SWBs are unloadedfromthe TRUPACT-II containerinthe Inventoryand PreparationArea (IPA) 14
or the Overpack and Repair Room in the WHB (see Figure D-12). The IPA can handle the 15

O V' unloading of two TRUPACT-II containers at one time. The Overpack and Repair Room 16accommodatesone TRUPACT-II container. 17

o ,/ After preparation,bin-scaletest waste in RadiologicalControlBoundaries(RCBs)is placedonto 18
facility palletsfor transportationto the experimentalrooms. FigureD-17 containsan illustration 19

,/ of a facilitypallet. The facility palletcan accommodatetwo RCBs or two SWBs. 20

V In the eventof a prolongedcessationof v _ste handlingoperations,bin-scaletestwaste can be 21
V placed in areas of the WHB that wouldbe designated_,. _ ,poraryholdingareas. These areas 22
V and the waste containers in them would be locatedso that sufficient aisle space would be 23
V maintainedfor un_'_bstructedmovementof personneland equipmentin an emergency. Shielded 24
V waste holdingspa_'eforone facility pallet is availablein the WHB (see FigureD-12). 25

At alitimes, administrativecontrolsensurethatTRUPACT-II containers,facilitypallets,and SWBs 26
or RCBs are managed in the WHB in a manner to prevent obstructingthe movement of 27

personnel, fire protectionequipment, spillcontrolequipment,and decontaminationequipment. 2s

Bin-Scale Test Rooms 29

RCBs.in the bin-scaletest roomswillbe stacked two-high on platforms,with stacks altemately 30
spaced 2 and 4 feet apart. Two rowsof RCBs will run lengthwisein the room,with each row 31
approximately3 feet from P..room wall (rib), leavinga 17-foot aisle between rows. The RCB 32

0
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1 stackingwill providesufficientaisle space for movement of personnel, fire equipment,or spill
2 control equipment to any area of operationsduring an emergency. Figures D-11 and D-32
3 illustratethe RCB stackingand bin-scale roonl layout.

4 DerivedWaste EmplacementArea

5 Derived waste ernplaced in Panel _,will be arranged so that there is sufficientaisle space for
s movement of personnel, fire eclp_Jpment,or spill controlequipment to any area of operations
7 duringan emergency.
8`/

9 F-4 PreventiveProcedures,.Structures,and EcluiDment

lo`/ The design and operationof the WIPP facilityfully meet each of the requirementsof HWMR-6,
11 Pt. IX, soc. 270.14(b)(8), to preventhazardsassociatedwithunloadingoperations_preventrunoff
12 from hazardous waste handlingareas, prevent contaminationof water supplies,mitigatethe
13V effects of equipmentand power failures, prevent undue exposureof personnel to hazardous
14`/ waste, and prevent releases to the atmosphere. The individualregulatoryrequirementsare
15 discussedbelow.

ii

16 F-4a UnloadinqOperations

17 The following description of procedures,structures,or equipmentusedat the facilityto prevent
18`/ hazards in unloadingoperations is required by HWMR-6, Pt. IX, soc. 270.14(b)(8)(i).

19 The WIPP facility'sequipment, structures,and proceduresare specially designedfor the safe
20 handlingof mixed waste. Section D-Sa(2)(b) details how mixed waste is handled, including
21 unloadingoperations, These waste handlingmethodsandthe equipmentand structuresat the
22 WiPP facilityaddresstheunloadingof theuniqueTRUPACT-II fromthe transportvehicle,transfer
23`/ of theTRUPACT-II viaforkliftto the IPA or Overpackand RepairRoom,and the unpackinqof the
24 speciallydesignedSWBs fromthe TRUPACT-II. Unloadinghazardscould stem fromthe fact that '
25 the containers being handled are of unusualdesign and from the need to avoid handlingthe
26 containerswhenever possible,due to the radiationhazard. The followingis a summaryof the
27 unique systemof procedures,structures,andequipmentthatwere speciallydevelopedtoprevent
28 hazards in unloadingof mixedwaste.

29`/ The TRUPACT-II shippingcontainer has a gross loaded weight of 19,250 pounds. The
30`/ TRUPACT-II shippingcontainerhas forklift pockets_t the bottomof thecontainerspecificallyfor
31,/ lifting the containerwith a forklift (see Figure D-9). The 13-ton electric forklift unloads the
32 TRUPACT-II from the trailerand transfersit to an unloadingdockinthe WHB (see FigureD-15).
33 The unloading dock is speciallydesigned to accommodatethe TRUPACT-II container and
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functionsas a work platform, providingwaste handling and health physicspersonnelwitheasy 1
accessto the containerduringunloadingoperations. 2

V An overhead 5-ton crane and adjustablecenter-of-gravityliftfixture (see Figure D-16) transfer 3
each layer of waste containersto the prepositioned,speciallydesignedfacilitypallet (the facility 4
palletcan be seen in FigureD-17). The facilitypallet ts a fabricatedsteel structuredesignedto s
securelyhold four sets of waste containers. Each facility pallet has a rated load capacity of s
25,000 pounds. The upper surfaceof the facility pallet has two recessessized to accept the 7

V wastecontainers,ensuringthatthe SWBsor RCBs can be removedeasily, Two SWBs or RCBs 8
V may be placed side by side on a facility pallet for a maximum load of 7,000 pounds. Two 9

rectangulartube openingsin the bed allowthe facilitypallet to be securelyliftedby forklift. 10

Palletized waste is transferred by the 13-ton forklift to the conveyance loading car (the 11
conveyance loading car can be seen in Figure D-17), an electricvehicle designed with a_n 12
adjustablebed heightthatis usedto transferthe facilitypalletsto the specialpalletsupportstands 13
in the waste hoistcage. 14

Onc_ underground,the facilitypallet is removed from the hoistcage by the undergroundwaste is
transporter (see Figures D-10 and D-18), a commerciallyavailablediesel vehicle modifiedto 16
interface with an integral tractor trailer, l"h(Jtrailer is designed specificallyfor transporting 17

pallet_zedwaste and is sized to accommodatethe facility pallet. 18

v/ RCBs will be placed ontothe bin-scaletest roomplatformsusinga forklift. 19

F-4b Runoff 20

The followingdescriptionof procedures,structures,or equipmentused at the WIPP facility to 21
prevent runofffrom mixed waste handlingareas to other areas of the facilityor environment,or 22

v/ to preventflooding, is required by HWMR-6, PL IX, ssc. 270.14(b)(8)(ii). 23

_/ The Waste Handling Building(WHB) is a physical barrierthat wouldpreventwaste spillsfrom 24
V reaching the environment before a cleanup could be initiated and completed, A detailed 25
V descriptionof the WHB is containedin Section D-8a(3)(b). The WHB floor plan is shown in 26
V FigureD-12. AppendixD3 containsengineeringdrawingsshowingadditionalWHB details (e.g., 27

V fire protection,ventilation). Waste handlingoperations are describedin Section D-8a(2)(b). 28
Waste containersremain in theTRUPACT-II containeruntil removedat the unloadingdockor in 29
the Overpackand Repair Room,bothof which'are insidethe WHB. 30

_/ Mixed Waste received for emplacementat the WiPP facility must be certifiedunder the Waste 31
V AcceptanceCriteria (WAC) as containinglessthan 1 percent residualliquidsin free-liquidform. 32
V The WAC are proceduralcontrolsthat mustbe met at the generatoror storagesite and verified 33

• ,
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1V by the WIPP facility staff prior to waste shipmentto the WIPP facility and acceptance for the Test
2V Phase. Chapter C contains information regarding WAC requirements for shipping. Chapter D
3V discusses receipt and verification of the waste at the WIPP facility. One percent liquid content
4v/ in two experimental bins, each containing a maximum of six drum-equivalents of waste, Is
sV approximately 6.6 gallons of Iiqutd. In the event of a breached waste container, this small amount
6 of liquid would travel no more than a short distance from the vicinity of the breached container.
7 Calculations have been made to estimate the releaseof liquid from waste containers in the WHB
s after removal from the TRUPACT-II.1 The bounding case release of the 1 percent free Uqulds
9_/ in two experimental bins (one complete TRUPACT,II load) would involve less than 6.60 gallons

lOV spread 0.0033 foot (1 millimeter) thick over approximately 268 square feet. For comparison, the
11_/ WHB is 84,000 square feet. Therefore, because of waste-handling operations, the characteristics
12V of the waste, and the size of the waste-handling facilities, waste ts not anticipated to reach the
13V outside environment or other areas of the facility under expected conditions.

14 AS discussed in Section B-3b, Floodplain Standard, of this permit application, the WIPP facility
15 does not lie within a 100-year floodplain. There are no major surface water bodies within
16 10 miles of the site, and the nearest river, the Pecos River, is approximately 14 miles away. The
17 general ground elevation in the vicinity of the surface facilities (approximately 3,400 feet above
18 mean sea level) is about 500 feet above the riverbed and 400 feet above the 100-year floodplain.
19 Protection from flooding or pondingcaused by Probable Maximum Precipitationevents isprovided
2o by the diversion of water away from the WIPP facility by a system of peripheral interceptor
21 diversions. Additionally, grade elevations of roads, tracks, and surface facilities are designed so
22 that storm water will not collect on the site under the most severe conditions. Repository shafts
23 . are elevated at least 6 Inches to prevent surface water from entering the shafts. The floor ievels
24 of ali surface facilities are above the levels calculated for local flooding due to Probable Maximum
25 Precipitation events (DOE, 1990b). Section D-ga(1)(d), Surface Water Hydrology;
2s Section D-ga(3)(f).lg, Control of Run-On; and Section D-gd(2), Protection of Surface Water,
27 Wetlands, and Soil Surface, of this permit application, also discuss this subject. Figure b-34, in
28 Chapter D of this permit application, displays the water diversions that have been constructed at
2gV the WIPP facility. Therefore, flooding of WIPP facility roads, tracks, and surface structures is not
3o,/ expected from the flooding of surface waters as a result of probable maximum precipitation events
31_/ or because of site-runoff design.

32',/ 1The boundingcase is basedon the followingcalculations(InternationalTechnologyCorporation,1991):
33_ a. Assumetwobins,each containing6 drum-equivalentsthat contain1 percerltfree liquids(amountingto 0.55 gallonsof Uquld
34_/ per drum-equivalent),are breached: (2 bins)x (6 drum-equivalents/bin)x (0.55 gallonsof liquids/drum-equivalent)= 6.60
35_/ gallons totalvolumeof liquidspilled.
36_/ b. Convertgallonsto feet3:6.60 gallons x 0.1337 = 0,88242 feet3.
37 c. Assumespillis 1 millimeterthick and converttofeet: (1 rldlUmeter)x (1 centimeter/lOmillimeter)x (1 tnQh/2.54centimeter)
38 x (1 foot/12inches)= 0.0033 foot thick,
3g_/ d. Dividetotalvolume of liquid spilledby thicknessof spill material: (0,88242 feet3) . (0.0033 foot) = 268 feet2, rounded,
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V Waste is not expected to reach the outsideenvironmentor other parts of the facility from the 1
V waste-handlingfacilitiesin nonfloodcircumstances;no floodingof the waste-handlingfacilitiesis 2

expected that mighttransport waste to the outside environmentbetween parts of the W!PP 3
q' facility;and no waste is expectedto find its way to an area of the WIPP site where ltwouldbe 4
,,/ carded off site by floodor precipitationwaters. 5

F-4c Water Supplies 6

The followingdescriptionof procedures,structures,or equipmentused at the facilityto prevent 7

_/ contaminationof water suppliesis required by HWMR-6, Pt. IX, sec. 270.14(b)(8)(i11). e

v/ Section E-l, Groundwater Protection Information, In Chapter E of this permit application, notes 9
that there are no waste piles or landfills at the WIPP facility that manage mixed waste, and that 10
DOE and the EPA have determined that the WIPP facility will not affect groundwater quality 11
during the Test Phase because there iS no potential for migration of liquid from the regulated 12

V waste management unit. Therefore, DOE is providing groundwater protection information tn 13
_/ accordance with HWMR-6, PL V, sec. 264.60. AppendixE1 of this permit application, RCRA 14
_/ Groundwater Protection Information, Waste Isolation Pilot Plant, summarizes the geological, is

hydrological, and climatological features of the WIPP site which, along with the procedures, 16

O V structures,and equipmentused during the Test Phase activities, to demonstrategroundwater 17_/ performancestandards. The groundwaterprotectioninformationdemonstratestl_.t groundwater 16
will not come in contactwiththe waste, and the possibilitythat any contaminatedgroundwater 19
can migrate from the disposalhorizonto the accessibleenvironment,includingwater supplies, 2o
duringthe Test Phase is unlikely. The Water QualitySamplingProgram is characterizingarea 21
wells duringthe Test Phase, and the resultsare issuedin the annual WIPP Site Environmental 22
Report. The 1990 WIPP Site EnvironmentalReport is provided in AppendixD4 of thispermit 23
application. 24

The primary function of the WIPP facilitywater systemis to suppaywater for domesticuse and 2.5
fire protection. Water is furnishedby the Double Eagle Water Company, owned by the City of 26
Carlsbad. Wells located_ milesnorthof the WIPP facilityare the sourceof the water. Water 27

is supplied by gravityflow througha 24-inch-diameterpipelineto a junctionpointabout 13 miles 28
northof the siteat U.S. Highway62/180. This line is sized to provide6,000 gallonsper minute 29
for use by others, in additionto the peak flow rate requiredby the WIPP facility. Controlsat the 3o
junctionpoint give the WIPP facility pdodtyover flowstoall other users. A 10-inch-diameter 31
pipelinesupplieswater by gravity flow from the tie-in pointto the WIPP facility. At the WIPP 32
facility,the water entersa pairof 180,00C-gallonabovegroundstoragetanks locatedadjacentto 33
the Pumphouse(FigureF-3). The 360,000-galloncombinedcapacityof the tanksis usedas the 34
potable water source and for fire control. These tanks are 32 feet in diameter and are 3s
constructedof welded steel. The water level in each tank is monitoredin the CMR. Potable 36

water is piped to the site and stored in tanks untildistributedby pipe to the fire hydrantsand 37

Q
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1 buildings. Managing the potablewater supply in this manner preventsthe contaminationof the
2 supply by mixed waste.

3 F-4d Equipment and Power Failure

4 The following description of procedures, structures, or equipment used at the facility to mitigate
5./ effects of equipment failure and power outages is required by HWMR-6, Pt. IX,
6 sec. 270.14(b)(8)(iv).

7 In the event that normal utility power is lost, on-site diesel generators will provide alternating
s current (AC) power to Important WIPP facility electrical loads. Uninterruptible power supply (UPS)
9 units are also on line providing power to important monitoring systems. If utility power falls, the

lo exhaust filter system goes into the fail position and the system is placed into filtration mode when
11 power is restored by the diesel generators. Waste handling and related operations cease upon
12 loss of utilitypower.

13 In case of a loss of utility power, backup power to predetermined loads can be supplied by either
14 of the two on-site diesel generators. These units provide 480 volt (V) power with a high degree
15 of reliabilityand are sized to feed the selected loads. Each of the diesel generators can carry ali
16 preselected monitoring loads plus operation of the Air Intake Shaft hoist for personnel evacuation
17_/ and other selected backup loads in accordance with WIPP facility procedures in WP 04-NO,
18_/ WIPP FacilityOperations Normal Operations Procedures Manual (Westinghouse, 1991b). The
19 diesel generatorscan be broughton linewithin 30 minutes.

2o Upon loss of normalpower, the diesel generators are manuallystarted from the local control
21 panel or from .he CMR. The starter systemis a 24-V batterysystemwith a 300-ampere-hour
22 capacity. Althoughit is standardpracticeto start the diesel generators from the localcontrol
23 panel, each unitcan be remotelystartedfrom the CMR when the generatorstart switchis left in
24 the "remote" position. The diesel generatorsand associatedbreakerscan be monitoredin the
25 CMR, thus providingthe abilityto feed selected facility loads from the backuppower source,in
26 sequence, withoutexceedinggeneratorcapacity. The on-site fuel storagecapacity is sufficient
27 for the operationof one generatorat an expected load of 62 percentfor three days. Additional
2s fuel suppliesare readily availablewithina few hoursby tanktruck,allowingon-linerefuelingand
29 continuedoperation.

30 There is a central UPS, locatedin the Support Building,that suppliespower to predetermined
31 equipment located in the Support Buildingand WHB. The central UPS provides power to
32 radiationmonitoring,local processingunits, and communicationsin the Support Buildingand
33 WHB and to the central monitoringsystem, includingthe computer, located in the Support
34 Building. In addition, individualUPSs supplytransient-freepower to strategicallylocated local
35 processingunitsfor the RadiationMonitoringSystem on the surface, and in undergroundareas.

• ChapterF
PTB-186 F-18 3/92



WIPP RCRA Part B PermitApplloatlon
DOE/WIPP 91 -OO5

Revision 1

in case of lossof AC power inputto the UPSs,the dedicatedbatteriescan supplypowerto a fully 1
loaded UPS for 30 minutes, lt is expectedthat the AC power Inputto the UPS will be restored 2

_/ within30 minutes via operatoraction. The CMR is connectedto the UPS. 3

F-4e PersonnelProtection 4

The followingdescriptionof procedurec,,,structures,or equipmentused at the facilityto prevent 5
V undue exposure of personnel to hazardous waste is required by HWMR-6, s

Pt. IX, ssc. 270.14(b)(e)(v). 7

Proceduresusedat theWIPP facilityto preventundueexposureofpersonnelto hazardouswaste s
and the sectionsin thispermitapplicationwhere these proceduresare discussedin detail are 9
listedbelow. 10

• The WAC are proceduresdesigned to preventthe shipment(see Section C-3) or 11

acceptance (see Sections C-6, D-9a[2][b] and D-ge[3]) of waste exhibitingthe 12
characteristicsof ignitability,corrosivity,or reactivity.SectionF-5 containsa general 13
discussionof the preventionof the reactionof ignitable,reactive,and Incompatible 14
wastes. 15

¢

16

• Administrative controlsto preventthe additionof materialsto the waste that could 17

exhibit the characteristicsof incompatibility,reactivity,and ignitabilityare discussed 18
in SectionsF-5 and D-8a(2)(a). 19

• Waste handlingoperations are conducted so that the need for waste hand;_ng2o
,/ personnel to touch the waste containers during unloading and emplacement 21

_/ operations, overpacking, repair, or retrieval (if necessary)is minimized. See a 22
discussionof waste handlingoperationsin SectionsD,9a(2)(b) and D-9a(3)(f).lb 23
and secondary containmentin Section D-ga(3)(f).lc. 24

V • Lockout/tagoutandworkauthorizationprocedures,discussedInSectionF-2, prohib!t 25
WIPP facility personnel from utilizingwaste handlingequipmentthat is temporarily 26
out-of-service,prevent inappropriateuse of waste-handlingequipment that is not 27

operational for ali uses, and providesafety instructionsfor conductingnonroutine 2e
operationson the equipment. 29

• A system for monitoring and inspecting monitoflng equipment, safety and 30
emergencysystems,securitydevices,andoperating and structuralequipment isin 31
piace to prevent, detect, or respond to environmentalor human health hazards 32

. caused by hazardous materials. The inspection/monitoringrequirements are 33
described in SectionF-2a. 34
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1 • Adequate aisle space is. maintained for emergency response purposes, as
2 . discussedin SectionF-3b.

3 ° InternalpressureInthe experimentalbinswillbe monitoredthroughoutthe bin-scale
4 tests (SectionD-9a[2][b]).

5 • Procedures to protect personnel from hazardous and/or mixed waste during
6 nonroutineeventsare detailed inthe ContingencyPlan, ChapterG.

7 Structures and equipmentat the WIPP facility to prevent undue exposure of personnel to
8 hazardouswaste andhazardous constituentsand the secttonsin this permitapplicationwhere
9 these structuresand equipmentare discussedin detailare listedbelow.

lO • The WIPP facilitywas sited and designedto be protectiveof human health and
11 ensure safe operations during the Test Phase (Sections D-9a[3], D-9a[3][b],
12 D-9a[3][d],and D-9a[3][e]).

13 • Waste containers are required to meet shipping/structural requirements
14 (O-9a[3][t'J.la).

15 • The TRUPACT-II, forklifts, unloadingdock, crane, facility pallets, conveyance
16 loadingcar, waste hoist cage, and undergroundwaste transporterwere designed
17 or selectedfor use in order to minimizethe need for waste handlingpersonnelto
18 come into contact with waste. Each of these items is discussed in detail in

19 SectionD-ga(3)(c); Section F-4a discusses prevention of hazards to personnel
2o duringunloadingoperations.

21, • The hood ventilationsystem, used duringthe initialopening of the TRUPACT-II
22 shipping container and SWB and in the laboratory,is used to vent any potential
23 release of VOCs into the ventilation system of the Waste Handling Building
24 (SectionD-ga[3][b]).

25 • The carbon sorption system in the un,_erground, discussed in detaJl in
26 SectionsD-9d(3) and D-9e(1) andAppendixD12, isdesignedto remove _ minimum
27 of 95 percent of the VOCs released from the bin test rooms. Section D-9d(3)
2s explains that the remaining emissionsare at a level where adverse effects on
29 humanhealthare not predicted.

3o • The WIPP facility has internaland externalcommunicationsand alarm systemsto
31 notify personnelof emergency situationsand provide instructionsfor response,
32 evacuation,etc. (Section F-3a and SectionG-5).
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• The WIPP facilityiswell-equippedwithspill-responseequipment,transportvehicles, 1
emergencymedicalequipmentand rescuevehicles,fire detection,fire-suppression 2
and fire-fightingequipment (includingwater for fire control),personnelprotection 3
equipment,emergency lightingand backup power, and showersand eye wash 4
fountains.These are discussedin SectionsF-3a, F-4o, F-4d, and F-4e and listed s
In Section G-5. s

• The surfaceandundergroundventilationsystems,discussedin SectionsD-9a(3)(b), 7
D-9a(3)(d), and G-5 are designedto providepersonnelwith a suitable environment s
duringroutine operations. 9

F-4f Releases to Atmosphere 10

The followingdescriptionof procedures,structures,or equipmentused at the facilityto prevent 1i
releases to the atmospherets requiredby HWMR-6, Pt. IX, ssc. 270.14(b)(8)(vi). 12

V Lead and otherheavy metals(presumedto have the characteristicof toxicity) may be presentin 13
some waste forms. Metal in the waste, most of which is lead in monolithicform, is present in 14

bricks and shielding ratherthan in particulateform (DOE, 1990b). The primarysourcesof other 15
metals are sheets, rods, parts of equipment, or solidifiedsludges. Since ali waste will be 16

containerized and waste containervents employ particulate filters, there will be no potential 17

releases of particulate metals to the atmosphere. 18

A releaseof hazardouswasteor hazardousconstituentsto the air that may have adverseeffects 19

on human health or the environmentis unlikely. AlthoughVOCs couldbe present in the waste 20
emplacedwithinthe unitand couldpotentiallybe a sourceof release to the air, provisionshave 21
been madeto controlsuchemissionsto preventany adverseeffects to humanor environmental 22
receptors. 23

See Section D-9e(1) and Appendix D12 for more detailed Informationon the VOC monitoring 24
program(includingthe carbonsorptionsystem)and SectionD-8d(3) for a discussionof orotection 25
of theatmosphere,includingperformancestandards,airemissionscontrols,healthriskevaluation, 26
releases of hazardouswasteor hazardousconstituentsfromthe miscellaneousunit,andpotential 27
for health risks. 28

F-5 Preventionof Reactionof !gnitable,Reactivej and IncompatibleWaste 29

V HWMR-6, Pt. IX, ssc. 270.14(b)(9), requires a description of precautions taken to prevent 3o
accidental Ignition or reaction of Ignitable, reactive, or incompatible waste as required to 31

V demonstratecompliancewithHWMR-6, Pt. IX, sec. 270.15(c), and HWMR-6, Pt. V, ssc. 264.17. 32
v' Because the experimentalwaste (includingthe container) received at the site duringthe Test 33
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i_/ Phase, and any waste (InoludlngIts container) that may be oreated as a result of handling the
2_/ waste or from the experiments (derivedwaste), has been demonstratedto be oompatlbleand
3_/ does not exhibitthe oharaotedstlosof Ignitablllty,reaotlvtty,or corroslvlty,the WIPP faoilltyIs In
4 full compliance with these regulations, Seotlons F-Sa, F-5b, F-5o, and F-Sd desodbe that
5_/ HWMR-6, Ft. V, seos. 264.17(a) and(b), HWMR-6, Pr. IX, seos.270.15(o)and (d), andHWMR-6,
6 Pt. V, seos. 264.176 and 264,177, are not applioableto the WIPP faolllty.

7 F-5a Precautionsto Prevent I.clnltlonor Reaottonof Ignitableor Reactive Waste

8J The mixed waste (lnoludlngthe container) received at the WIPP faolllty will not exhibit
9_/ character;stiesof ignltabillty,oorroslvIty,or reaotlvity. In addition,administrativeprooedureswill

lo_/ preventthe Introduotionof materialsintothe waste that wouldoausethe derivedwaste (Inoludlng
11_/ Its container) to exhibit these oharaotedstlcs. Therefore, there are no precautionsspeolflcto
12_ preventing the Ignition or reaotlon of Ignitable or reaotive waste, and HWMR-6,
13 Pt. V, aec. 264.17(a), Is not applioableto the WIPP facility.

14 F,5b General Precautionsfor HandllnQI.clnitableor ReaotlveWaste and Mix!ng
15 of InoompatlbleWaste

lS_ The mixedwaste (Includingthe container)at the WIPP faolUtywill not exhibitoharactedstlosof
17_/ ignitabillty,corroslvity,or reaotlvity. Section C-3, BoundaryConditionsand ProoessToleranoe
18_/ Limits,and Section C-6, Waste Shipment Screeningand Vedfloation,disoussthe oritedaand
19_/ prcoedures used to preclude the shipping or aceeptanco of waste that exhibits these
2o_/ characteristics.Admi:listratlveprooedureswill preventthe introduotlonof materialsintothewaste
21_/ that would cause lt to exhibit the_ characteristics. Therefore, derived waste (includingIts
22_/ container) also will not exhibitthese oharaotedstics. The additionof bdne to the experimental
23_/ wastedoes not affect exhibitionof the characteristicsof ignitabitlty,corroslvIty,or reaotivlty.
24,,/

25_/ There will be no mixing of incompatiblewaste or mixing of Incompatiblewaste with other
26',/ materials. Compoundsfoundwithinthe waste are olassifledas "Incompatible"if the potentialfor
27',/ a reactionexists that might resultin an explosion, heat generation,gas generation,pressure
2e_/ buildup,or the generation of toxic byproducts. Because the WIPP facilitywill not accept any
29_/ waste form that is incompatible,only those physical waste forms described in Se_on C-2,
3oy/ Identificationof Waste to be Managed, will be accepted. Only DOT 7A Type A containersare
31_/ allowedwithinthe miscellaneousunit. Further inforr,lation on compatibilityis in Section C-3a,
32_/ Facility-EstablishedBoundary Conditions and Process Tolerance Limits. In addition, the
33_/ concentrationof VOCs in expedmentaiand derivedwaste containerheadspaoeand flammability
34_/ potential of experimentaland derived waste container headspaee will not exceed boundary
35_/ condi{ionsdiscussedIn Section C-3b, EPA-EstablishedBoundaryConditions.
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J Therefore, there is no treatment, storage,or disposal of waste exhibiting the characteristicsof 1
_/ ignttablUty,oorroslvity,or reactivity and no mixing of Incompatible waste or materials, and 2
v/ HWMR-6, Pt, V, seo. 264.17(b), Is notapplicableto the WIPP facility. 3

F-5e Management of I¢lnlta.ble or Reactive Waste in Containers 4

J Mixedand derivedwaste (Includingthecontainers)do notexhibitthecharacteristicsof ignltabillty, 5
J oorrosivity, or reactivity. Therefore, HWMR-6, Pt. IX, see. 270.15(o), and HWMR-6, s

Pt. V, seo. 264.176, are notappUoableto the WIPP faolUty.Althoughthe regulationscontaining 7
storagedistancesare notapplicableat the WIPP facility,ali wastecontainersat theWIPP facility s
are handled,transported,andemplacedwithintheRadioactiveMaterialsArea,whichIs morethan g
15 meters (50 feet) from the WiPP fao!lltyboundary, lO

F-5d Managementof IncompatibleWaste In Containers 11

,/ No chemical Incompatibilitieswill exist in waste (includingthe container)arrivingat the WIPP 12
faclUty,and no materialwillbe added to thewaste for experimentalor cleanuppurposesthat are 13
Incompatiblewiththe waste. Therefore, HWMR-6, Pt. IX, see. 270.15(c), and HWMR-6, Pt. V, 14
soc. 264.177, are notapplicableto the WIPP facility, is

As a result,no proceduresare needed to prevent Incompatiblewaste and materialsfrom being 16
placedInthe samecontaineror for havingwasteplaced inan unwashedcontainerthat previously 17

held an Incompatible wasI_eor material. Containersfor derivedwaste and overpackingare the is
J same as those approvedto transportthe mixed waste to the site -- SWBs or other approved 19
v/ containerssuch as 55-gal10ndrums. 2o

Because incompatiblewaste will not be handledor emplaced In the miscellaneousunit, dikes, 21
J berms,walls, or similarbarriersare not neededto separate waste types. Therefore, HWMR-6, 22

Pt. V, sec. 264.177(o), does notapply to the WIPP facility. 23

F-5e Management of Ignitableor ReactiveWaste in Tank Syste.ms 24

The WIPP facility does not manage hazardousor mixedwaste usinga tank system as defined 25
_/ in HWMR-6, Pt. I, see, 260.10, and regulated under HWMR-6, Pt. V, SubpartJ. Tank system 26

regulationsare not applicableto the WIPP facility. 27

F-5f Managementof IncompatibleWaste in Tank Systems 2s

The WIPP facilitydoes not manage hazardousor mixed waste usinga tank system as defined 2g
,,/ in HWMR-6, Pt. I, see. 260.10, and regulated underHWMR-6, Pr. V, SubpartJ. Tank system 30

regulationsare not applicableto the WIPP facility. 31

, ChapterF
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1 F-5g Manaqement of Ignitableor Reactive Waste In Waste Piles
I

2 The WIPP facilitydoesnot manage hazardousor mixedwaste usinga waste pile as defined In
3_ HWMR-6, Pt. I, sec. 260.10, and regulated under HWMR-6, Pt. V, SubpartL. Waste pile
4 regulationsare notapplicableto the WIPP facility.

s F-5h Management of IncompatibleWaste in Waste Piles

6 The WIPP facilitydoes not manage hazardousor mixedwaste usinga waste pile as defined in _
7',/ HWMR-6, Pr. I, sec.'260.10, and regulated under HWMR-6, Pr. V, Subpart L. Waste pile ....'._'__'_
s regulations are not applicable to the WIPP facility.

9 F-51 Management of Ignitableor Reactive Waste in Surface Impoundments

10 The WIPP facility does not manage hazardous or mixed waste using a surface Impoundment as
11_/ defined in HWMR-6, Pt. I, sec. 260.10, and regulated under HWMR-6, Pt. V, Subpart K. Surface
12 Impoundment regulations are not applicable to the WIPP facility.

is F-5J Management of Incompatible Waste In Surfa_.e.l.m..poundments

14 The WIPP facility does not manage hazardous or mixed waste using a surface impoundment as
15_/ defined in HWMR-6, Pt. I, sec. 260.10, and regulated under HWMR-6, Pt. V, Subpart K. Surface
16 Impoundment regulations are not applicable to the WIPP facility.

17 F-5k Man_.qementof Ignitableor Reactive Waste in Landfills

18 The WIPP facility does not manage hazardous or mixed waste using a landfill as defined in
1.9_/HWMR-6, Pt. I, sec. 260.10, and regulated under HWMR-6, Pr. V, Subpart N. Landfill regulations
2o are not applicable to the WIPP facility.

21 F-51 Management of IncompatibleWaste in Landfills

22 The WIPP facility does not manage hazardous or mixed waste using a landfill as defined tn
23_/ HWMR-6, Pr. I, sec. 260.10, and regulated under HWMR-6, Pr. V, Subpart N. Landfill regulations
24 are not applicable to the WIPP facility.
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F-5m Management of Ignitable or Reactive Waste in Land Treatment Units 1

The WIPP facilitydoes not managehazardousor mixedwaste usingland treatmentas defined 2
V in HWMR-6, Pt. I, sec. 260.10, andregulatedunderHWMR-6, Pt. V, SubpartM. Landtreatment 3

regulationsare not applicableto the WIPP facility. 4

F-5n Managementof IncompatibleWaste in Land Treatment Units . 5

The WIPP facilitydoes not managehazardousor mixed waste using landtreatmentas defined 6
,/ inHWMR-6, Pt. I, see..260.10, and regulatedunderHWMR.6, Pt. V, SubpartM. Landtreatment 7

regulationsare not applicableto the WIPP facility, s

F-5o Managementof Ignitableor ReactiveWaste on DripPads g

The WIPP facilitydoes not manage hazardousor mixed waste usingdrip pads as defined in 10

HWMR-6, Pt. I, sec. 260.10, and regulated under HWMR-6, Pt. V, SubpartW. Drip pad 11
regulationsare notapplicable to the WIPP facility. 12

F-5p Management of Incompatible Waste on Drip P.ads 13

_/ The WIPP facilitydoes not manage hazardousor mixed wastes usingdrip pads, as defined in 14
_/ HWMR-6, Pt. I, sec. 260.10, and regulated under HWMR-6, Pt. V, Subpart W. Drip pad 15
,/ regulationsare not applicableto the WIPP facility. 16
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......
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5V Bins,"Memorandum from BettySladekto File 301486.01, InternationalTechnologyCorporation,
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7 U.S. Departmentof Energy(DOE), 1990a, "FinalSafety AnalysisReport, Waste IsolationPilot
e Plant,"WP 02-9, Revision0, U.S. Departmentof Energy,Washington,D.C.
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lo Waste Isolation Pilot Plant," DOE/EIS-O026-FS, U.S. Department of Energy, Office of
11 EnvironmentalRestorationand Waste Management,Washington,D.C.

12 U.S. EnvironmentalProtectionAgency(EPA), 1990, "ConditionalNo-MigrationDetermlnationfor
13 the Departmentof EnergyWaste IsolationPilotPlant (WIPP),"FederalReclister,Vol. 55, No. 220,
14 pp. 47700-47721.

15 Westinghouse,see WestinghouseElectricCorporation.

lSz/ WestinghouseElectricCorporation(Westinghouse),1992a, "OperationsAdministrationManual,"
17 WP 04-3_WestinghouseWaste IsolationDivision,Carlsbad,New Mexico.

18V Westinghouse Electric Corporation (Westinghouse!. 1992b, "Resource Conservation and
19_/ Recovery Act (RCRA) Compliance Manual," W_._PP02-6 and WP 02-7, WestinghouseWaste
20V IsolationDivi_,ion,Cadsbad,New Mexico.

21V WestinghouseElectric Corporation(Westinghouse),1992c, "WIPP Safety Manual," WP 12-1,
22 WestinghouseWaste IsolationDivision,Carlsbad, New Mexico.

23V' Westinghouse Electric Corporation (Westinghouse), 1992d, "Waste isolation Pilot Plant
24V OperationsAdministrationManual,"WP04-AD, WestinghouseWasteIsolationDivision,Cadsbad,
25V New Mexico.

26 WestinghouseElectricCorporation(Westinghouse),1991a, "MiningOperationsManual,"WP 04-2,
27 Westinghouse Waste IsolationDivision,Carlsbad, New Mexico.
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List of References for Chapter F !
(Continued) 2

,/ 3
V WestinghouseElectric Corporation(Westinghouse),1991b, "WIPP FacilityOperationsNormal 4

_/ Operations ProceduresManual," WP 04-NO, WestinghouseWaste IsolationDivision,Carlsbad, .5
V New Mexico. 6
V 7
_/ WestinghouseElectflcCorporation(Westinghouse),1991c,"WasteHandlingOperationsManual," e

WP 05-1, WestinghouseWaste IsolationDivision,Carlsbad, New Mexico. 9
10

Westinghouse Electdc Corporation (Westinghouse), 1991d, "WIPP Operational Safety 11
RequirementsAdministrativePlan," WP 04-7, WestinghouseWaste IsolationDivision,Carlsbad, 12
New Mexico. 13

Westinghouse ElectricCorporation(Westinghouse),1991e, "WIPP VOC OperatingProcedures 14
Manual,"WP !2-VC, WestinghouseWaste IsolationDivision,Car_sbad,New Mexico. 15

Westinghouse Electric Corporation (Westinghouse), 1991f, "lndustdal Hygiene Procedures 16
Manual,"WP 12-8, WestinghouseWaste IsolationDivision,Carlsbad, New Mexico. 17

V WestinghouseElectricCorporation(Westinghouse),1991g, PreventiveMaintenanceInstructions 18
_/ IC041052 throughIC041056, WestinghouseWaste IsolationDivision,Carlsbad,New Mexico. 19

V WestinghouseElectricCorporation(Westinghouse),1990, "WIPP OccupationalHealthManual," 20
V WP 12-2, WestinghouseWaste IsolationDivision,Carlsbad, New Mexico. 21

_/ Westinghouse Electric Corporation (Westinghouse), 1989, "Security Plan," WP 11-2, 22
V WestinghouseWaste IsolationDivision,Carlsbad,New Mexico. 23
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TABLE F-1
INSPECTION/MONITORING SCHEDULE

" Inspection/
System/Equipment Name Monitoring Manual(s)

, Frequency

Air IntakeShaft weekly WP 04-2, MiningC)perattons
J Manual (Westinghouse,1991a)

Air IntakeShaft Hoist preoPeraiional1 WP 04-2 .....

_/ Ambulances weekly WF 12-1, WIPP Safety ManuaJ
J (Westinghouse,1992¢)

J AdjustableCenterof Gravity I.H1 pre0_eratlonal WP 05-1, Waste Handling
J Fixtt,re OperationsManual
J (Westinghouse,1991o)

_ckup Diesel Generators- monthly • WP 04-7, WIPP Operational
J operational safety Requirement(OSR) Safety Requirements

AdministrativePlan
J (Westinghouse,1991d)

J Bin-ScaleTest Room VolatileOrgar_io daily/weeldy2 WP 12-VC, WIPP VOC ....
J Compound(VOC) Monitodngand OperatingProceduresManual
J CarbonSorptionBed Equipment (Westinghouse,1991e) ,

Inspection

e J Contact-Handled(CH) underground preoperaiional WP 05-1Transporter'
ConveyanceLoadingCar ....... preo'perati0nal WP 05-1

J Dry Cl_emicalFireSuppressionSystem semiannually WP 04-AD, Waste IsolationPilot
J Plant OperationsAdministration
J Manual (Westinghouse,1992d)

J Eye Washes monthly ....... WP 12-1 ......

FacilityPallet.... preoperational WP 05-1 .....

J Fire Detectionand Alarm System- semiannually .... WP ()4-AD ....
J OSR

J Fire Extinguishers .... inonthly wP i2-1 .......

_/ Fire Hoses annually WP 1"2-1 ....

J Fire Hydrants quarterly ..... WP 12-1

Fire Pumps ' weekly,annually WP 12-1 ........

J Fire SpdnlderSystems- C)SR quarterly WP 04-AD '

J Fire Trucks .... weekly WP 1"2-1........

J FloodShowers "' monthly WP 12-1

1 "Preoperatiortar'signifiesthatin_s arerequiredpriortotheflintuseduringa calendarday. Forcalendardaysin
whichtheequipmentisnotinuse,noinspectionsarerequired.

2 Initially.bin-scaletestroomVOCmonitoringandequipmentinspectionwillbepedormeddaily;frequencymaybereduced
toweeklywhenstatisticalstandardsaremet.
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TABLE F-1
INSPECTION/MONITORINGSCHEDULE

(CONTINUED) ,
,,', =, , ,,,,; . .

Insitiom,
System/Equipment Name Monitoring Manual(s)

Frequancy

.....ForkliftsUsed for Waste Handling preoperattonaJ'....... Wl_ 05-1 "

.....Mine Pager Phones quartedy ;' WP 04-2 ......
(undergroundto surface)

_/ Non-FirsiAid MedicalSuppliesin0t monthly WP 12-2, WiPP Occupational
_/ otherwisecontainedin emergency Health Manual (Westinghouse, ,
V vehicles) 1990)

_/ Pagem (EmergencyResponse monthly WP 12-1 ....
Personnel)

_/ Panel 1 RoomsC0ntaJnlngWaste Weekly' wP 05_'1

_/ PerimeterFence,Gates, signs .... monthly wP 11-'2,Secur_j Plan
_/ , (Westinghouse,1989)

PersonnelProtectiveEquipment(not WP 12-1 andWP 12-8,
_/ otherwisecontainedin emergency IndustdaJHygieneProcedures
_/ vehiclesor issuedto individuals)' Manual (Westinghouse,1991f):

_/ -negative pressurerespirator monthly WP 12-8
_/ --positive pressurerespirator monthly WP 12-8
_/ --Self-ContainedBreathing monthly WP 12-1

Apparatus(SCBA)
_/ PublicAddressand Ir_ercomSystem monthly wP 04-AD

_/ Rad'los(2-way; used by Emergency weekly wF 12"1 .......
ResponseandSecurity Personnel)

_/ Rescue Truck weekly WP 12-1 .....

salt HandlingShaft ........ weekly WP 04-2

Salt'HandlingShaft Hoist .... preoperatlonal WP 04-2 ....

Serf-Rescuers ' quarterly W'P 12"1

_/ Sptli ControlEquipment weekly WP 02-6 and WP 02'-7, wIPP
_/ ResourceConservationand
_/ RecoveryAct (RCRA)
_/ ComplianceManual
_/ (Westinghouse,1992b)

_/ surface CH TRU Waste HandlingArea postoperatJonal3 WP 05.1 .......
_/ and RadiologicalControlArea (RCA)

_/ Underground openings monthty ' wP 04-2
.................

3 "Postoperattoned"signifiesItmtir_ arerequiredafterthelastuseduringacalendarday.Forcalendardaysinwhich
theequipmentb notinuse,noinspectionsarerequired.
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TABLE F-1
INSPECTION/MONITORING SCHEDULE

(CONTINUED)

i, ................

Inspection/
SystenVEqulpment Name Monitoring Manual(s)

Frequency

_/ VentilationExhaustFan FlowCheck4 quarterly PreventiveMaintenance
_/ Instructions(Westinghouse,
_/ 1991g)

vocs_plers ,........ qu_e,y wP_12-vc
"Waste Handlingcranes preoperatlonal wP 05-1 '

waste Handi'ingShaft weekly WP 04-2

Waste Handi'ingShaft HOist preoperatlonal WP 04-2 "
_/ Water Tank Level daily WP 04-3

_/ 4 Thisflowcheckis.inaccordancewiththeEPA'sConditionalNo-Migrat_nDetermination(EPA,1990).

ChapterF
PTB-186-T F-31 3/92



WIPP RCRA Part B PermitApplloatlon
, DOE/WIPP 91-005

Revision1

],

q

FIGURES

ChapterF
PTB-186-T F-32 3/92







C_
u_ Z
OD

_ rr

_ex_
0

cn

gz

w Z
rr ,_

w

rr
go
09 CO

±.Z rr
0 w

ge
z

_o

Z (5
rr ,

0
0

0

,t.l., t---

kl_l

D

1.1_





LLI

L5

>-
F"

rf"

0
W
GO

n

Z

0 q.
_¢) q.r"o

Z L;_
©

CO

©
Z
--o

Z
rr

W
cr
D
©._
ta.



RCRA CONTINGENCY PLAN
Waste Isolation Pilot Plant

March 1992

Prepared for:

U.S. Department of Energy
P.O. Box 3090

Carlsbad, New Mexico 88221

Prepared by:

International Technology Corporation
5301 Central Avenue NE, Suite 700
Albuquerque, New Mexico 87108

and

UNC Analytical Services, Inc.
1700 Louisiana Blvd. NE

Albuquerque, New Mexico 87110



WIPP RCRA Part B PermitApplication
DOE/WIPP 91-005

Revision1

CHAPTER G
RCRA CONTINGENCY PLAN

TABLE OF CONTENTS

Listof Tables ....................................................... G-ii
Listof Figures ...................................................... G-ii
Introduction ...................................................... G-1
G-1 General Information....... .................... , ................. G-1
G-2 EmergencyCoordinators ............... . ............ ' ............. G-4
G-3 _'nplementation ................................................ G-5
G-4 Emergency ResponseMethods .................................... G-5

G-4a Notification .............................................. G-6
G-4b Identificationof HazardousMaterials ................ , ........... G-11
G-4c Assessmentof the Nature and Extentof the Emergency ............. G-11
G-4d Control,Containment,and Correctionof the Emergency G-12
G-4e Preventionof Recurrenceor Spread of Fires,Explosions,

or.Releases .............................................. G-13
G-4f Storageand Treatment of Released Materialand Waste ............. G-14
G-4g IncompatibleWaste ........................................ G-15
G-4h Post-EmergencyFacilityand EquipmentMaintenanceand

Reporting ............................................... G-16
G-4i ContainerSpillsand Leakage ................................. G-16
G-4j Tank Spillsand Leakage ..................................... G-17
G-4k Surface ImpoundmentSpills and Leakage ........................ G-17

G-5 EmergencyEquipment ........................................... G-17
G-6 CoordinationAgreements ......................................... G-18
G-7 EvacuationPlan ................................................ G-19

G-7a Surface EvacuatioriOn-Site AssemblyAreas and Off-Site StagingAreas . G-19
G-7b UndergroundAssemblyAreas ................................ G-20
G-7c Plan for Surface Evacuation .... '.............................. G-20
G-7d Plan for UndergroundEvacuation .............................. G-21
G-7e FurtherSite Evacuation ................ ..................... G-21

G-8 RequiredReports ............................................... G-22
G-9 Locationof the ContingencyPlan and Plan Revision ..................... G-22
Listof References for ChapterG ........................................ G-24
Tables ........ , .......................... _....................... G-27
Figures .......................................................... G-46

. ChapterG
PTB-185 G-i 3/92



WIPP RCRA Part B Application
DOE/WIpP 91-005
Revision1

LIST OF TABLES

Table No. Title Paqe

G-1 Emergency Equipment and Personnel Maintained at the Waste
Isolation Pilot Plant ................................... G-28

G-2 Types of Fire Suppression Systems by Location ............. G-36
G-3 Hazardous Release Reporting,Federal . .... _ G-39
G-4 Hazardous Release Reporting, State of New Mexico ........... G-42

LIST OF RGURES

FigureNo. Titl___e Paqe

G-1 WIPP Surface Structures ............................... G-47
G-2 Spatial View of the WIPP Facility ......................... G-48
G-3 WIPP Underground Facilities ............................ G-49
G-4 Underground Emet'gency Equipment Locations and Underground

Evacuation Routes ................................... G-50

G-5 Fire Water Distribution System ........................... G-51
G-6 Ur_dergroundFuel Area Fire Protection System .............. G-52
G-7 WIPP On-Site Assembly Areas and WIPP Off-Site Staging Areas . G-53
G-8 Designated Underground Assembly Areas ........... ....... G-54

ChapterG
PTB-185 G-ii 3/92



, WIPP RCRA Part B PermitApplication
DOE/WIPP gl-005

Revision 1

CHAPTER G 1

RCRA CONTINGENCY PLAN 2

Introduction 3

The Waste Isolation Pilot Plant (WIPP) Project was authorized by the Department of Energy 4
National Secudty and Military Applications of Nuclear Energy Authorization Act of 1980 (Public 5
Law 96-164) as a research and development facility to demonstrate the safe, environmentally 6
sound disposal of transuranic (TRU) radioactivewastes derived from the defense activities of the 7
United States (U.S). The WIPP facility is owned and operated by the U.S. Department of Energy s

_/ (DOE). The TRU waste to be received at the WIPP facility consists largely of such Items as 9
laboratory glassware and utensils, tools, scrap metal, shielding, personnel protection equipment, lO
and solidified sludges from the treatment of waste water. Approximately 60 percent of this waste 11

_/ is "mixed," that is, lt is also contaminated with hazardous waste or hazardous constituentsas 12

ci6fined by the Resource Conservationand Recovery Act (RCRA)and by the New Mexico 13
_/ HazardousWaste Management Regulations(HWMR-6), Part II, SubpartsC and D. Thelefore, 14

_/ emplacementof TRU mixedwaste intheWiPP repositoryis subjectto regulationunderHWMR-6 15
and RCRA. This ContingencyPlan is preparedin accordancewiththe requirementsof RCRA 16

_/ stated in HWMR-6, Pt. V, Subpart D, ContingencyPlan and EmergencyProcedures. 17

_/ In additionto HWMR-6 and RCRA contingencyplan requirements,WIPP facility emergency is
planning and notificationare subject to DOE Order 5000.3A, Occurrence Reporting and 19
Processing of Operations Information (DOE, 1990a); DOE Order 5500.1A, Emergency 20
ManagementSystem, (DOE, 1990b); DOE Order 5500.2A, EmergencyNotification,Reporting, 21

and Response Levels (DOE, 1990c); and DOE Order 5500.3A, Emergency Planning and 22
Preparednessfor OperationalEmergencies(DOE, 1990d). DOE Orders for a non-reactorfacility 23
specifyemergencypersonneland reportingrequirementsthat differfrom,butdo notconflictwith, 24

V RCRA requirements.Developmentof WIPP facilityemergencyplanningand notificationto satisfy 25
DOE Ordersaugmentsthe planningneededto complywithRCRA. The RCRAContingencyPlan 26
is an integralpart of the overall WIPP facilityemergency plan. 27

G-1 General Information 28

The WIPP facility is located 26 miles east of Carlsbad in Eddy County in southeasternNew 29
Mexicoandincludesan area of 10,240 acres. The facilityis locatedin an area of lowpopulation 3o
density with fewer than30 permanentresidents livingwithina 10-mileradiusof the facility. The 31
area surroundingthe facilityis used pdmadlyfor grazing,potashmining,andmineralexploration. 32
As a resultof landuse restrictionsimposedby the U.S. Bureau of LandManagement(BLM) and 33
administrativeaction by DOE to purchaselease holdings,no resourcedevelopmentthat would 34
affect WIPP facility operations or the long-term integrity of the facility is allowed within the 35

J 10,240 acresthat have been set aside for the WIPP Project. 36
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1J The WIPP facility Is designed to receive containerized TRU and TRU mixedwaste which are
2J transportedto the WIPP facilityfromten DOE generatorand storagesitesin the U.S. The waste
3 will be emplaced in bedded salt of the Salado Formation 2,150 feet below ground surface.
4 Detailsof the projectand itsmissioncan be foundin PublicLaw 96-164, the FinalEnvironmental
5 Impact Statement (DOE, 1980), the WIPP FinalSafety AnalysisReport (DOE, 1990e), and the
6 WIPP FinalSupplementEnvironmentalImpact Statement(DOE, 19900.

7J ASa geologic repositoryfor the managementof mixedwaste, the WIPP repositoryis regulated
8J as a "miscellaneousunit" as defined under HWMR-6, Pt. V, Subpart X. The miscellaneousunit
g at the WIPP facility subjectto RCRA regulationis the entirearea below grounddefined by the

10 upperand lowerextent of theSalado Formation,and the lateralprojectionof the 16-square-mile
11J landwithdrawalboundary.

12 On the surface, in the Waste Handling Building(WHB) area, waste will be received,unloaded
13 from TransuranicPackageTransporter(TRUPACT-II) shippingcontainers,inspected,and moved
14J to the Waste Shaft for transfer underground. Figure G-1 shows the WIPP facility surface
15 structures. The surface facilitiesthat supportthe WHB includean outdoortruck loadingand off-
16 loadingarea, a TRUPACT-II handlingareawhere TRUPACT-IIsare openedandwastecontainers
17 removed,an inventoryand preparationarea, an overpackandrepair room,andthe cage loading
18 area where waste is loadedontothe waste hoistfor transportundergroundthroughthe Waste
19 Shaft. Fourshaftsconnecttheundergroundarea withthesurface (Figure G-2). The Waste Shaft
2c, is locatedwithinthe WHB.

21 The WIPP facilityincludesothersurfacestructures,shafts,andundergroundareas (FiguresG-l,
22 G-2, and G-3). Surface structuresaccommodatethe personnel,equipment,andsupportservices
23J required for the receipt, preparation,and transfer of mixed waste from the surface to the
24 underground. In additionto the WHB, these structuresconsistof warehouses,the ExhaustFilter
25 Building,and several supportbuildings.

26J The WIPP facility is designed to handle 500,000 cubic feet per year of contact-handledand
27J 10,000 cubic feet per year of remote-handledTRU and mixedwaste. The operationallife of the
2e facilityis 25 years. The initialoperations at the WIPP facilitywill involvea Test Phase dudng
29J which experimentswill be conductedusing contact-handledTRU and mixedwaste. The Test
30 Phase will supporta performanceassessmentactivitythat is being carded out by the scientific
31 advisorto the WIPP Projectto determinethe long-termisolationcapabilitiesof the facility. The
32J Test Phase is expected to last approximately five years. Depending on the results of the
33J performance assessmentwhichis supportedby data collected duringthe Test Phase, DOE will
34J make a decisionto retrievewastes emplaced for testingand close the WIPP facility;to modify
35 the waste form or engineereddesignsof the WIPP facility;or to continueon to the Operations
36J Phase, basedon the abilityof the WIPP facilityto complywith 40 CFR Part 191, Subpart B, and
37J HWMR-6, Pt. IX, section268.6. A RCRA Part B permit is soughtonly for Test Phase waste
3s managementactivitiesin the miscellaneousunit.
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The provisionsof this Contingency Plan apply to the miscellaneous unit, the Waste Shaft, the 1
v/ WHB, and supporting mixed waste handling areas. The remainder of the facility will not handle 2

mixed waste and Is not subject to the permitting requirements of RCRA; however, hazardous 3
substances, hazardous materials, and hazardous wastes resulting from the use of these materials 4
at the WIPP facility are present. These materialsinclude: 5

• Hazardous Substances: As defined by the Comprehensive Environmental 6
Response, Compensation, and Uabllity Act of 1980 (CERCLA), as amended by the 7
Superfund Amendments and Reauthorization Act of 1986 (SARA) means: any 8
substance designated pursuant to Section 311(b)(2)(A) of the Clean Water Act 9
(CWA); any element, compound, mixture, solution, or substance designated lO
pursuant to Section 102 of CERCLA; any hazardous waste having the 11
characteristics identified under or listedpursuant to Section3001 of the Solid Waste 12
Disposal Act (but not including any waste the regulation of which under the Solid 13
Waste Disposal Act has been suspended by an Act of Congress); any toxic pollutant 14
listed under Section 307(a) of the CWA; any hazardous air pollutant listed under 15

v' Section 112 of the CAA; and any Imminently hazardous chemical substance or 16

mixture with respect to which the U.S. Environmental Protection Agency (EPA) 17
Administrator has taken action pursuant to Section 7 of the Toxic Substances 18
Control Act. The term does not include petroleum, including crude 011or any fraction 19
thereof, which is not otherwise specifically listed or designated as a hazardous 20
substance, and the term does not Include natural gas, natural gas liquids, Iiquified 21
natural gas, or synthetic gas usable for fuel (or mixtures of natural gas and such 22
synthetic gas). As defined by the New Mexico Emergency Management Act, 23
means: flammable solids, semi-solids, liquids or gases, poisons, corrosives, 24
explosives, compressed gases, reactive or toxic chemicals, Irritants or biological 25
agents, but ,does not include radioactive materials. 26

• HazardousMaterials: As definedby the New Mexico Emergency Management ACt 27

means: hazardous substances, radioactive materials, or a combination of 28
hazardous substancesand radioactive materials. 20

CERCLA applies to the release of any substancelisted in Table 302.4 of 40 CFR Part 302 and 30
to any site where such substances are deposited, stored, disposed, or placed, including buildings 31

v/ and structures. At the WIPP facility, these substances may be in the TRU waste handled as part 32
of the experimental program, as well as substances used or stored at the site in support areas 33
of the facility. Spills and releases of hazardous substances and materials outside the 34

v/ miscellaneous unit will also be responded to in a responsible manner. Therefore, while this Plan 35
applies directly to the r,,iscellaneous unit and supporting mixed waste handling areas, it also 36
serves as the single, facility-wide Contingency Plan. 37
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1 G-2 EmergenoyCoordinators

2 Persons qualified to act as the Emergency Coordinator (primary and aitemates), as required by
3_/ HWMR-6, Pr, V, sec. 264,55, are listed below:

EMERGENCY COORDINATORS
q

PRIMARY
..... , ,, ........

NAME ADDRESS* OFFICE HOME PAGER
PHONE PHONE* NUMBER**

_, ,,,

John Lee, Assistant (505) 887-8206 117
General Manager,
Operations

i ,=

.... ., ALTERNATES ,,

Harry Blbby, (505) 887-8266 103
Deputy Manager,
Operations

.....

_/ Les L. Reed, Manager, (505) 887-8489 165
_/ Environment, Safety, Mobile phone'.
v/ and Health (505) 887-9443

......

v/ *NOTE: Home addresses and phone numbers are proprietary and should not be released beyond the regulatory
v/ and emergencypersonnel.

**NOTE: To reachpager numSers,WIPP Seoudty is ¢alled at 887--8324.,

4v' The Emergency Coordinator is equivalent to the WIPP facility Cdsis Manager. The on-call
5 Emergency Coordinator will be on the premises or on-call (i.e., available to respond to the
6 emergency by reaching the facility wtthin a short period of time) 24 hours a day, seven days a
7 week, with the responsibility for coordinatingali emergency response measures. The identity and
8 means to reach the on-call Emergency Coordinator is maintained on a site call-out list maintained
9 in several locations at the WIPP site, including the Central Monitoring Room (CMR) and WIPP

10 Security, and by several individuals in the emergency notification chain (Section G-4, below).
11 This call-out list is revisedweekly to reflect assignmentchanges.

12# The named Emergency Coordinators are thoroughly familiar with the WIPP Contingency Plan,
13 mixed waste and hazardous waste operations and activities at the WIPP facility, the locations of
14 mixed waste and hazardous waste activities, locations on the site where hazardous materials are

15_/ stored and used, and locations of waste staging and accumulation areas. They are familiar with
16 the characteristics of mixed waste and hazardous waste handled at the WIPP facility, the location
17_/ of mixed waste and hazardous waste records within the WIPP facility, and the facility layout. In
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addition, the named Emergency Coordinatorshave the authority tO commit the necessary 1
resourcesto implementthisContingencyPlan. 2

G-3 I._mplementation 3

The provisions of this Contingency Plan will be Implemented immediately whenever there is an 4

emergency event such as a fire, explosion, or release of hazardous waste or hazardous 5
_/ constituents Inthe miscellaneous unit as defined In Chapter B or waste handling areas that could 6

threaten human health or the environment, or when the potential for such an event exists, as 7
_/ required under HWMR-6, Ft. V, sec. 264.51(b). Section G-4 describes the provisions of the s

Contingency Plan that facility personnel will take in the event of a fire, explosion, or any 9
unplanned sudden or non-sudden release of hazardous material to the air, soil, surface water, 10
or ground water at the WIPP facility; within the miscellaneous unit and waste handling area; and 11

the support areas where other hazardous materials may be used or stored. The implementation 12
of the Plan, in the course of communicating emergencies, is described in Section G-4a, 13
Notification,below. 14

G-4 Emergency ResponseMethods 15

Methods that describe how and when the WIPP ContingencyPlan will be Implementedcover 16

eleven implementationareas. These are: 17

(1) Notification(SectionG-4a) 18
i

- Initial emergency response and alertingof the on-call Emergency 19
Coordinator. 2o

21

- Communicationof the emergencyconditionsto facilityemployees. 22

- Notificationof local, state, and federal authorities. 23

- Notificationof the general public. 24

(2) Identification of hazardous materials (Section G-4b). 25

(3) Assessmentof the nature and extent of the emergency (Section G-4c). 26

(4) Control,containment,and correctionof the emergency(Section G-4d). 27

(5) Preventionof recurrenceor spreadof rims,explosions,or releases(SectionG-4e). 2.s

(6) Storage and treatment of released material and waste (Section G-4f). 29
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1 (7) Incompatible waste (Section G-4g).

2# (8) PostemergencyfaolUtyand equipment, maintenance,and reporting (Section G-4h).

3# (9) Container spills and leakage (Section G-41).

4 (10) Tank spillsand leakage (SeottonG-4J).

5J (11) Surface Impoundmentspillsand leakage (SectionG-4k).

6 G-4a Notification

7 Notificationrequirementsin the event of an emergency at a RCRA hazardouswastemanagement
8_/ facilityare defined by HWMR-6, Pr. V, seos. 264.56(a) and (d). Methodsto provide ali needed
9 notificationsin case of an emergency at the.WIPP facility are described in this section. The

lo notificationproceduremeetsthe requirementsof DOE Order5000.3A (DOE, 1990a). Emergency
11_/ notificationdescribed below Is in accordance with WIPP emergency procedures contained in
12J WP 12-9, Emergency Plan and Procedures(Westinghouse,1992a). Ali facilitypersonnelare
13 trained in emergency notificationprocedures,

14 InitialEmergency Responseand Alertingthe On-Call EmergencyCoordinator

is Ali on-site emergencies will be reported Immediately to the GMR Operator at
16 extension 8111. Ali notificationsshallIncludethe followinginformationas appropriate:

17 - Name and telephone number of the caller
18 - Locationof the Incidentand the caller

19 - Time and type of incident
2o - Severityof the incident
21 - Magnitude of the incident
22 - Cause of the Incident
23 - Assistance needed to deal with or control the incident

24 - Areas or personnel affected by the Incident.

2s In addition to receiving the Incident phone reports, the CMR Operator, who Is located in the
26 Support Building, Building 451 (Figure G-l), continuously monitors alarm status. These alarms
27 indicate an abnormal mechanical, electrical, and/or radiological condition at selected points on
28 the site both above and below qround. Alarms and fire suppression equipment are located
2{) throughout the WIPP facility. The alarm(s) may be the first notification of an emergency situation
30 received by the CMR Operator. As a communications center, the CMR is effective in monitoring
31 incoming alarms, telephone calls, and radlo messages, and is a center for initiating outgoing calls
32 to emergency staff and outside agencies.
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Onoe the OMR Operator Is notified of a fire, explosion, or unoontrolled release anywhere In the 1
faollity (by either an eye witness or an alarm), the Operator will prooeed to notify emergenoy 2
personnel and report the reoelpt of the oall to WIPP Seoudty. In addition the OMR Operator may 3
use the pubUoaddress (PA) system to notify emergenoy response teams (below). The OMR 4
Operator reports the situation to the FaoilityOperations Shift Supervisor (FOSS). WIPP Seourlty, 5
using pagers and, If needed, telephones, is also able to notify emergenoy response personnel,
WIPP Seoudty maintains a call-out list oontatnlng key Instruotlons, and the Identities, phone 7
numbers, and pager numbers of on-oall emergenoy response personnel. The oall-out list Is 8
updated weekly, g

If the emergency Isabove ground, the CI_R _perator or WIPP Seoudty will notify the Emergenoy 10
Response Team (ERT). If the emergenoy is below ground, the CMR Operator or WIPP Seoudty 11
will notify the underground supewlsor and the First Line Inlttal Response Team (FLIRT). Means 12

to oommunloate with on-site emergenoy response personnel are maintained In the OMR and at 13
WIPP Seoudty at ali times. 14

_/ The response to an unplanned event will be performed In aocordanoe with the applloable federal, ,5
v' state, or local regulations and/or guidelines for that response. These Inolude HWMR-6 and RCRA 16

for emergenoles in the misoellaneous unit and waste handling areas; CERCLA; Chapter 74, 17
Artiole 4B NMSA 1978, New Mexico Emergency Management Act; and agreements between the 18 .
DOE and/or the WIPP Management and Operating Contractor (MOC) and local authorities 19

v/ (Section G-6) for emergencies throughout the WIPP facility. In addition, the Mine Safety and 2o
_/ Health Act (MSHA) governs underground response to an unplanned event. 21

The FOSS Is In charge of operations during a specified shift at the WIPP facility. The FOSS will 22
contact the appropriate Facility Manager (FM) who will evaluate the incident and determine If an 23
actual or potential emergency exists; i.e., the tnoident constitutes a real or potential threat to 24

human health or the environment. The Identity of the WIPP FM(s) and the means to 25
communicate with the FM(s) are on the call-out list maintained by the FOSS. The list is kept 26
current weekly. The FM ts that Individual, or his or her designee, who has direct-line 27
responsibility for classifying the inoident and notifying DOE in an emergency. 28

The nature of any inoident potentially Involving hazardous materials or waste will undergo 29
assessment, as described In Section G-4c. The Emergency Coordinator will not be notified if the 3o
Incident does not constitute an emergency requiring notification of public safety and regulatory 31
agenoles (i.e., if a fire, explosion, or release does not constitute a potential threat to human health 32
or the environment, if a spill is contained in secondary containment, and/or if the spill or release 33
is less than a reportable quantity, specified under CERCLA In 40 CFR sec. 302.4). Reportable 34

quantities under CERCLA apply to the release of any substance listed In Table 302.4 of 40 CFR 35
Part 302. 36
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1 If the Incident constitutesan emergency, the FOSS will notify the on-call Emergency.Coordinator
2J (phonenumberslistedabove),andthe FM will notifythe DOE faollltyrepresentative,The identity
3J and means to communicatewith the DOE facility representativeand the on-oall Emergency
4 Coordinatorat ali times are Ustedon the site call-outUst,whlohIs kept currentweekly.

5 The WIPP facility maintainsits ownemergency responsecapabilitieson site includingthe ERT,
e FLIRT, EmergencyServicesTechnicians(ESTs), a registerednurse,securitypersonnel,and Mine
7 Rescue Teams. Coordinationand mutualaid agreementswiththe local outsideagencies make
s additionalemergency personneland equipment available (Section G-6, below). In addition,as
9 a DOE faolllty, the staffat the WIPP facility can call uponthe resourcesof DOE to assist.

10 Communicationof EmergencyConditionsto FacilityEmployees

11 The proceduresfor notifying facility personnelare dependentuponthe type of emergency and
12 level of responserequired. Options to accomplishthisare:

13 • Local Fire Alarms

14 - In the event of a fire, these may also be activatedautomaticallyor manually. . '

15 • Surface Evacuation Signal

16 - The evacuation signal is a yelp1 tone and Is manually activated by the CMR
17v/ Operator when needed. The CMR Operator shall follow the evacuation signal wlth
18v/ verbal instructionsand ensure the Site Notification System has been activated.

I

19 • Underground Evacuation Warning System

20, The evacuation signal ts a yelp tone and flashing light. In the event of an evacuation
21 signal, underground personnel will proceed to the nearest assembly areas
22 (Section G-7b, Underground Assembly Areas) to be appdsed of the nature of the
23 emergency and the evacuation route to take.

24 ° Contlngency Evacuation Notification

25 - If the primary warning system consisting of alarms and signals falls to operate when
26 activated (as in a total power outage and failure of the redundant power systems),
27 WIPP Security will be notified by the CMR Operator to initiate the oontlngency
28 evacuation plan. In this procedure:

29 - Security personnel will drive through the WIPP site with sirens oscillating.

30 1 Theyelp toneincreasesfrom500to 1000hertzanddropsto500 hertz
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- Seoudty personnel will use voloe amplifiers to alert personnel to evaouate the area. 1

The CMR Operator has the ablUtyto notify faolllty personnelof an emergenoy using the PA 2
system, s

v' WIPP faolllty personnel are trained and given instruogon during general employee training, 4
emergency preparednessclasses, and during 40-hour safety trainingto recognize the various 5

_/ alarm signals and the slgnlfioanoeof each alarm. Ali WIPP faolllty employees and site visitors s
are requiredto oomply withdlreotlonsfrom emergenoypersonneland alarm systemnotlfloatlons 7
and to follow Instruotlonsoonoerning emergenoy equipment, shutdown procedures, and s
emergenoy evacuation routesand exits. 9

Notification of Local,State, and Federal Authorities 10
i

_/ If lt is determined that the facility has had a fire, explosion, spill, or release of hazardous waste 11
_/ or hazardous waste constituent (inoluded In HWMR-6, Pr. II) In the miscellaneous unit or mixed 12

waste handling areas or an emergency resulting in a release of a hazardous substance (Included 13
in 40 CFR seo. 302.4 or the New Mexloo Emergen_ Management Aot, Sections 74-4B-3 and 14
74-4B,5) that could threaten human health or the environment inside or outside the facility, the 15

_/ Emergency Coordinator will assure that local authorities are nottfied by telephone and/or radio, 1B
Including'. 17

• Local Emergency PlanningCommittee [telephonenumber: (505) 887-1191] 18
• Carlsbad Police Department[telephone number: (505) 885-2111 or 911] 19
• Carlsbad Fire Department [telephone number: (505) 885-2111 or 911] 2o
• Eddy County Sheriff [telephone number: (505) 887-7551] 21

v/ After local authorities are notified,the Emergency Coordinator will assure notificationof: 22

v/ New Mexico Environment Department (NMED) 2s
24-Hour Emergency Reporting telephone number: (505) 827-9329 24

FAX number: (505) 827,9368 2.5

Hazardous Materials Emergency Response, New Mexico State Police (State Emergency 26
Response Commission) 27

Telephone number: (505) 827-9223 28
FAX number: (505) 829-3434 29

National ResponseCenter 3o
Telephone number: 1-800-424-8802 31
FAX number: (202) 479-7181 32
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1 The first notificationof public safety and regulatoryagencies will Include:

2 (1) Name er,d address of the faolllty and the name and phone number of the reporter,

s (2) The type of Incident: fire, explosion, release.

4 (S) The date and time of the Incident,

5 (4) The type and quantity of hazardous material(s)Involved.

s (6) The exact location of the Incident.

7 (6) The source of the Incident.

s (7) The extent of Injuries, If any.

9 (8) Possiblehazardsto human health and the envlronment(air, soil,water, wlldllfe, etc.)
10 outsidethe facility.

11 (9) The name, address, and telephone numberof theparty tn charge of or responsible
12 for the faoitttyor activityassociatedwith the Incident.

IS (10) The party at the spill site who is in charge of emergency operations (the on-duty
14 Emergency Coordinator) at the site and the telephone number of this party.

18 (11) The Identity of any surface and/or ground waters Involved or threatened and the
le extent of actual and potential water pollution.

17 (12) The steps being taken or proposed to contain and clean up the material Involved In
is the Incident.

19 The Emergency Coordinatorwill also be available to help the appropriate local, state, or federal
20 officialsdecide whether localareas shouldbe evacuated.

21 Notification of the General Public

22 Notificationof the general public throughthe public safety and emergency agencies listed above
23 willbe made by or underthe directionof the EmergencyCoordinatorfollowingconsultationwith
24 the DOE field representative. DOE policy is to provide accurate and timely Informationto the
2s publicby the mostexpeditiousmeans possibleconcemlngemergencysituationsat the WIPP site
,>6 that may affect off-sitepersonnel,publichealth and safety, and/orthe environment.
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1

G-4b !dent!flcatt0nqf. Hazardous Matter,Is 1

The Identification of hazardous wastes or hazardous constituentsInvolved In a fire, explosion, or 2
release to the environmentfrom the miscellaneousunit and mixed waste handlingareas ts a 3

_/ necessarypartof theassessment of an Incident,as describedin HWMR-6, Pt. V, ssc. 264.56(b). 4
RCRA hazardouswaste and hazardous substancesand materialslistedin 40 CFR see. 302.4 or 5

NewMexicoEmergencyManagementAct,Sections 74-4B-3and74-4B-5, InvolvedInany release e
at the WIPP facilitywillalsobe Identified.Approachesavailable to Identifythehazardouswastes, 7
substances, or materials InvolvedIn an fire, explosion,or release at the WIPP faclUtyInclude a
referencetotheWIPP Waste InformationSystem(WWIS), waste manifests,materialssafetydata o

V sheets(MSDS), and materialsInventoriesfor buildingsand operatinggroupsat the WIPP facility, lo
v' Ali mixed waste received by the WIPP facility during the Test Phase will be characterized for 11

hazardousconstituentsprior to receipt, so that Informationrequired for Identifyinghazardous 12
wasteand hazardousconstituentsin case of an emergencyin the miscellaneousunitor mixed 13
waste handlingareas Is readily availablethroughthe WWIS. The Identificationof waste is one 14
steptnthe emergencyassessmentwhich Isdescribedin SectionG-4o,Assessmentof the Nature 15
and Extentof the Emergency. lO

G-4c Assessmentof the Nature and Extentof the Emerqenov 17

Once personnel safetyIs ensured, the Emergency Coordinatorwill ensure that the identity,exact 18
source, amount, and areal extent of _ny released materials are determined, as required under 19

v' HWMR-6, Pt. V, see. 264.56(b). The on-duty FOSS will be responsible for Identifying Immediate 2o
and potential hazards, using the services of ESTs and health physics technicians, and providing 21
the WIPP Environment, Safety, and Health Department (ES&H) with the information necessary 22

_/ to determine: (1) the identity of.hazardous wastes, hazardous constituents, and other hazardous 23
materials Involved, as described in Seation G-4b; (2) whether the release Involved a reportable 24

quantlty of a hazardous substance; (3) the areal extent of the release; (4) the exact source of the 2.5
release; and (5) the potential hazards to human health or to the environment. 26

After the materials Involved In an emergency are identified, the specific Information on the 27
associatedhazards,appropriatepersonnelprotectiveequipment,decontamination,etc., will be 2si

v' obtained from MSDSs, Dangerous Propertiesof IndustrialMaterials (Sax, 1989), and similar 29
V' reference materials. This Information Is accessed through Safety and Plant Protection, 3o
V EnvironmentalAnalysisand Compliance,and Transportationand HazardousMaterialsHandling. 31

The emergency assessment requires determination of hazards involving evaluation of several 32
criteria, Including'. 33

• Exposure: magnitude of actual or potential exposure to employees, the general public, 34
and the environment; duration of human and environmental exposure; pathways of 35
exposure. 36
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1 • Toxlolty: types of adverse health or environmental effeots assoolated with exposures;
2 the relationship between the magnitude of exposure and adverse effeots.

3 • Unoertalntles: oonslderatlons for undeterminable or future exposures; unoertalnor
4 unknown health effeots, Inoludlngfuture healtheffeots.

5 If the assessment tndloates that there Is a real or potential threat to human health or the
6 environment,the EmergencyCoordinatorwillensurethatemergenoyinformationIsoommuntoated
7 to facilityemployeesand local,state, and federal authorities(see above).

s G-4d Control,Conta!nment,and Cprreotionof the Emergency

9 The WIPP facilityis requiredto controlan emergenoyand to minimizethe potentialfor releases,i

1oy_ recurrences, or spreading of the emergenoy situation, as desodbed In HWMR-6, Pt. V,
11 secs. 264.56(e) and (f).

12 Immediate Response

13 ASdesodbedInSeottonG-4a above,oncethe CMR Operatoris notified(byeitheran eye witness
14 or alarm) of a fire, explosion, or release, the Operator will immediately reportthe situationto the
15 FOSS and take aotlonto notifythe appropriateemergency responsepersonnel. The response
1sV will be In accordancewithWP 12-9 (Westinghouse,1992a).

17 Above Ground Emergencies

18_/ The ERT will respond to above ground emergencies at the WIPP facility In accordance with
1g_/ WP 12-9 (Westinghouse, 1992a).

2o U_nder.qroundEmerclencles

21J The FLIRT will respond to underground emergencies according to the following procedures in
22J WP 12-9 (Westinghouse, 1992a): WIPP Underground Emergency Procedure, Nonradioactive
23 Hazardous Materials Spill Control Procedure, and Response to Contamination Events.

24v/ The WIPP facility maintains two Mine Rescue Teams which are trained tn compliance with 30
25 CFR Part 49 in areas of surface organization, mine gases, ventilation, exploration, mine fires and
26 fire fighting, rescue and recovery, and mine recovery. A Mine Rescue Team Is activated if the
27 underground emergency exceeds the capabilities of the FLIRT in these areas of mine rescue;
28 however, the Mine Rescue Teams are not designated to respond to spills or releases of
29 hazardous wastes or materials In the underground.
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Each Mine Rescue Team consists of five members, one altemate, one trainer, and one 1
henchman. The teams are trainedby a trainerwho is certifiedbythe U.S. Departmentof Labor 2
Mine Safety and Health Administration.Their rescue equipmentis suppliedand maintainedin 3
accordancewith federal regulations(30 CFR Part 49). 4

_/ The first optionin fightingmine fires will be to applymechanicalmethodsto stop fires (e.g., cut 5
v_ electricalpower). In general,the use of emergencypersonnelto fighta minefire, suchas the 6

Mine RescueTeam(s) or the FLIRT, willbe avoided. If manpoweris required,the Mine Rescue 7
Team(s) wouldbe able to respondto a mine fire; the FLIRT, althoughtrained in fire fighting,will s

_/ not usuallybe called on to fight mine rims. The last option in fightingmine fires will be to 9
v_ reconfigureventilation, lO

G-4e Preventionof Recurrenceor Spread of Fires_ExPlosions,or Releases 11

v/ During an emergency, the EmergencyCoordinatorwill ensure that reasonable measuresare 12
taken so that rims, explosions,and releasesdo not occur, recur,or spread to mixed waste or 13

_/ otherhazardousmaterialsat the facility,as requiredunderHWMR-6, Pt. V, secs. 264.56(e) and 14
(f). These measures include: 15

• Stoppingprocessesand operations. 16

• Collectingand containingreleasedwastesand materials. 17

• Removing or isolatingcontainersof waste or hazardous materials. 18

• Ensuring that wastes managed during an emergency are handled, stored, or treated 19
with due consideration forcompatibility with other wastes and materials on site, and with 2o
containers utilized (Section G-4f, below). 21

_/ • Restrictingpersonnel not needed for responseactivities fromthe site of the incident. 22

• Evacuating the site. 23

_/ • Curtailing nonessential activities in the area. 24

• Conducting preliminary inspections of adjacent facilities and equipment to assess 25
damage. 26

• Overpacking and/or removing damaged containers/drums from affected areas. 27

Damaged equipment and facilities will be repaired as appropriate. 28

• Constructing, monitoring,and reinforcing temporary dikes as needed. 29
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1 • Maintaining fire equipment on standby at the incident site in cases where ignitable
2 liquidshave beenor may be releasedand ensuringthatali ignitionsourcesare keptout
3 of the area. Ignitable liquids will be segregated, contained, confined, diluted, or
4 otherwisecontrolledto preclude Inadvertentexplosionor detonation.

5 If the facility(orportionof the facility)stopsoperationsinresponseto a fire,explosion,or release,
sJ the Emergency Coordinatorwill ensure that appropriatesystems are monitored by cognizant
7_/ Operationsor ES&H staff and that the followingoccurrencesare Immediatelyidentified:

s • Leaks
9 • Pressurebuild-up

10 • Gas generation
11 • Rupturesin valvesor pipes.

12 No operationthat has been shutdownin responseto the incidentwillbe restarteduntilauthorized
13v' by the EmergencyCoordinator. SectionsG.4g, IncompatibleWaste, and G-4h, Post-Emergency
14 Facilityand EquipmentMaintenanceand Reporting,addressspecificissuesrelatedto decreasing
15 the possibilityof a recurrenceor spreadof a release, fire, or explosion.

16 G-4f Storageand Treatment of Released Material and Waste

17 Once initialspillcontainmenthas been completed,the EmergencyCoordinatorwill ensure that
is recovered hazardous materials and waste are properly stored, treated, and/or disposed, as
1_/ requiredby HWMR-6, Pt. V, ssc. 264.56(g). For spillsof liquid,the perimeterof the spillwillbe
20J diked with an absorbentmaterialthat is compatiblewiththe material(s)released. Free-standing
21 liquidwillbe transferredto a labeled compatiblecontainer. The remainingliquidwillbe absorbed
22 with an absorbent material and swept or scooped into a labeled compatible container. Spill
23 residuewill be removed. Spillsof dry materialwillbe sweptor shoveledintoa labeledcompatible
24 recovery container. Material recovered from the spill will be transferred to clean-washed
2s containersortanks or to containersor tanksthat have helda compatiblematerial. Alicontainers
26 will meet U.S. Department of Transportation(DOT) specificationsfor shippingthe wastes and
27 materialsrecovered.

28J Nonradioactivehazardous waste resultingfrom the cleanup of a fire, explosion, or release
29 Involvinga nonradioactivehazardouswaste or hazardoussubstanceat the WIPP facilitywillbe
3o containedand managed as a hazardouswaste until suchtime that it can be determinedthat the
31J waste is not hazardous, as defined in HWMR-6, Pt. II, Subparts C and D. In most cases,
32 hazardous materials inventoriesfor the various buildingsand areas at the facility will allow a
33 determinationof the hazardousmaterialspresent in any cleanupof a release or of the residues
34 from an emergencycondition.When necessary,however,samplesof the wastewillbe collected
35 and analyzedto determinethe presenceof any hazardouscharacteristicsand/orconstituents;this
36 informationis needed to evaluate disposaloptions. Samplingand analytical methods such as
37v/ those detailedby the EPA (EPA, 1986) willbe utilized. Hazardouswastes willbe transferredto
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_/ the Hazardous Waste Staging Area per WP 02-6 and WP 02-7, Resource Cons.ervationand 1
_/ Recovery Act (RCRA) Compliance Manual (Westinghouse, 1992b), for transfer to an off-site 2

disposal facility in accordance with applicable regulations (e.g., HWMR-6 and DOT regulations). 3

v/ Administrativecontrols described inWP 02-5, Non-radioactive Hazardous MaterialsEnvironmental 4

_/ Compliance Manual (Westinghouse, 1991a), and WP 05-1, Waste Handling Operations Manual 5
V (Westinghouse, 1991b), will be implemented to ensure that no RCRA-regulated materials (not 6

associated with the mixed waste itself) will be introduced to the radioactive materials area of the 7
_/ WIPP facility during mixed waste handling operations. For this reason, mixed waste resulting 8
_/ from the cleanup of a fire, explosion, or release in the miscellaneous unit and the mixed waste 9

handling area will be derived from the received waste, lt will be treated and handled according 10
_/ to the radioactive waste handling procedures contained in WP 05-1 (Westinghouse, 1991b). 11

The contaminated area will be decontaminated. If the release is not contained on an 12

impermeable surface, such as a secondary containment structure, contaminated soil, asphalt, 13
concrete, or other surface will be removed and placed in DOT-approved shipping containers. 14
Contaminated soil, asphalt, concrete, or other surface material, as well as materials used in the 15
cleanup, e.g., rags and absorbent material, will be containerized and disposed of in the same 16
manner as dictated for the contaminant. Clean soil, new asphalt, or new concrete will be 17 '
replacedat the spilllocation. 18

If the spilloccurredon an impermeablesurface(suchas a secondarycontainmentstructure),the 19
surface will be decontaminatedwith water and/or a detergent. In the event that the spilled 20
matedal is water reactive,a nonhazardouscleaningsolutionwill be used. Contaminatedwash 21

water or cleaning solutionwill be transferredto an appropriatecontainer,labeled,and disposed 22
of as describedabove for nonradioactiveand radioactiveliquidwastes. 23

v' In the event of a hazardousmaterialor waste release, waste that may be incompatiblewith the 24
released materialwill not be received,treated, stored,or disposedof in the affectedareas until 25
cleanupoperationshave been completed. 26

For smallnonemergencyliquidspills,spillcontrolprocedureswill be usedto containand absorb 27
=

free-standingliquid. The contaminatedabsorbentwill be swept or shoveledinto a compatible 28
container, and handled and stored as described above. 29

G-4g Incompatible Waste 3o

Implementation of the TRU Waste Acceptance Cdteda for the Waste Isolation P_lotPlant (DOE, 31
_/ 1989a) ensures that incompatible TRU mixed waste will not be shipped to the WIPP facility. 32

Nonradioactive waste at the WIPP facility is carefully segregated during handling, storage (less 33
_/ than 90 days), and transport within and off the facility. HWMR-6 requires separation of waste 34
_/ managed that is incompatible with any materials released in an emergency [HWMR-6, Pr. V, 35
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• 1_/ sec. 264.56(h)(1)]. Usingguidelines provided In WP 02-6 and WP 02-7 (Westinghouse, 1992b),
2_/ the Emergency Coordinator will not allow hazardous or mixed waste operations to resume in a
3_/ building or area in which Incompatible materials have been released prior to ensuring that
4 necessary post-emergency cleanup operations to remove potentially Incompatible materials have
.5 been completed.

6 G-4h Post-Emer.(:lencvFacilityand EauipmentMaintenanceand_.Repo_in.q

7v' The EmergencyCoordinatorwillensurethat emergency equipmentthat is locatedor usedin the
e affected area(s) of the facilityand listed in the ContingencyPlan is cleaned and ready for its
9_/ intendeduse before operationsare resumed,as specifiedin HWMR-6, Pt. V, sec. 264.56(h)(2).

10v' The WIPP facility is committedto replacing any neededequipment or suppliesthat cannot be
11 reused followingan emergency.

12 Cleaninganddecontaminatingequipmentwillbe accomplishedby: physicallyremovinggrossor
13 solidresidue;rinsingwithwater or another nonhazardousliquid,if required;and/orwashingwith
14 detergentand water. Decontaminationand cleaningwill be conductedin a confinedarea, such
15 as a wash pad or buildingequipped with a floor drainand sump isolatedfromthe environment;
lS_/ e.g., the WHB. Care willbe takento preventwind dispersionof particlesand spray. Liquidor
17 particulatesresultingfrom cleaningand decontaminationof equipmentwill be placed in clean,
1sv/ compatiblecontainers. Waste producedin an emergencycleanupin the miscellaneousunit or
19 wastehandlingareas is derivedwaste and willbe managedas describedin the liquidradioactive
20v/ wastehandlingprocedureIncorporatedinWP 05-1 (Westinghouse,1991b). Waste resultingfrom
21 decontaminationoperationselsewhere inthe WIPP facilitywillbe analyzed for hazardouswaste
22 constituents and/or hazardouscharactedsticsto ensure propermanagement.

23 When the WIPP facility has completedany post-emergencycleanup of waste and hazardous
24 residues from areas where waste management operations are ready to resume and ali
25 emergencyequipmentusedin managingthe emergencyhas been cleaned or replacedand is fit
26 for service, the EmergencyCoordinatorwillensure thatthe followingnotificationsare made: the
27v/ EPA RegionalAdministrator;theSecretaryof the NMED; and any relevantlocalauthorities,such
28 as emergencypersonnelin Carlsbadand Hobbs. Thispost-emergencynotificationcomplieswith
2o_/ HWMR-6, Pr. V, sec. 264.56(t).

3o G-4i Container Spillsand LeakaQe

31_/ The waste received at the WIPP facility must meet stringent waste acceptance criteria (i.e., less
32 than 1 percent residual liquids and stabilized particulates) (DOE, 1989a) which will minimize the
33 chances of waste container degradation and the possibility of liquid or particulate spills in the
_,_/ miscellaneous unit and mixed waste handling areas. During the test phase, up to 120 liters of
35# brine may be added to certain test bins. The WIPP facility does manage drum quantities of
36 lubricants, solvents, and recyclable spent solvents elsewhere at the facility. Should a spill or
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release occur from a container, the WIPP facility will take the following actions in compllanoe with 1
J HWMR-6, Pt. V, sec. 264.52(a) and HWMR-6, Pt. VI, ssc. 264.171" 2

• Assemble the required response equipment, such as protective clothing and gear, 3
heavy equipment, absorbent material, empty drums, overpack drums, plugging material, 4 ,
and hand tools. 5

• Transfer the released material to a container that is in good condition, or overpack the 6
leaking container into anothercontainer that is in good condition. 7

• Once the release has been contained, determine the areal extent of migration of release 8
and proceed with appropriate cleanup action, such as chemical neutralization, 9
vacuuming, or excavation, lO

G-4J Tank Spills and Leakage 11

J The miscellaneous unit and mixed waste handling areas at the WIPP facility do not Include tank 12
J storage or treatment of hazardous waste, as defined in HWMR-6, Pt. I, sec. 260.10, and regulated 13

under HWMR-6, Pt. V, Subpart J. At the WIPP facility, tanks are used to store water and 14
petroleum fuels only. The petroleum tanks store diesel and unleaded gasoline. In the event of 15

J a spill from a petroleum product tank, actions are taken in accordance with WP 02-6 and WP 02-7 16
J (Westinghouse, 1992b). 17
J 18

G-4k Surface ImpoundmentSpillsand Leakaqe 19

J The WIPP facility does not manage hazardous or mixed waste using a surface impoundment, as 2o
J defined in HWMR-6, Pt. I, sec. 260.10, and regulated under HWMR-6, Pt. V, Subpart K. Surface 21

impoundment regulations are not applicable to the WIPP facility. 22

G-5 EmergencyEquipment 23

A variety of equipment is available at the facility for emergency response, containment,and 24
cleanup operations in both the miscellaneousunit and the facility in general. This includes 25
equipment for spill control,fire control,personnelprotection,monitoring,first aid and medical 26
attention,communications,and alarms. This equipmentis immediatelyavailable to emergency 27
responsepersonnel. Listingsof majoremergency equipmentavailable at the WIPP facility, as 28

J requiredby HWMR-6, Pt. V, ssc. 264.52(e}, are showninTables G-1 and G-2. Locationsof the 29
undergroundemergencyequipmentare shownin FigureG-4. Thefire water distributionsystem 3o
map is shown in Figure G-5. The undergroundfuel area fire protectionsystem is shown in 31
FigureG-6. 32
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1 G-6 CoordinationA_reements

2 The WIPP ProjectOffice (WPO) has established Memoranda of Understanding (MOUs) with off-
3 siteemergency response agencies for fire fighting,hazardous material response services,medioal
4 assistance, and law enforcement. In the event that on-site response resources are unable to
5 provide ali the needed response actions during either a medtcal, fire, or security emergency, the
6 appropriate off-site response agency will be notified for assistance.

7V The MOUs with off-site cooperating agencies are available from the DOE Contracting Officer. A
s listing and description of the MOUs with state and local agencies and mining operations in the
9V' vicinity of WIPP, as required by HWMR-6, Pr. V, secs. 264.37 and 264.52(c), are'

10 • Agreement among DOE, the WIPP MOC, AMAX Chemical Corporation, Mississippi
11 Chemical Corporation, Western Ag-Minerals Company, and Eddy Potash, Inc.,
12 (January 22, 1990) provides for the mutual aid and assistance tn the form of Mine
13 Rescue Teams in the event of a minedisasteror othercircumstanceat any of the five
14 facilities. This provision ensures that the WIPP MOC will have two Mine Rescue Teams
15 availableat ali timeswhen minersare underground,as requiredby DOE Order 5480.4,
16 EnvironmentalProtection,Safety, and Health ProtectionStandards(DOE, 1989b).

17 ° JointPowersAgreementamongDOE; the City of Carlsbad,New Mexico;EddyCOunty,
18 NewMexico;and the New Mexico Energy, Minerals,and Natural ResourcesDepartment
19 for Alternate Emergency Operations Center (June 15, 1988) provides for the
2o coordination of emergency plans, including the WPO emergency radiological response
21 plans; provides for participation in periodic exercises, drills, and training; provides for
22 establishingand maintaining an alternate Emergency Operations Center at the Living
23 Desert State Park; and assigns responsibilitiesto the participants.

24 • Memorandum of Agreement between the City of Carlsbad, New Mexico, and the WIPP
25 MOC for ambulance service assistance (August 13, 1981) provides that, upon
26v/ notificationby the WIPP MOC, the Cadsbad Fire Department will be dispatched from
27 Cadsbad toward the WIPP site by a designatedroute and will accept the transfer of
28 patient(s) being transported by the WIPP facility ambulance at the point both
29 ambulances meet. If the patient(s)is nottransferrable,theCadsbadAmbulanceServico
30 will provide equipmentand personnel to the WIPP facility ambulance, as necessary.

31 • MOU betweenthe WPO and the Guadalupe Medical Center EmergencyRadiological
32 TreatmentCenter for the Waste IsolationPilotPlant (October5, 1988) providesfor the
33 treatmentof radiologicallycontaminatedpersonnelwho have incurredinjuriesbeyond
34 the treatment capabilities at the WiPP facility. The WPO will provide transport of the
35 patient(s) to the Guadalupe Medical Center Emergency Radiological Treatment Center
36 for decontamination and medical treatment.
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• MOU between the WPO and the Lea Regional Hospital Emergency Radiological 1
Treatment Center for the Waste Isolation Pilot Plant (June 3, 1988)provides for the 2
treatment of radlologically contaminated personnel who have Incurred Injuries beyond 3
the treatment capabilities at the WIPP facility. The WPO will provide transport of the 4

patient(s) to the Lea Regional Hospital Emergency Radiological Treatment Center for 5
decontamination and medical treatment, s

• MOU between the WPO and the U.S, Department of the Interior, New Mexico Office, 7
BLM (June 29, 1983) provides for the development of the WiPP facility on BLM lands s
under an administrative land withdrawal. The MOU permits DOE to enter adjacent BLM 9
land for emergency decontamination and assigns Initial management of any wildland 10
fire In the WIPP site area to DOE whereas BLM retains overall wlldland fire suppression 11
responsibility. 12

• Mutual Aid Fire-FightingAgreement between the Eddy County Commissionand the 13
DOE (December 7, 1983) provides for the assistanceof the Otis Fire Department (a 14
volunteerfiredistdctcreated underthe Eddy CountyCommissionandthe New Mexico is
State Fire Marshall'sOffice), Includingequipmentand personnel,at any locationwithin 16
the WIPP Fire ProtectionArea upon requestby an authorized representativeof the 17

WIPP Project. These responsibilitiesare reciprocal, la

• Mutual Aid Agreement between the City of Hobbs and DOE (March 6, 1990) provides 19
for mutual ambulance, medical, fire, rescue, and hazardous material response services; 2o
provides for joint annual exercises; provides for use of WIPP facility radio frequencies 21
by the City of Hobbs during emergencies; and provides for mutual security and law 22
enforcement services, within the appropriate jurisdtctlon limits of each party. 23

G-7 Evacuation Plan 24

If it becomes necessary to evacuate the WIPP facility, the assigned staging area and assembly 25
v/ areas have been established. The WIPP facility has Implementation procedures for both surface 26
_/ and underground evacuation in WP 12-9 (Westinghouse, 1992a). The following sections describe 27
_/ the evacuation plan for the WIPP facility, as required under HWMR-6, Pr. V, sec. 264.52(f). 28

G-7a Surface EvacuationOn-Site AssemblyAreas and Off-Site StaqinqArea.s 29

Figure G-7 showstheabovegroundon-siteassemblyareas andoff-sitestagingareas. Personnel 3o
reportto theirOfficeWardensat designatedon-siteassemblyareas. The FOSSwilldecide which 31
off-site stagingarea is to be used and will advise Office Wardens of the selection. The FOSS 32

will communicate the off-sitestagingarea locationto Office Wardens via radio, WIPP Security, 33
or telephone,as appropriate.Office Wardenswill direct personnelto the selectedoff-sitestaging 34
area. Personnelwhoare workingin a contaminatedarea when site evacuationisannouncedwill 35
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1 minimize contact with other personnelduring the evacuation. Each off-site staging area contains
2 an area for the mustering of any potentially contaminated personnel.

3 G-7b Underqround AssemblyAreas

4 In the event Of an underground evacuation, underground personnel will muster in the nearest
s assembly area (Figure G-8) to be accounted for and to await directions for evacuation to the
6 surface. Assembly areas have mine pagers, telephones, evacuation maps, first-aid kits, and
7 procedures available to assist workers in responding to the emergency.

s G-7c Plan for Surface Evacuation

9 Notification for site evacuation will be made using the employee notification procedures in
lo Section G-4a, above. Evacuation of surface facilities will occur upon sounding the evacuation
11v' alarm or upon Instruction from the Office Warden(s). Evacuation routes and Instructions are
12 posted throughout the site.

13 Designated Office Wardens will be nottfled of site evacuation by WIPP Security or evacuation
14 alarms. Office Wardens Instruct ali personnel to leave the work station in an orderly manner and
15_/ to muster at the designated on-site assembly area (Ftgure G-7). The Office Warden Is an
16# individual' assigned responsibility for assuring that personnel are evacuated from the Office
17 Warden's assigned area or building during evacuations. Responsibilities Include:

18 • Maintaining order during the evacuation
lg_/ • Directing person_el to the staging area from the outside assembly area
2o ° Accounting for personnel at the staging area
21 • Reporting results of personnel accounting to the Chief Warden.

22# Employees are to ensure that visitors they are escorting accompany them to the on-site assembly
23V and off-site staging areas. The Chief Warden is a pre-assigned individual with responsibilities
24 during evacuations at the staging area. These duties Include:

25 ° Maintaining order at the staging area
't

26 ° Directing Office Wardens at the staging area
27 ° Receiving reports from the Office Wardens regarding personnel accounting
28# • Reporting to the FOSS
29_/ • Accounting for personnel at the staging area.

3o During an evacuation ali personnel will remain in the staging area until given further instructions.
31 Personnel with assigned duties that prevent their immediate departure from the site during an
32 evacuation (e.g., FOSS, ERT personnel, FLIRT personnel) will report to their supervisor/duty
33# stations for Instructions. These personnel will not evacuate until released by their supervisor.
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G-7d Plan for Under_lroundEvacuation 1

Notification for underground evacuation will be made usingthe underground PA evacuation alarm 2
and strobe light signals, This notification equipment is battery-powered and will conttnue to 3
operate in the event of a power outage, 4

Personnel evacuate to the nearest assembly area (Flgure G-8). If the Incident requires immediate 5
_/ evacuation of the underground (e.g., power outage, surface or underground fire), underground 8

personnel are Instructed to go to any hoist for transport to the surface. Primary underground 7
evacuation routes (Identified by green reflectors on the rib) will be used, if possible. Secondary 8
underground evacuation routes (identified by red reflectors on the rib) will be used if necessary 9
(Figure G-4). Brass tags are collected from personnel at the hoist collar on the surface and 10
numbersare reported to the Underground Dispatcher to account for personnel. 11

J

_/ If the lnctdentdoes not require Immediate evacuation of the underground, the supervisorsrecord 12

_/ the numbers of brass tags from employees at the assembly areas and report ali numbers to the 13
Underground Dispatcher on the surface. Personnel aw3tt further Instructions at the assembly 14
area. 15

_/ In either case, upon reachingthe surface, personnel report to their assembly area to receive 16
_/ furtherinstructions. 17

G-7e FurtherSite Evacuation 18

If the Emergency Coordinator concludesthat site personnel evacuation beyond the location of the 19
personnel staging area would be prudent, the most favorable evacuation route will be selected 2o
by the Emergency Coordinator. 21

In the event of an evacuation Involving th9 need to transport employees, the following 22
transportation ts available: 23

• Buses -- WIPP facilitybusesare available for evacuationof personnel. The busesare 24

stationed in the employee parking lot. 25

• Privately Owned Vehicles -- Because many employees drive to work in their own 26
vehicles, these vehicles may be utilized in an emergency. Personnel may be directed 27

as to routes to be taken when leaving the facility. 2s

These vehicles may be used to transport personnel who have been released from the site by the 29
Chief Warden. 30
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1 G-8 Required Reports

2 ES&H must note In the operating record the time, date, and details of any Incident that requires
3# Implementing this Contingency Plan. In compliance with HWMR-6, Pr. V, se_. 264.56(J),within
4 15 days after the Incident, the Emergency Coordinator will ensure that a written report on the
5# ineldent will be submitted to the EPA Regional Administrator and the Secretary of the NMED. The
6 report must Include'.

7 (1) Name, address, and te!ephone numberof the Owner/Operator.

s (2) Name, address, and telephone number of the facility.

9 (3) Date, time, and type of Incident (e.g., fire, explosion, release).

lO (4) Name and quantity of material(s) Involved.

11 (5) The extent of Injuries, tf any.

12 (6) An assessment of actual or potential hazards to human health or the environment,
13 where this is applicable.

14 (7) Estimated quantity and dispositionof recovered rnatedal that resulted from the
15 Incident.

16 In addition to the above report, the Emergency Coordinator will ensure that ES&H submits reports
17 to the appropriate agencies as listed In Tables G-3 and G-4.

18_/ In accordance with HWMR-6, Pt. V, sec. 264.56(I), DOE will notify the Secretary of the NMED and
19 EPA Regional Administrator that the WIPP facility is in compliance with requirements for the
2o cleanup of areas affected by the emergency, and that emergency equipment used In the
21 emergency response has been cleaned or replaced and is fit for its Intended use prior to the
22 resumption of waste management operations in affected areas. The means the WIPP facility will
23 utilize to meet these requirements ts described in Sections G-4f, G-4g, and G-4h.

24 G-9 Location of the Contin_clencyPlan and Plan Revision

25# The Owner/Operator of the WIPP facility will ensure that copies of this Contingency P_anare
26 present at controlled-document locations throughout the facility and are, consequently, available
27 to ali emergency personnel and organizations described In Section G-4'. In addition, the
28 owner/operator will make available copies to the following outside agencies:
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• New Mexico Energy, Minerals, and Natural Resources Department for Alternate 1
Emergency Operations Center at the Uvlng Desert State Park Office, Carlsbad 2

V • Cadsbad Fire Department 3

• Guadalupe Medical Center, Carisbad 4

• Lea Regional Hospital, Hobbs 5

• Otis Fire Department,Otis s

• Hobbs Fire Department, Hobbs 7

• BLM, Cadsbad s

• Public Safety Department, Carlsbad 9

• New Mexico State Police, 10

_/ The Owner/Operator of the WIPP facility will ensure that this plan Is reviewed annually and 11
amended whenever: 12

• Applicable regulationsare revised. 13

• The RCRA Part B permit for the WIPP facility is revised In any way that would affect the 14
Contingency Plan. 15

• This Plan falls in an emergency. 16

• The WIPP facility design, construction, operation, maintenance, or other circumstances 17
change in a way that Increases the potential for fires, explosions, or releases of 18
hazardous waste or hazardous constituents or change the response necessary in an 19
emergency. 2o

• The list of Emergency Coordinators changes. 21

.,/ , The listof WIPP facility emergency equipmentchangessubstantially. 22
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List of References for Chapter G 1
(Continued) 2

U.S. Environmental ProtectionAgency (EPA), 1986, "Test Methods for Evaluating Solid Waste, 3
Physical/Chemical Methods," Lsw'846, Third Edition, U.S. EnvironmentalProtection Agency, 4
Office of Solid Waste and Emergency Response, Washington, D.C. 5

Westinghouse, see Westinghouse Electric Corporation. s

V WestinghouseEleotrtoCorporation(Westinghouse),1992a, "Emergency Plan and Procedures," 7
WP 12,9, WestinghouseWaste IsolationDivision,Cadsbad,New Mexico. s, i

v' Westinghouse Eleotrto Corporation (Westinghouse), 1992b, "Resource Conservation and g
V Recovery Act (RCRA) Compliance Manual," WP 02-6 and WP 02-7, WestinghouseWaste lO

Isolation Division, Carlsbad, New Mexico. 11

WestinghouseElectricCorporation(Westinghouse),1991a, "NonradioactiveHazardousMaterials 12
EnvironmentalComplianceManual,"WP 02-5, WestinghouseWaste IsolationDivis_on,Carlsbad, 13
New Mexico. 14

_/ WestinghouseEleatdcCorporation(Westinghouse), 1991b, "Waste Handling Operations Manual," is
WP 05-1, WestinghouseWaste Isolation Division, Carlsbad, New Mexico. 16
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TABLE G-1
EMERGENCY EQUIPMENT AND PERSONNEL MAINTAINED 0

AT THE WASTE ISOLATION PILOT PLANT
I

......

Equipment DescriptionandCapabilities 1, Location I
,.. .'

CommunicaUons ......I
,,,'_1' ,.'l "'

Building Fire Alarms manual and automatic; activationof automaticsprinklersystem Guard and SecurityBuilding,
triggersfire alarm; locallyaudible,visual displayand alarm in Central Pumphouse,Warehouse/Shops,
MonitoringRoom (CMR) ExhaustFilterBuilding,Support

Building,CMR/Computer Room,
Waste HandlingBuilding,
TRUPACT Maintenance Facility,
Salt Handling(SH) Shaft Station,
Waste HandlingShaft Station,
Fuel StationNo. 1 and 2, SH
Holsthouse,Maintenance
Shops*, Guard Shack*, Auxiliary
Warehouse*, Construction
ManagementTrailer*, Coie
Storage Building*

*local alarms;not connectedto
the CMR

UndergroundF_re automatic;have priorityoverotherpaging channelsignals butdon't Fire detectionand controlpanel
Alarms overrideintercomchannels;alarms soundinthe general area of the locations: Waste Shaft, Salt

controlpanel; interfacewithCMR HandlingShaft, Panel 1 (outside
room1), E-O/N 1200, Fuel
Station#1, Fuel Station #2

........

_/ Site-wideEvacuation transmittedover pagingchannel of the PA system, overridingits site-wide
Alarm normaluse; manually initiatedaccording to proceduresrequiring

_/ evacuationfor radiation;automatically initiatedby undergroundfire
alarm systemsfor undergroundareas; audiblealarm producedby
tonegeneratorat 10 decibelsabove ambientnoise level (or at least
75 decibels);flashingstrobe lights supplementaudible alarm inhigh

_/' ambientnoiseareas; radiosand/or pagersare used to notifyfacility
_/ personneloutsidealarm range. , ,

_/ Vehicle Siren manual;oscillating WIPP emergency vehicles
..

Voice AmlNifiers manual;portable Security ControlCenter

Still Video a multiplecomponent systemfor transcelving, recording, and EmergencyOperationsCenter
TransceiverSystem developingimages;non-secureor secure transmissionand receiptof (EOC), locatedin the Safety and

images frompredesignatedlocationinthe U.S. EmergencyServicesBuilding......

PublicAddress(PA) includesintercomphones; handsetstationsand loudspeaker surfaceand underground
System assemblies,each with ownamplifiers;multi.channel,one for PA and

pages, and othersfor independent partylines.

IntraplantPhones private automatic branchexchange;direct dial;provide throughoutsurface and
communicationlinkbetweensurface and undergroundoperations underground

.,,

Mine Phones battery-operatedpaging system CMR, miningoffice,safety office,
and underground

,,,
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TABLE G-1
EMERGENCY EQUIPMENT AND PERSONNEL MAINTAINED AT

THE WASTE ISOLATION PILOT PLANT
(CONTINUED)

.........
I

Equipment "DescriptionandCapabilities Location I',, ,,, ,,,. . ,,,,:,....

Commerolal, IooaJ,longdistanceand emergencytelephone service;direct dial;six surfaceand underground
Off-SitePhones dedicated off-sitelinesand 18 that operate throughthe Emergency

OperationsCenter switchboard;diverseroutingof service: 12 of the
20 direct inwarddial (DID) and 12of the 20 outwarddial (DOD) are
routed through microwave;the remainingDID and DOD are routedin
the buriedcopper cable to Carlsbad

........

Pagers manual;broacicasthigh-intensity,intermittentalarm signalsfor up to issuedto indivmluals
60 seconds

,,
I ..... '"

_/ Plectra torte-alert radio receiversplaced inareas not accessibleby the sRe-wlde
publioaddress system

.... ,; ,

Portable Radios two-way, portable;transmitsand monitorsinformationto/fromother issuedto individuals
transmitters r

................

Plant Base Radios two-way, stationary,UHF/VHF-FM; linkedto Eddy County and Lea Guard and SecurityBuildingand
County Sheriffs'Departments,NM State Police,Carlsbad Emergency EOC
Radio (Cadsbad ambulance,fire, HAZMAT and police,Guadalupe
Medical Center and Otis Fire Department),and WIPP Channels1-4

(Site Security and Safety, Site Operations,Site Emergency,repeatertoc_j_bad) ..... ,
Repeater a 50' high tower enablingthe transmissionof .radiofrequencywaves; "C"Hill, Carlsbad, NM

UHF-FM, two-way radio/telephone repeaterlink...........

V' PersonalComputer ,pemonalcomputerwith printer;personalcomputerwithdata linkto EOC
Data Link DOE-Albuque,,_,;_Je

..... - , _,

STU-III Telephone for normal and secure modes;providesunsecuredand secured EOC
direct dial on- and off-sitetelephoneaccess

.......... _ , _

Mobile Phones providecommunicationslinkbetweenWIPP.Security and key Issuedto individualsplus
personnel emergencyvehloles,

environmentaltruck, PA van
......

Telecopier facsimile (FAX); two; interfacedwithexistingtelephone lines, capable EOC
of sending"hardcopy" informationto otherFAX machines;one of
the two is capableof sendingandreceivingsecure FAXs

..... _.....

SATNET maritimecommunicationssystem;throughsatellitefor worldwide EOC
Communications communication

System
...... ,,, ,,' ,- , ,,:. -

SpillResponse......... ',';"....

SPILL-X-S Guns and containment;SPILL-X modelSC-30-C XC-30-S SC-30-A; includesA- Rescue Truck and Emergency
Recharge Powder Aoid,S-Solvent, C-Caustic ServicesStorage

AbsorbentSheets containmentorcleanup;3' x 100' RescueTruck
..... , ......... -- ............. ,

Absorbents Grab and Go container;spillcontrolbucket;for solventsand EmergencyServices Storage

.. neutralizingabsorbents;for acids/caus'tics

............ -
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TABLE G-1
EMERGENCY EQUIPMENT AND PERSONNEL MAINTAINED AT

THE WASTE ISOLATION PILOT PLANT
(CONTINUED),

Equipment DescriptionandCapabilities Location
, ,.,, _., , ,' .: ,, , ,, _ ',:." ....

AbsorbentSock containmentor cleanup;general liquidand oll"Pig" variouscombinationsin ,
EmergencyServicesStorage
and Rescue Truck

............................... , .......
b

Air Bag System 12-ton,21,8-ton, 17-tonwithtank kit RescueTrucki
......... ,i ......... _ ..........

Air Chisel aapable of cutting3/16" steel RescueTruck
....

85-Gallon Overpack containment;polyoverpaoksalvagedrum; plasticwith lid EmergencyServicesStorage
Drum

.............. _ .....

Steel Salvage Drums aontainmentorcleanup;20-, 30- and 55-cjallondrumswith lids EmergencyServices Storage
and ResoueTruck

............

Drum Transfer Pumps containmentorcleanup;jack rabbitpump;hand operatedpumping Rescue Truck
and DrumOpener

FloorSqueegee containmentor cleanup;straightrubberblade,woodhandle Rescue Truck
.....................

Foam Concentrate AFFF 6%, ATC 3/6%, highexpansion; 5-gallonpail EmergencyServicesStorage,
Fire Truck # 1, Resaue Truck

.........

Gas CylinderLeak SeriesA HazardousMaterial .ResponseKit; containsnon-sparking RescueTruck
ControlKit equipmentto controland plug leaks

...........................

_/ PortableGenerator emergencypower;5,000 watt; 120 or 240 volt RescueTruck
..... , ...........

Hand Tools containmentand cleanup;hammers, saws, pliers,wrenches,etc. RescueTruck
,, , , ,

Come-a-longs 4-ton; cable type Rescue Truck
.......

Porta-power 10 ton Rescue Truck
..................

Jugs containmentorcleanup;1--gallonplastic EmergencyServicesStorage
and Rescue Truck

..........

Pails containmentorcleanup;5-gallon plasticwith lid EmergencyServices Storage
and RescueTruck

.................. -- ......

Portal:deLighting emergencylighting;120 volts; 500-wattbulbs,suitablefor wet Rescue Truck
location

pH Meter acid/basedetection;electronic RescueTruck

Oxygen & detectsexplosive levels of gas; electronic;portable RescueTruck
CombustibleGas
Meter

.... ,.......

Multi-Gas Detection HazardousMaterials Kit; PrecisionGas Detector Rescue Truck
System

...........

Chapter G
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TABLE G-1
EMERGENCY EQUIPMENT AND PERSONNEL MAINTAINED AT

THE WASTE ISOLATION PILOT PLANT

(CONTINUED)

........ _ .......

I Equipment Descriptionand Capabilities Location
-. .... T.. ',

PatchingKit Series A HazardousResponseKit;Class A Rescue Truck
......... -- ....

Sooopsand Shovels _ieanup plastic;varioussizes;non-sparking Rescue Truck
.J , .,_,

I Transportation," .... , , ,,,, '..,

WiPP Buses emergencytransportationaway from site; in use immediatelybefore parkingarea
and after normalworkinghours

: , , "I_ ', ' _ ,.,

Medical Resources
, ,,, _ .... .,, ,, ,.. ,,,

Ambulance #1 equippedas per FederalSpecificationsKKK-A-1822and New surface (Safetyand Emergency
Mexico EmergencyMedicalServicesAct General Order 35; Services Building)
equipped witha radioto GuadalupeMedicalCenter in Carisbad,

VHF radio, UHF medicalfrequency,cellularphone

Ambulance#2 electriccart;equippedwithfirstaid kit, 2 stretchers,and other underground
associatedmedicalsupplies

RescueTruck specialpurposevehicle;lightand heavy duty rescue equipment; surface (Safety and Emergency
transports1 litterpatient,medicaloxygenand suppliesfor mass Services Building)
casualties,fire suppressionsupportequipment (rescuetool, air bag,

_/ K-12 Rescue Saw, 5,000-watt generator,self.containedbreathing
apparatus (SCBAs), and muchmore equipment

,- _ ,,"..... '............. : .....

Fire Detectionand Rre FightingEquipment
..........

: : ....

BuildingSmoke and ionizationand photoelectricor fixed temperature/rate of rise Guard and SecurityBuilding,
Thermal Detectors detectors;visualdisplayand alarm inCMR Pumphouse,Warehouse/Shops,

ExhaustFilterBuilding,Support
Building,CMP,/ComputerRoom,
Waste Handling Building,
TRUPACT Maintenance Facility,
SH Shaft Station, Waste
Handling Shaft Station,Fuel
Station Nos. 1 and 2, SH
Hoisthouse,Guard Shack

...................

FireTruck # 1 equippedper Class "A"firetruck per National Fire ProtectionAct; surface(Safety and Emergency
pump capacity750 gallonsper minute,boostertank capacity500 Services Building)

_/ gallons
.......

FireTruck # 2 industrialpumper; 300-gallon capacity,350-gallon-per-minutepump, underground
30-cjallonfoam tank, 125-pounddry chamicalextinguisher, .

Extinguishers individualfire extinguisherstations;includedrycl_mical, Halon;3-, buildings,underground,and
_.,,10-, 15-, 17-, 20-, 22-, 25-, 30-, 125-pound;AMEREX--AFF,-H vehicles
AND -D/C, ANSUL-D/C, -P/K AND DUMP, HALON DUMP,
BADGER:D/C AND -H, GENERAL-D/C, C02 AND -P/K, SENTRY-H,
-PK AND -D/C, KIDDE-D/C, -DUMP, PEMALL-D/C AND -H,
AMLAFR-D/C, BUCKEY-D/C, and othersimilarstyles

.............
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TABLE G-1
EMERGENCY EQUIPMENT AND PERSONNEL MAINTAINED AT

THE WASTE ISOLATION PILOT PLANT
(CONTINUED)

....... -- '--'-"-'--'--_- -- 7- __ --

Equipment DescrlpUonandCapabilities Location
.... = ..... _., -- . ,,

,,

AutomaticDry automatic;1,000-poundsystem(PurpleK); aotuated bythermal undergroundfuel stations# 1
Chemical deteotorsor by manualpullstations and 2
Extinguishing
Systems ......... --

Sprinkler Systems fire alarms Motivatedby water flow Pumphouse,Guard and Security
Building,Support9ulldlng,
Waste HandlingBuilding

_/ (¢ontaot-and remote-handled
transuranlowaste area only),
Warehouse/ShopsBuilding,
AuxiliaryWarehouse Building,
TRUPACT Malntenanoe Faolltty

......... ., .,,

Water Tanks, fire-fightingwater supply;two 180,O00-gaUoncapaoity tanksare at southwestedge of
Pipelines,Hydrants WIPP facility; pipelinesand

hydrantsare throughoutthe
surface

............ , .............

Fire Water Pumps fire-fightingwatersupply; 125 poundsper square inch, 1,500 gallons pumphouse
per minutecentrifugalpump,onewith electricmotor drive,the other
withdiesel engine;smalljockeypump

__ =, .

Hose Reels fire-flghtingwater supply Pumphouse,Guard and Security
Building, ,SupportBuilding,
Waste HandlingBuilding

_/ (contact-and remote-handled
transuranlcwaste area only),
Warehouse/ShopsBuilding,
AuxiliaryWarehouseBuilding,
TRUPACT Maintenan(_e
Facility

-- _z: :_ ;. ,.',, ,- ,, : ',

PersonnelProtection Equipment
,'_. : ,,_, _ ,',;, ,,,

Headlamps mounted on hard hat; batteryoperated eaoh person underground
_ . .............. _ _ = .....

UndergroundSelf- short-termrebreathers;approximately300 ea0h person underground
Rescuer Units

--. _ ,....

Self-Contained oxygensupply;4-hourunits;approximately14 Mine RescueTeam Mine RescueTraining Room
BreathingApparatus Draeger units
(SCBAs)..........

Chemical and body protection;inner-cloth,outer-pvc,outer-viton Warehouse, RescueTruck
Chemical-Supported
Gloves

............

Suit, Acid bodyprotection;green Rescue Truck
-- _ ...........

Suit, Fire Proximity body protection;aluminized RescueTruck
..............

Chapter G
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TABLE G-1 ,,
EMERGENCY EQUIPMENT AND PERSONNEL MAINTAINED AT

THE WASTE ISOLATION PILOT PLANT

(CONTINUED)

, , _ _ _:' ,, :_: ...... _ -- _

I Equipment DescriptionandCapabilities Location 1: ',.'. :" -- '"'" '., i,'.... ":; .-- _

SUR,Fully bodyprotection;used with SCBAs;full outerboot;4 LevelA; viton; Rescue Truck
Encapsulated tyvek-saranex )

I

'1 EmergencyMedicalEquipment
.... ,, ,, ',., : .I ,.', .I, ' "1, : _'_

AnU-ShockTrousers shocktreatment; inflatable , Ambulance# 1 and # 2
j_ .......... _ ......... ,

, Blankets patientoMre;wool Ambulance# 1 and # 2, Health
Services (HS), RescueTruck

,, ........... J ,

Life Pack 5 monitor/defibrillator Ambulance# 1 and # 2
...........

v/ Life Pack 6 monitor/defibrillator HealthStation
_...... __ , ,,,

Oxygen patient0are;Size D, Size M, Size E Ambulance# 1 and # 2, HS,
RescueTruck

........ ,.........

Pillowsand Cases patient care; regularand small firstaid Ambulance# 1, HS, Rescue
Truck

i.......... _ .......... -- .....

Resuscitators(Bag) disposablebag resuscitation Ambulance # 1, HS
__ _ -- ........... --

Sheets patientcare; paper and cloth Ambulance# 1, HS, Rescue
Truck

,, .............

Splints immobilizelimbs;hare tra0tion,air splints,Thomas half ring, Keds, Ambulance# 1 and # 2, HS,
sandbags,fracture aid kit,padded board undergroundcabinets.........

Stretchers patient transport;stretchers,basic lifesupportlitter,aluminumback variouscombinationsin
board, portables, scoop stretcher,rescueblankets;one person Ambulance # 1 and # 2, Rescue
capacity Truck,AuxiliaryWarehouse, HS,

UndergroundConference Room,
FirstAid Room,underground
cabinets

...............

Suctions portable and stationary variouscombinationsin
Ambulances#1 and #2, HS

.......

Trauma Kits assortedone-use medicalsupplies;trauma and I-V variouscombinationsin
Ambulances#1 and #2, HS,
RescueTruck

.................

Cardiopulmonary flat surface; use to perform cardiopulmonaryresuscitation Ambulance# 1
Resuscitation(CPR)
Board

.... ,,.
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TABLE G-1
EMERGENCY EQUIPMENT AND PERSONNEL MAINTAINED AT

THE WASTE ISOLATION PILOT PLANT
(CONTINUED)

........

Equipment Descriptionand Capabilities Location ,
..... ;-i' _ , ':',' _ ,,'.';...... _i _--_ _ ",J_' _ .... _: .... '" '., " '," ,. ,"-_ ',

I General Plant Emergency Equipment...... "'_ ,' ...... , ,.I, ',_ ....... : "

_/ Fire Fighters EmergenoyServicesTechnlalan(ESTs) respondto above ground based In theSafety and
fires as part of EmergenoyResponseTeam; Mine ResoueTeams EmergencyServtoesBuilding
and Rrst Line InitialResponseTeam (FLIRT) maybe used if
manpoweris requiredto fight undergroundfires;oross-tratned

_/ baokup personnelare alsoavaiiabie; oertiflcatlonby New Mexloo
State Rre Marshal;handle fire fighting,resoue,spill and hazardous
substanceresponse at WIPP site; on oall

......... ,, ,

Emergenoy Medical state-licensedEmergencyMedicalTechnician (EMT); titled ESTs; based in the Safety and
Technicians(EMTs) 4 full.tlme Ek,ITs: 3 rotateon 24-hour shifts,365 days/year;4rh on EmergencyServices Building

site Mon-Frland worksshiftson demand; 24.hour first-aidand
emergency responseooverage

........ , , .....

FirstAid Room staffed by one full-timeregisterednursefrom 0730 to 1600 hours ,Safetyand EmergencyServices
five days per week; first aid for minormedk_alemergenoles Building

............ ,....-- i

Mine RescueTeam volunteeremployeescertifiedby U.S. Departmentof LaborMine on-site
Safety and Health Administrationtrainerand equippedin accordance
with30 CPR regulations;two 5-member teams, one alternate,one
trainer,one benehman;mayalso performundergroundfirefighting
duties, if manpoweris required;used when emergencyexceeds the
capabilitiesof the FLIRT

......... __ ........ _ ,.- .........

Ventilation for air oiroulation,smoke, heat and noxiousgas removal,and in surfaceand underground
reversalmode for some systems, used as a fire-fightingtool;linked
to main power supply,and selectively linkedto back up diesel power
supply;CMR tracksstatus ........... ,,

Emergency Lighting for employerescue and evacuation, and fire/spUlcontainment;linked sudace and underground
to main power sut:_ly,and selectivelylinkedto back up diesel power

' supplyand/or battery-backedpower supply '....... , .......

BackupPower 2 diesel generators,and battery-poweredunlnterruptiblepower generatorsare east of Safety
Sources supply (UPS); use limitedto essentialloads;manualor remote and Emerger_y Services

starting 1,100-kUowattdiesel gerleratorswith en-site fuel for 62"/0 Building;UPS is locatedat the
load for 3 days for selectedloads;30-mlnutebattery capaottyfor esser_al loads
essential loads

....... __ .......... _ .....

Central Monitoring central locationto monitorali vitalplant parametersand alarm SupportBuilding
Room (GMR) functions,and provide_e4iabtecommunications;on UPS; monitors

electrical,Waste Shafthoist, Salt HandlingShaft hoist,fire protection
alarms, pumps,spdnkiers,water levels, ventilation,radiation
monitors,meteorologicaldata, and communications

__ ,, • ,. ..... ,. ,

Emergency base of operationsduringemergency situations;equipped with Safety and Emergency Services
OperationsCenter primaryand redundantcommunicationssystemfor Crisis Building
(EOC) ManagementTeam

.... b .....

Emergency Egress color-codedsignsin undergroundshowingdirectionto exits (green= throughoutunderground
main route, red=secondaryroute) to hoists
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EMERGENCY EQUIPMENT AND PERSONNEL MAINTAINED AT

THE WASTE ISOLATION PILOT PLANT
(CONTINUED)

I Equipment DescriptionandCapabilities Location....... ,,,.... '",, '" ' , " ' i ",': ' ...... ',

v/ Hoists hoists tn Waste Handling Shaft, Air Intake Shaft and Salt Handling Waste Handling Shaft, Air Intake

_/ ,:L;Shaft and one portablediesel hoist Shaft, Salt HandlingShaft, ,, ,' ...... ,..... , .......

Emergency one full-timemannedgate; two unmannedgates that can be opened perimeterfence: west side
EvacuationGates by authorizedpersonnelonly (manned), northand southsides

(unmanned)
......... ,..................

Earth-moving operational equipmentavailable In an emergency; loaders, AuxiliaryWarehouse
Equipment backhoes, trucks........ ,,

Support Equipment operationalequipment available in an emergency;generators, AuxiliaryWarehouse
Compressors,pumps,tools,tanks

.......................

Radl&tionMonitoring stationarycontinuousair monitorsand air samplers; portable over-radiationdetectorsare
Equipment samplers;detect alpha,beta, gamma, and neutronradiationand Io_atedthroughoutapplicable

particulate o_tamlnation handlingareas; air samplers are
outdoorsboth on site and off

site; portablesamplersoperated
by radiologicalteam

EmergencyShower for emergency floodingof contaminatedindividual;stationaryand surface and underground
portable

, , - i ,,,

Eye Wash Fountains for emergency floodingof affected eyes; stationaryand portable surface and underground

ChapterG J
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TABLE G-2
TYPES OF FIRE SUPPRESSION SYSTEMS BY LOCATION ,

LOCATION/EQUIPMENT AS(1) AH(1) AD(1)'

" ' ' ' ' ''_ ' Waste Handling Bulid;ng(_) "' ""

Inventoryand Preparation .......... X.........

Battery Recharge ........ X..................
'"lnteiiorAir Lock .................. X

ExteriorAir Looks '" X .......

Overpack & Repair Room .... X "

Overpaek Storage'Room ........ X ...........
...... i ,,

CompactionArea X
................

Change Room X

Small Equipment Decontamination .... X I "
Air Locks ........ X , - '

Site-Generaied Waste Room ........... X, ......

' SolidificationArea ............. X

Access Corridor (area 15) ................... X .....

Remote Handling Area " ' X ........... _

cask ReceivingAiea ......... x ,, l

MechanicalEquipmentRoom X -

StandingOl_eratorRoom.......... X .....
..

ManipulatorRepair Room X
.......

Operating Gallery X -
.............

Cage Loading Room/Lock X... ,,, ,,,

Shaft Entry Room X

cask Loading Room ....... X "
'Vestibule ............. X

Filter Gallery ........... X ....

Access C_,;_iiUu:(area 28) ..... X ..........
.......

Access Aisle X

W'aste Hoist Room .... X .....

Waste'Hoist Motor....... X ...................

Deflection Sheave Room ........... X "

" Crane Mair_enance Room " X ............

Traveling Platform ......... , ..... X .........
,,,
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TABLE G-2
TYPES OF FIRE SUPPRESSION SYSTEMS BY LOCATION

(CONTINUED)

LocATIoN/EQUIPMENT AS(1) AH(1) AD(1)
,,

........ ; Support Building (2)`' .............

General Office Areas X ,.. , ,

Laboratory Areas X,.,

Eieotrical Rooms X

Computer Room & Offices X X _

Central MonitoringRoom X X
Vault & Storage ........

Meohanlcal EquipmentROOMS X......

Exhaust Filter Buildingla) ............,

Filter'Chamber X, .... , ..............

Access ColTtdor X
_ .......

ExhaustEquipmentRoom X
Mechanical Room X __

Underground Facilities (3) ,

Fuel Stations .... X

Warehouse Shops/Building (3) "

Office X .......
,,,

' Storage Warehouse X .....

General Shops Area X
Water Pumphouse(3) ....

- Pumphouse X
..... SH Hoist' House & Headframe (:_)

.., ,....

SH Hoist House X

SH Hoist Motor X..,

SH Hoist Drum Sump X,.,

(1)Symbols for WIPP Fire Protection Systems'

AS Automatic Wet Pipe Sprinkler System
AH Automatic Halon 1301 Extingulshing System
AD Automatic Dry Chemical Extinguishing System
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TABLE G-2
TYPES OF FIRE SUPPRESSION SYSTEMS BY LOCATION

(CONTINUED)

(2)'l'heWaste HandlingBuildingand the SupportBuildingcontain the following:

- automaticwet pipe sprinklersin ali areas
- interior fire hose connections
- fire detection In the Heating, Ventilationand Air ConditioningInstrumentation(SupportBuilding,only)

Halon fire suppressionIn the Central MonitoringRoom and Vault Storage and the ComputerRoom
(SupportBuilding,only)

- manual pull stations
portable fire extinguishers

_/ The Safety and EmergencyServicesBuilding containsthe following:

_/ - automatic wet pipe sprinklers
- manual pull stations
- portable fire extinguishers

The Core Storage BuUdingcontains the following:

- automatic wet pipe sprinklers
- portable fire extinguishers
- fire detection

(3)The Exhaust Filter Building, Underground Faci!itles, Warehouse/Shops Building, Water Pumphouse, and Salt
Handling Hoist House and Headframe also have portable fire extinguishers and manual pull stations,

TableG-,4
PTB:185,TA G-38 3/92





,i

4













WIPP ROllA Part B Permit Applloatlon
DOE/WIPP 91-005

Revision 1

FIGURES

f

PTB:185.TA G-46 3/92





G-48 3/92



i

EXPERIMENTALAREA

t_ _ _ ExhaustShaft

LEGEND

[ ] EXISTING EXCAVATION 0 400 800 FEETl /

E11::::I::] PLANNED EXCAVATION 0 100 200 METERSDOE, 1991b

' FIGURE G-3 WIPP UNDERGROUND FACILITIES

G.49 3/92



i '

G-50 3/92





i '

Q3

G-52 3/92





LEGEND

I I EXISTING EXCAVATION 0 400 800 FEET
I !

[_.:,L_-_.'-_._.I PLANNED EXCAVATION 0 100 200 METERS

FIGURE G-8 DESIGNATED UNDERGROUND ASSEMBLY AREAS

(;I-54 3/92



CHAPTER H

PERSONNEL TRAINING
i



wIPPRCRAPartBPermitApplication
DOE/WIPP91-005

Revision1

CHAPTER H
PERSONNEL TRAINING
TABLE OF CONTENTS

Listof Tables ....................................................... H-ii

Listof Figures ...................................................... H-ii
Introduction ....................................................... H-1
H-1 Outlineof the Training Program ................. .................... H-1

H-la Job Title/Job Description ..................................... H-3
H-lb Training Content,Frequency,and Techniques...................... H-4

H-lb(1) TrainingContent .................................... H-4
H-lh(2) TrainingFrequency ............................... ... H-5
H-lb(3) TrainingTechniques .................................. H-6

H-lc Training Director ......... .... .............................. H-6
H-ld Relevanceof Trainingto Job Position ............................ H-7
H-le Training for EmergencyResponse .............................. H-7

H-2 Implementationof TrainingProgram .................................. H-8
Listof References for ChapterH ........................................ H-10
Table ............................................................. H-11
Figure ............................. , ............................... H-17
AppendixH1 - Ust of JobTitles

Chapter H
PTB:150 H-i 3/92



WIPP RCRA Part B Permit Application
DOENVIPP 91-005
Revision1

LIST OF TABLES

Table No. Titl_...ee

H-1 Hazardous Waste Management Job PositionTraining
Requirements ....................................... H-12

LIST OF FIGURES

FiqureNo. Titl.._._e

H-1 Abbreviated WIPP Facility Organizational Chart ................ H-18

0
ChapterH
PTB:150 H-ii 3/92



WIPP RCRA Part B PermitApplication
DOE/WIPP 91-005

Revision 1

CHAPTER H 1

PERSONNEL TRAINING 2

Introduction . 3

This chapter describes the personnel training program for the Waste Isolation Pilot Plant (WIPP) 4
in accordance with the requirements of the Resource Conservation and RecoveryAct (RCRA) and 5
the New Mexico Hazardous Waste Act as described in the New Mexico Hazardous Waste 6

_/ Management Regulations (HWMR-6), Part V, section 264.16, and HWMR-6, Ft. IX, sec. 270.14. 7

_/ The pdmary objective of the WIPP facility training program is to prepare personnel to operate the s
_/ WIPP facility in a safe and environmentally sound manner. To achieve this objective, the program 9
v' provides ali employees with training relevant to their positions. Every WIPP facility employee, 10

including those notdirectly involved in waste handling activities,receives an introductionto RCRA 11
and emergencypreparednesswithin30 days of employment. In thisway, everyoneatthe WIPP 12

_/ facilityhas, at a minimum,a basic understandingofthe regulatory requirementsand emergency 13
procedures.Employeesinwastemanagementpositionsreceiveadditionalclassroomandon-the- 14
job training designed specificallyto teach them how to perform their duties safely and in 15
conformancewith regulatoryrequirements. Waste managementpersonnelreceivetherequired 16

training before beingallowedto workunsupervised,and emergency responsepersonnelreceive 17
the training before being called upon to respond to real emergencies. 18

The training requirements apply to ali appropriate employees of the U.S. Department of Energy 19
_/ (DOE), the Management and Operating Contractor, the scientific advisor, and contractors who 2o

regularly work at the facility and who may come in contact with and/or manage hazardous waste. 21
_/ The WIPP Project training program, which is fully described in WP 14-1, WIPP Training Program 22

V' Manual (Westinghouse, 1991), is comprehensive and applies to ali areas of personnel 23
performance and development. This chapter describes the introductory and continuing training 24

_/ provided to personnel who are directly involved with waste management at the WIPP facility that 25
allows them to operate the facility safely and in compliance with hazardous waste regulations. 26

H-1 Outline of the Tra!ninqProqram 27

v/ Employee training at the WIPP facility is the overall responsibility of the facility General Manager, 28
with responsibility for implementation delegated to the Manager of the Human Resources 29
Department. Members of the training staff are assigned to Technical Training ,..ithin the Human 3o
Resources Department. The organizational structure of the Human Resources Department and 31
its relationship to the line organizations is shown in an abbreviated organizational chart in 32
Figure H-I. 33

0
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1_/ The WIPP facility uses a modified version of the Performance-Based Training (PBT) approach
2 to analyze, design, develop, implement, and evaluate training. Training needs are identified
3 through the joint effort of Technical Training and line management. These groups then identify
4 the appropriate training setting, either classroom instruction or on-the-job training. Specific
5_/ procedures for identifying training needs are contained in WP 14-1 (Westinghouse, 1991).

6 Ali training is conducted by instructors certified by the Human Resources Department. On-the-job
7 training is conducted by Level I trainers. Level I trainers are technically knowledgeable members
s of line organizations who have qualified on the related equipment and have attended the on-the-
9 job training course. Classroom instruction is provided by Level II and Level III trainers. Level I1'

10 trainers are members of Technical Training and line organizations who are qualified to conduct
11 limited classroom training in their technical area of expertise. Level III trainers are members of
12 Technical Training who arequalified to conduct classroom training, skills evaluation, and needs
13 assessment. Levels II and III instructors are required to attend a train-the-trainer course and
14 periodic refresher training.

15 Certified instructors develop the following, as required:

16 ClassroomInstruction

17 • Objectives
18 • Lesson Plans
19 • Student Materials
2o • Examinations.

21 On-the-JobTraining

22 ° QualificationCards

23 ° CompetencyStatements.

24 Ali technical training materialsare approvedby the TechnicalTraining Manager and cognizant
25 line manager.

26 Followingalitechnicaltraining,traineesmustsuccessfullycompleteexaminationsto demonstrate
27 competency. These examinations are based on objectives and/or competency statements.
28 Trainees also providefeedback on the contentand qualityof instructionat this time in the form
29 of course critiquesand verbal input.

3o Trainingdocumentationis maintainedby the Human ResourcesDevelopmentSectionlocatedat
31_/ the WIPP facility. These trainingrecordsinclude:
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• Course Attendance 1

• Completed Qualification Cards 2
• Off-Site Training Documentation 3
• Completed Certification Cards. 4

A computer data base maintains records on training qualifications, certifications, and course 5
attendance. The clata base is used to identify course refresher and requalification dates. Ali 6
training records on current personnel are Kept in the Human Resources Development Section 7
training flies. Training records on former employees are kept by the Human Resources 8
Development Section or at the Master Records Center for at least three years from the date of 9

vi employment termination from the WIPP facility. 10

_/ To ensure the safe and efficient operation of the WIPP facility, certain positions require formal 11
certification. Department managers identify these positions based upon safety, complexity, and 12
involvement with waste handling operations. A document known as a "certification card" is 13
prepared to identify required training for each designated position. In the case of equipment and 14

system/procedure qualification, a document called a "qualificationcard" is prepared that specifies 15
the required knowledge and skills needed in such areas as equipment maintenance and safety. 16
When the qualification card is completed, that particular qualification is recorded on the 17
certification card. Successful completion of formal classroom training is verified by a qualified 18
instructor by initialling the individual's certification card. When ali requirements are met, both for 19
classroom instruction and on-the-job training, the certificationcard is signed by the Department 2o
Manager certifying that the employee is fully competent to perform ali aspects of the associated 21
job posi,fion. Certification cards are included in the training records maintained by the Human 22

Resources Development Section. Certification cards are living documents subject to change as 23
the scope and conten'(of training changes to meet new and revised regulatory requirements and 24
modifications in j¢b scope. 25

The waste management training program described in Section H-lb consists of a series of 26
_/ courses designed to ensure that waste management employees at the WIPP facility receive initial 27

and continuing training relevant to their positions. These courses include instruction on the RCRA 28
and Occupational Safety and Health Administration (OSHA) regulations, emergency procedures, 29
and procedures for handling both site-generated hazardous waste and mixed waste. 3o

Visitors, temporary personnel, and contractors are trained commensurate with the nature of the 31
visit or duties. 32

H-la Job Title/Job Description 33

v/ Appendix H1 is a list of job titles for those positions at the WIPP facility that involve hazardous 34
waste management. The job descriptions for these positions include hazardous waste 35
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1 management job duties, required skills, qualifications, and experience, as well as educational
2 requirements. These job descriptionsare approvedby the cognizantstaff managers. A file of
3 ali waste managementjob titlesand jobdescriptionsand a listof employeesfor each job titleare
4J maintainedat theWIPP facilityby the Human ResourcesDepartment. The aforementionedfiles
sJ are maintainedto reflectthe changingscope of job titlesor descriptionsand are located in the
6J Human ResourcesDepartment.

7 H-lb Training Content1Frequencyrand Techniques

s The WIPP trainingprogramincludesa comprehensivecombinationof internaltraining courses
9 and on-the-jobtraining. Eachtrainingcourse iscarefullydevelopedand periodicallyreevaluated

10 to ensure relevancy to the course objectivesand to ensure its supportof the goal of safe and
11_/ environmentallysoundoperationsat theWIPP facility. On-the-jobtrainingreceivesan equivalent
12 amountof attentionthroughthe use of qualificationcards. Before an employee is considered
13 qualifiedto operate certain equipment,the personmust pass a prer_cdbedset of performance
14 standardsto the satisfactionof a Level I instructor.

15 H-lb(1) TrainingContent

16J AliWIPP facilityemployeesand subcontractorswhowillbe on site longerthan 30 days, including
17 those notdirectlyinvolvedwithhazardouswaste management,receive facility-specifictrainingin
le the followingareas:

19 • General Employee Training (GET) Overview (procedures and policies)
2o • WIPP Facility Description
21 • Radiation Safety
22 • Emergency Preparedness (including Contingency Plan implementation)
23 • Security

24 • Fire Protection

25 ° Quality Assurance
26 • Occurrence Reporting
27 ° Industrial Safety
28 • RCRNOSHA Overview

29 ° Surface and Underground Facilities Tour.

3oJ This training is provided in GET-101, a three-day course conducted by certified WIPP facility
31 instructors, and must be completed within 30 days of employment. Effective January 16, 1991,
32 GET-101 was expanded to include the RCRA/OSHA Overview module. Consequently, ali waste
33J management personnel working at the WIPP facility prior to January 16, 1991, were required to
34 take the RCRA/OSHA overview training as a separate course, RCRA/OSHA Overview (REP-107).
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Annual refresher training on the topicstaught in GET-101 (and REP-107 as applicable) is given 1
inthe General Employee Training Refresher course (GET-102). This provides current employees 2
with a reviewand updateof thetopics coveredin GET-101. 3

v' Ali WIPP facility employees involvedin managing mixedwaste will receive the Mixed Waste 4
_/ Workercourse(REP-109) priorto receiptof wasteat the WIPP facility. Alisubsequentnew hires 5

intothese positionswillreceiveREP-109 before workingunsupervisedandwithinsixmonthsfrom 6
date of employment. REP-109 willprovidejob-specifictrainingconcerningproceduresfor safely 7
receiving mixed waste and transferringit to the undergroundfor use in the Test Phase. The 8
Mixed Waste Worker Refreshercourse(REP-111) willbe givenannuallyto providea reviewand 9
update of the Initialtrainingreceived in REP-109. 10

_/ Ali WIPP facilityemployeesinvolvedinmanagingsite-generated,nonradioactivehazardouswaste 11
receive the Site-GeneratedHazardousWaste Worker course (REP-108). This courseprovides 12
instructionregardingjob-specifichazardouswastemanagementproceduresincludingemergency 13
procedures. Reviewand updateof REP-108 topicsis providedannuallyby the Site-Generated 14
HazardousWaste Worker Refreshercourse(REP-110). To ensureconsistentandcurrentRCRA 15
training, ali hazardous waste workers were required to take REP-108 in January 1991. 16 ,

_/ The Hazardous Waste Transportationcourse (HMT-102) will be given to ali WIPP facility 17
v' employees involvedin transportationof hazardouswaste at the WIPP facility. Ali employees 18

receiving HMT-102 will be given annual refresher training by taking the Hazardous Waste 19
TransportationRefreshercourse(HMT-103). 2o

H-lh(2) Traininq Frequency 21

Waste managementcourseswill be offered at a frequencythat ensures new hires or transfers 22

can receive relevanttrainingwith;nsixmonthsof assumingtheirnew position.Employeesdo not 23
work unsupervisedinwaste managementpositionsuntiltheyhave completedthe requiredinitial 24

v' training identified in Table H-l, Hazardous Waste Management Job Position Training 25
Requirements. The Human Resources Department, Employee Relations Section,notifiesthe 26
cognizantmanager and trainingstaff when any employeeis transferredinto or out of a position 27
associated with waste management. 28

Personnel listed in the matrix are required to complete the indicated courses per the dates 29
_/ established in the matrix and as p,_vided in WP 14-1 (Westinghouse, 1991). 3o

' Because of the research and development nature of portions of this project, lt is possible that not 31
ali training aspects have been identified at this time. In particular, future bin-scale testing is likely 32
to require development of a specific training curriculum. Once details of bin-scale testing are 33
established, a detailed analysis by training staff and appropriate line managers will be conducted 34

0
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1 to determine the required training program. The final training program will incorporateali training
2 elements that ensure safe and environmentally sound bin-scale testing as required i_y RCRA.

3 This training program will be conducted prior to commencing bin-scale testing.

4 H-lh(3) TrainlnqTechniques

5_/ A variety of instructional techniques are used at the WIPP facility depending on the subject matter
s and the techniques that best suit the learning objectives. Many courses include a combination
7 of lectures, demonstrations, visual aids (such as video tapes, slides, and viewgraphs), and
8 exercises. Most equipment operation courses include hands-on practical Instruction.

9 Written examinations are used as a technique to test the knowledge level of individuals
10 participating in classroom training courses. The length and content of each exam varies
11 according to Its objective. Calculation, multiple choice, and fill-in-the-blank questions may be
12 used. If individuals fail a written examination, they must be reexamined tn identified areas of
13 weakness.

14_/ On-the-job training at the WIPP facility follows a prescribed set of standards specific to the job
15 to be performed. Typically, to become qualified to operate a piece of equipment or system,
16 employees must be able to demonstrate the location and purpose of specifiedcontrols and gages,
17 describe proper startup and shutdown procedures, describe specificsafety features and limitations
18 of the equipment, and perform maintenance functions. They must also demonstrate the ability
19 to operate the equipment or system.

20 H-lc Training Director

21 The Technical Training Manager directs the training program and is responsible for establishing
22 technical training requirements in cooperation with the line managers. Specifically, this Includes
23 analysis, design, development, implementation, and evaluation of technical training. The
24 Technical Training Manageris required, at a minimum, to h;,ve a bachelor's degree and five years
25 _ of nuclear experience or seven years of nuclear training experience. The incumbent is required
26 to be trained in hazardous waste management procedures and to receive train-the-trainer and
27 instructor training. The Technical Training Manager is also required to be knowledgeable of the
2e applicable regulations, orders, and guidelines and the specific training process employed at the
29_/ WIPP facility.

30 The name and qualifications of the current Technical Training Manager are documented at the
31 WIPP facility.

32 Hazardous waste management training is provided by certified Level I, II, or III instructors that are
33 knowledgeable and trained in hazardous waste management procedures.
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H-ld Relevanceof Trainin.qto Job Position 1

_/ The WIPP facility training program provldes employees with training relevant to their positions. 2
The PBT process described in Section H-1 is a systematic method for determining the proper 3
tratning for each waste management position, lt compels managers and training staff to lock 4

critically at each position and to determine the necessary training program for each employee to 5
fully develop iheir necessaryexpertise. 6

i

ii

_/ Several training courses are determined to be so basic to the WIPP Project mission that they are 7
_/ considered relevant for ali WIPP facility employees. The basic philosophy at the WIPP facility is s

that, as a RCRA-regulated facility, ali employees must understand the basic regulatory 9
_/ requirements under which the WIPP facility must operate. Therefore, ali WIPP facility employees 10

receive an introduction to RCRA during their introductory training. 11

Beyond these "umbrella" courses, trainlng is designed and Implemented relevant to the specific 12
job functionsbeing performed. For example, employees who operate key pteces of equipment 13

_/ (such as forklifts, hoists, etc.) must be trained to operate and inspect equipment and recognize 14

_/ maintenance problems before a specific job function is performed. These employees must 15
receive classroom instruction and on-the-job training and demonstrate the ability to operate the 16
equipment, as appropriate, before being certified. This process is controlled and documented by 17
the certification/qualificationprocess described in Section H-1. Descriptions of ali training courses 18
are on file in the Human I_esources Development Section. 19

Supervisors who have direct responsibility for supervising waste management personnel receive 2o
waste management training relevant to their positions and are Included in the matrix in Table H-1. 21
Managers who do not have direct waste management supervisory responsibilities receive training 22
sufficient to ensure their awareness of waste management requirements and procedures; 23
however, they do not perform waste management duties and are not included in Table H-1. As 24

_/ is the case with ali WIPP facility employees, ali managers receive RCRNOSHA overview training. 25

Security personnel are an Important element of the safe and secure operations at the WIPP 26
_/ facility; however, they do not perform waste management functions and are not Included in 27

Table H-I. 28

H-le Traininqfor Ememency Response 29

_/ The WIPP facility training program ensures that personnel are able to respond appropriately and 3o
v/ effectively to _mergency situations. Ali WIPP facility employees receive GET-101, which includes 31

Instruction on hazard awareness, emergency preparedness, spill control, and the WIPP 32

_/ Contingency Plan (Chapter G of this permit application). This training ensures that every 33
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1 employee understands how to recognize real or potential emergencies and how to report such
2,/ occurrences to the proper WIPP facility officials, lt also ensures that employees will not endanger
3 themselves or others by taking actions beyond their ability.

4,,/ The WIPP facility emergency response organization consists of two units: the Emergency
5 Response Team and the First Line Initial Response Team. The responsibilities of these two units
s are described in the WIPP Contingency Plan, Chapter G of this permit application. Members of
7 these teams are security personnel and volunteers from the WIPP organization. They reoetve
8 thorough emergency response training before they are called upon to perform in real
9 emergencies. This training Includes fire-fighting elements such as fire behavior, ladders, fire

10 hose, fire streams, and ventilation; lifesaving elements such as rescue, cardiopulmonary
11 resuscitation, and first aid; and self-contained breathing apparatus and hazardous materials.

12v/ Because these response teams are for unusual occurrences and not routine hazardous waste
13_/ handling, a RCRA position title is not Included in the matrix in Table H-I. Training records for
14 these individuals are maintained in each individual's training file In the Human 1Resources
15 Development Section located at the WIPP site.

16 Waste handling and emergency response personnel receive training that ensures their familiarity
17 with emergency procedures, emergency equipment, and emergency systems including:

l S • Procedures for using, inspecting, repairing, and replacing facility emergency and
19 monitoringequipment.

20 • Communicationsand alarm systems.

21 = Responseto fires or explosions.

22 ° Shutdown of operations.

23_ AS there are no automaticwaste feed systems at the WIPP facility,trainingon parameters for
24 waste feed cut-offsystemsis not required. Similarly,as there is no potentialfor groundwater
25v_ contaminationincidentsat the WIPP facility, training for respondingto such incidents is not
26 required.

27 H-2 Implementation of Training Pro¢l.ram

28v/ The WIPP facilitytrainingprogramhas beeninplace forovertwo yearsand is beingimplemented
29_/ to ensurethat ali wastemanagementpersonnelemployedat theWIPP facilityreceivethe training
3o indicatedin Table H-1 or equivalentcoursework. Alipersonnelare trainedon the Contingency
31 Plan through their basic training. Ali recently hired employees and new-hires receive the
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indicated training within six months of their date of hire or their transfer to a new position. 1
Personneldo notworkin unsupervisedpositionsuntilthey successfullycompletethe Indicated 2
training requirements. Ali waste management personnelattend annual refreshercoursesthat 3
review the Initialtrainingreceived. 4

_/ Records relating to the WIPP facility training program for waste management personnelare s
_/ maintained by the WIPP Human Resources Department locatedat the WIPP facility. These 6

records Includethe job titlesand job descriptionsfor ali waste managementpositions;a roster 7

of employees inthosepositions;a listof coursesrequiredforeach position;coursedescriptions; s
documentationthat each employee has received and completedappropriatetraining;and ali of 9
the backup informationregardingcertification,qualification,and e×aminatlon. Trainingrecords 10
of currentpersonnelare keptbythe Human ResourcesDevelopmentSectionuntilclosureof the 11

V WIPP facility. Recordsof former employeesare kept bj the Human ResourcesDevelopment 12
Sectionor at the Master RecordsCenter for at least threeyears fromthe date the employeelast 13

worked at the facility. 14
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1 List of References for Chapter H .

2_/ WestinghouseElectric Corporation(Westinghouse),1991, 'WIPP Training Program Manual,"
3 WP 14-1, WestinghouseWaste IsolationDivision,Carlsbad, New Mexico.
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TABLE 'H-1
, HAZARDOUS WASTE MANAGEMENT JOB POSITION TRAINING REQUIREMENTS

INITIAL TRAININO ANNUAL REVIEW

Haz. Site- HaJ0m'dous
'mid°Y" ;;eneraJ Mixed Ite.Gert. Naste Mixed WasteCim. Haz.

RCRA Position Section merit mldOyas _CRA/OSHA Haz, GET Waste Trans-
Title Statue 'mining Overview Waste Waste trans- Refresher Waste port.

port. (GET-102) Refrelhw Retreshw Refresher
Worker Worker [HMT- (REP-111) (REP-110) (HMT-103)lET-lO1) (REP-IO_ (REP-1OB) lEP.1081 102)

Shaft Tender Hoisting New A C E H
•Operations 3urrent B C F H

Sodor Shaft HoistingOperations New A C E H
Tender 3urrent B C F H

, HoistOperating Hoisting New A C E H
Specialist Operations _urrent B C F , H

Supervh;or, Ho;stlng New A C E H
Hoisting Operations Current B C F H

Opefliltion8

' Manager, Hoisting Hoisting New A C E H
Operations Operations Current B C F H

' Senior Engineer HoistingOperations New A C, E H
Current B C , F H

e , ,,.,m_Senior Operations FacilityOperations New A E
Engineer 'B' Current B F,,

Senior Engineer Facility New A E
Operations Current B F

Shift Supen/tsor FacilityOperations New A E
Current B , F

iu

Manager, Facility FacilityOperations New A , E
Operations CurTent E _ F

Waste Handling Waste Handling New A , C E G
Technician Operations Current B D F G

Senior Waste Waste Handling New A C E G
Handling Operations Current B D F G

Technician

Waste Handling Waste Handling New A C E G
Specialist Operations Current B D F G

Senior Waste Waste Handling New A C E G
Handling Operations Current B D F G,,

Senior Waste Handling New A C E G
Operations Operations Currenl B D F G
Engineer'B'

Associate Waste Handling New A C E G
Operations Operations Currenl B D F G

Engineer ,,

e Manager, Waste Waste Handling New A C E GHandling _lons Curren ' B D F G, ,,
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TABLE H-i
HAZARDOUS WASTE MANAGEMENT JOB POSITION TRAINING REQUIREMENTS

(CONTINUED)

......

INITIAL TRAINING ANNUAL REVIEW

' I " " ' "
,

Haz, Hazlu'dous
RCRA Position Employ- Get.rsi Mixed Slte.Gen, Waste Mixed Site- Waste

Title Section mont !Employel RCRAJOSHA Haz. GET Gen. H_.Tmne- Waste Trans-Overview Wamte Waste Refreshe_' Waste

Status l.l.ralnlng (REP'1107) Worker port, port,
(GET-lO1) (REP.IOD) Worker (HMT (GET.lO2) Refresher Refresher Refrlmher

REP-108) 102)" (REP-111) (REP-110)(HM'r.103)
,,, ,i

HealthPhysics Operational Health New A C E G
Techntdan Physics Current B D F G

SeniorHealth OperationalHealth New A C E G
PhysicsTechnician Physics Current B D F G

, , J , ,,

Health Physics OperationalHealth New A C _ E G
Specialist Physics Current B D F G ,,,,

Senior Health OperationalHealth New A C E G
Physics SpecialistI Physics Current B D F G, ..... ,

Manager, Operational Health New A C E G
OperationalHealth Physics Current B D F G

...... Physics ............ .

Quality Assurance InspectionServices: New A C E G
Specialist and QA Records Current I_ D F G,,

SeniorQuality InspectionServices New A C E G
Assurance and QA Records Current B D F G
Technician

, ,,

Quality AssuranceItnspectlonServices New A C E G
Technician and QA Records Current B D F G

, , , ,, ,,,

Manager, InspectionServices New A C E G
InspectionServices and QA Records Current B D F G

& QA Records
,,. ,, , ,

. ' Quality InspectionServices New A C E G
Assurance Analyst and QA Records Current B D F G
..... ,,,, ,

Technical Inspection Services New A C E G
Assistant and QA Records Curre(,t B D F G

, ,,,,,,

Manager, Quality Assurance New A C E G
QualityAssurance Engineering Curren_ B D F G

Engineering
, , ,,. ,,,

QualityAssurance Quality Assurance New A C E G
Engineer Engineering Current B D F G

, ,, ,, ,,,

SeniorQuality QualityAssurance New A C E G
Assurance Engineering Current B D F G
Engineer

L ,. J ,,,

Senior Quality New A C E G
Engineer Assurance Current B D F C

Engineering

O
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TABLE H-1
,,

HAZARDOUS WASTE MANAGEMENT JOB POSITION TRAINING REQUIREMENTS
(CONTINUED)

.......

INITIAL TRAINING ANNUAL REVIEW
I ,,

Employ- General Mixed Slte-G_rt. Haz. HazardousWaste Mixed Site.

RCRA Position Section ment Emldoyee RCRAJOSHA Haz. GET Gen. Haz. Weste"rttle Statue OvQrvk)w Wute Waste Trans. Refresher Wmete Waste Tmrm-
Tmtnlng (REP-107) Worker port. (GET-lO2) Refresher Refrethe(' port.Refresher

(GET-lO1) (REP-IO0) (RF.P-loe)W°rker(HM'r-IO=) (RF.P-II1) (REP-110)(H_r.lm)
,,, ,, ,,,, +

Senior Quality New A C E G
Engineer'B' Assurance Current B D F G

Engineering
, , ,, , ,

Emergency Safety and Plant New A C C C E G H I
Servtcee Protection Gurrent B D D D F G H I

Technician
,,, " , ,,-,, t ,L

Manager, Safety Safety and Plant New A E
and Plant Protection Cun'ent B , F
Protection

, , , , ,,

Emergency Safety and New A C C C E G H I
Services Plant Current B D D D F G H I

Coordinator Protection
,, , , , .... , ,, , ,,, L , J

SdenUst, EnvlronmentaJ New A E ,
Environmental Permitsand Current B F

Permitsand Programs
Programs

, , ,.. _... ,. , , . • ,, ,, ,

Senior Engineer Environmental New A E
StrategicPlanning Current B F

L ..., , ,

Principal Environmental New A E
Engineer Strategic Planning Current B , F, ,,, .....

Engineering Environmental New A C C C E G H I
Technician Analysis Current B D . C D F G H I

and
Gom_lance

, i

TechnicalAsslstanl Environmental New A C C C E G H I
Analysis Current B D C D F G H I

and

Compliance

Experimental Environmental New A C C C E G H I
Technician Analysis Current B D C D F G H I

and
C.,on_lance

, _ , ,_, ,,

Senior Englnee_ Environmental New A C C C E G H I
Analysis Current B D C D F G H I

and

Compl_ce
,,, , , ,, ,,, ,,,

Senior Engineer Environrnentad New A C C C E G H I
"B" Analysisend Current B D C D F G H I

Complete..............................

Chapter H
PTB- 150-T H- 14 3/92

.............................................. ll'!_ ........................................................................ III .......... I_................................................................................ _"



WIPP RCRA Part B Permit Application
DOE/WIPP 91-0O5

Revision 1

TABLE H-1
HAZARDOUS WASTE MANAGEMENT JOB POSITION TRAINING REQUIREMENTS

, (CONTINUED)

, _ , ,

INmAL TRAINING ANNUAL REVIEW
, ,,, , , ,,,,, _ L '

Haz. Hazardous
Site-Gain. Waste Mixed Site-

RCRA Posltlo¢l F'mld°Y" G<meral Mixed Haz. GET Waste Gaff. Haz. Waste
Title Seotlon merit 'Employee RCRA/OSHA Waste Walte Tmrm- Refresher Refresher Waste Trans-Status _ Worker port.

Training (REP*107) Worker port. (GET-102) Refresher Refresher
(GET-101) (REP-10e) ,(REP-108) (HMT-102) (REP-111) (REP-110) (HMT-103)

,.... ,, , ,, , ,, , ,, , ,,,,

AssociateScientist Environmental New A C C C E G H I
Analysisand Current B D C D F G H I
Compliance

Senior Scientist 'B' Environmental New A C C C E G H I
Analysis Current B D C D F G H I

and

Compllanae
,,,,,, , , , ,,,,,, . ..i

Utility Technician Maintenance New A C E H
Operations Current B C F H
, , ,

Maintenance Maintenance New A C E H
Technician Operations Current B C F H

, , [

Supervisor, Malntenarme New A C E H

e Maintenance Operations Current B C F HOperations ............. ..

Manager, Maintenance New A C E H
Maintenance Op_tions Current B C F H

Opert_on8 t ,,

Maintenance Maintenance New A C E H

Spec_ist Operations Current B C F H

,, L

Senior Maintenance New A C E H
Maintenance Operations Current B C F H

Specialist
,

Assis'_ant Environmental New A C C C E G H I

Engineer Monitoring Current B D C D F G H I,, ,,,,,

Training Technical New A C C C E G H I
Coo¢llnator Training Current B D C D F G H I

-,

Manager, Technical New A C C C E G H I
Technical Training Training Current B D C D F G H I

.... ,, ,,,, ,,=, , , ,,

Assodate Quality New A C E G
Engineer Assurance Current B D F G

Programs
,, .....

Senior Qualit7 Quality Assurance New A C E G
Assurance Programs Curre_'_t B D F G
Engineer ,, ,,,, .....

Quality Assurance Quality Assurance New A C E G
Spec_ist Programs Current B D F G..........
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e TABLE H-1
HAZARDOUS WASTE MANAGEMENT JOB POSITION TRAINING REQUIREMENTS

(CONTINUED)

,,i,

INrTIALTRAINING ANNUAL REVIEW
, , ,,, ,,

Haz. Hnzardou=
RCRA Position Emld°Y" General Mixed Slte-Gen, Wute Mixed Site. WMte

Title Section merit Emldoyee RCRA/OSHA Haz. GET Gen, Haz,Status OVerview Waete Wnre Tmne- Refresher Wute Waste Tmrm-
Tm|nlng Worker port. Refresher port.

(GET-lO1) (REP-107) Worker (GET-lO2) Refreeher Refreeh_'
(RF..P-10Q) (HMT- (REP-111) (REP-110) (HM'r.103)) (REP-108) 102)

J .,, , ,,

Senior Engineer 'B' Radiological New A C E G
Engineering Cun_ent B D F G

,.. , , , ,., , ,

SeniorEngineer Radiological New A C E G
Engineering C,urrent B D F G

.... , ,, I ,,

Health Physics Radiological New A C E G
Specialist Engineering Current B D F G

Associate Hazardous Waste New A C C C E G H I
Operations and Self Current B D D D F G H .I

Engineer Assessment
i , , ,..... i ,,

Senior Engineer Hazardous Waste New . A C C C E G H I
'B_ and Self Current B D D D F G H I

Assessment
, . , ,. , ,,, , ,i , ,

SeniorOperations Hazardous Waste New A C C E G H I
Engineer and Self Current B D D F G H I

Assessment
. ,, ,,,,

IVlalntenan0e Hazardous Waste New A C C E G H I
Technician and Serf Current B D D F G H I

Assessment
...... ,,

UtilityTechnician Hazardous W,..=te New A C C E G H I
and Self Current B D D F G H I

Assessment
........... ,, i ,

Manager,Trans, Hazardous Waste New A C C C E G H I
-_ and Hazaudous and Self Current B D D D F G H I

MaterialsHandling Assessment
,,

i

A - 30 days followingernl:floymentdate D - By July 22, 1991 G - Within12 monthsof REP-109 completion
B - By January22, 1991 E - Within12 months of GET-101 completion H - Within12 monthsof REP-108 completion
C - 6 monthsfollowingassignmentdate F - Within 12 months of REP.107 completion I - Within12 months of HMT-102 completion

e
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CHAPTER I 1

CLOSURE PLANS, POST-CLOSURE PLANS, 2
AND FINANCIAL REQUIREMENTS 3

Introduction 4

This chapter contatns the Test Phase Closure Plan, which describesthe activitiesplanned to 5 _i

_/ close the Waste Isolation Pilot Plant (WIPP) facility at the end of the Test Phase should a s ''_r._ '__j
_/ decision be made notto proceed with the Operational Phase of the WIPP Project. If the WIPP 7 ' !,_
_/ facility Is closed after the Test Phase, ali waste emplaced during the Test Phase for In situ s
_/ experiments will be removed from the underground and returned to the point of odgln or 9
_/ transported to an tntertm treatment, storage, or disposal facility. The underground will be 10

decontaminated, if necessary; routes of underground access will be sealed; ali structures and 11
_/ equipment will be decontaminated and may be removed; and the site surface will be recontoured 12

and revegetated, Current plans for Test Phase waste retrieval activities are described In the 13
_/ Waste Retrieval Plan (DOE, 1990). Ali closure activities and operations will maintain as low as 14
_/ reasonably achievable (ALARA) exposures as required by DOE Order 5480.11 (DOE, 1988a) to 15
_/ protect worker and public health and safety. The WIPP facility will "start clean-stay alean" 16
_/ throughout the Test Phase. Decontaminationactivitiesare discussSdInthis closure planalthough 17
_/ lt is highly unlikely that any decontaminationwill be necessary. 18

_/ This plan Is submitted to the NMED and the EPA with the Part B permit application In accordance lg
_/ with New Mexico Hazardous Waste Managemerlt Regulations (HWMR-6), Part lX, 2o
_/ section 270.14(b)(13). The Closure Plan must be approved by the appropriate agency as part 21
_/ of the permitting procedure, and the approved plan will become a condition of the Issued RCRA 22
_/ Part B permit. Until final closure is complete and has been certified in accordance with HWMR-6, 23
_/ Pt. V, sec. 264.115, a copy of the approved plan and ali approved revisions will be on file at the 24

_/ WIPP facility and available to the Secretary of the NMED or the EPA Regional Administrator upon 25
_/ request. 26

m

I-1 Test Phase ClosurePlan 27

_/ ThisTest Phase ClosurePlanispreparedinaccordancewiththe requirementsof HwMR-6, Pt. V, 28
Subparts G and X. The New Mexico regulationsincorporate40 CFR Parts 260 through270 by 2g

_/ reference as HWMR-6 Parts I through IX. Regulatory citationsIn this plan referencethe New 30
Mexico regulations. Regulatory requirementsthat apply to the proposedclosure activitiesare 31
listedin Table I-1, with a cross-referenceto the section of the plan where the requirementis 32
addressed. 33

Chapter I
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1_/ Atthe end of the Test Phase,wastewill be retrievedfromthe undergroundtestareas if the WIPP
2V facilitydoes not meet standardsfor long-termdisposalof transulanic (TRU) waste established
3_/ in the No-MigrationDeterminationrequirementsof 40 CFR, Section268. In addition,the WiPP
4_/ facility must demonstratethe requirementsof HWMR-6, Pt. V, sec. 264.601, as well as the
5_/ requirementsof 40 CFR Part 191. The DOE will identifyan interimfacilityto accept thewaste
sV or the waste will be returnedto its pointof origin, as indicatedon the waste shippingmanifest.
7_/ The stepsinvolvedinidentifyingan interimfacilitywilldependon the scopeof activitydesigaated
s,/ for the interimfacilityand includethe following:

9 1. NationalEnvironmentalPolicyAct(NEPA) documentationwillbepreparedto describeand
lO compare theenvironmentalimpactsof vadousalternatives,includingthe identificationof
11 a preferred altemative, a no actionalternative, and other reasonable alternatives. This
12 documentation will most likely involvethe preparation of an environmental impact
13 statement.

14 2. The NEPA documentswill be reviewedby the public,and a final recordof decisionwill
15 be issuedby DOE basedon the reviewof the environmentalimpactsand the continued
16_ need _ora solutionto the TRU waste storage/disposalproblem.

17 3. Facilityand systemdesignsand safety analyseswillbe preparedand reviewed.

lC-/ 4. Facilitypermitswill be obtained,includinga publiccommentpedod.

19 5. Facility constructionwould commence, followed by start-up testing, and subsequently,
20 operations.

21_ This processcouldtake years, depending on the proposedactivitiesat the interim facility. For
22# example, a locationmerelyto storethe waste pendingfbrther disposiljoncouldbe identifiedand
23_/ permittedmorequicklythan an interimlocationdesignedfor disposalwhere the wastemay need
24_/ to be modifiedthroughsome processthat couldrequireextensivepermitting.

2s A copyof thisClosure Plan willbe maintainedat the WIPP facilityand at the DOE-Albuquerque
26 Fieldoffice. The primarycontactperson at the site is:

27 Aden Hunt, Project Manager
28 U.S. Departmentof Energy
29 Waste IsolationPilotPlant
30 P.O. Box 3090
31 Cadsbad, New Mexico88221
32 (505) 887-8101

ChapterI
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If, at the end of the Test Phase, the WIPP facility meets standards for Iong-telm disposal of 1
radioactivewasteestablishedby U.S. EnvironmentalProtectionAgency(EPA)regulations40 CFR 2

_/ Part 191, SubpartB, implementingthe NuclearWaste PolicyAct, wastewillbe moved from the 3
_/ undergroundtest areas to the Waste Handling Building (WHB). The radiological control 4
_/ boundary/binunitswill be reconfiguredinto standardwaste boxes and placed undergroundfor 5
_/ permanentdisposal. Closurewillbeginat the conclusionof operations. After closure,evidence 6

of thepresenceofthe repositorywillbe maintainedbywrittenrecords,shaft locationmarkers,and 7
site monumentsto preventany undesirableintrusionintothe surface structuresin the near term s
and, inthe longterm, to preventany inadvertentpenetrationinto the subsurface repository. 9

I-la ClosurePerformanceStandard 10

If, at the endof theTest Phase, the WIPP facilitydoesnot meet standardsfor long-termdisposal 11
of radioactivewaste, the facilitywillbe closedsoas to minimizethe needfor further maintenance. 12

_/ In addition,theWIPP facility willcontrol,minimize,or eliminate,to theextent necessaryto protect 13
_/ human health and the environment,post-closure migrationof hazardous waste, hazardous 14

_/ constituents,or hazardouswaste decompositionproducts to ground or surface waters or the 15
_/ atmosphere. Clean closure,that is, the retrievalof ali waste fromthe site willeliminatethe need 16

for further monitoringof regulatedsubstances: The facility is not expectedto require extensive 17
decontaminationat closurebecause any wastethat is spilledor releasedduringemplacementor 18
removalwillbe containedand removedimmediately. Decontaminationactivitieswill ensurethe 19 ab
removal of waste residues to levels determined to be protectiveto human health and the 20

_/ environment,and further maintenanceor post-closurecare will not be necessary. The WIPP 21
_/ facility will be cleanedup to EPA health-basedstandards,calculatedpriorto closure, 22

_/ The U.S. Departmentof the Interior,Bureauof Land Management(BLM), hasminimalstandards 23
_/ for closingan undergroundmine/shaftto protectgroundwater. DOE will get approval from the 24

_/ DistrictBLMManager for any closureperformedon the undergroundmined area. Finalclosure 25
,/ will be protectiveof the groundwater;therefore,ali water-bearinggeologicalunitswill be sealed 26
_/ in the shaft. At the time of closure, the WIPP far_ilitywill use experience in closure already 27

_/ developedin the Delaware Basinby the potash inc_Jstdes. 28

I-lb PartialClosureand FinalClosureActivities 29

Partialclosureof the test areas in whichwaste has been emplacedis not anticipatedduringthe 3o
_/ Test Phase. Waste will be retrievablethroughoutthe Test Phase as specified in the land 31
_/ withdrawallegislation. An amendmentto thisclosureplan will be submitted,if the T_JstPhase 32

data indicateslong-termdisposalis unacceptable,and willdescribeindetail how final closurewill 33
_/ be conducted. The maximumextent of operationswhich willbe unclosedis limited to Panel 1 34
_/ where testingof the waste willbe conducted. 35
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PTB-170 I-3 3/9:,



WIPPRCRAPartB PermitApplication
DOE/WIPP91-005
Revision1

1V Currentlythere are nofinalengineedngclo_uredesignsforthe WIPP facilitydue to lackof cdterla
2V or guidelinesfor shaftclosureof non-coalmines. However, there may be applicablecdteda for
3_/ closure from internationalsources, such as South Africaand Great Britain. DOE feels closure
4_/ and groundwaterprotectionis feasible; therefore, final engineedng closure designs will be
sV modeled after non-coalminesthat have closed near the WIPP site in the Delaware Basin and
S_/ from internationalsources.

7 I-lc MaximumWaste Inventory

e_/ The amountof wasteemplaced duringthe Test Phase will not exceed one percentof the total
9 volumeof waste scheduledfor emplacementat the facility. This is equivalentto the volumeof

lOV 8,500 55-gallondrums. The Test Phase waste retrievalplan describesmethodsto be used for
11_/ closure, including,but not limited to, methods for removing, transporting,treating, storing,or
1_ disposing of ali hazardouswaste.

13 I-ld Schedulefor Closure

14 WIPP facilityclosureat theconclusionof theTest Phase, if required,is projectedto be completed
ls_/ in approximately67 months. A closurescheduleis includedin Table I-2. Twenty-eightmonths
16 will be required to remove the waste emplaced duringthe Test Phase, decontaminatewaste
17_/ containersas necessa_, and shipthe waste to the originas indicatedon the shippingmanifest
lS_/ or to an interim facility. Additionaltime may be needed if decontaminationof waste handling
19 equipment,theundergroundtest areas, andabovegroundequipmentand facilitiesis necessary.
20V Closure at the end of the Test Phase may includedismantlingthe facilitycompletely,including
21_/ surface facilitydisassemblyand removal from the site, surfacepavingand roadmettle (caliche)
22V removal,and recontoudngand revegetatingthe disturbedsurface areas in accordancewith the
23_/ BLM stipulationsinthe Memorandumof UnderstandingbetweenDOE andthe BLM(AppendixI1).
24_/ A detailed closureschedulewill be submitted,in writing,to the Secretary of the New Mexico
2s_/ EnvironmentDepartr.lent(NMED) along withthe notificationof closure.

26 I-ld(1) Time AllowedforClosure

27 As indicatedbytheproposedclosurescheduleinTableI-2, the closureactivitiesrequiredto close
28_/ the facilitywill requiremore than 180 days to complete,and DOE requestsa variance from the
29_/ 180-day closure requirementin accordance with HWMR-6, Pt. V, sec. 264.113. During the
3oV closureperiod,DOE willcontinueto demonstratecompliancewithapplicablepermitrequirements
31_/ and that ali stepswill be taken to preventthreatsto human health and the environment. The
32_/ closure period will take longer than 180 days, due to the management of the radioactive
33_/ constituentswithinthe wasteand the complicatedsaalingof shafts/tunnels,retainingof salt,and
34V backfilling.

|
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I-ld(2) Amendment of the ClosurePlan 1

To amend the plan, DOE will submit a written notification of, or request for, a permit modiflcation 2
describing any change tn the operating plan, facility design, or test designs which affect the 3
approved Closure Plan, In accordance with HWMR-6, Ft. IX. The written notification or request 4

_/ will include a copy of the amended closure plan for approval by the NMED or the EPA. DOE will 5
submita written notificationof, or request for, a pennit modificationto authorize a change In the 6
approvedClosurePlan if: 7

• Changes in operatingplans or facilitydesignaffect the Closure Plan, or s
• There is a change in the expected year of closure, or 9

_/ • Unexpected events affect the closureplan, or lo
• Unanticipatedchanges iw,project philosophy require a modificationof the approved 11

Closure Plan. 12

DOE will submit a written request for a permit modificationwith a copy of the amended Closure 13
Plan at least 60 days prior to the proposed change In facility design or operation, or within 60 14
days of the occurrence of an unexpected event that affects the Closure Plan. If the unexpected 15
event occurs during final closure, the permit modification will be requested within 30 days of the 16

_/ occurrence. If the Secretary of the NMED requests a modification of the Closure Plan, a plan 17

_/ modified in accordance with the request will be submitted within 60 days of notification or within 18 /
_/ 30 days, if a change in facility condition occurs during final closure. 19

I-ld(3) Notification of Partial or FinalClosure 2o

_/ Partial closure will not occur during the Test Phase period. DOE will notify the Secretary of the 21
_/ NMED in writing at least 60 days before the date on which final closure will commence. 22

I-le Closure Procedures 23

_/ Waste of known composition will be emplaced in the WIPP facility for Test Phase activities; 24
_/ therefore, potential hazardous constituents in the waste have been identified. In addition, ali 25
_/ waste emplaced during the Test Phase will be packaged in Standard Waste Boxes (SWBs) with 26
_/ modified lids that enclose rectangular bins. Each retrieval action will be preceded by extensive 27

monitoring to detect the presence of mixed waste contaminants. If radioactive contamination is 28
_/ detected on a container surfaceor inthe air, it will be assumed that hazardous constituentsmay 29
_/ be present as weil, based on waste profiling done prior to emplacement. If no radioactivity is 3o

detected in a room or work area, samples will not be collected and analyzed for potential 31
_/ hazardous constituents unless there is reason to suspect that hazardous constituent releases may 32
_/ have occurred (e.g., discoloration of pallet or salt, container corrosion). If unknown hazardous 33
_/ constituent releases are suspected, then a sample will be taken and analyzed for HWMR-6, Pt. II, 34
_/ Appendix VIII parameters. Prior to transport to the WIPP facility, Test Phase waste Is 35

Chapter I
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1 characterized in accordance with EPA requirements (EPA, 1990) and any additional waste
2 characterizationrequirements defined in Chapter C (Waste Charaotertstics) of this permit
3 application. Therefore, priorto Test Phase olosure,Informationwill be available to incorporate
4_/ into detailedsampling,analysis,and closureplans. Based on analyticalresults,contaminated
5_/ materialswillbe packaged accordingto applicablestateand federal regulations;hazardouswaste
6 willbe transportedto a permittedRCRA treatment, storage,or disposalfacility,and radioactive
7 and mixed waste will be shippedoff site withthe retrievedwaste. Prior to retrieval operations
eV within any bin test room, the types and quantitiesof wastes that must be retrieved will be
_/ confirmedfrom records. If necessary,any liquidswill be drained from the test bins and willbe

10./ handled accordingto the appropriate regulationsand procedures (if a process is needed).
11 Treatment for the drained liquidswill be determined priorto waste retrieval. The proposed
12V retrievalr;rocessis based on the followingconditionsat the WIPP facilityduringthe Test Phase:

13_/ • Ali retrievedwaste binswillbe overpackedin a SWB.

14 " Each bin will be contained within a SWB with a modified lid, referred to as a
15 RadiologicalControlBoundary(RCB), and any release from a bin, therefore, will be
16_/ contained. If, however,a bin releasessome of its contents,the released materialwill
17_/ be excavated, sampled,analyzed, and removed from the repository. Radioactively-
18# contaminatedsalt and equipmentwill be sampled for the presence of hazardous

constituents known to be present in the test waste, packaged, and handled
19_/

20 appropriatelyas radioactive,mixed,or hazardouswaste.

21_/ • Dudngretrievalactivities,thedetectionof radioactivecontamination,eitherairbomeor
22_ on bin surfaces, will indicate the need to sample and analyze for hazardous
23 constituents. Samples will beanalyzed for those hazardousconstituentsknownto be
24_/ presentin the waste (EPA, 1990). If radioactivecontaminationis not detected, but a
25_/ release is suspected,then sampleswill be collected andanalyzed for HWMR-6, Part II,
26_/ AppendixVIII, parameters.

27 " Waste containerretrievaland shippingwill be conductedconcurrentlyto minimize the
28# accumulationof waste at the WIPP facility awaitingtransport. Therefore, retrieved
29,/ waste will not requirestorageat the WIPP facilityfor longerthan 90 days unlessthe
3o_ state or the EPA determinesan extensionis consistentwith the protectionof human
31_/ health and the environment.

32 I-le(1) InventoryRemoval

33 I-le(1)(a) Bin-ScaleTest Waste Retrieval

34_/ Bin-scaletest wasteand contaminatedbinswillbe overpackedin SWBs. Binswillbe emplaced
35_/ in Panel 1 (Figure D-22) and willbe arranged in rowsstackedtwo high.

ChapterI
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Under.qround Activities 1

Prior to retrieval, a sampling program to estimate the radiologicaland hazardous material 2
contaminationin each room willbe conductedto Identifyand containali areas of contamination. 3

_/ Each test roomwillbe maintainedas necessaryto allowuninhibitedoperationof forkliftsinvolved 4
_/ in retrievalactivities.Adequate lightingand ventilationwillbe establishedIn theworkarea. RCBs 5
_/ will be transferredby forklift to an undergroundwaste transporterwhichcan carry two RCBs at 6
J a time to the Waste HandlingShaft for transportto the WHB. Ali RCBs will be suweyed for 7

_/ surface contaminationpriorto removal, s

Surface Activities 9

RCBs will be transferred from the waste hoistto the conveyance car and moved to the Inventory 10
and Preparation Area, where each bin WIUbe surveyed for radioactive contamination. To 11

overpack test bins, the modified lid on each bin will be replaced with a SWB lid. Overpaoked bins 12
will be transported to the loading dock, surveyed for surface contamination, weighed, and placed 13

_/ in a Nuclear Regulatory Comrnlssion (NRC)-approved shipping container. An EPA hazardous 14
waste manifest will accompanyeach shipmentoff site. 15

_/ The NRC-certifiedcontainerwill be moved throughan air lock to the trailer loading yard and 16
placedon atrailer. Shipmentdocumentationwillbe vedfled beforethe loadedtraileris released 17
for transport off site. 1s

I-le(1)(b) Samplingand QualityAssL_rance 19

Ali closure-related sampling and analysis activities will follow EPA-approved procedures 20
_/ (EPA, 1986). Solids will be sampled with coring tools, trowels, or appropriate samplers. 21

Radioactivityis measuredby instrumentsapplied directlyto the object or to swipe samples 22
collected using clean filter paper. 23

_/ DOE Order 5480.11 (DOE, 1988a) requiresthat radiation exposure from DOE operations be 24
_/ ALARA to protect worker and publichealth and safety. Prior to conductingany sampling or 25
_/ analytical procedure, it may be necessary to obtain radioactivity measurements to assess 2s
_/ exposure potential. The survey will be designedwith respectto ALARA concemsto minimize 27

_/ exposure. 28

_/ Samples will be analyzed by a certified laboratory. If analytical procedures included In "Test 29
_/ Methods for Evaluating Solid Waste, Physical/Chemical Methods" (SW-846) (EPA, 1986) or Its 3o
_/ most recent version are tnappropdate for analyzing mixed waste samples, equivalent analytical 31

protocols will be used. The quality assurance requirements of SW-846 will be met for ali 32
_/ sampling and analyses. 33
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1 A sampling and analysisplan desodbingspeciflosampling and analysis protooolswill be prepared
prior to closure and will ensure that samples represent true conditions and are free of radiological

3# or chemical contamination from external sources. ALARA principles will be followed to minimize
4_/ exposures.

5 I-1e(1)(b).1 Sample Collection and Handlinq

6 The sample collection protocol for ali samples of waste or environmental media will Inolude:

7 " Appropriate sample containersand preservative
8 • Sample identification and labeling
9 • Documentation of sampling activities

lO , Sample handling and shipping
11 • Decontaminationof sampling equipment.

12 These proceduresare describedbelow.

13 AppropriateSample Containersand Preservative

14 Samples mustbe placedincontainerscompatiblewith the Intendedanalysisandwillbe properly
15_/ preparedand preservedto maintainsampleintegrity. The most recentversionof SW-846 lists
16 the propercontainer,presewattve,and holdingtime for each chemicalparameterof interest,and
17 these requirementswillbe followedfor ali samples collectedduringthe closureprocess.

18 Sample Identificationand Labelin_

19 Samples will be identified at collectionwith a label which must remain attached and legible
20, throughshippingandstorage. Containerlabelslistsamplelocationandname, theuniquesample
21 number, and sampletype. The namesof samplingpersonneland the preservationmethodare
22 includedon recordstraceable to the sample by the unique sample number. Ali labels willbe
23 markedwith a permanentwater-proofmarker.

24 Documentationof SamplinqActivities

25 Collectionof each sample will be documented by a permanunt sample record sheet. Ttle
26 followinginformationwillbe entered in the record:

27 • Purpose of the samplecollection
2_ • Unique sample number
29 • Sampling location, date, and time
30 ° Sampling personnel
31 • Type of waste (e.g., salt, brine, etc.)
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• Number and volume of samples . 1
• Desodptton_)fsampling point and method 2
• Field observ_,tlonsor measurements 3

• Collector'ssig_nature. 4

.Sample Handling and ShipDinq s

Samples will be packaged and shipped In ecoordance with U.S. Department of Transportation s
(DOT) shtpplng requirements (49 CFR Part 173, Shippers--General Requirements for Shipments 7
and Packagings). The type of packaging will depend on the proteotion that must be provided 8
during handling, shipping, and storage, which varies with sample type, media, hazardous and 0
radioactive substances pre,sent,analyses required, and handling and storage conditions. 10

Proper packaging will include consideration of: 11

• Type and compo_;ition of Inner paoking (e.g., plastic bags, metal cans_ absorbent 12
packingmaterial, and frozen gel for preservation). 13

• Type and compositionof overpacks(e.g., metaldrumor plasticIce chest). 14

• Method of overpaok sealing (e.g., custody tape). 15

• Marking and labelinglof overpacks [e.g., laboratoryaddress, any appropriateDOT 16

Hazards Class Label(,s),and handlingInstructions]. 17

• Surface dose rates of sample. 18

• Activitiesof Individualradionuclides. 19

Ali samples packages will be contact surveyed for beta-gamma and alpha radiation prior to 20
placementtnshippingcontainersandagainafter containersaresealed. Contaminatedcontainers 21
are decontaminated or repackaged before shipment. Decontamination Informationwill be 22
recorded and relayed to the receMng laboratory. 23

Decontaminationof Samplin.clEclulDment 24

To prevent cross contamination, clean sampling devices will be used to collect each 25
representative sample. ProcedureswiEIbe developed prior to closure for decontaminating 26
samplingequipmentbasedon detailedwastecharacterizationinformationto becompiledby DOE 27

in preparation for the Test Phase (EPA, 1990). 28
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1 I-le(1)(b).2 Qualtty Assurance/Quality Control

2 Because declslons about closure activities would be based in part on analyses of potentially
3 contaminated surfaces and media, a program to ensure reliability of analytical data Is essential.
4 The WIPP will ensure data reliability by documenting sample management so that analyses are
5 traceable to specific areas of potential contamination, and by following a quality assurance/quality
6 control (QNQC) program that mandates documentation of the precision and accuracy of
7 laboratory analyses.

8 Blanks and duplicate samples wtll be,collected In the field to determine errors Introduced in the
9 data from sample collection and handling activities. One dnseate blank will be collected each day

10 for each piece of decontaminated sampling equipment to determine the potential for cross-
11 contamination. One in every ten samples collected will be sent in duplicate to the analytical
12 laboratory for analysis. These blanks and duplicate samples will be treated as separate samples.
13_/ Acceptance edteda for QNQC sample analyses will be compatible with the most recent version
14_/ of SW-846 or other applicable EPA guidance.

15 Sample Management
t

16_/ DOE will use a chain-of-custody form to track samples from collection through analysis and to
that results can be attributed to closure activities The17 ensure analytical specific or specificareas.

le/ proceduresfollowedat the WIPP facility will be equivalentto those provided In SW-846 (EPA,
lg 1986) or theeditioncurrentat closure. Importantaspectsof the proceduresare presentedbelow.

20 A chain-of-custodyform will be prepared for ali samplescollected for laboratoryanalyses. The
21 form includes:

22 • Sample number

23 • Signature of sample collector
24 ° Date and time of samplecollection
25 • Locationat which samplewas collected
26 • Type of waste (e.g., salt, brine, etc.)
27 ° Signatures of persons who have samples in their possession
28 • Dates and times of possession.

29 This form will be initiated at the point of sample collectionand will remain with the sample during
30 transferto the laboratory.The form willbe completeduponreceiptat the laboratoryand returned
31_/ to the WIPP facility for Inclusionin facility records. The chain-of-custodyform will Include a
32 request-for-analysisform which listsali analysesto be performedfor the identifiedsamples and
33 ali special instructionsrelatingto sample managementor analysis. Potentialhazardsposed by
34 the samples will be listedInthe request-for-analysisform; surface dose rates will be determined
35 for ali potentiallyradioactive samples and enteredon the form.
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Quality Control at Anal_loal Laboratories. . 1

Samples analyzed on site will be subject to the quality control procedurcs outlined In SW-846 2
(EPA, 1986) or equivalent procedures. Dooun'lentatlon demonstrating that these procedures are 3

_/ follov,_ad(e,g., tabulating results of blank analyses, calibration curves, eto,) are maintained tn 4
laboratoryflies. 5

QNQC procedures not related to specific test methods in SW-846 will follow good laboratory 8

practice and include proper maintenance and calibration of laboratory Instruments; analyses of 7
reference standards and quEIIty control samples (matrtx spike samples, matflx spike duplicates, s
blanks, and duplicates); sample tracking; and maintenance of ali analytl_l records such as 9
control charts, sample logs, eto. These practices will be part of the standard operating lO

_/ procedures of analytical laboratories responsible for analysis of mixed or hazardous waste 11
samples generated by closure activities, as desodbed In SW-848; contract laboratory program 12
statements of work; and other guidelines. 13

I-1e(1)(b).3 Sample Analysis 14

_/ Ali samples collected Indicating radloaotlvlty from field screening will be analyzed for the known 15
_/ hazardous constituents of the Test Phase waste. If no radloaotlvlty is detected, but there Is a le
_/ reason to suspectthat hazardous constituent releases may have occurred (e.g., dlsooloratton of 17

pallet or salt, container corrosion), then samples willbe collected and analyzed for HWMR-6, Ft. is
Ii, Appendix VIII, parameters. Hazardous constituents are Ustedon the waste profile forms 19
completed in accordance with EPA requirements for WIPP Test Phase activities by 2o
generator/storage sites prior to transpor_to and emplacement at the WIPP facility (EPA, 1990). 21

I-le(2) Disposal or Decontamination of Equipment, Structures, and Soils 22

I-le(2)(a) Removalof HazardousWaste Residues 23

_/ The WIPP facility was designed to simplify facility decontamination. The design Includes 24
oonslderationof: 25

• Easeof accesslblUtyfor deoommisslonlngand dismantllng materialand equipment that 26
may be reused. 27

• Surface finishes and materialsthat faoilltate deoontaminatlon 28

• A minimum of dirt-cat_hing spaces and comers to prevent contaminants from 29
accumulating. 30

• Equipment that can be decontaminated without disassembly. 31

0
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1 . Sealing cracks, orevloes, and Joints to prevent _ntamlnation from spreading to
2 Inacoesslble areas.

s . Plaolng exhaust flltedng facilities at points of potential contamination to mtnlmlze
4 contaminationof longsections of ductwork and downstreamexhaustequipment

5 . Providingarchitecturalor stm=ural features that allowthe dlsmant!lngand removalor
e equipment from areas of contamination or to other areas for decontamination,
7 maintenance,or repair,

s I-le(2)(b) Deoontarnlnatlonof the Underground

• / Contaminatedequipmentwillbe transportedtothe surface ,=ordecontamlnatlon. Aftercompletion
lo of detailed surveys and analyses of the mined areas and underground equipment, a
11 decontaminationplan and proceduresthat effectively addressthe as-found conditionswill be
12 developed. The plan and associated procedureswill addressthe degree of decontamination
13 required for mined surfaces and the disposal of contaminated rock salt generated by the
!4_/ decontaminationprocess. The mined areas undergroundwill be baokfllled with salt and
lS_/ concrete;therefore,the effectson healthwill be negligible.

le_/ The protection of the health and safety of the publto, WIPP facility employees, and the
17 environmentIs the pdmaryconcern dictatingthe planningand proceduralcontrolsgoverningthe
le decontaminationeffort. Structureswillnotbe dismantledorequipmentor wastedisposedof until
lO necessaryprecautionsare Identifiedand Implemented,and employeesare thoroughlytrained In
2o_/ the techniquesto be applied. Closureperformancestandardsas requiredIn HWMR-6, Ft. V, ssc.
21_/ 264.112(b)(5) are not applicable,as demonstratedIn Chapter E of thispermit.

22 I-le(2)(0) Decontaminationof the Surface

23 Decontaminationofsurface facilitieswillbe preceded byextensivedetailedcontaminationsurveys
24 to document the level of cleanliness for ali surface structuresand equipment. If areas or
2s equipment are Identified as contaminated, a decontaminationplan and procedures will be
2s developedand Implementedto addressthe followingquestions:

27 • Should the component be decontaminated or disposed of as waste?

2e • What Is the mostcost-effective method for decontaminating the component?

2g • Would the decontamination procedures ensure that the contamination is adequately
3o contained?

31_/ Ali radloactlvely contaminated material generated at the WIPP facility as a result of
3_ decontamination activities will be classified as TRU waste. Wastes will be managed and disposed
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of In accordance with DOE Order 5820.2A, Radioactive Waste Management (DOE, 1988b), or 1
the applicableDOE orderIn piaceat closure. Ali decontaminationactivitieswill be conductedIn 2
accordance with applicable RCRA requirements. 3

I-le(2)(d) Waste Generated by DecontaminationActivities 4

Ali radioactivewaste generated by deoontamlnattonactivities will be treated as mixed waste, s
q Once the deotslonto retrievehas been made, the mixed waste generatedby decontamination s
_/ activitieswillbe consideredderivativewasteand storageof the wasteat the WIPP faclUtywillbe 7

limitedby statutoryrequirementsto 90 days. 8

Hazardous waste will be handled In accordance with appropriate regulationsand with the 9
_/ proceduresInWP 02-6 and 02-7, ResourceConservationand RecoveryAct (RCRA) Compliance lo
_' Manual (Westinghouse,1992), This waste is expected to be generated at approximatelythe 11
_/ same rateas duringnormalplant operations.Hazardous wastemanagementIs controlledat the 12

WIPP throughtraining,procedures,and Inspections. 13

I-le(2)(e) Certificationof Closure 14

_/ Within 60 days after completionof closureactivities,DOE will submitto the Secretary of the is
_/ NMED, via certified mall,a certificationthat the facilityhas been closed in accordance with the 16

specificationsof this ClosurePlan, when approved. The certificationwillbe signed by DOE and 17

by an Independentregisteredprofessionalengineer. Documentationsupportingthe Independent 16
_ registeredprofessionalengineer'scertificationwill be furnishedto the Secretary of the NMED on 19

request. 20

I-le(3) Closureof DisposalUnits/ContingentClosures 21

_/ Becausethe miscellaneousunitcontainsno RCRA-regulatedsurfaceimpoundments,wastepiles, 22
_/ or landfills,closure of disposalunits/contingencyclosuresdoes notapplyto the WIPP facility. 23

I-le(4) Closureof Containers 24

_/ Removal of waste containersand hazardous waste residues Is addressed In I-le(1)(a) and 25
_/ I-le(2)(a). 26

I-le(5) Closureof Tanks 27

The WIPP facilitydoes not manage hazardousor mixed wasteusinga tank system,as defined 26
in HWMR-6, Pt. I, seo. 260.10, and regulatedunder HWMR-6, Pt. V, SubpartJ. Tank system 29

_/ regulations are not applicable to the WIPP facill_. 3o
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1 I-le(6) C!os.ureof Waste piles I

2 The WIPP facility does not manage hazardous or mixed waste using a waste pile, as definedIn
3 HWMR-6, Pr. I, see. 260.10, and regulated under HWMR-6, Pt. V, Subpart L, Waste pile
4_/ regulationsare not applicableto the WIPP facility,

5 I-le(7) Closure of surfaQeImpoundments

e The WIPP facility does not manage hazardousor mixed wasteusinga sufaoe Impoundment,as
7 defined In HWMR-6, Pt. I, see. 260.10, andregulatedunderHWMR-6, Pt. V, SubpartK, Surface
s_/ impoundmentregulationsare not applicableto the WIPP faelUty.

9 I-le(8) Closureof Incinerators

lO The WIPP facility does not manage hazardous or mixed waste using an incinerator, as defined
11 In HWMR-6, Pt, I, seo. 260.10, and regulated under HWMR-6, Pt. V, SubpartO. Incinerator
12_/ regulationsare notapplicable to the WIPP facility.

13 I-le(9) Closureof Landfills

14 The WIPP facility does not manage hazardous or mixed waste using a landfill, as defined In
15 HWMR-6, Pr. I, seo. 260,10, and regulatedunderHWMR-6, Pt. V, SubpartN. Landfillregulations
lS_/ are not applicable to the WIPP facility,

17 I-le(10) Closureof Land Treatment Facilities

18 The WIPP facility does not manage hazardous or mixed waste using land treatment, as defined
1{) tn HWMR-6, Ft. I, sec. 260.10, and regulatedunderHWMR-6, Pt. V, SubpartM. Landtreatment
2o_/ regulationsare not applicable to the WIPP facility.

21 I-le(11) Closure of Drip Pads

22 The WIPP facility does not manage hazardous or mixed waste using drip pads, as defined in
23 HWMR-6, Pt. I, sec. 260.10, and regulated under HWMR-6, Pt. V, Subpart W. Drip pad
24_/ regulationsare notapplicableto the WIPP facility.

25 I-le(11) Post-ClosureCare of MiscellaneousUnlts

26_/ No post-closureplan Is required for the Test Phaseof the miscellaneous unit at the WIPP faclUty
27 because the unit will be clean alosed if alosure is necessary. Therefore, this requirement does

2s not apply.
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I-2 Post-Closure Plan/ContingentPost-Closure 1

No post-closure plan is required for the Test Phase of the mlsoellaneousunit at the WIPP 2
because the faolUtywill be clean closed if closure is Implemented. Therefore, this requirement 3
does not apply. 4

I-3 Decommissioningthe WIPP Facility s

DOE Order5820.2A, RadioactiveWaste Management(DOE, 1988b), requiresthatfacilitieswhich 6
handleradioactiveor otherhazardousmaterialsbedeslgnodto simplifydecommissioningand/or 7

Increase tile potentialfor reuse, Decommissioningactivitieswillbe plannedand Implementedin 8
aooordanoewith the following: 9

• Maintainingemployeeand publichealth and safety. 10

• Protectionof the environment. 11

• Compliancewith applicableprovisionsof RCRA andthe commitmentsIncludedIn the 12
Final EnvironmentalImpact Statement(DOE, 1980). 13

• Cost-effectiveprogrammanagement. 14

_/ After ali unneededcertifiedradtologicallyclean or decontaminatedundergroundequipmenthas 15
I

been moved to the surface,the minewillbe back,filledto the extentfeasiblewith salt fromthe salt 16

_/ storage pile. Shafts will then be plugged per the plug design specified in the WIPP Waste 17

_/ Retrieval Plan (DOE, 1990). 18

_/ Many aspectsof the WIPP facilitydesignare Intendedto facilitatedecommissioningand closure. 19
These include the following: 20

• Providingeasy access to materialandequipmentthat may eventuallybe recoveredor 21
dismantled. 22

• Smoothingthe surfacesor equipmentto make decontaminationeasier. 23

• Minimizing small dirt-catchingspaces and comers to prevent the accumulation of 24
radioactivity. 25

• Using modular constructionfor ease of dismantling. 26

• Usingequipmentthat can be disassembledwithoutcutting. 27

• Minimizing the weight of blocksof material that would be moved. 28
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1 • To the extent possible, relying on standard equipmentwhich can be decontaminated
2 and used at other sites after decommissioning.

3_/ If decommissioning includes removal of surface facilities, the surface will be regraded to
4¢ approximately its original contours, Any salt remaining on the surface will be removed and
s__ disposed of according to applicable regulatory requirements. Electrical power and telephone

6 lines, railroad spurs, and roads may be removed depending on the possible future uses of the
7 site. If removed, the rights-of-way will be regraded to odginal contours. Water will be shut off at
s the original connection point; however, water lines will not be removed unless remov_ is
9 necessary to restore the natural terrain. The area will be revegetated in accordance with a

10 revegetation plan currently in preparation.

11 I-4 Ci_:,_ureCost Estimate

12 In accordance with HWMR-6, Pt. V, sec. 264.140(c), as a facility ownled by the federal
13_/ government,the WIPP facility is exempt from the financial requirementsof HWMR_, Pt. V,
14 SubpartH.

15 I-5 FinancialAssuranceMechanismfor Closure

16 In accordance with HWMR-6, Pt. V, sec. 264.140(c), as a facility owned by the federal
17_/ govemment, the WIPP facility is exempt from the financial reqUirementsof HWMR-6, Pt. V,
18 SubpartH.

19 I-6 Post-ClosureCost Estimate

20 In accordance with HWMR-6, Pt. V, sec. 264.140(c), as a facility owned by the federal
21 government,the WIPP is exemptfrom the financialrequirementsof HWMR-6, Pt. V, SubpartH.
22 In addition,post-closurerequirementsdo not applyto a facilitywhich is closed with no waste in
23 place.

24 I-7 Financial Assurance Mechanism for Post-Closure Care
25

26_/ In accordance with HWMR-6, Pt. V, sec. 264.140(c), as a federal facility, the WIPP facility is
27 exempt from the financialrequirementsof HWMR-6, Pt. V, SubpartH.

28 I-8 LiabilityRequirement

29_/ In accordance with HWMR-6, Pt. V, sec. 264.140(c), as a federal facility, the WIPP facilityis
30 exempt from the financialrequirementsof HWMR-6, Pr. V, SubpartH.
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TABLE I-1
PART B PERMIT APPLICATION CLOSURE PLAN CHECKLIST

_/ NEW MEXICO HAZARDOUS WASTE MANAGEMENT REGULATIONS (HWMR-6),
PART V, REGULATION CITATION

Part B Chapter I Reference SectionCitation

I-1 Test Phase ClosurePlan 270.14(b)(13), 264.112
I-la ClosurePerformanceStandards 264.111

I-lh Partialand FinalClosureActivities 264.112(b)(2)

I-lc MaximumWaste Inventory 264.112(b)(3)

I-ld Scheduleof Closure 264.112(b)(6)

I-ld(1) Time Allowedfor Closure 264.113
I-ld(2) Amendmentof the Closure Plan 264.112(c)
I-ld(3) Notificationof Partial or FinalClosure 264.112(d)

I-le Closureprocedures 264.112(b)(1)

I-le(1) Inventoryremoval 264.112(b)(1)
I-le(2) Disposaland Decontaminationof

Equipment,Structures,and Soils 264.114, 264.115
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TABLE I-2
TEST PHASE CLOSURE PLAN

Decisionto Retrieve -300 Days

Complete RadiationSurvey/Underground -240 Days

Submit Detailed ClosurePlan -180 Days
' _/ to the New Mexico EnvironmentDepartment (NMED)

Establish Radiation ProtectionProcedures -60 Days

_/ Notify the NMED of Closure - 60 Days

InitiateWaste Retrieval Day 0

Complete Waste Retrieval 830 Days

Decontaminate Underground 900 Days

DecontaminateSurface Facilities 1000 Days

Emplace StoredSalt Underground 1200 Days

Remove Underground Equipment 1300 Days

Emplace Salt in Shafts 1400 Days

Plug Boreholes/Shafts 1600 Days

Dismantle/RemoveSurface Facilities 1800 Days

Recontourand Revegetate 2000 Days

_/ Submit Certificationof Closure to the NMED 2020 Days
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' CHAPTER J 1
CORRECTIVE ACTION FOR 2

SOLID WASTE MANAGEMENT UNITS 3

Introduotlon 4

Thisohapterdesoribesthe solidwaste managementunits(SWMUs) that have been IdentifiedIn s
V the16-square-mileareawithintheWaste IsolattonPilotPlant(WIPP) legalboundary[New Mexloo 6

HazardousWaste ManagementRegulations(HWMR-6), Part V, section264.101(a)]. lt Inoludes 7
desodptlonsof both active and InacttveSWMUs, SWMU oharaotedzationsheetsare presented s

_/ in AppendixJ-1 in responseto regulatoryrequirementsIn HWMR-6, Pt. IX, see, 270.14(d). 9

Correotlveactionsare onlyrequiredfor SWMUs fromwhlohreleasesof RCRA hazardouswastes 10
V or oonstltuentshave ocourred. Hazardous waste Is defined in HWMR-6, Pt, II, sec, 261.3, 11

Hazardous constituentsare listedIn HWMR-6, Pt. II, AppendixVIII, Based on samplingand 12
V analysisdata, visualsite Investigations,and document/recordreviews, RCRA hazardouswaste 13
_/ or hazardousoonstltuentshave notbeen releasedat the WIPP site;therefore,there have been 14

no oorrectiveactions, 1_

The definition of a solid waste management unit has not yet been finalized by the 16
U.S. EnvironmentalProtectionAgency (EPA), The most recent definition,presentedin the 17
proposedSubpartS to the RCRA regulationsIn40 CFR Part 264 (EPA, 1990), has been used 18
to defineSWMUsat theWIPP faolllty. Thisdefinitionstatesthat SWMUs are"anydlsoemibleunit 19
at whiohsolidwasteshave beenplacedat anytime irrespectiveofwhetherthe unitwas intended 2o
for the managementof solidor hazardouswaste. Suoh unitsinoludeany area at or arounda 21
facility at which solidwastes have been routinelyand systematicallyreleased." 22

Applyingthe definitionto unitsat the WIPP facility,the followingare consideredto be SWMUs: 23

• Ali unitsintendedto store,treat, or disposeof wastematerials, regardlessof whether 24
V they have released hazardous waste or hazardous constituents,inoludingtanks, 25

sumps,septlo systems,drain lines, waste containerstorageareas, landfills,surfaoe 2s
disposalareas, surface impoundments,andwastewatertreatmentsystems. 27

• Areascontaminatedby releases fromany of the above units. 28

• Productstorageareas, only If there is documentedevidenceof routine(periodicand 29
systematic)releases from these units. 30

• Existingstructuresthat storewaste. 31
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1 , Soil under and around existing or former stn_cturesthat were contaminatedor have
2 had documented routine releases,

3 The following units are notconsidered SWMUs:

4 , Active underground product storage tanks,

5 • One-time releasesor spills,

e , Productstorageareas with no evidence of routinereleases.

7 • Soil beneath existing or former buildings or structures witheno evidence of
s contaminationand no recordof routinereleases.

9 • The WIPP miscellaneousunit.

10 J-1 SolidWaste ManaclementUnits

11 The followinglogicwas usedto definea SWMU atthe WIPP facility, Aliunitsused to store,treat,
12,/ or disposeof solid waste (as defined In HWMR-6, Pt. I, AppendixI) are considered SWMUs,
!3 regardlessof whethera release has occurred. Ali othertypes of unitsareconsidered SWMUs
14 only If there have been routineand systematic releases. In these cases, the medium that
15 receivedthe release is consideredto be the SWMU.

16,/ According to HWMR-6, Pr. V, sec. 264.90(d), the SWMU requirementsof HWMR-6, Pr. V,
17,/ SubpartF "may app/y to miscellaneousunits when necessaryto complywith [HWMR-6, Pt. V,
is,/ sees.] 264.601 through 264.603" (emphasis added). DOE believes compliance with the
19,/ aforementionedsecttonsIs demonstratedInthis permitapplication. SectionD-gd(1),Chapter E,
20,/ and Appendix E1 of this permit application address the requirements of HWMR-6, Pc. V,
21`/ sec. 264.601(a). Sections D-9d(2) and D-gd(3) of this permit application address the
22`/ requirementsof HWMR-6, PL V, sees.264.601_b) and(c), respectively.Chapter I of this permit
23`/ applicationaddressesthe requirementsof HWMR-6, Pr.V, sec. 264.603.
24`/

25`/ InadditJon,DOE willInstitutecorrectiveactionsfor anyreleasesof hazardouswasteor hazardous
26,/ constituentsfrom SWMUs at the WIPP sitethat are necessaryto protecthuman healthand the
27`/ environment. Corrective actions will be performed In compliance with HWMR-6, Pt. V,
28`/ sec. 264.101.
29`/

3o`/ The requirementsof HWMR-6, Pt.V, sees.264.601 through264.603, Includingcorrec'dveactions,
31_/ are addressed in this permit application. Therefore, the requirements of HWMR-6, Pt. V,
32'/ Subpart F, are not necessary to show complianceand the WIPP miscellaneous unit is not
33`/ considereda SWMU.
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PTB-1£_ J-2 3/92



WIPP RCRA Part B PermitApplication
DOE/WIPP 91.005

Revision 1

_/ A SWMU Is a dlscemlbleunit at which solidwasteshave been placedat any time, To eliminate 1
repetitionof Information,units that are similar In physicalcharacteristics(e,g,, salt and topsoil 2
storage areas), use (e a., drilling mud pits), or waste type (e,g., satellite storage areas) are 3

_/ grouped and descdbJd within a SWMU description for the particular type of discernible unit, 4

The following are descriptions of the areas encountered duflng this survey for which specific s
definitionsapply, 6

UndergroundStorageTanks 7

_/ Two 8,000-gallonundergroundstoragetanks(USTs) at the WIPP facilitywere used for holding s
gasoline and diesel fuel for vehicles and other equlpment, These tanks are scheduledfor 9

_/ replacementIn 1992 to meetthe technicalrequirementsof theNewMexicoUndergroundStorage 10
,/ Tank Regulations(USTR), as amended 1990, Ft. VI, sec, 600, whlohare similarto the federal 11
_/ regulations. New Mexicohasthe authorityto administerthe federal UST regulations, Although 12

analysisof fuel InventoriesIndicatesthatthe tanksystemshavenotle_ed, a recentpressuretest 13
Indicateda possibleleakIn thegasolinetank piping. In orderto validatethe testand complywith 14

_/ the USTR, Pr. VII, sec, 702, a site Investigationof the tank facilitywas completedIn December 15
1990. None of the soil samplescollected for laboratoryanalysisshowedlevelsof hydrocarbon16

,/ contaminationabove USTR standards,Therefore, pursuantto USTR, sec, 1209 D,3.a, the State 17
v' of New Mextoodoes not requirefurther remedial actionat the site at tills time (NMEID, 1990), 18

Releasesof hydrocarbonfuels from USTs (if any did occur) are notregulatedunderRCRA (but 19
separatelyunder40 CFR 280, SubpartsF and G) andthereforeare not IncludedIn thischapter. 20

SepticSystem (Decc)mmlsstoned). 21

A septic systemtypicallyconsistsof a tank and associatedwaste linesthat dischargeto a leach 22
field, seepage bed, or outfall. Ali componentsof a septic systemare grouped as one unit. 23
Sanltan/ wastes (domesticsewage), which are not chemicallycontaminatedand managed In 24

_/ septic tanks, are exempt by definition from classificationas solid waste [HWMR-6, Pr. II, 25
_/ sec. 261.4(a)(1)(t)]. Becauseof thisandthe fact that recordsIndicatethat the septicsystemat 26
v/ the WIPP facilityreceivedonlysanita_ waste, lt Is not Includedin thischapter. 27

Closed/DecommissionedUnits 28

AliclosedordecommissionedSWMUshavebeendescribed,regardlessof whetherreleaseshave 29
occurred. 30

ContainerStoraqeAreas 31

Aliareas storingcontainerizedwastesare described. Product,fuel, or rawmaterialstorageareas 32
are Includedonly If routine(periodicand systematic)releases haveoccurred. 33

ChapterJ
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1 J-la .Ch_raotedz_onof the SWMUs

2`/ $WMUs at the WIPP fadlity are Identifiedby a unique numberdesignationshownIn the upper
a`/ left-hand corner of the SWMU oharaotedzatlonsheets in Appendix J1, The SWMUs are
4`/ sequentiallynumberedfor the site, The individualunitsgroupedwithina SWMU are designated
s. bya letterfollowingthe SWMU numbei'. The locationsof theSWMUs and Individualunits,if any,
s withinSWMUs are shown in FiguresJ-1 throughJ-3.

7,/ The SWMU oharaotedzatlonsheets in Appendix J1 include the name, type, and period of
s`/ operation for eaoh unit. The unit descriptionlnoludesali available informationon the unit,
e`/ Includinglocation,size, dates of operationfor the individualunitswithina SWMU, materialsof

10`/ oonstru_on,and wastedesorlptions, Informationon the extentand natureof knownreleasests
11`/ alsoInoluded. The figureshowingthe locationof eaoh individualunitwithina SWMU isIndicated
12 on the SWMU ohara=edzationsheet.

13 J-2 Releases

14 Fourofthe WIPP site SWMUs haverecordedreleasesof nonhazardousmaterials, The SWMUs
15 that have recorded releases are the mud pits (SWMU No. 001), the storageyards (SWMU
is No. 004), the conoretebatohplants (SWMU No. 005), and the holdingponds(SWMU No. 006).

17 Releases fromthe mud pits(SWMU N,).001) ocourredwhenholeswere outIn the linerto allow
le drainage. Sodium-andpotassium-sa,turatedbrineswere released.

J

19 Small areas of stainedsoil underpalletstn the storageyards (SWMU No. 004) Indicate minor
2o`/ releases from drums. In additionto constru_lon/rnaintenancematerialsand virginpetroleum
21`/ products,drumsof wastewaterand usedpetroleumand ollproductsawaitinglaboratoryanalysis
22`/ are storedat the storageyard. Minorreleases fromthe area forstagingwastewaterand waste
23`/ oilsare remedlatedas per theapplicableWIPP facilityprocedure,

24 Materialreleasedfromthe concretebatohplants(SWMU No.005) consistedof watermixedwith
25 sand,conoreteand gravel,and race amountsof motoro11,grease,and dieselfuel that mayhave
26 leaked fromtruoksduringloading. Minorreleasesof these non-RCRAregulatedmaterialsat the
27 oonorete batoh plants are handled In accordancewith proceduresIn WP 02-8, WIPP Spill
2e Prevention,Control,and CountermeasuresPlan (Westinghouse,1991).

29 Releases from the holdingponds (SWMU No. 006) occurredwhen holeswere out in the liners
3o after the water had evaporated. Materialstored in the holdingpondsand potentiallyreleased
31 Includedsaturatedbdne, drilloutttngs,and trace amountsof hydraullooil and grease that may
32 have leaked from drillingequipment.

Chap_rJ
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J-2a Charaotertzatton of Releases 1

The releases are oharaotedzed on the SWMU oharaoteflzatlon sheets in Appendix J-l. In most 2
oases, the oharaotedzatlon of the releases Includes a desodptlon of the matedal released and the 3
nature of the release, However, beoause the nature of the releases, the exaot volume released 4

Is not known and the timing oan only be estimated by the period of operation, s

J-2b Corrective Actions 6

Based on sampling and analysis data, visual site investigations, and doGumentJrecord reviews, 7
releases of hazardous materials have not ocourred at any of the WIPP faolllty SWMUs. s
Aooordtng to HWMR-6, Pt. V, se¢. 264.101 (a), oorrective actions are required only for releases 9
of hazardous waste or hazardous constituents. There have been no releases of RC RA 10

hazardous waste or hazardous oonstltuents from WIPP faollity SWMUs, so corrective aotlons are 11
not required. 12

Chapter J
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I Llst of References for Chapter J

2 EPA, see U.S. EnvironmentalProtectionAgency.

3 NMEID, see New Mexico EnvironmentalImprovementDivision.

4 New Mexico EnvironmentalImprovementDivision(NMEID), January 16, 1990, "Hydrocarbon
5 Releasefrom UndergroundStorageTankand Modificationto UndergroundStorageTankSystem
6 at the WIPP Site, Carlsbad, New Mexico,"Letter from Steve Wild (NMEID) to Bryan Howard
7 (Westinghouse).

8 U.S. Environmental Protection Agency (EPA), 1990, "Corrective Action for Solid Waste
9 ManagementUnits(SWMUs) at HazardousWaste ManagementFacilities"(EPA Regulationsfor

10 Corrective Action under RCRA, Proposed Subpart S), Federal Register, Vol. 55, No, 145,
11 pp.30798-30884.

12 Westinghouse,see WestinghouseElectricCorporation.

13 WestinghouseElectricCorporation(Westinghouse),1991, "WIPP Spill Prevention,Control,and
14 CountermeasuresPlan," WP 02-8, Westinghouse Waste Isolation Division, Cadsbad, New
15 Mexico.
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CHAPTER K 1

OTHER FEDERAL LAWS 2

introduotl0n 3

This ohapter lists federal laws, Exeoutlve Orders (EOs), and regulations that either apply or 4

potentially apply to the operation of the Waste Isolation Pilot Plant (WIPP) facility. The s
V information provided may be neoessa_ to enable the New Mexloo Environment Department 8
V (NMED) and U.S. Environmental Protection Agenoy (EPA) to oarry out their responsibilities 7

acoording to the provisions of New Mexloo Hazardous Waste Management Regulations 8
_/ (HWMR-6), Part IX, seotlons 270.3 and 270.14(b)(20). Eaoh federal statute or EO that oould 9
V potentially apply to the WIPP faoll!ty because of the nature of proposed activities and lO

proposed land use Is listed, the requirements are briefly summarized, and the possible 11
,/ applicability to the WIPP faoillty is disoussed. With a few exoeptions (e.g., 40 12

CFR Part 191), applicable federal regulations are not summarized. Instead, federal statutes, 13
EOs, and regulations determined to oontaln environmental proteotlon standards applloable 14

to ali U.S. Department of Energy (DOE) ;facilities (depending on the activity) are disoussed 15
_/ in Appendix K1; those that aotually or potentially apply to the WIPP facility are indicated by 16

an asterisk. Agreements between DOE and the State of New Mexico that apply to the WIPP 17
_/ faoility are summarized in Appendix K2. 18

K-1 Wild and Soenic Rivers Act (16 U.S.C. sec. 1273 et seq.) 19

The Wild and Soentc Rivers Act protects designated pristine segments of selected rivers of 2o
the United States from construction of water' resources projects that would result in adverse 21
Impacts on wild and scenic river values. The Peoos River, the closest major river to the 22
WIPP site at a distanoe of 14 miles, is not designated as a wild and scenic river. Also, the 23
WIPP project does not Involve any water resouroes project construction or development. 24
Therefore, the Wild and Scenic Rivers Act does not apply to the facility. 25

K-2 National Historic Preservation Act (16 U.S.C. sec. 470 et seq.) 26

The National Hlstodc Preservation Act (NHPA) was enacted to protect the nation's cultural 27

resources and established, among other things, the National Register of Historic Plaoes 2s
(National Register). Since 1976, oultural resources Investigations have recorded 29
approximately 98 archeological sites and numerous Isolated artifacts within the 16-square- 3o
mile area enclosed by the WIPP site boundary. Thlrty-three sites recorded withinthe central 31
4-square-mile area, including ali of Zones I and II, were determined eligible for Inclusion in 32
the National Register as an amheological district. Investigations since 1980 have recorded 33
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1 an additional 14 Individualsites outside of the central 4-square-mile area that are considered
2 ellgible for Inclusion In the National Register (DOE, 1990a). The average site density on
3_/ WIPP facility lands, according to the WIPP Fina! Environmental Impact Statement (FEIS)
4 (DOE, 1980), is 7.5 sites per square mile. A mitigationplan describingthe avoidance and/or
5 excavation of sttes was submitted to the New Mexico State Historic Preservation Officer
6 (SHPO) (Har, and Brauseh, 1980; DOE and BLM, 1983). A determination of No Adverse
7_/ Effect from WIPP facility aotlvItles on cultural resources was made by the SHPO In May
8 1980 (Merlan, 1980). A similar plan was submitted to the National Advisory Council on
9 Historic Preservation. The Council concurred that the WIPP Mltlgatlon Plan Is appropriate

lO to protect cultural resources (National Advisory Council on Historic Preservation, 1981).

11 The NHPA has been amended by the Archeologloal and Historic Preservation Aet (16 U.S.C.
12 soc. 469a et seq.), which directs federal agencies to recover and preserve historic and
13 aroheologloal data that would otherwise be lost as a result of federal construction or
14 aotlvltles, lt has also been amended by the Aroheologioal Resources Protection Act

15 (16 U.S.C. soc. 470ca et seq.), whtch requires a permit from the U.S. Department of the
16 Interior for excavation or removal of areheoiogloal resources from public or Indian lands.
17 Both of these statutes apply to known cultural resources or resources recorded In the future
18_/ on WIPP faolltty lands. In accordance with the WIPP Mitigation Plan, four aroheologloal sites
19 that could have been or that were actually disturbed by construction activities have been
2o excavated. The DOE avoids other sites so that there will be no adverse effects on known
21_/ cultural resources from WIPP facility activities, and no additional aroheologloal sites have
22 been slated for excavation.

23 K-3 Endangered Species Act (16 U.S.C. sec. 1531 et seq.)

24 The Endangered Species Act provides protection for threatened or endangered species of
25 flora and fauna. Under Section 7 of the Act and Implementing regulations In 50 CFR Part
26 402, the EPA is prohibited from authorizing activities likely to jeopardize the continued
27 existence of any threatened or endangered species or its critical habitat. The Section 7
28 process may Involve a biological assessment and "formal consultation," followed by the
29 Issuance of a "biological opinion" by the U.S. Fish and Wildlife Service for any species that
3o is determined to be in potential jeopardy. According to the WIPP FEIS (DOE, 1980) and the
31 Final Supplement Environmental Impact Statement (SEIS) (DOE, 1990a), the U.S. Fish and
32 Wildlife Service lists four threatened or endangered species of plants or animals that could
33 occur at the WIPP site: the Lee pincushion cactus (Coryphantha sneedl var. leei); the
94 peregrine falcon (Falco peregrlnis anatum); the bald eagle (Hallaeetus leucocephalus); and
35 a fish, the Pecos gambusla (Notropis simus pecosensis). The U.S. Fish and Wildlife Service
36_/ has determined that WIPP facility activities will have no adverse Impacts on these species
37 (Stigman, 1979). In addition, no cdtical habitat for terrestrial endangered species has been
38 identified at the WIPP site (Stlgman, 1979). Consequently, neither formal consultation nor
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blologloal oplnton prooesses have been required for the WIPP projeot by the U:S. Fish and 1
Wildlife Servioe under Seotlon 7. 2

K-4 Coasta! Zone Management Aot (i6 U,S,C, seo. 1451 et seq,) 3

The Coastal Zone Management Aot was enaoted to preserve, proteot, develop, restore, and 4
enhanoe the nation's ooastal zones. As an inland state, New Mexloo does not have a State 5

Coastal Zone Management Program with whloh DOE must oomply. Beoause the WIPP s
_/ faolllty Is not Iooated tn an affeoted area (l.e., a ooastal zone), the Aot does not apply to the 7

_/ WIPP faoility, 8

K-5 Fish and Wildlife Coordination Aot.(16 U,S.C, seos. 661-666o) 9

The Ftsh and Wildlife Coordination Aet provides for the proteotion of fish and wildlife lo
resouroes potentially affeoted by development projects that modify any stream or other body 11
of water 10 acres or greater In size. Beoause there are no natural bodies of surfaoe water 12

_/ proposed for modlfloatlon by WIPP faolllty-related aotlvltles, the Fish and WIIdltfe 13
Coordination Aot does not apply. 14

q

K-6 Clean Air Aot (42 U.S.C. seo. 7401 et seq.) 15

The Clean Air Aet provides for the preservation, protection, and enhancement of air quality, 16

_/ prtnoipally in areas of special natural, reoreatlonal, soento, or hlstorio value. Under the 17
_/ Clean Air Act, EPA has established the National Ambient Air Quality Standards (NAAQS) 18
_/ for six "oriteda" pollutants: sulfur dioxide, partioulate matter, carbon monoxide, ozone, 19
_/ nitrogendioxide, and lead. These standardsestablish the maximumlevels of eaoh pollutant 20
v/ allowed in the air over a partioular Iooality. 21
J

Hazardous air pollutant emissions are regulated under 40 CFR Part 61, the National 22
_/ Emission Standards for Hazardous Air Pollutants (NESHAPs) of the Clean Air Act. The 23
_/ WIPP Project has prepared an inventory to determine the presence and conoentratton of 24

NESHAPs pollutants. The EPA has determined that 40 CFR Part 61, Subpart H, applies to 25
_/ the WIPP faoility with respect to future emissions of radlonuoltdesonly. A revised standard 26

for Subpart H radionuolide emissions was promulgated by the EPA tn a final rule published 27

in the Federal Re,qister, effeotlve Deoernber 15, 1989 (EPA, 1989). In the Final Safety 2s
V Analysis Report (FSAR) for the WIPP facility (DOE, 1990b), the doses from future 29
_/ anticipated WIPP faoility emissions were oalculated to be less than 1 peroent of the 30
_/ allowable effective dose equivalent of 10 milllrem(torero) per year to any one member of the 31
_/ public. DOE documented the expected emission levels in a data paokage submitted to the 32
_/ EPA. An emissions monitoringsystem was Installedto complywith NAAQS NESHAPs and 33

to meet monltodng oompltance requirements; the system is desoribed in the FSAR (DOE, 34
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1 1990b). The emissions monitoring test results will be used to verify compliance, Thus, the
2_/ WIPP faolltty will be In full compliance with the standards during the Test Phase,

3v/ The 1990 Clean Air Act amendments are not anticipated to Impact WIPP Test Phase
4_/ activities, because the WIPP facility Is not a treatment facility and does not qualify as a
5_/ major source of emissions,

6 K-7 Clean Water A=ot(or Federal Water Pollution Control Act of 1972) (33 U.S.C.
7 seo. 1251 et seq.)

8 Section 402 of the Clean Water Act Is the basis for regulating discharges of pollutants Into
9 navigable waters of the United States under the National Pollutant Discharge Elimination

lO System (NPDES). The NPDES regulates discharges frompoint sources to navigable
11 (surface) waters. There will be no discharges from pointsources into navigablewaters from
12 the WIPP faolUty that would necessitate a NPDES permtt. According to the WIPP FEIS,
13 "best management practices" will be employed to eliminate the need for a NPDES permit
14 for discharges resulting from unusual occurrences, such as flooding from a ten-year-
15_/ recurrence rain. A request for a variance (based on zero discharge due to engineering
16_/ controls) from NPDES permitting requirementswill be submittedto the NMED by early 1992.
17 Chapter D of this permit application discusses the management of possible sources of
18_/ dlschargessuch as decontamination wash water. Also, the NMED, under State Water
19v/ Quality Control Commission regulations, has determined that the WIPP facility need not file
2o a discharge plan (the state permit requirement for discharges of contaminantsto water) for
21 itsdomestic wastewater treatment lagoons (Castle, 1990).

22 K-8 Safe Drtnkin.qWater Act (42 U.S,C. sec. 300f et seq,)

23 The Safe Drinking Water Act of 1974 (SDWA), as amended, provides the regulatory strategy
24_/ for protecting public water supply systems and underground sources of drinking water. As
25 defined, lh Implementing regulations In 40 CFR sec. 141.2, these are systems that provide
26 water for human consumption and that have at least 15 connections or regularly serve at
27 least 25 people.

28 The SDWA, in Part C, also protects underground sources of drinking water from
29 underground Injections of contaminated fluids. Underground Injection, defined as
3o "subsurface emplacement of fluids by well injection" in sec. 1421(d) of the SDWA, is
31 governed by the Underground Injection Control (UlC) program under the Part C regulations
32 in 40 CFR Part 144.

33_/ Because the WIPP facility receives water from an off-site supplier, the facility has neither
,_4_/ developed nor does lt maintain a public water supply system within the meaning of the
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_/ SDWA and Its Implementing regulations. Also, the WIPP facility does not qualify for 1
regulation under the UIC program because none of the transuranio (TRU) waste 2
emplacement at the facility will be by well Injection of fluids, The nearest underground 3

_/ source of drinking water to the WIPP facility is the Dewey Lake Redbeds, a perched water 4
table eooatedapproximately 3.5 miles to the south with no hydrogeologleconnection to the 5

_/ WIPP site, Therefore, the SDWA and Its Implementing regulations do not apply to the WIPP e
vl facility, 7

{Note: In NRDC (Natural Resources Defense Council)v, EPA [824 F.2d 1258 (1987)], the s
court Ilnkeddeep geologic disposal of nuclear wastes to the UIC concept In the SDWA. The 9
Individual protection requirements of the EPA radiation protection standards in 40 CFR lo
seo, 191.15 were remanded because the 25 mrem and 75 mrem Indtvldu&l dose limits were !1

deemed Inconsistent with the SDWA standard of 4 mrem for public drinking water supplies, 12
These regulations have not yet been repromulgated.} , 13

K-9 Comprehensive Environmental Response, Compensatlqn, and LiabilityAct 14

(42 U.S.C. seo. 9601 et seq.) 15

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), 16
or "Superfund," and the Superfund Amendments and Reauthorization Aet of 1986 (SARA) 17
establish a comprehensive federal strategy for respondingto, and establishing liability for, 18
releases of hazardous substances from a facility to the environment. Hazardous substance 19
cleanup procedures are specified In the National Contingency Plan (NCP) in 40 CFR 2o

_/ Part 300. To d'ite, no release sites have been Identified at the WIPP facility that would 21
v_ require cleanup under the provisions of CERCLA. After the WIPP facility begins receiving 22

waste shipments,any spillsof hazardous substancesof reportable quantitieswill be reported 23
to the National Response Center under the provisions of CERCLA see. 103 and 24

40 CFR Part 302. Under Title III of SARA, or the Emergency Planning and Community 25
_/ Right-to-Know Act of 1986, the WIPP facility is required to provide information, such as 26

inventories of specific chemicals used or stored, to the State Emergency Response 27

Commission and the Loca! Emergency Planning Committee to ensure that emergency plans 2B
_/ are sufficientto respond to unplanned releases of hazardous substanÙes. The WIPP facility 29

will also report the storage Inventoryand annual release and disposal Informationto the EPA 30
_/ and the NMED as required under sec. 313 of SARA. 31

K-10 Toxic Substances Control Act (15 U.S.C. soc. 2601 et seq.) 32

The Toxic Substances Control Aet (TSCA) applies primarily to manufacturers, Importers, and 33
_/ processors of toxic chemicals for commercial purposes. The WIPP facility Is not considered 34

a manufacturer or processor of chemical products; therefore, most of the provisions of TSCA 35
do not apply, Section 6(e) of TSCA regulates the use of polychlorinated biphenyls (PCBs) 36
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1 and PCB-containing Items. DOE policy prohibits the use of PCB itemsor equipment in DOE-
2V installed equipment at facilitiessuch as the WIPP facility. Therefore, TSCA would not apply
3 to DOE-installed equipment. At the present time, TSCA does not apply to the WIPP
4 repositorybecause there are no plans to ship PCB-contaminated wastes to the facility. The
5V WIPP facility will comply with TSCA _regulationscontained in 40 CFR secs. 761.60 and
6 761.65, with respect to any possible future storage or disposal of PCB-contaminated
7 materials. =

a K-11 National Environmental Policy Act (42 U.S.C. sec. 4321 et seq.)

9 The National Environmental PolicyAct (NEPA) was enacted to, among other things, "assure

10 for ali Americans safe, healthful, productive_ and aesthetically and culturally pleasing
11 surroundings." lt directs the federal government to use "ali practicable means' to improve
12 and coordinate federal plans, functionS, programs, and resources to that end. NEPA
13 contains several "action-forcing" provisions,such as: utilizingan interdisciplinaryapproach
14 in planning and decision making, ensuring appropriate consideration of unquantifled
15 environmental values, developing alternatives to proposals involving conflictsover use of
16 resources, making environmental information generally available, and includinga "detailed
17 statement" on environmental impacts of "major federal actions significantly affecting the
18 quality of the human environment." Because NEPA procedural objectives and extensive
19 publicinvolvementrequirementsare detailed in Councilon EnvironmentalQuality regulations
20 implementing NEPA in 40 CFR Parts 1500-1508, the Act has often been referred to as a
21 "public disclosure law."

22V The WIPP facility is in full compliance with NEPA. The WIPP FEIS was publishedin 1980.
23 The DOE's Record of Decision (ROD), published on January 28, 1981 (DOE, 1981),
24 concluded that the Los Medanos (WIPP) ,site in southeastern New Mexico would be
25 acceptable for the long-term disposal of TRU waste with "minimal risk of any release of
26 radioactivity to the environment." The ROD n_oted:

27 "If significant new environmental data results from the SPDV [Site Preliminary
28 and Design Validation] program or other WIPP project activities, the FEIS will
29 be supplemented as appropriate to refilect such data, and this decision to
30 proceed with phased constructionand operation of the WIPP facility will be
31 reexamined inthe lightof that supplemental National EnvironmentalPolicy Act
32 (NEPA) review."

33 Consistent with this commitment, DOE prepared additional NEPA documentation to address
34 changes in the proposed action and the development of new geologic and hydrologic
35 information. Changes addressed in the SEIS (DOE, 1990a) included alterations in the
36_/ composition of the waste inventory, the transportation of waste to the WIPP facility,

i

Chapter K
PTB-106 K,.6 3/92



WIPPRCRAPartB PermitApplioatlon
DOE/WIPP91-005

Revision1

conducting a Test Phase, and management of TRU waste mixed with hazardous chemical 1

constituents. The DOE's ROD to proceed with the Test Phase was published on June 22, 2
1990 (DOE, 1990c). 3

In accordance with the commitments made in the ROD for the WIPP SEIS, the DOE will 4
issue another SEIS at the end of the Test Phase prior to deciding whether to proceed with s
the Operational Phase at the WIPP site. 6

K-12 Resource Conservation and Recovery Act of 1976 (42 U.S.C. sec. 3251 et seq.) 7

Under the requirements of HWMR-6, Pt. IX, sec. 270.14(b)(20), the Part B of a Resource s
Conservation and Recovery Act (RCRA) permit application must contain Information on 9
"other federal laws." While this requirement is generally construed to refer to laws other lO

_/ than RCRA, theWIPP facilitypresents some unique RCRA compliancedimensions that merit 11
_/ a brief mention. Also, some backgroundon RCRA's applicability to the WIPP facility 12

provides a context for the following discussion of how RCRA applies to activities and 13
substances regulated under the Atomic Energy Act (AEA) of 1954. 14

On July 3, 1986, the EPA published a notice of its determination that waste containingboth 15
hazardous chemicals and radionuclides(radioactive mixed waste) was subject to regulation 16
under RCRA (EPA, 1986). The EPA also notified those states, includingNew Mexico, that 17
have EPA-authorized RCRA programs (authorized states) that they were required to obtain is
additional authority from the EPA to regulate the hazardous chemical constituents of 19
radioactive mixed waste. The State of New Mexico received final EPA authorization to 20

regulate radioactive mixed waste effective July 25, 1990 (EPA, 1990a). 21

DOE issued a final by-p;oduct interpretive rule on May 1, 1987 (DOE, 1987; 10 CFR Part 22
962) that also determined that the hazardous chemical constituentsof DOE-generated mixed 23

waste are subject to RCRA regulation. Thus, radioactive mixedwaste destined for the WIPP 24

_/ facility is subject to dual regulation under both RCRA and the AEA. 25

Under the 1984 Hazardous and Solid Waste Amendments, the land disposal of hazardous 26
wastes not meeting EPA-imposed treatment standards is prohibited unless it can be 27

demonstrated "to a reasonable degree of certainty" that there will be "no migration of 28
hazardous constituents from the disposal unit . . . for as long as the wastes remain 29

v/ hazardous" [RCRA sec. 3004(d)(1)]. HWMR-6, Pt. IX, sec. 268.6, provides for a "no- 3o
migration" variance from the land disposal restrictions when the applicant can make the 31
r¢quired demonstration. 32

Because the WIPP facility qualifies as a land disposal unit, DOE submitted a petition to EPA 33
h_adquarters for a no-migration variance in March 1989. On April 6, 1990, the EPA 34
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1 published a public notice of the agency's Intent to grant a Conditional No-Migration
2 Determination (EPA, 1990b). EPA's decision to grant a conditional determination of
3 no-migration was published on November 14, 1990 (EPA, 1990c).

4 K-13 Atomic Energy Act of 1954 (42 U.S.C. sec. 2011 et seq.)

5 The AEA establishes a national program for research, development, and utilizationof atomic
6 energy for both national defense and domestic civilian purposes. Section 161 of the AEA
7 provides that the Atomic Energy Commission (succeeded for national defense purposesby
8 the DOE) is authorized to prescribe regulations and orders to:

9 "[G]overn any activity authorized pursuant to [the AEA], includingstandards,
10 and restrictionsgoverning the design, location,and operation of facilities used
11 in the conduct of such activity, in order to protect health and to minimize
12 danger to life or property."

13 The authority of DOE to develop policies, issue orders, and promulgate regulations
14 addressing environmental, safety, and health protection aspects of radioactive waste and
15 nuclear materials is derived directly from the AEA. However, the EPA has also derived its
16 authority to establish radiation protection standards for TRU waste (40 CFR Part 191)
17 partially from the AEA.

18 The DOE, under the authority of the AEA, and in _cordance with various EOs, uses a
19 system of Orders, Notices, and Directives to carry out the mandate to Implement effective
2o and consistentprogramsto protectthe public,the environment, and employees from adverse
21 consequences resulting from DOE operations. Implementation of those Orders dealing with
22 environmental monitoringand surveillance is addressed in the Operational Environmental
23 Monitoring Plan for the Waste Isolation Pilot Plant (Mercer et al., 1989).

24 RCRA contains (qualified) provisions making it inapplicable to activities or substances
25 authorized by or regulated under the AEA. Two different sections of RCRA address these
26 exclusions:

27 • The Solid Waste Exclusion. RCRA sec. 1004(27) defines a solidwaste as a solid,
28 liquid, semisolid, or contained gaseous material resulting from industrial,
29 commercial, mining, agricultural operations, and community activities. However,
3o the definition specifically excludes "source, special nuclear, or by-product material
31 as defined by the Atomic Energy Act of 1954, as amended."

32 • The InconsistencyExclusion. RCRA sec. 1006(a) provides the following: "Nothing
33 in this Act shall be construed to apply to (or to authorize any state, interstate, or
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local authority to regulate) any activity or substance which is subject to [listedacts] 1
or the Atomic Energy Act of 1954... except to the extent that such application 2
(or regulation) . . . is not Inconsistent with the requirements of such Acts." 3
[Emphasis added.] 4

, _/ Thus, radioactive mixed waste destined to be emplaced at the WIPP facility is subject to 5
dual regulation under both the AEA and RCRA. The radioactive constituents of the waste 6
are regulated under the AEA, while the hazardous constituentsare regulated under RCRA. 7
Nevertheless, there may be some circumstances under which RCRA regulation of the 8
hazardous constituents would be found to be inconsistent with AEA health and safety 9

requirements, lo

K-14 Environmental RadiationProtectionStandards forManagement and Disposalof Spent 11

Nuclear Fuel, High-Level, and Transuranic Radioactive Wastes (40 CFR Part 191) 12

The authority of the EPA to establish radiation protectionstandards for nuclear wastes is 13
dedved from the AEA, as amended; the Reorganization Plan No. 3 of 1970; and the Nuclear 14
Waste Policy Act (NWPA) (Pub. L. 97-425). The standardsapply to spent nuclear fuel, high- 15
level radioactive waste as defined by the NWPA, and TRU waste that contains more than 16
100 nanocuries per gram of waste of alpha-emitting TRU isotopeswith half-lives greater than 17
20 years. The standards, divided into two subparts (A and B), are described below. 18

Subpart A, Standards for Management and Storage, sets the operational term requirements 19
limiting annual doses to members of the public from management and storage operations 2o
at disposal facilities that are operated by DOE and are not regulated by the U.S. Nuclear 21
Regulatory Commission(NRC) or by agreement states. (Tho annual dose equivalent to any 22
member of the public inthe general environment cannot exceed 25 mrem to the whole body, 23

_/ 75 mrem to the thyroid, and 25 mrem to any critical organ.) Because the WIPP facility does 24
not qualify as a disposal facility as defined by 40 CFR Part 191 during the Test Phase, 25
Subpart A does not apply to management and storage operations during that period. 26
However, in the Second Modification to the Agreement for Consultation and Cooperation, 27

_/ dated August 4, 1987, the DOE agreed with the State of New Mexico that the WIPP facility 28
will comply with the standards of Subpart A upon the initial receipt of waste and thereafter. 29

Subpart B, Standards for Disposal, establishes several sets of long-term requirements for 30
containment, assurance (that containment requirementscan be met), individual protection, 31

and groundwater protection and provides guidance for implementation. The containment 32
provisions of 40 CFR sec. 191.14 require that radioactive waste disposal systems be 33
designed to providea reasonable expectation that cumulative releases of radionuclidesfrom 34
the repository over 10,000 years will not exceed levels specified in the standards. This 35
degree of assurance is to be provided by performance assessments to be conducted by 36
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1 DOE during a Test Phase of approximately five years following the first receipt of TRU waste
2 at the WIPP facility.

3 As the result of a challenge to the EPA standards by the NRDC and others, the U.S. Court
4 of Appeals for the First Circuit vacated and remanded Subpart B of the regulation (NRDC
5 v. EPA, see Section K-8). Thus, legally, Subpart B portions of 40 CFR Part 191 are not now
6 in effect. Nevertheless, the Second Modification to the Agreement for Consultation and

7 Cooperatlon betw_,en DOE and the State of New Mexico, dated August 4, 1987, specifies
8 that, while the standards are on remand, DOE will continue to guide its performance

9 assessment planning efforts as though the vacated regulations are still tn effect.

10 K-15 Hazardous Materials Transp0.rtattonAct (49 App. U.S.C. sec. 1801 et seq.; 49 CFR
11 Parts 106-179)

12 The Hazardous Materials Transportation Act (HMTA) provides for safe Intrastate and
13 interstate transportation of hazardous materials (including nuclear materials). The HMTA
14 allows states to regulate the transport of hazardous/nuclear materials as long as such
15 regulations are consistent with the HMTA or U.S. Department of Transportation (DOT)
16 regulations. The DOT regulations for hazardous/radioactive materials are contained in
17 49 CFR Parts 171-177. Specifications for the kinds and design of packages to be used for
18 the transport of various types of radionuclidesare contained in 49 CFR Part 173, Subpart I
19 (and parallel NRC regulations in 10 CFR Part 71). DOT regulations in 49 CFR Part 177
2o provide a routing and quantity rule for highway shipments of radioactive material; 49 CFR
21 Part 174 contains segregation rules for shipmentby rail. In the Second Modification to the
22 Agreement for Consultation and Cooperation, dated August 4, 1987, DOE agreed to comply
23 with ali applicable DOT regulations and the corresponding regulations of the NRC.

24 K-16 Packaclinq and Transportation of Radioactive Material (10 CFR Part 71)

25 Regulations for shippingcontainersandthe safe packaging and transportationof radioactive
26 materials are under the authority of the NRC and DOT. In the Second Modification to the
27_/ Agreement for Consultation and Cooperation, dated August 4, 1987, DOE agreed to comply
28V with the applicable transportation regulations of the NRC. Packaging requirements for
29 radioactive materials, including Type B packages to be used to transport waste to the WIPP
3o_/ facility, are detailed in DOT regulations (49 CFR Part 173, Subpart I), which reference the
31 NRC regulations. In turn, the NRC regulations in 10 CFR Part 71 reference the DOT
32 regulations in 49 CFR Part 173.

33 The NRC requirements for shipping containersapply to the certificationof the TRUPACT-II
34J shippingcontainer by the NRC. The container will be used to transport radioactive waste
35_/ to the WIPP facility. The TRUPACT-II container, to be used to transport transuranic waste,
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was certified by the NRC on August 30, 1989, after compliance with 10 CFR Part 71 1
_/ requirements for Type B packaging was demonstrated (NRC, 1990). 2

K-17 Department of Energy National Security and Military Applications of Nuclear Energy 3
Authorization Act of 1980 (Public Law 96-164) 4

_/ This Act, which authorized the WIPP Project, provides as follows" 5

"Notwithstandingany other provisionof law, the Waste Isolation Pilot Plant is 6
authorized as a defense activity of the Department of Energy ... for the 7
express purpose of providing a research and development facil!ty to s
demonstrate the safe disposal of radioactive wastes resulting from the defense 9
activities and programs of the United States.... " lo

The statute provides for DOE consultation and cooperation with appropriateofficials of the 11

State of New Mexico with respect to the public health and safety concernsand for a written 12

agreement between DOE and the appropriate officials of the State of New Mexico setting 13
forth the procedures under which to carry out consultationand cooperation. In compliance, 14
DOE has entered into two agreements with the State of New Mexico: the Consultationand 15
Cooperation (C&C) Agreement and the Working Agreement for the C&C Agreement. Both 16

agreements have been modified several times (see Appendix K2). The most recent 17

modification of the C&C Agreement is the Second Modification to the Consultation and 18
Cooperation Agreement, dated August 4, 1987. The Working Agreement for the C&C 19

Agreement was last modified in March 1988. The agreements are implemented through 20
DOE and the New Mexico Radioactive Waste Consultation Task Force. In addition, DOE 21

v/ interfaces regularly with the NMED and the New Mexico Legislature's Radioactive and 22
Hazardous Waste Committee. 23

_/ K-18 Waste isolation Pilot Plant Land Withdrawal Act of 1991 (S. 1671; introduced to the 24
_/ 102d Congress, August 2, 1991) 25
_/ 26

v/ The purpose of Senate Bill 1671 is to withdraw certain public lands from the jurisdiction of 27
_/ the U.S. Bureau of Land Management (BLM) for the operation of the WIPP Project. The bill 28
_/ provides for the transfer of the WIPP site lands from the Secretary of the Interior to the 29
_/ Secretary of Energy and would effectively withdrawthe lands from entry, sale, or disposition; 30
_/ appropriation under mininglaws; and operation of the mineral and geothermal leasing laws. 31
,/ The Secretary of Energy is directed to produce a management plan to provide for grazing, 32
_/ hunting and trapping, wildlife habitat, the disposalof salt tailings, and mining. Subject to the 33
_/ passage of S.1671 (or similar legislation), compliancewiththe followingstatutesor executive 34
_/ orders is required: 3s
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1V • Taylor Grazing Aet
2`/ • Subchapter IV of the Federal Land Policy and Management Act
3`/ • Public Rangelands Improvement Act
4`/ • EO 12548--Grazing Fees
5`/ • Materials Act of 1947
6`/ • Federal Mine Safety and Health Act of 1977.
7`/

8V The bill further provides that the Secretary of Energy may enter into _agreementswith the
9`/ Secretary of the Interior and the State of New Mexico in order to administer grazing, wildlife

10,/ habitat, and mining programs. An experimental program for TRU waste, EPA standards,
11,/ inclusion of engineered barriers, restrictions on TRU waste and high-level radioactive waste,
12,/ retrievability, transportation, economic assistance and Impact, decommissioning, and oil and
13,/ gas leases are also addressed In S. 1671.

14 K-19 Federal Land Pollcyland Manaqement Act (43 U.S.C. secs. 1701-1782)

15 The Federal Land Policy and Management Act was enacted to ensure, among other things,
16 that:

17 "... pubUc lands be managed in a manner that will protect the quality of
18 scientific, scenic, historical, ecological, environmental, air and atmospheric,
19 water resource, and archeological values; that, where appropriate, will
2o preserve and protect certain public lands in their natural condition; that will
21 provide food and habitat for fish and wildlife and domestic animals; and that
22 will provide for outdoor recreation and human occupancy and use.... "

i

29,/ The 10,240 acres occupied by the WIPP facility are now public lands under the judsdiction
24 of the BLM. DOE has conducted site validation investigationsand construction under two
25 successive administrative land withdrawals,but the withdrawals did not permit receipt and
26 storage of TRU or TRU mixed waste. DOE has subsequently obtained an administrative
27 modification of the latest land withdrawal to allow the Test Phase to proceed (BLM, 1991).

28,/ Under S. 1671, the Secretary of Energy ts required to comply with Subchapter IV of the
29,/ Federal Land Policy and Management Act. Subchapter IV establishes the authority for
3o,/ grazing fees, range betterment funds, grazing permits, and grazing advisory boards. Under
31,/ the proposed WIPP facility landwithdrawal act, or similar legislation,the Secretary of Energy
32,/ would be empowered to administer these programs.
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_/ K-20 _TaylorGrazing Act (43 U.S.C. sec. 315 et seq.) 1i

J 2
V This Act is Intended to prohibitInjuryto public grazing lands by preventing overgrazing and 3
_/ soil deterioration. The Act promotes the orderly use of and Improvement to public grazing 4

_/ lands by establishing grazing districts and a grazing permit system. Under the proposed s
_/ land withdrawal legislation (S. 1671), DOE must allow grazing to continue on WIPP facility 6
V land where grazing districts had been established prior to the date of enactment of the 7
V withdrawal act. The Secretary of Energy is empowered to Issue grazing permits on WIPP s
_/ facility land. 9

V K-21 Public Rangelands Improvement Act (43 U.S.C. sec. 1901 et seq.) lO
# 11

,/ The Public Rangelands Improvement Act establishes a national policy and commitment to: 12

• Inventory and identify current public rangeland conditions and trends 14

• Manage, maintain, and Improve the condition of public rangelands so that they 15
become as productive as is feasible 16

• Continue the policy of protecting wild free-roaming horses and burros, while at 17

the same time facilitating the removal and disposal of excess wild free-roaming 18
horses and burros that pose a threat to themselves, their habitat, and other 19
rangeland values. 2o

Under the proposed land withdrawal act (S. 1671), DOE must Inventory and administer WIPP 21
,/ facility lands as public rangelands. , 22

_/ K-22 EO 12548-- Graztnq Fees 23
V 24

_/ EO 12548 orders the establishment of fees for grazing of domestic livestock on public 25
_/ rangelands. Under the proposed land withdrawal act (S. 1671), the Secretary of Energy is 26
_/ empowered to establish grazing fees. 27

_/ K-23 Materials Act of 1947 (30 U.S.C. 601 et seq.) 28
V 2o

_/ The Materials Act of 1947 pertains to the disposal of mineral materials (including, but not 3o
V limited to, sand, stone, gravel, pumice, cinders, and clay) on public lands. The disposal of 31
V vegetatlve materials (e.g., yucca, manzanita, mesquite, cactus, and timber or forest 32
•J products) is also addressed. Under the proposed land withdrawal legislation (S. 1671), the 33
_/ WIPP facility must dispose of salt tailings in accordance with the bidding, advertising, 34
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1`/ oontraot negotiation, and disposition of montes provisions (seos. 602-603) of the Materials
2`/ Aot.

S`/ K-24 Federal Mine Safety and Health Aot of 1977 (30 U.S.C. seo. 801 et seq.)
4,/ Under the Federal Mine Safety and Health Aot of 1977, the U.S. Department of Labor (DOL)
5,/ is responsible for developing and enforcing regulations and standards to proteot mine
6,/ workers. Under a Memorandum of Understanding (MOU) between DOE and DOL (DOE and
7,/ DOL, 1987), effeottve July 9, 1987, the Mine Safety and Health Admlnlstration (MSHA)
8,/ oonduots periodic health and safety compllanoe Inspeottons of WIPP faolllty underground
9,/ operatlons. Because the MSHA does not have formal regulatory jurisdiction over the WIPP

lO,/ faoiltty, lt advises DOE of appropriate actions to be taken to ensure the tlmoly oorreotlon of
11,/ any deficiencies noted during these Inspeotions. MSHA also may, at the request of DOE,
12,/ participate In investigations in the event of an aooident or fatality at the WIPP faollity. The
13`/ MOU is Included tn Appendix K2 of this permit application.

14# K-25 The Wilderness Aot (16 U.S.C. seo. 1131 et seq.)

15 The Wilderness Act provides for the establishment of the National Wilderness Preservation
16 System. The Act defines a "wilderness" as "an area where the earth and Its community of
17 life are untrammeled by man, where man himself is a vtsitor who does not remain." The Act
18 also describes a wilderness as, among other things, an area of "undeveloped federal land
19 . .. which is protected and managed so as to preserve its natural conditions." Numerous
2o wilderness areas have been designated by the Congress. The closest designated
21,/ wilderness area, the Gila, is located approximately 260 miles west of the WIPP facility. The
22 Wilderness Act does not apply to the WIPP facility because the WIPP is not located within
23 or adjacent to a designated wilderness area.

24,/ K-26 Bald and Golden Ea.qle Protection Act (16 U.S.C. sees. 668-668d)

25 The Bald and Golden Eagle Protection Act makes lt unlawful to take (capture, kill, or
26 destroy), molest, or disturb bald (American) and golden eagles, their nests, or their eggs
27 anywhere in the United States. A permit must be obtained from the U.S. Department of the
28 Interior to relocate a nest that interferes with resource development or recovery operations.
29,/ The Act potentially applies to the WIPP facility because there is a possibility that bald and
3o,/ golden eagles could be present on WIPP facility lands.

31,/ Surveys to identify raptor nests on WIPP facility lands since 1985 have not recorded any
32 bald or golden eagle nests near operational activities. Through the Cooperative Raptor
33,/ Research and Management Program at the WIPP facility, DOE will continue to monitor for
34 raptor nests on WIPP lands and near operational buildings.

i
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,/ K-27 Ml.aratory Bird Treaty_Aot (16 u.s.c, seo. 703 et seq.) 1

The Migratory Bird Treaty Aot is Intended to proteot birds that have oommon migration 2
patterns between the United States and Canada, Mextoo, Japan, and Russia. The Aot 3
stipulates that lt is unlawful to Indiscriminately"kill... any migratorybird." lt regulates the 4.
harvest of migratory birds by speolfying the mode of harvest, hunting seasons, bag limits, s

_/ eto. Althoughthe WIPP faollity is not Iooatedwithin a major migrationoorridor,there is the 6
_/ potential for migratory birds to be present on WIPP faoillty lands. As required by the 7

Migratory Bird Treaty Act, DOE w_llconsultannually with the U.S. Fish and Wildlife Servioe 8
with respect to impaots on migratory birds from the hunting aotivItles permitted on WIPP 9

_/ facility lands, lo

_/ K-28 Noise Control Act of 1972 (42 U.S.C. seo. 4901 et seq.) 11

According to the Act's policy clause in sec. 2(a)(3), the primary responsibility for noise 12
oontrol is vested in state and local governments. Federal regulation is deemed essential 13
only for oommerolal noise souroes requiring national uniformity of treatment (e.g., atroraft 14
noise). However, federal agencies are required to comply with federal, state, Interstate, and 15
local requirements respeotlng control and abatement of environmental noise "to the fullest 16
extent consistent with their authority" [sec. 4(a) and (b)(1), (2)]. 17

DOE facilities are requiredto oomplywith the Ooeupational Safety and Health Administration 18
(OSHA) standards in 29 CFR Part 1910, which include the Occupational Noise Exposure 19

_/ standards in 29 CFR 1910.95. Any WIPP facility noise souroes that exceed these standards 2o
v/ will be mitigated. For example, noise dampers have been installed in the WIPP facility 21

underground air exhaust fans. There are no noise sources at the WIPP facility that would 22

affect the general public. 23

_/ K-29 Federal Insecticide, Fungicide, and Rodenticide Act (7 U.S.C. sec. 136 et seq.) 24

The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) authorizes the EPA to 25
regulate the registration, certification, use, storage, disposal, transportation, and recall of 26
pesticides. The EPA, at its discretion, may exempt federal agencies from any FIFRA 27
provisionsff emergency conditionsexist (40 CFR Part 166). Recommended procedures for 28
storage and disposa! of pesticides and pesticide containers are contained tn 40 CFR 29
Part 165. FIFRA standards are considered mandatory for DOE facilities. DOE will comply 3o

_/ with the standards of FIFRA at the WIPP facility. 31
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1`/ K-30 OSHA Requlattons (2g CFR Parts 1900-1999)

2 Section 6(a) of the Wllllams-Stelger Occupational Safety and Health Aet of 1970 provides
3 that the DOL establish employee safety and health standards with which industries are
4 generally familiar and that have been found to be national consensus standards or
5# established federal standards. DOE voluntarily complies with OSHA standards for ali WIPP

6# facility activities. The WIPP facility has established safety procedures in accordance with
7 DOE policy.

8`/ K-31 National Defense Authorization Act-- Fiscal Year 1989

9 DOE has entered into a contract with the New Mexico Institute of Mining and Technology

lo to conduct Independent reviews of the health and safety aspects of the design, construction,
11# and operations of the WIPP facility, as required by the National Defense Authorization Aet
12,/ of 1989. The Environmental Evaluation Group (EEG) performs the revtews for the Institute,
13,/ "]'he DOE will cooperate, as appropriate, with the EEG reviews of health and safety practices
14,/ at the WIPP facility.

15,/ K-32 Protection and Enhancement of Environmental Quality (EO 11514, as Amended by ,
16 EO 11991)

17 EO 11514 directs federal agencies to:

18 • Monitor, evaluate, and control their agency's activities so as to protect and
19 enhance the quality of the environment.

2o • Develop procedures to ensure public information and understanding of federal
21 programs with environmental Impact.

22 • Ensure that Information regarding existing or potential environmental problems as
23 a result of research, development, demonstration, test, or evaluation activities is
24 made available to federal agencies, states, counties, municipalities, institutions,

25 and other appropriate entitles.

26 ° Review their agency's statutory authority, regulations, policies, and procedures in
27 order to identify any deficiencies or inconsistencies that limit compliance with
28 NEPA.

29 • Comply with Council on Environmental Quality (CEQ) regulations except where
3o such compliance would be Inconsistent with statutory requirements.
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DOE complies with CEQ regulations and public disclosure requirements by preparing NEPA 1
_/ documentation on WIPP Project activities as necessary. DOE also conducts continuing 2
_/ comprehensive environmental monitoring programs at the WIPP site, such as Operational 3

Ecological Monitoring Program and the Cooperative Raptor Research and Management 4
Program. s

_/ K-33 Protection and Enhancement of the Cultural Environment (EO 11593) e

This EO directs federal agencies to (1) administer the cultural properties under their control 7
in a "spirit of stewardship and trusteeship for future generations"; (2) Initiate measures to 8
preserve, restore, and maintain federally owned sites, structures,and objects of historical, 9
archaeological, or architectural significance; and (3)institute procedures to assure that lO
federal programscontribute to the preservation of nonfederally owned sites, structures,and 11
objects of historical,archlteotural,orarchaeological significance. DOE Is required to tnltlate 12

_/ procedures to preserve cultural resources recorded on WIPP facility lands. (Procedures 13
regarding cultural resources are discussed In Section K-2, National Histodc Preservation 14
Act.) . 15

_/ K-34 Exotic Omanlsms (EO 11987) 16

EO 11987 directs executive agencies to restrict the Introductionof exotic species to and the 17
exportation of native species from lands under their administration. DOE will comply with 18
this EO at the WIPP site. 19

_/ K-35 Floodplain Mana.cleme..nt(EO 11988) 20

EO 11988 directs federal agencies to avoid adverse impacts associated with the modification 21
of floodplains, to consider alternatives to a proposed action, to provide early public revtew 22

of proposed actions, and to propose mitigation measures for proposed actions wtthln 23
floodplains. Because the WIPP site Is not located within a floodplain zone, EO 11988 does 24

_/ not apply to the WIPP facility. 25

_/ K-36 Off-Road Vehicles on Public Lands (EO 11989) 26

This EO directs respective agency heads to close areas or trails on public landswhere the 27

use of off-road vehicles (ORVs) "will cause or is causing considerable adverse effects on 28
_/ the soil, vegetation, wildlife habitat, or cultural or historic resources." Consequently, the 29
_/ BLM and DOE will restrict the use of ORVs on WIPP facility lands to areas or trails suitable 30

for suoh use. 31

ChapterK
PTB-106 K-17 3/g2



WIPP RORA Part B PermitApplication
DOE/WIPP 91.005
RevlalonI

1_/ K-37 protect!onof WetlAnds_(EO 11990)

2 EO 11990 requires that federal agencies consider the effects of proposed actions In
3 wetlands, determinewhether wetlands are present, assessthe impacts, consideralternatives
4 to a proposed action, provide for early public review, and propose mitigationmeasures for
5 proposed a_tions that could affect wetlands, lt has been determined that, at the present
6 time, the WIPP faollity Is not located within and will not Impact a wetlands area; therefore,
7_/ EO 11990 does not apply to the WIPP facility.

8_/ K-38 Federal CompJ!anoewith PollutionControl Standards (EO 12088)

9 EO 12088 directs the head of each federal agency to ensure that ali necessary actions are
10 taken for the prevention, control, and abatement of environmental pollution. Each agency
11 iSresponsible for compliancewith appUoablepollutioncontrolstandardsestablished by such
12_/ statutes as the Clean Water Act, the Clean Air Aet, radiation guidances under the AEA of
19 1954, and others. Each agency must submit an annual plan for the controlof environmental
14_/ pollution at its facilities. This EO applies to DOE In controlling pollutionat the WIPP facility.
15_/ The Waste Minlmlzationand Pollution Prevention Awareness Plan for the WIPP facility was
16_/ submittedto DOE In September 1991,

17,/ K-39 Manaclement of Federal Legal Resources.(EO 12146)

18 This EO establishes the Federal Legal Council, which is composed of representatives from
19 various federal agencies, lt directs federal agencies to review the management and
2o operation of their legal activities and to furnish reports to the Federal Legal CounQilso that
21 the Council can perform effective management of federal legal resources. DOE is one of
22 the agencies represented on the Council.

23,/ K-40 EnvironmentalSafeguards on Activitiesfor Animal Damaqe__Controlon Federal Lands
24 (EO 12342)

25 This EO revokes EO 11643, which prevented the use of chemical toxicants for the purpose
26 of killing a predatory mammal or bird. In order to permit effective predator control with
27 environmental safeguards provided under federal statutory programs, DOE would be allowed
28_/ to use chemical toxicants for primary or secondary poisoningof predators on WIPP facility
29 lands.

90_/ K-41 Naval Nuclear Propuls!on Pro_qram_(EO 12344)

31 This EO establishes an integrated program for the management of the Naval Nuclear
32 Propulsion Program by the U.S. Department of the Navy and DOE. DOE is responsible for
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_/ the administration of naval nuolear reaotors and nuolear propulsion plants. The WIPP faolllty 1
Is not Involved In nuolear propu!slon aotlvltles; therefore, EO 12344 does not apply to the 2

v/ WIPP faolllty. 3

_/ K-42 Supe_ffundImplementation (EO 12580) 4

This EO revokes EO 12316 (Responses to Environmental Damages) and Implements 5
prooedures for the ooordlnation and response aotlons to releases of hazardous substanoes e
Into the environment under the NCP of CERCLA. A National Response Team oonslstlng of 7
representatives of various federal agenoles, inoludlng DOE, was established, The EO e
applies to DOE as a "federal trustee of natural resouroes" but does not apply dlreotly to 9

_/ WIPP faolllty operations. 10
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CHAPTER L 1

NO-MIGRATION,DET'ERMINATION 2

Introduction 3

The Waste Isolation Pilot Plant (WIPP) Project will be Involved in land disposal, as defined In the 4
_/ New Mexico Hazardous Waste Management Regulations (HWMR-6), Part VIII, section 268.2. 5

Land dtsposal Includes, by definition, the placement of hazardous waste In a salt bed formation. 6
_/ The U.S. Department of Energy (DOE) plans to place waste in a land-disposal unit to conduct 7
v/ experiments during the Test Phase. Consequently, the use of waste subject to the U.S. 8

Environmental Protection Agency's (EPA) land disposal restrlctions inexperiments and associated 9
activities conducted underground during the WIPP Test Phase constitutes land disposal, lO

_/ The land disposal of hazardous materials is restricted by the provisions of HWMR-6 Pr. VIII. 11
,,/ However, in accordance with HWMR-6, Pt. VIII, sec. 268.6, land disposal facilities may, 3y virtue 12

of site characteristics and/or the properties of the waste they will receive, be granted a variance 13
from the land disposal restrictions. To be granted a variance, the owner/operator of the unit must 14

successfully demonstrate "to a reasonable degree of certainty, that there will be no migration of is
hazardous constituents from the disposal unit.., for as long as the wastes remain hazardous" 16

V' [HWMR-6, Ft. VIII, sec. 268,6(a)]. A no-migration determination allows untreated restricted 17
wastes to be emplaced In a land disposal unit, pursuant to the conditions and limitations of the 18
determination. . 19

In March 1989, DOE submitted to the EPA a No-Migration Vadance Petition (NMVP) for the WIPP 2o
v/ facility (DOE, 1990a). The document was subsequently expanded to include an addendum and 21

resubmitted to the EPA in March of 1990. The addendum provides additional Information 22
specifically requested by the EPA. The petition demonstrates that site ch_ractedstics (i.e., the 23
ability of the bedded salt to isolate emplaced wastes from ground water); operational practices, 24
which will prevent releases to air, soil, and surface water; and waste characteristics are sufficient 25
to prevent migration of hazardous constituentsbeyond the unit boundary. 26

On November 14, 1990, the EPA issueda ConditionalNo-MigrationDeterminationforthe WIPP 27

_/ facility (EPA, 1990a). This allowsDOE to emplace untreatedrestrictedwastes for limiteduses 28
in the facility. The notice providesinformation relevant to the no-migrationdetermination;29
describesEPA's responsesto commentsprovidedon the proposeddetermination,publishedin 3o
the Federal Registeron Apdl 6, 1990 (EPA, 1990b); andspecifiesthe conditionsand limitations 31
of the determination.The conditionaland proposeddeterminationsare includedin AppendixL1. 32
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1 L-1 Compliancewith Conditionsof the Determination
2

3 The EPA's specific and general conditions of the determination are presented In Section VI of the
4 _/ November 14, 1990, Federal Re_listernotice. This chapter of the Resource Conservation and
5 v/ Recovery Aot (RCRA) permit application Identifies the EPA's conditionsand describes DOE's
6 approach to cornpllanoewitheach condition, DOE Intends to comply fullywith ali conditionsand
7 limitationsof the No-MigrationDetermination.
8

9 Specific Condition1
10

11 "No wastes subject to this variance may be placed in the WIPP repositoryfor
12 purposes other than testing or experimentation to determine the long-term
13 acceptabilityof the WIPP. In accordancewith 40 CFR §268.6(e), the DOE must
14 notify the EPA before lt conductsany testing or expedmentationnot withinthe
15 scope of the 'WIPP Test Phase Plan: Performance Assessment,' April 1990
16 (DOE/WIPP 89-011, Revision0), as furtherexplainedin Section IV.B.1 of... [the
17 November 14, 1990, Federal Reoister]... notice. Placementof waste for the
18 purpose of conductingan operationsdemonstrationis prohibited."
19

20 Compliancewith SoecificCondition1
21

22 v/ DOE has committedto emplace onlywaste for expedmentalor testpurposesinthe WIPP facility
23 undergroundduringthe Test Phase. DOE will involveregulatorsinthe decision-makingprocess
24 in the eventthat any beneficialtests not describedin the WIPP Test Phase Plan: Performance
25 Assessment(DOE, 1990b) are proposed.
26

27 Radioactivemixed waste may be generated as the result of routinehandling of Transuranic
28 PackageTransporter(TRUPACT-II) containersand experimentalwasteand in the performance
29 of air monitoring.Since these wasteswillbe derived fromthe experimentalwaste, they are not
30 prohibitedfrom placementundergroundduringthe Test Phase. Suchplacementis the actionthat
31 Is most protectiveof human health and the environmentand the health and safety of workers.
32 This approach is consistentwith Section IV.B.I. of the November 14, 1990, Federal Register
33 notice(EPA, 1990a), whichspecifiesthat:
34

35 "... those wastes,which mightno longer have any experimental purposes, could
36 nevertheless be stored In the repository until a final determination on the site was
37 made. Because the materials were originally placed in the WIPP for permissible
38 testing, cominued storage of the wastes in the repository would be consistent with
39 the terms of EPA's decision."
40

41 Waste derived from the experiments and placed underground will be subject to the same retrieval
42 requirements as experimental waste.
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Specific Condition 2 1

"Wastes placed in the repository may not exceed 8,600 drums or 1 percent of the 2
total capacity of the repository, as currently planned." 3

_CornDIlanoewith Specific Condition 2 4

DOE commits to emplace no more than 8,600 drums or 1 percent of the total planned capacity 5
v/ of the WIPP facility during test phase activities conducted within the parameters of the No- 6

Migration Determination. 7

_SpecificCondition 3 8

"Ali wastes placed in tile WIPP must be removed if DOE cannot demonstrate 9
compliance with the standards of 40 CFR 268.6, before the expiration of this lO
petition approval, with respect to permanent disposal of mixed waste in the 11

repository. DOE must submit a detailed schedule for retrieval of the waste, 12

including times for completing retrieval as quickly as reasonably feasible, no later 13
than six months after a deterrnination that the w'epositorycannot meet standards 14

for long-term disposal under 40 CFR 268.6 or six months before the expiration of 15

petition approval, whichever occurs first," 16
this

.Compliance with Specific Condition 3 17

v/ During the Test Phase, ali waste emplaced in the WIPP facility underground will be maintained 18
in a manner that will ensure that wastes are readily retrievable. DOE has prepared the Waste 19
Retrieval Plan (DOE, 1990c) to specify retrieval actions and to demonstrate the ability to retrieve 2o

_/ waste. DOE will submit the required retrle',al schedule no later than six months after lt is 21

determined that the repository cannot meet standards for long,term disposal or six months before 22.
the expiration of the petition approval. 23

Sl:)ecificCondition4 24

"Ali wastes placed in the WIPP must be placed in a readily retrievable manner, as 2s
described in Section IV.B.4 of... [the November 14, 1990, Fe.deral Re.qister] 26
... notice." 27

Compliance with Specific Condition 4 28

"Readily retrievable" is defined by EPA In the Federal Re_qister(EPA, 1990a) notice as the 29
adoption of specific measures identified in the NMVP to maintain room stability (e.g., room size, 3o
rock bolting, and standoff walls) and the use of easily retrieved waste containers (i.e., boxes and 31

ChapterL
PTB-108 L-3 3/92



WIPP RORA Part S PermttApplication
DOFJWIPP 91.-005
Revision 1

drums). This information and DOE commitments to maintain the waste In a readily retrievable 1
mannerare Includedin the Waste RetrievalPlan (DOE, 1990o) and Section 2.6.8 of the NMVP 2
(DOE, 1990a). This Information was reviewed by the EPA during Its review of the NMVP. s

SpecificCondition5 4

r

"DOE must Install and operate a carbon adsorptioncontrol device designed to 5
achieve a control efficiency of 95 percent In the discharge system of the bin 8
experiment rooms. DOE must monitorthe control device outlet alrstream In 7
accordance with the monitoringplandescribedIn Section IV.K of EPA's proposed s
decision(55 FR 13089) as amended by Section IV.B.7 of... [the November14, 9
1990, Federal Register]... notice, and lt must maintain design and operating lO
recordsas described in SectionIV.J of EPA's proposeddecision,as amended by 1i

Section IV.B.6 of... [the November 14, 1990, Federal Register]... notice. 12

Records must be maintainedat the WIPP faolUtyfor the term of thisdetermination 13
or for three years after they are created, whichever is longer. Records mustalso 14
be maintainedduringthe course of any enforcementactions for which they are 15
relevant." 16

Compliancewith Specific Condition5 17

The efficiency of the carbon adsorptionsystems is dependent upon the surface area of the 18
carbon, the quantity of carbon used, the flow rate of air through the system, and the types and. 19

quantities of constituents to be adsorbed. Data will be malntalned as specified In the EPA notice 2o
as part of the WIPP facility operating record to document that the carbon sorption systems are 21

at least 95 percent efficient in removtng volatile organic compounds (VOC). Specifically, the 22
following data will be.collected and maintained: 23

• "The date and time when the carbon In the control device Is replaced with fresh carbon 24
and when volatile organic sampling train (VOST) tube samples are collected for 25
monitoringcarbon breakthrough, along with records of monitoring results." 26

• "Engineering design analyses used to size the controldevice and to determinethe 27

frequency of carbon replacement." 2e

• "A signed certification that ali carbon removed from the control device is regenerated 29
or reactivated by a process that minimizes the release of organics to the atmosphere 3o
or Is disposed of tn compUancewith federal and State of New Mexico regulations." 31

A description of the WIPP Volatile Organic Compound (VOC) Monitoring Program is includ_Jdin 32
Appendix D12 of this permit application. Information pertaining to the design and sizing of the 33
carbon system to be utilized for bin-scale tests Is Included tn Appendix D11. 34

)
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The bin-scale test VOC monitoring system will Include three VOST tubes. Samples of carbon 1
packed In the tubes will be analyzed,andtest results,coupledwithsystemmass flow data, will 2
providea basis for estimating the lifetime of the carbon tn the main sorption unit, Details 3
regarding the VOST tube sampling program are also included In Appendix D12, 4

SPecificCondition6 5

"DOE must Implement the air monitoring plan described In Section IV.K of EPA's s
proposed decision (55 FR 13089), as amended In Section IV.B.7 of,.. [the 7
November 14, 1990, _FederalRe_!ster], ,, notice, Records must be maintained s
at the WIPP facility for the term of this determinationor for three years after they g
are created, whicheveris longer,Records mustbe maintainedduringthe course lO
of any enfomement action for which they are relevant." 11

Compliancewith SpeolfloCondition6 12

v/ The VOC Air MonitoringProgram described in the Addendum to the NMVP (Section 6.1 of 13
v/ Volume VII) has been Implemented. The programcalls for the Implementationof air monitoring 14
_/ 30 days priorto the first receiptof waste at the WIPP facility. Air monitoringat Station VOC-1 15 '
v/ was ImplementedAugust25, 1991 (morethan 30 days tn advanceof waste receipt). The overall 16

program for monitoringemissions from the undergroundis describedin Chapter D. Records 17
_/ relatedto air monltodngwillbe maintainedIn the WIPP facility operatingrecord as requiredby la

Specific Condition6. 19

S.peolfioCondition 7 2o

Conditions related to waste analysis: 21

(a) "DOE must ensure that each waste container emplaoed underground at the ,o.2
WIPP has no layer of confinement which contains flammable mixtures of __3
gases or mixtures of gases that could become flammable when mixed with 24

air. This prohibition must be Implemented by analytical testing of a 2s
representative sample of headspaoe gases from each waste drum or 26

Individualcontainer,as describedtn SectionIV.B.7.a andV.F.1.a of... [the 27

November 14,1990, Federal Register]... notice." 2s

(b) "DOE mustanalyze representativesamplesof the headspaoes of containers 29
to be used inthe bin-scaletestand comparethese resultr_to the estimated ao
compositionsprovided in its petition for each waste type, as detailed In 31
Section IV.B.7.b of... [the November 14, 1990, Federal Reqlster] . . . 32
notice. If the waste Is notcomposltlonally similar, as defined in Tables 2 and 33
3 in Section IV.B.7.b, that waste cannot be shipped to the WIPP until the
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waste has been treated or modifiedsuchthat lt Is oomposltlonallysimilarto 1
the estimates provided In the no-migration petition. In addition, as 2
prescribedIn Section IV.B,7.b, the DOE must demonstratethe comparability 3
Of bin-scale wastes to wastes desodbed in DOE's petition before plaotng 4
waste tn the WIPP for alcove tests." 5

(o) "Waste analysis records must be m_'_ntalned for the term of this 6
determination or for three years after generation, whichever Is longer. 7
Records must also be maintained during the course of any enforcement e
action for which they are relevant, The records may be maintained at the 9
generating site or at the WIPP facility." 10

Compliancewith Specific Condition7 11

The WIPP Waste AnalysisPlan (ChapterC of this permitapplloatlon)addressesoompUanoewith 12
the provisionsof thisoondltion. The plan requiresDOE wastegeneratorsto providethe required 13
Informationto the DOE WIPP Project Office (WPO) priorto the shipmentof the waste to the 14

_/ WIPP facility. The WPO will approve shipment to the WIPP facility of only thosewastesfor which 15

the requiredInformationhas been provided, Only waste meetingthe odteda specifiedbythe EPA 1(3
in the November 14, 1990, Federal Reqlster(EPA, 1990a) notice will be approved for shipment. ',7
Records of wasteanalysis will be maintained as required by Spectfio Condition 7. le

Details of DOE compliance with each of the requirements of Specific Condition 7 are provided 19
below: 2o

_/ (a) Section C-2 specifies the waste characterization activities to be performed by generator 21
v/ sites to meet minimum information requirements, The minimum information requirements 22

are Identified in Section C-2 of this permit application. 23

The minimum requirements include testing the waste for flammability as specified in 24
Table C-4 of thispermitapplication. Table C-4 was developedto respondspecificallyto 25
the requirementsfor flammabilitytestingincludedinthe EPA No-MigrationDetermination. 26
Only those wastes tested for flammability in accordance with the requirements of 27

Table C-4 and demonstrated to be withinthe EPA-specified flammablUty limitswill be 2s
_/ acceptable for shipment to the WIPP facility. 29

(b) Requirements to test container headspaoe gases to demonstrate that the gas 30
compositionsare comparable to those described In the NMVP are also addressed in 31
Section C-2 of the RCRA permit application. This t_stlng is Includedin the mtntmum 32
Informationrequirementsidentified. Table C-5 of thispermit applicationwas developed 33
to respond to this requirementspeeific_ally. 34
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,/ (c) DOE commits to maintain waste analysis records in the WIPP facility operating record 1
throughoutthe ten-year term of the No-MigrationDetermination,forthreeyears, or during 2
the course of any enforcementaction for whichthey are relevant,whicheverIs longer. 3

I

Specific Condition8 4

"DOE inust provide to tile EPA Office of Solid Waste and EPA RegionVI annual 5
, written reports on the status of DOE's performance assessment during the test s

phase. These reports must Include: a desorption of the teststo date and their 7
results, modifications to the test plan, a summaryof DOE's current understanding s
of the reposltory'sperformance, waste characterization data from pre-testwaste 9
characterization,and an annualsummaryof atr monitoringdata requiredIn Item 6 lO
above." 11

_Compliancewith Specific 3ondltion 8 12

AsIncluded Inthe WIPP Test Phase Plan: PerformanceAssessment(DOE 1990b), DOE eomrnits 13
to reportannuallyon results of the PerformanceAssessmentand associatedtestsand data. In 14
conformance with this condition and the requirements of DOE Order 5400.1, General 15
EnvIronme,'italProtectionProgram (DOE, 1988), the resultsof VOC monitoringwillbe reported 16

v' annuallyinthe WIPP Site EnvironmentalMonitoringReportand Inanannualdatasummaryreport 17
v/ submitted to the EPA. le

General Condition ! lg

"Wastes placed by DOE In the WIPP and the DOE's activities under the variance 2o
must be consistent with those described In the petition." 21

Compliance with General Condition 1 22

v/ Waste emplaced In the WIPP facility during the Test Phase will be consistent with those 23
described In the NMVP (DOE, 1990a) Chapter C of this permit application describes methods 24

to be employed to ensure that this condition is met. The WIPP Management and Operating 25
Contractor (MOO) will use administrative controls to ensure that projectactlvitles are consistent 26

v/ with those described in the NMVP. 27

General Condition 2 28

"DOE must notify EPA of any changes in conditions at the unit and/or environment 29
that significantlydepart from the conditions described In the variance and affect the 30

potential for migration of hazardous constituentsfrom the unit .' If the change 31

ChapterL
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is planned, EPA must be notifiedin writing30 days in advance of the change; if 1
it is unplanned,the EPA must be notifiedwithinten days." ' 2

Compliancewith General Condition2 3

v/ The WIPP MOC willuse administrativecontrolsto ensure compliancewith thiscondition. The 4
V' Environmental Safety and Health Departmentof the MOC organizationwill be responsiblefor 5
V' notifyingtheWPO of any changesinconditionsdescribedinthe NMVP affectingthe potentialfor s
V' migrationof haz_=rdouswaste or hazardousconstituentsfrom theunit. If it tsdeterminedthat the 7
V' change is significantand/or may affect the potential for the migrationof hazardouswaste or s
vi hazardous constituents,the EPA will be notified by the WPO, in accordance with specific 9
V' requirementsof this EPA condition. Any such notificationswill also be providedto the New 10
V' Mexico EnvironmentDepartment (NMED). 11

General Condition3 12

"If DOE determinesthat there has been migrationof hazardousconstituentsfrom 13
V' the repositoryinviolationof Part 268, it mustsuspendreceiptOf prohibitedwastes 14

at the unitand notifyEPA withinten daysof the determination.[In thecase of the 15 .
WIPP, DOE mustsubmitsucha noticeto boththe EPA Officeof SolidWaste and 16
EPA RegionVI.] Within60 days, EPA is requiredto determinewhether DOE may 17
continueto receive prohibitedwaste in the unit and whetherthe varianceshould is
be revoked." 19

Compliancewith General Cond_,ion3 2o

The NMVP (DOE, 1990a) demonstratesthat duringthe Test Phase, the onlycredible pathway 21
for themigrationof hazardousconstituentsbeyondthe unitboundaryinconcentrationsexceeding 22
health-basedstandardsisvia airbornetransportof v01atileorganics. The EPAhas concurredwith 23
this demonstration(EPA, 1990a; EPA, 1990b). 24

The MOC has developeda procedureto implementthe determinationof airborneconcentrations 25
v' of VOCs in the undergroundexhaust air stream. In addition,another WIPP facility pr_.,cedure2s

specifiesstepsto be takento notifyregulatoryauthoritiesintheeventof an environmentalrelease 27
of a hazardous matedalor in the event migrationis determined to have occurredfrom the WIPP 2s
undergroundfacilities. 29

General Condition4 30

"Finally,under section 268.6(h), the term of... [the November 14, 1990] ... 31
petitionapproval runs for te_'years, that is until November 14, 2000." 32
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Compliance with GeneralCondition4 1

The determinationis to apply to the Test Phase of the WIPP Projectonly. Becausethe Test 2
Phase is expected to have a duration of less than ten years, the ten-year durationof thc 3
determinationshouldbe consistentwith projectrequirements. In the eventthat the Test Phase 4
is proposedto extend beyond the periodfor whichthe determinationis valid, DOE will request 5
an extensionof thisperiodor willfile a petitionto renewthe determination,as appropriate. 6

Other Conditionsof the Determination 7

In addition to the conditionsand limitationsidentifiedabove, EPA included several specific s
requirementswithinthe bodyof the text of the April6 and November14, 1990, Federal Register 9
notices(EPA, 1990a and 1990b). These pertainto specificconditionsof VOC monitoring. 10

Compliancewith Other Conditions 11

DOE proposesto complyfully withali of the additionalconditionsidentifiedinthe EPA Federal 12
Registernotices. Each of these conditionsis identifiedin Table L-l, which also indicatesthe 13
various monitoringprogram documentswhere the DOE response to the EPA requirementis 14
located. 15
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U.S. Departmentof Energy, Carlsbad,New Mexico. 11

U.S. Department of Energy (DOE), 1988, "General EnvironmentalProtection Program," DOE 12
Order 5400.1j U.S. Department of Energy,Washington,D.C. 13

U.S. EnvironmentalProtectionAgency(EPA), 1990a, "ConditionalNo-MigrationDeterminationfor 14

the Departmentof EnergyWaste IsolationPilotPlant(WIPP)," FederalReQister,Vol. 55, No.220, 15,,

pp. 47700-47721. 16

U.S. EnvironmentalProtectionAgency (EPA), 1990b, "Notice Proposingto Grant a Conditional 17

Variance to the Department of Energy Waste IsolationPilot Plant (WIPP) from Land Disposal 18
Restrictions,"Federal Reqister, Vol 55, No. 67, pp. 13068-13094. 19
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TABLE L-1

OTHER CONDITIONS OF THE NO-MIGRATION DETERMINATION
AND LOCATIONS OF DOE RESPONSES

EPA CONDITION/LIMITATION LOCATION OF DOE RESPONSE

1. Monitoringmust begin 30 days prior WP 12-6, VOC MonitoringPlanforBin-Room
to the emplacement of any Tests (Appendix D12), Section _.3o
experimental wastes underground Monitoring at Station VOC-1 was
(EPA, 1990b, p. 13090). implementedon August25, 1991.

2. Monitoring of bin-scale experiment WP 12-6,VOC MonitoringPlanforBin-Room
rooms must commence prior to Tests (AppendixD12), Section3.3. Station
emplacementof any binscontai_dng VOC-10 has been installed in the
TRU waste (EPA, 1990b, p. 13090). underground facility, Panel 1. DOE is

preparedto initiatemonitoringpriorto waste
receipt._

3. Monitoring of aleoves must This permit applicationis for bin tests only.
commencepriorto initiationof alcove A permitmodificationor modificationunder
experiments, after alcoves_ are intedm status will be submitted for alcove
sealed, andpriorto purgingof alcove testspdorto alcovetest Initiation.
atmosphere(EPA, 1990b, p. 13090).

4. The leakage rate of the sealed Test Plan: WIPP In Situ Alcove CH TRU
alcovesmustbe rneasuredbymeans Waste Tests (Molecke, 1990),
of the injectionof tracer gases into Section12.1.3.
the atmnsphere within each alcove
and monitoringthe tracergas levels
(EPA, 1990b, p. 13090).

5: After 30 days of daily samplingat ali WP 12-7, Volatile Organic Compounds
locationsexcept the exhaustand air MonitoringQuality Assuranco Project Plan
int&ke shafts, sampling frequency (Westinghouse,1991), Section7.2.1.
may be reducedfromdailyto weekly,
at a minimum, if the monitoring
results are relaUvelyconstant over
time, as indicated by a relative
standarddeviationof not more than
25 percent over the last 30-day
period for any targeted constituents
(EPA, 1990b, p. 13090).
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6. Exhaustshaftand air intake locations WP 12-7, Volatile Organic Compounds
must be monitored weekly (EPA, Monitoring Quality Assurance Project Plan,
1990b, p. 13090). Waste Isolation Pilot Plant (Westinghouse,

1991), Section 7.2.1.

7. In no event shall the monitoring WP 12-6, VOC Monitoring Plan for Bin-Room
frequency for the bin discharge Tests (Appendix D12), Section 3.3.1; WP
system be reduced to less than 12-7, Volatile Organic Compounds
20 percent of the minimum _ime Monitodng Quality Assurance Project Plan,
required for the consumption of the Waste Isolation Pilot Plant (Westinghouse,
total working capacity of the carbon 1991), Section 7.2.1.
adsorption system (EPA, 1990b,
p. 13090).

8. In the event that weekly air WP 12-6, VOC Monitoring Plan for Bin-Room
monitoring results exhibit increased Tests (Appendix D12), Section 3.3.
variability, daily air sampling must be
resumed if the calculated relative
standard deviation with a preceding
4-week period at the monitoring
location exceeds 75 percent for any
targeted constituent. Dally sampling
would have to continue until such a
time as the criteria for a reduction in
frequency to weekly sampling are
met again (EPA, 1990b, p. 13094).

9. Any volatileorganic compound (VOC) WP 12-6, VOC Monitodng Plan for Bin-Room
must be targeted for routine Tests (AppendixD12), Section4.4; WP 12-7,
quantification if the average Volatile Organic Compounds Monitoring
estimatedconcentration at the point Quality Assurance Project Plan, Waste
of samplingis 1 ppm or more during Isolation Pilot Plant (Westinghouse,1991),
any 4-month period and the Section9.4.2. Procedures have been
compound is detected in at least developed by the contract laboratory, as
10 percent of the samples collected specifiedbya Westinghousescope-of-work.
fromthe gas discharge systen=from
either room containing bins or
50 percent of the samples collected
from any alcove (EPA, 1990b,
p. 13090).
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10. DOE must Implement standard J WP 12-6, VOC MonitoringPlanfor Bin-Room
operating procedures that will provide J Tests (Appendix D12), Section 4.2; Volatile
posittve identification of the following Organic Compounds Mor'itodng Quality
compounds: perchloroethylene, J Assurance Project Plan (Westinghouse,
chloroform, bromoform, J 1991), Sections 9.2.1.6 and 9.2.1.7.
dichloroethane, dichloroethylene, Procedures have been developed by the
toluene, and chlorobenzene (EPA, contract laboratory, as specified by the
1990D, p. 13091). Westinghouse scope-of-work.

11. The average response factor for each J WP 12-6, VOC MonitoringPlan for Bin-Room
target analyte, as determined by J Tests (Appendix D12), Section 5.5; Volatile
5-point instrument calibration, must Organic Compounds Monitoring Quality
be used for quantification tn J Assurance Project Plan (Westinghouse,
high-resolution gas chromotography J 1991), Sections 9.2.1.5 and 9.2.2.4.
(EPA, 1990b, p. 13091). J Procedures have been developed by the

J contract laboratory, as specified by the
J Westinghouse scope-of-work.

/

12. Standard operating procedures must J WP 12-7, Volatile Organic Compounds
be adopted by DOE to ensure the Monitodng Quality Assurance Project Plan
validity of the monitoring data (EPA, J (Westinghouse, 1991), Section 12.0. WIPP
1990b, p. 13091). J Waste Isolation Division (WID) quality

J assurance procedures are in place to assure
J validity of monitoring data.

13. Consistent with the SW-846 J WP 12-7, Volatile Organic Compounds
(E PA, 1986) Met hod 8240, MonitoringWaste Quality Assurance Project
instrumentsmust be recalibratedby J Plan (Westinghouse,1991), Sections9.2.1.5
a full 5-point calibration if the J and 9.3.2.3. Laboratorystandardoperating
response factor from the_calibration J procedures and quality assurance plans
check differs by greater than 25 J completed and implementedin accordance
percent of the average or expected J withthe Westinghousescope-of-work.
response factor (EPA, 1990b,
p. 13091).
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PTB-125"r.L-1 L-15 3/92



i,
i

WIPPRCRAPartB PermitApplication
DOE/WIPPgl-005

Revision1

14. The method limit of quantificationfor WP 12-6, VOC MonitoringPlanfor Bin-Room
each target analyte must be Tests (Appendix D12), Section 6.1.6;
establishedprior to the initiationof WP 12-7, Volatile Organic Compounds
the monitoring program and be MonitoringQuality Assurance Project Plan
reevaluated annually thereafter in (Westinghouse,1991), Section9.3.2.6.
accordance with
EPA/530-SW-90-021, December 12,
1989 (EPA, 1989). This document
has been revisedandretitled"Quality
Assurance and Quality Control"J

(August 1990) (EPA, 1990b,
p. 13091).

15, The method limit of quantification WP 12-6 VOC MonitoringPlanfor Bin-Room
must be determined separately for Tests (Appendix D12), Section 6.1.6;
the bin, alcove, and exhaust shaft WP 12-7, Volatile Organic Compounds
monitoring locations (EPA, 1990b, MonitoringQuality Assurance Project Plan
p. 13091). (Westinghouse,1991), Section9.3.2.6.

16. Recoverysamplesmustbe collected WP 12-6,VOC MonitoringPlanfor Bin-Room
from audit cylindersand analyzed at Tests (AppendixD12), Sections5.2.3 and
a frequency of 10 percent at each 6.1; WP 12-7, VolatileOrganicCompounds
monitoring location (EPA, 1990b, MonitoringQuality Assurance Project Plan
p. 13092). (Westinghouse, 1991), Section 9.3.1.4.

Method Relative Accuracy Sampling
Proceduresforaudit cylindersamplinghave
been completed (WP-12 EM1641, 42, 43,
44, and 45).

17. Duplicatesamplesmustbe collected WP 12-6, VOC MonitoringPlanforBin-Room
and analyzed at a frequency of Tests (Appendix D12), Section 6.1.6.1;
10 percent in each monitoring WP 12-7 Volatile Organic Compounds
location,includingthe exhaust shaft MonitoringQuality Assurance Project Plan
(EPA, 1990b, p. 13092). (Westinghouse, 1991), Section9.3.1.3.

Duplicatesamplingis discussedin Method
Relative Accuracy ,Sampling Procedures
(WP-12 EM1641, 42, 43, 44, and 45.)

18. Data completeness must be WP 12-7, Volatile Organic Compounds
evaluatedby datavalidationauditsof MonitoringQuality Assurance Project Plan
a frequency not less than 5 percent (Westinghouse,1991), Sections9.3.2.10and
(EPA, 1990b, p. 13092). 12.4.
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19. To ensurethat any samplinganalysis WP 12-7, Volatile Organic Compounds
problems that may occur are MonitoringQuality Assurance Project Plan
detected and corrected, accuracy, (Westinghouse,1991), Section9.3.2.9.
precision,and completenessmustbe
trackedand evaluatedafter even/10
qualitycontrolanalyses(EPA, 1990b,
p. 13092).

20. Systems audits must be performed WP 12-7, Volatile Organic Compounds
not only priorto the Initiationof the MonitoringQuality Assurance Project Plan
monitoring program but also (Westinghouse,1991), Section12.3.
semiannually thereafter to be
consistent withgood operating
practice(EPA, 1990b, p. 13092).

21. Corrective action must be taken WP 12-7, Volatile Organic Compounds
whenevera conditionor practiceis MonitoringQuality Assurance Project Plan
found that is outside systems (Westinghouse,1991), Section11.0.
specificationsor standardoperating
proceduresor that could reasonably
be expected to compromise the
ability of the monitoringprogramto
meet establishedquality assurance
objectives for data acceptability
(EPA, 1990b, p. 13092).

22. Specificquality assuranceobjectives WP 12-7, Volatile Organic Compounds
must be established for data MonitoringQuality Assurance Project Plan
acceptabilityfor the WIPP facilityair (Westinghouse,1991), Section9.3.2.
monitoringprogram consistent with
methodcapabilityandgoodoperating
practice (EPA, 1990b, p. 13092).

23. Corrective action must be taken WP 12-7, Volatile Organic Compounds
whenever quality assurance MonitoringQuality Assurance Project Plan
objectivesfor data acceptability_,ne (Westinghouse,1991), Section 11.0.
not being met (EPA, 1990b,
p. 13092).

24. To determinewhether migrationhas WID Procedure WP-12 EM3203,
occurred,concentrationsof targeted EnvironmentalVolatile Organic Compound
constituentsmust be averaged over Data Management, addresses data
an annual time period (EPA, 1990b, managementand calculations.
p. 13092).
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25. Annual data summaries and WID Procedure WP-12 EM3203,
summaries of data .accuracy, EnvironmentalVolatile Organic Compound
precision,andcompletenessat each (VOC) Data Management, addresses data
monitoring location, together with managementand calculatlons.
calculated concentrations at the
exhaustshaft and documentationof
the actual method limit of detection
achieved for each targeted analyte,.
must be submitted to EPA (EPA,
1990b, p. 13092).

26. Documentation on ali aspects of WP 12-7, Volatile Organic Compounds
qualityassuranceand qualitycontrol MonitoringQuality Assurance Project Plan
as describedin EPA/530-SW-90-02i (Westinghouse,1991), Section13.1.
(as revised and retitled "Quality
AssuranceandQualityControl")must
be maintained at the WiPP facility
operatingrecordand be available for
inspection by EPA (EPA, 1990b,
p. 13092).

27. To determinerelativeaccuracy,DOE Proceduresforconductingfieldsamplingfor
must conduct and analyze both a relative accuracy in accordance with this
matrix spikeand a concurrentmatrix requirementhave been completed (WP-12
duplicate. EM1641, 42, 43, 44, and 45).

z
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CHAPTER M 1

CERTIFICA_i_')N 2

The U.S. Department of Energy (DOE), through its Albuquerque OperationsOffice and itsWaste 3
Isolation Pilot Plant (WIPP) Project Office, has signed as "owner and operator," and 4
Westinghouse Electric Corporation, acting through itsWaste Isolation Division (WlD), has signed 5
as "co-operator" this application for the permitted facility. The DOE has determined that dual 6
signatures best reflect the actual apportionment of Resource Conservation and Recovery Act 7
(RC_A) responsibility for the WIPP facility The DOE's RCRA responsibilities are for policy, s
programmatic funding and scheduling decisions, WIPP requirements of DOE generator sites, the 9
Waste AcceptanceCriteriaCertificationCommittee,aliother partiesengaged in workat the WIPP i0
facility pursuantto a directcontractualrelationshipwith the DOE,as well as general oversight. 11
The WIP's RCRA responsibilitiesare for certain d&y-to-dayoperations (in accordance with 12
general directions given by the DOE and in the Contract as part of its general oversight 13
responsibility)including,butnot limitedto, the followingresponsibilities:certain waste handling, 14
monitoring,recordkeeping,certaindata collection,reporting,technicaladvice, and contingency 15
planning. For purposes of the certification required by New Mexico HazarO_u_ Waste 16
Management Regulations(HWMR-6), Part IX, section270.11(d), the DOE's and the WlD's 17
representativescertify, to the best of their knowledge and belief, the truth, accuracy, and 18

O of the for their areas o,f responsibility. 19completeness application respective

I certify underpenalty of law that thisdocument and ali attachmentswere PreParedunder my 2o
directionor supervisionin accordancewitha systemdesignedto assurethat qualifiedpersonnel 21
properlygather and evaluate the intormationsubmitted. Based on my inquiryof the personor 22
persons who manage the system, or those persons directly responsiblefor gathering the 23
Information,the informationsubmitted is, to be the best of my knowledge and belief, true, 24
accurate, and complete. I am aware that there are significantpenalties for submittingfalse 25
information,includingthe possibility of fine and imprisonmentfor knowing violations. 26

Owner and Operator Signature: Orfoinal S/_oned.byAr/en Hunt 27
Title: Project Manager, WIPP ProjectOffice 28

for: U.S. Departmentof Enerqv 29
Date: March 3, 1992 3o

Co-Operator Signature: OrLc/inalSicned by A. LaMar Trego 31
Title: General Manaqer 32

for: ..WestinghouseElectdcCorporation 33

Date: FebruarY.28, 1992 34

0
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0
ACRONYMS 1

AASHTO American Associationof State Highwayand Transportation Officials 2
AC Alternating Current 3
AEA Atomic Energy Act 4

ALARA As Low As Reasonably Achievable 5
BGS BelowGroundSurface 6
BLM (U.S. Department of the Interior)Bureau of Land.Management 7
C&C Consultationand Cooperation ' 8
CEQ Councilon EnvironmentalQuality 9
CERCLA ComprehensiveEnvironmentalResponse,Compensation,and LiabilityAct 10
CFR Code of Federal Regulations 11
CH Contact-Handled 12
CMR Central MonitoringRoom 13
CWA Clean Water Act 14

DID DirectInward Dial 15
DOD DirectOutwardDial 16

DOE U.S. Departmentof Energy 17

DOL U.S. Department of Labor 18

DOT U.S. Department of Transportation 19
DRZ Disturbed Rock Zone 2o

EEG Environmental Evaluation Group 21
•EO Executive.Order 22

EOC Emergency Operations Center 23

EPA U.S. Environmental Protection Agency 24

ERT Emergency Response Team 25
. ES&H WIPP Environment, Safety, and Health Department 26

EST Emergency Services Technician 27
FAX Facsimile 28

FEIS Final Environmental Impact Statement 29
FIFRA Federal Insecticide, Fungicide,and RodenticideAct 9o
FLIRT First Une Initial ResponseTeam 31

FM Facility Manager 32
FOSS FacilityOperations Shift Supervisor 33
FSAR Final Safety Analysis Report 34
GC/MS Gas Chromatography/Mass Spectrometer 35
GET General EmployeeTraining 36
HEPA High EfficiencyParticulateAir (filter) 37
HMTA Hazardous Materials Transportation ACt 98
HS Health Services 39

O HVS Hood Ventilation System 4o
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ACRONYMS O

(CONTINUED)

1 HWMR (New Mexioo)Hazardous Waste Management Regulations
2 IDC Item Descdption Code
3 IPA Inventory and Preparation Area
4 MB Marker Bed

5 MOC (WIPP) Management and Operating Contractor
6 MOU Memorandum of Understanding
7 MSDS Materials Safety Data Sheet
8 MSHA Mine Safetyand HealthAdministration
9 MSL Mean Sea Level

lO NAAQS NationalAmbientAirQuality Standards
11 NCP NationalContingencyPlan ,
12 NEPA National Environmental Policy Act
13 NESHAPs National Emission Standards for Hazardous Air Pollutants
14 NFPA N,_tionalFire Protection Association
15 NHPA National Historic Pres_rvation Act

16 NMD No-Migration Determlr_ation
17 NMED New Mexico EnvironmentDepartment (_)
18 NMr'=D New Mexico EnvironmentalImprovementDivision lpr,

19 NMVP No-MigrationVariance Petition
20 NPDES National PollutantDischargeEliminationSystem
21 NRC U.S. NuclearRegulatoryCommission
22 NRDC National ResoumesDefense Council,

23 NWPA NuclearWaste PolicyAct
24 OEMP Operational Environmental MonitoringProgram
25 OPRR Overpackand Repair Room
26 ORV Off-Road Vehicle
27 OSHA OccupationalSafety and Health Administration
28 PA PublicAddress

29 PCB Polychlorinatedbiphenyl
30 PBT Performance-BasedTraining
31 PMP ProbableMaximumPrecipitation
32 QA Quality Assurance
33 QAPjP Quality Assurance ProjectPlan
34 QAPP Quality AssuranceProgram Plan
35 QC QualityControl
36 ROB Radio;ogicalControlBoundary
37 RCRA Resource Conservation and Recovery Act

38 RMA RadioactiveMaterials Area O
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O ACRONYMS

(CONTINUED)

ROD Recordof Decision 1

RTR Real Time Radiography 2
SARA SuperfundAmendmentsand ReauthorizationAct 3
SCBA Self-ContainedBreathingApparatus 4
SDWA Safe DrinkingWater Act 5
SEIS SupplementEnvironmentalImpactStatement s
SH Salt Handling 7

• SHPO State Histodc Preservation Officsr 8

SNS Site Notification System 9
SPDV Site and Preliminary Design Validation 10
SWB Standard Waste Box 11

SWMU Solid Waste Management Unit 12
TCLP Toxicity Characteristic Leaching Procedure 13

TRANSCOM Transportation Tracking and Communications System 14

TRU Transuranic (waste) 15
TRUCON TRUPACT-II Content Codes 16

TRUPACT-II TransuranicPackage Transporter 17
TSCA Toxic Substances Control Act 18

UIC Underground Injection Control 19

UPS Uninterruptible Power Supply 20
US United States 21

UST UndergroundStorageTank 22
USTR UndergroundStorageTank Regulations 23
V Volt 24

VOC Volatile Organic Compound 25
VOST Volatile Organic Sampling Train 26
WAC Waste Acceptance Criteda 27
WACCC Waste AcceptanceCdteda Certification Committee 28
WHB Waste HandlingBuilding 29
WIPP Waste IsolationPilot Plant 30

WPO (DOE) WIPP ProjectOffice 31
WWIS WIPP Waste InformationSystem 32
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GLOSSARY 1

alluvial fan a cone-shapeddeposit of alluviummade by a stream where 2
lt runs out onto a level plain or meets a slower stream; 3
generally formed where streams issue from mountains upon 4
a lowland. 5

p

alpha particle a charged particle emitted from the nucleusof anatom, 6
havinga mass and charge equal in magnitudeto a helium 7
nucleus,i.e., two protonsand two neutrons. 8

alpha radiation radiationcomposedof positively-chargedparticlesemitted in 9
the radioactive decay of certain nuclides. Each alpha particle 10
is made up of two protons and two neutrons bound together 11
and is Identical to the nucleus of a helium atom. 12

analyte a substance or parameter for which a sample is analyzed. 13

e anhydrite a mineral, CaSO4, consistingof an anhydrous calcium sulfate 14
that Is massive and white or slightly colored. 15

aquiclude a body of relatively impermeable rock that Is capable of 16
absorbing water slowly, but does not transmit lt rapidly 17

enough to supply a well or a spring. 18

aquifer a body of rock that containsenough saturatedpermeable 19
matedal to transmit ground water and to yield significant20
quantities of ground water to wells and spdngs. The 21
oppositeof an aquiclude. 22

bedded salt consolidated layered salt separated from other layers by 23
distinguishable planes of separation. 24

berm a narrow ledge or shelf typically along the top or bottom of a 25
slope. 26

beta radiation radiationmade up of negativelychargedparticlesemitted in 27

the radioactive decay of certain nuclides;free electrons. 28
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1 calcite a mineral,, CaCOs, which is the principal constituent of
2 limestone.

3 caliche a crustof calcium carbonatethat forms in the stony soilsof
4 add regions.

5 carcinogen a substancewhich may cause or inducecancer.

6 CentralMonitoringRoom a room at the WIPP facilityequippedto monitorvital plant
7 parameters and alarm functions and provide reliable
8 communications.

9 certification in thisdocument,the processof verifyingand denotingthat
lO specified employee qualificationrequirements have been
11 satisfactorilycompleted.

12 certificat!oncard a document specifying certification requirements for a
13 particular job, and on whichcompletionof the requirements
14 iS recorded.

15 chain-of-custodyform form used to track control of a sample from the time of
16 collectionto analysis.

17 conservative when used with prediction or estimates, a conservative
18 estimate is one irl whichthe uncertaininputsare selected in
19 the waythat tendto overestimatepotentialnegativeimpacts.

2.) contact'handledwaste wastethat doesnotrequireshieldingotherthanthat provided
21 by itscontainer.

22 containment a base which underliesa hazardouswaste containerwhich
23 iS free of cracks or gaps and is sufficiently Impervious to
24 contain leaks and spills, and otherwise meets the conditions
25 of New Mexico HazardousWaste Management Regulations
26 (HWMR-6), Part V, Subpart I (as opposedto a definitionof
27 radiological containment found in Order DOE 6430.1A,
28 General DesignCriteria).

29 contingencyplan a document setting out an organized, planned, and
3o coordinatedcourse of action to be followed in case of a fire,
31 explosion, or release of hazardous waste or hazardous
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constituents that could threaten human health or the 1
environment. 2

declivity a descending slope;downward Inclination. 3

decontamination the removalof unwanted material (especiallyradioactiveor 4
hazardousmaterials). 5

decommissioning the processof removinga factlltyor pieceof equipmentfrom 6

operation, which is then either moth-balled, entombed, 7
decontaminated,dismantled,or convertedto another use. 8

derived waste waste resultingfrom handling and managementof mixed 9
waste used for experimentsduring the Test Phase at the 10
WIPP facility. 11

DesignBasis Earthquake for the WIPP site area, definedas an event with maximum 12
ground acceleration of 3.2 inches per second squared 13
horizontallyand vertically,with 10 maximumstress cycles, 14

O basedona 1 recurrenceinterval, structures 15,000-year Facility
are designedand builtto withstandthese stresses. 16

dissolution th'e process of dissolvingor, morerarely, of melting. 17

dolomite a common rock-forming mineral, CaMg(CO3)2; also, a 18
sedimentaryrockconsistingprimarilyof themineraldolomite. 19

drift a horizontal mine passageway. 2o

eolian deposits arranged by the wind and erosive action of the 21
wind, and which _,re due to the transporting action of the 22
wind. 23

EmergencyCoordinator an employeeat the WIPP facilityor on callwithresponsibility24

for coordinating emergency response measures. The 25
EmergencyCoordinatoris thoroughlyfamiliarwith aliaspects 26

' of the facility's contingencyplan,ali operationsand activities 27
at the facility, the location and charactedstics of waste 28
handled, the location of ali records within the facility, and the 29
facility layout. The Emergency Coordinator has the authority 3o
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I tooommltresourcesnecessarytoImplementthecontlngenoy

2 plan.

3 EmergencyOperations a room at the WIPP facility equipped with primary and
4 Center redundant oommunloationssystems and Is the base of
5 operationsduringemergency situations.

6 evapotransplratlon that portionof the precipitationreturnedto the air through
7 direct evaporation or by transpiration of vegetation, no
8 attemptbeing made to distinguishbetween the two.

0 evaporites a non-olastic sedimentary rock composed primarily of
10 mineralsproducedby precipitationfroma salinesolutionas
11 a resultof extensiveor total evaporationof the solvent.

12 gamma radiation short-wavelengthelectromagnetic radiation emitted In the
13 radloaotive decay of certain nuclides;high-energyphotons.

14 getter (gas) materialswhioh have an ablllty to remove gases from the
15 atmosphereby chemical means.

16 glaubedte a mineral,Na2Ca(S04)2, often found in evaporites.

17 gypsum a mineral,CaSO4 • 2H20, commonto evaporites.

18 halite a naturallyoccurringmineralof sodiumchlodde(rooksalt).

19 hazardous waste solid waste that exhibits any of the characteristics of
20 hazardouswaste Identifiedin New Mexico HazardousWaste
21 Management Regulations(HWMR-6), Part II, Subpart C; is
22 listed in Part II, Subpart D; or Is a mixtureof a solid waste
23 and a hazardouswaste.

24 headspace gases gases in the headspaceof a containerthat are generated
25 frombiological,chemical,and radlolytioprocessesoccurring
26 in the waste. The head space of a container is the space
27 , between the containerlidand thewaste Insidethe container.

2a high efficiency filter that capturesentrainedparticulate materialfroman
29 particulateair filter air stream, usuallywithefficlenolesin the 99.95 percentand
30 above range for particlesizes of 0.3 micronorgreater. Filter
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matedal is usually a paper or fiber sheet that Is pleated to 1
increase surface area. 2

horizon In this document, an underground level. The waste- s
emplacement horizonIn the WIPP factllty is the level about 4
2,150 feet deep at which openingswouldbe minedfor waste 5
disposal. 6

hydraulicconductivity a quantity defined In the study of ground water hydraulics 7
that describes the rate at which water flows through an 8
aquifer, lt Is measured In feet per day or equivalentunits. 9
lt is equal to the hydraulic transmissivitydivided by the 10
thicknessof the aquifer. 11

hydraulicgradient In an aquifer, the rate of change of total head per unit of 12
distanceof flow at a givenpointand in a given direction. 13

Isotopes atoms havingthe same numberof protonsIntheir nuclei,but 14
differing In the number of neutrons. Almost Identical 15
chemical propertiesexist between isotopes of a particular 16
element._ 17

Level I trainers technlcc.llyknowledgeablemembersof the WIPP facility line 18
org'Anizationwho are qualified to provide training on 19

operation of specifiedequipment. 2o

Level II trainers members of Technical Training and the WIPP facility line 21
organizationswho are qualifiedto conductlimitedclassroom 22
trainingin theirtechnical area of expertise. 23

Level III trainers members of TechnicalTrainingwho are qualifiedto conduct 24
classroom training, skills evaluation, and training needs 25
assessment. 26

lithostaticpressure the vertical pressureat a point tn the earth's crustequal to 27
the pressure exerted by the weight of the overlyingrock 28
and/orsoil. 29

lowerexplosivelimit the minimum concentrationof gas or vapor tn air below 3o
which a substance does not bum when exposed to an 91
ignitionsource. 32
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1 magneslte a mineral, MgCO3.

2 Master Records Center WIPP project record archive.

3 meteodc water water which occurs in or is derived from the atmosphere,

4 microdarcy a standard unit of permeability one-millionth of a darcy.

,5 milli a prefix meaning one-thousandth (1/1,000 or 10"3).

6 miscellaneous unit a hazardous waste management unit used to treat, store, or
7 disposeof hazardouswastewhich does not fitany other unit
8 definition' such as container, tank, surface Impoundment,
9 landfill,etc. such as a geologicrepository.

10 mixed waste waste that meets the definitionof hazardouswaste under
11 New Mexico Hazardous Waste Management Regulations
12 (HWMR-6), Part II, section261.3, and also is radioactive.

13 mrem one one-thousandthof a rem,or RoentgenEquivalentMean;
14 a measure of radiationdosedefined as 100 ergs of energy
15 deposited in 1 gram of biological tissue multiplied by
16 appropriatefactorsto accountfor relativebiologicaldamage
17 " associated with varioustypes of radiation.

18 nano a prefixmeaningone-billionth(1/1,000,000,000 or 10"9).

19 overpack a container put around another container to confine or
20 containthe contentsof the innercontainer.

21 particulates fine liquid or solid particlessuch as dust, smoke, or fumes
22 foundin the air or emissions.

23 perched water table unconfined groundwaterseparated froman underlyingmain
24 body of ground water by an unsaturatedzone.

25 performanceassessment [definedin40 CFR §191.12(g)] an analysisthat identifiesthe
26 processesand eventsthat mightaffect the disposalsystem;
27 examines the effects of these processesand eventson the
28 performance of the disposal system; and estimates the
29 cumulative releases of radionuclides, considering the

Glossary 6 of9 3/92



WIPP RORAPart B Application
DO.IPP 91-005

Revision1

associated uncertainties,caused by ali significantprocesses 1
andevents.To the extent possible,these estimatesshallbe 2
Incorporated into an overall probablUty distribution of 3
cumulativerelease. 4

permeability the property or capacity of a porousrocksedimentor soil for 5
transmittinga fluid: lt is a measure of the relative ease of 6
fluid flow under unequal pressure. 7

t '' i' " ' ''

petrocalolchorizon a diagnosticsubsurfacesoil horizonthat is characterizedby 8
an induration with calcium carbonate, sometimes with 9
magnesiumcarbonate. 10

playa the shallow central basin of a desert plain, In which water 11

gathers after a rain and is evaporated. 12

polyhalite a mineral, K2MgCa2(S04)4 • 2H20, generally of evaporite 19
origin;oftenbrick-reddue to ironoxide. , 14 '

b

potablewater water that is safe and palatablefor human use. 15

process tolerance limits those charactedsUcsof a waste or waste mixture that a 16
waste management process can accommodate while 17

achieving wasteJmanagementobjectives. In the case of the 18
WIPP Project,these characteristicsare Importantin regard 19

to the near-term and long-termIsolationof the waste. 2o

qualification the process of verifying that an Individualpossesses the 21

knowledge andskillsto properlyaccomplisha specifiedtask. 22

qualificationcard the document that specifies the knowledge and skill 23
requirementsfor a specifiedtask andon whichcompletionof 24

the requirementsis recorded. 25

radiation particles or energy emitted froman unstableatomas a result 26
of radioactivedecay. 27

radiological control a standard waste box with a modified lid. 28
boundary 29

radiolysis chemical decompositionby the actionof radiation. 90
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1 radiolytic decomposition the br=_akdownof matedal into simpler compounds or
2 constituentparts bythe actionof radiation.

3 radionuclide an unstable nuclide of an element that decays or
4 disintegrates spontaneously,emitting radiation.

5 Real-Time Radiography a non-intrusivescreeningmethodwhich allowsexamination
6 of the contentsof a wastedrumor containerwithoutopening
7 the drum or container.

8 remote-handledwaste radioactivewaste that requires shieldingin additionto that
9 providedby its containerin order to protect the people who

10 handle it.

11 retrievable storageof waste ina mannerdesignedfor recoverywithout
12 loss of control or release of hazardous chemicals or
is radioactivity.

14 rockbolts metal rods or pins emplaced in the ceiling of a waste
15 disposalroomto stabilizethe ceiling.

16 seismic reflection the returnof a seismicwave incidentupon a surface to its
17 original medium.

18 solidwaste management [proposed 40 CFR §264.50,1] a discernibleunit at which
19 unit solid wastes have been placed at any tlme, irrespectiveof
20 whether the unit was intendedfor the managementof solid
21 or hazardous waste.

22 specificconductance a measure of the ability of sampled media to transmit an
23 electriccurrenL

24 standard waste box a waste container measuring approximately four feet square
25 by three feet high.

26 swipe samples the presenceof radioactivecontaminantsmay beascertained
27 by applyinga Kim-wipeR or equivalentto the surfaceof the
28 potentiallycontaminateditemandmeasuringthe radioactivity
29 of the Kim-wipeR.
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Test Phase a seriesof WIPP Project activitiesincluding axpedments with 1

TRU waste, data collection, modeling, and calculations 2
leading to compliance with the long-term performance 3
assessmentstandard defined by 40 CFR Part 191. 4

transmissivity the rate at whichwater of the prevailingkinematicviscosity 5
, is transmitted through a unit width of the aquifer under a unit 6

hydraulic gradient. 7

transuranic waste waste containing more than 100 nanocuries of alpha-emitting 8
transuranic isotopes per gram with half lives greater than 20 9
years. 10

TranSuranicPackage package designed to transport contact-handled TRU 11
Transporter waste to the WiPP site. lt is a cylinder with a flat bottom and '12

a domed top that is transported in the uprightposition. 13

volatileorganic organic compounds which vaporize at relatively low 14

compounds temperatures. Many are RCRA regulated. 15

WIPP Site Boundary the boundaryprovidinga one-milebufferaroundZone 2. 16

Zone 1 a fenced area of approximately35 acres. Zone 1 contains 17

ali WIPP surface facilitieswiththe exceptionof salt storage 18
piles, parking lot, landfill, and wastewater stabilization 19
lagoons. 2o

Zone 2 a zone ove,tyingthe maximumextent of the area available 21
for undergr'_und development at the WIPP site. 22
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APPENDIX B1

SURFACE HYDROLOGY

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer.
ence herein to any specific commercial product, process, or service.by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

FROM PREVIOUSLY PUBLISHED WIPP FINAL SAFETY ANALYSIS REPORT
SECTION 24

U.S D.partm.nt of En.rgy (DOE), 1990 tVt_t_TER
WP 02-9, Revision O, Cadsbad, New Mexico
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' 2.4 SURFACE HYDROLOGY
I II

2.4.! HYDROLOGIC DESCRIPTION

2.4.1.1 Site and Facilities

The WIPP facility lies within the Los Medanos area inthe drainagebasin of the Pecos River(Figure 2.4-1).
The headwaters of the Pecos River are located northeast of Santa Fe, New Mexico; from there the riverflows
south through eastern New Mexico andwestern Texas until itdischarges into the Rio Grande. The Pecos River

has an overall length of approximately 500 miles, a maximumbasin width of 130 miles and a to[al drainagearea
of roughly44,500 square miles(mi'). Of these, 20,500 miles" are classifiedas noncontributing. Climatic
characteristics of the basin vary from sub-humidin the mountains to semiarid at the lower elevations.

The Pecos River is about 14 miles west of the WIPP facilityat its closest point (r_vermile 430 above the
confluence with the Rio Grande), and has a drainage _ea of about 19,000miles. The slope of the Pecos

_ riverbed in this area is approximately 4.0 feet per mile."

East of the river, near the WIPP facility, which includes the Los Medanos area, no ot_.tstandingnatural drainage
features exist. A few small unnamed drainage channels constitute ali the tributaries joining the Pecos from the

east within 50 miles north or south of the WIPP facility. From the west, the princip_ tributariesjoining the
Pecos north of Carlsbad are Rio Penasco with a drainage area (D.A.) of 1,060 miles at rivermile 496 (rounded
to nearest mile), the Rocky Arroyo (D.A. ffi 64 mi2) at rivermile 475, and the Dark Canyon (D.A. = 451 mi2)
at rivermile 459. Other smaller tributaries flowing from the west are the Little Walt Canyon,Willow Draw,
Spencer Draw, and the North Seven, Middle Seven, and South Seven Rivers. Most of these tributaries originate
in the Guadalupe Mountains.2'3 Downstream from Carlsbad,the Black River (D.A. = 436 mi2)joins the Pecos
from the west at a point about 16miles southwest of the WIPP facility at rivermile 436. The Delaware River
(D.A. - 689 mi2) joins the Pecos from the west at rivermile 406 and a number of other small creeks and draws
join at various points between Carlsbad and Malaga.

In the reach between Carlsbad and Malaga (where the river is closest to the WIPP facility), the bed of the Pecos
is made up of sand and gravel. The overbanks adjacent to the main chromel consist of sandy soil dominated by
mesquite and salt cedars. In general, the right (west) bank has a steeper slope than the left (east bank) and, at a
few places, the banks are made up of bare rock. During major floods, river water spreads over a flood plain.

The Pecos River flow above Malaga (river mile 432) is regulated bystorage in several dams, includi_lgSanta
Rosa Lake (Los Esteros Dam-river mile 757), Lake Sumner (Alamogordo Dam- river mile 702), Lake Brantley
(river mile 479), Lake Avalon (river mile 467) and several other smaller upstream dams that divert water for
irrigation and power production. The locations of dams on the Pecos River and its tributaries are shown in
Figure 2.4-1. S_dient features of these structures are given in Table 2.4-1. Numerous stream gaging stations are
located on the Peeos River and s_veral of its tributaries. These gaging stations are shown in Figure 2.4-1.

lnfot_aation pe_l:ainingto several gaging stations, including average, maximum, and minimum recorded
discharges, is contained in Table 2.4-2.

The stream gaging station at Malaga, New Mexico on the Pecos River is the nearest station to the WIPP facility.
The maximum and minimum recorded flows at this station dttring the period 1938 to 1985were 120,000 cubic

feet per second (ft3/s) (August 23, 1966) and 3.7 ft3/s (October 20, 1976), respectively.4

There are no major surface water bodies located within 10 miles of the WIPP facility. Beyond 10 miles, several

O water bodies lie to the north including Laguna Gatuna, Laguna Tonto, Laguna Plata, and Laguna

2.4-1
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Toston. Ali these lakes are situated at or above a mean sea level (MSL) elevation of 3,460 feet. As the floor
elevation of the WIPP surface facilities is about 3,400 feet MSL, surface runofffrom the WIPP facilitywould not
flow north toward any of these lakes.

About four miles west of the WIPP facility, there is a topographical depression known as Nash Draw which
contains an ephemeral drainage system. This drainage carries water only during verywet years and joins the
Pecos Riverabout a mile upstream from Malaga. At its nearest point to the WIPP facility, Nash Draw i.,._about
five miles wide. The general bed elevation of Nash Draw in the vicinityof the WIPP facility is 3,150 feet MSL,
which is approximately 250 feet below the grade elevations of the WIPP surface facilities. Red Lake, located in
Nash Draw about seven miles northwest of the WIPP facility, is at 3,160 feet MSL.5

• Several brine lakes are located in southeastern Nash Draw. The largest of these, Laguna Grande de la Sal, is
several square miles in area and is a downslope catchment basin for limited surface drainage and artesian saline
water-bearing formations.6 Emptying into its northern end are a large saline spring, Surprise Spring, and the
much smaller, less saline Pupfish Spring. Only the northern third of the lake is perennial. The amount of water
in the southern portion of the lake depends strongly on the amount of precipitation that falls.7 The remaining
brine lakes, including Laguna Tres, Laguna Quatro, Laguna Dos, Lindsey Lake, and Tamarisk Flat, lie
northeast of Laguna Grande de la Sal. These lakes were formed between 1942and 1979, apparently as a result
of potash refuting and oil brine disposal in Nash Draw.7 These water bodies are located at elevations of
approximately 3,000 feet MSL.5

Scattered throughout the area near the WIPP facility are livestock watering impoundments (tanks). Some of
these include Hill Tank, Indian Tank, Red Tank, and Noye Tank.

There are no known domestic surface water users on the Pecos River downstream from Carlsbad. Most of the
surface water is used for irrigation while less than one percent of the total water withdrawn is used for industrial '
purposes. The actual amount of water diverted by any user differs from year to year. Approximate quantities
diverted in the years 1978to 1985 from Carlsbad to the New Mexico-Texas border are listed in Table 2.4-3.
Approximate allotments for 1986 in the reach from the New Mexico-Texas border to Girvin, Texas are shown in
Table 2.4-4.

Water quality in the Pecos River Basin near the WIPP facility is strongly influenced by both man caused and
natural factors. Man caused impacts on the Pecos River include irrigation water returned to the river and
wastewater treatment plant discharges. Natural sources are from groundwater inflows and by water contact
with the river banks and bottom causing dissolution of salts and other constituents.

In addition, wastewater from the potash and oil industries has been discharged into surface sediments, spoil
piles and ponds contaminating the shallow brackish aquifers and recharging existing water bodies in Nash
Draw. The land surface slope and shallow aquifer gradient around Nash Draw are toward the Pecos River. 1

The water quality of the Pecos PAver between carlsbad and Ked Bluff has exhibited increasing concentrations
of several analytes in a downstream direction. Selected water quali_ parameter concentrations per station are
presented in Table 2.4-5. Especially noteworthy are the increases in sodium and chloride concentrations.
Theories explaining these increases include contributions from groundwater inputs, irrigation return water, and
dissolution of ions from river sediments.

Results of the chemical analyses of the Pecos River water at Malaga (river mile 432) for the 1985 water year are
given in Table 2.4-6. The daily measured specific conductance and water temperatures at the same station for
the 1985 water year are given in Tables 2.4-7 and 2.4-8, respectively.

1
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2.4.2 PRECIPITATION IMPACTS

_,4.2,1 Local Precinitation Patterns--

The WIPP facility is located in the ChihuahuanDesert withan arid to semiarid climate. Precipitation in this
area varies between localities and years, but averagesroughly 12 inches per year. Mean annual precipitation
values at various locations in the region around the WIPP facility are given in Table 2.4-9. Precipitation
amounts have also been recorded at the WIPPfacility duringthe periods of May 1976to February1980, and
June 1985 to February 1987. These data are noted in Table 2.4-10, which indicates that four complete years of
precipitation data have been obtained at the WIPP facility. Using 12 inches of precipitation per year as an
average, 1977 appeared lobe a slightlydry year (9.3 inches), 1979 a normalyear (11.8 inches), and 1978 and
1986 verywet years (19.4 and 23.0 inches, respectively).

The probable maximumprecipitation (PMP) quantities during"ali seasonMand "winter"for different durations
within a 10 miles2drainage area in the vicinity of the WIPP facility are listed in Table 2.4-11. The
corresponding intensities are shown in Figure 2.4-2. The PMP determinations havebeen used to design the
drainage systems and roof loads for the surface structures at the WIPP facility (discussed in Sections 2.4.2.2 and
2.4.2.3, respectively).....

2.4.2.2 Drainage Patterns
i

In the proximity of the WIPP facility, subsurface geologic formations are covered with smoothlyrounded hills of
dune sand. Surface drahage patterns in the area are not well defined, and rainthat collects in pools between
the sand dunes is lost thiough infdtration into the sand and evapotranspiration. Vegetation generally consists of
mesquite, shinnery oak and other plants commonly found in the northern Chihuahuan Desert and southern
Great Plains. Landis used primarily for cattle grazing; however, potash miningand petroleum extraction also
occur in the area.

The general ground slope in the vicinity of the WIPP facility is about 50 ft/mi, downwardfrom the east toward
the west. The average ground slope from northto south is downward about 13 ft/mi. A topographic and
surface water divide (Antelol__:ridge) exists about 10 miles east of the WIPP facility. The activitiesassociated
with operation of the WIPP facility are not expected to alter the existingdrainage pattern of the area around the
wiPP facility.

The local drainage pattern is such that normalsurface runofffrom contributing areas north,south, and west of
the surface structures drains westward into Nash Drawwithout affecting the WIPP facilitystructures. Storm
water runoff from areas around the surface structures, including that from the east, are diverted away from the
structures by a system of peripheral interceptor diversions. As shown in Figure 2.4-3, this drainagesystem is
designed so that storm runoff due to a PMP event on the contributing drainageareas does not flood the plant.
In addition, the grade elevations of most roads, tracks, and surface facilities aredesigned so that storm water
will drain away under the most severe conditions. For example, the floors of the Waste Handling Building
(WHB) and other surface structures are 0.5 feet above the grade elevation.

__ 2.4-3
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2.4.;_.3 RoofLoad Desi_ntv

In addition to designing the WIPP facility drainage system, precipitation impacts were considered for the roof
load design of structures. To estimate the roof loads for the desisn of surface structures, the lO0-yearmean
recurrence intervalsnow load of 10 pounds per squ_trefoot 0b/ft') is used, which is the valuerecommended by
ANSI.s The adopted snow load is about 30 percent higher than the recorded monthlymaximum snowfall in
Carisbad.9

/

To prevent the undesirable buildup of standing water on the roofs of confinement structures, they are designed
without parapets. This limits the design roof load to the weight of the snowpack plus the weight of water
required to bring the snowpack to threshold condition and the water depth necessary to begin flowing over the

• edges of the rooL The weight of waterrequired to bring the snowpack (snow load of 10lb/ft') to threshold
. condition is estimated to be seven lb/_. The water depth required to initiate flow over the edges of the roof

and discharge the PMP without any holdup on the roof is conservatively estimated at two inches. This provides
an additional k:ad of 10 lb/ft2. Thus, the total roof load is estimated to be 27 lb/ft2. Design loads of buildings
are discussed furtherin Section 3.2.7.

2.4,2.4 Precinitation Losses--

The maximum, average, and minimum mean monthly temperatures in Carlsbad (26 miles fromthe WIPP
facility) over a period of 30 years (1951-1980) are given in Table 2.4-12. Generally, June, July,and August are
the warmest months (average temperature for this period is 81.2F), and December and January are the coldest
(average temperature for this period is 43.8F). 1° The record high temperature recorded in Carlsbad was 112F
(June 1902), and the record low as -18F (January !962). Wind speeds are usually moderate with the prevailing
wind from the south. The maximumrecorded wind in Rosweil was a gust of 75 miles per hour. The average
relative humidities at 5:30 a.m., 11:30a.m., 5:30 p.m., and 11:30p.m. in Roswell are 65, 36, 30, and 52 percent,
respectively.

The potentiM evaporation m the vicinity of the WIPP facility is muchgreater than the average annual
precipitation of about 12 inches. More than 90 percent of the mean annual precipitation at the WIPP facility is
estimated to be lost by evapotranspiration.7 National Oceanographic and Atmospheric Administration
(NOAA) _ecords show the average annual Class A pan evaporation rate at Lake Avalon to be 116inches, with
an average of 76 inches lost between May and October. The annual shallow lake evaporationfor southeastern
New Mexico is estimated at 80 inches. The maximumevaporation rate is typi-_dly in June while the minimum is
typically in December or January.11

In the area around the WIPP facility, the natural soll material is comprised of loamy sand of depths of as much
as 15 feet. A nearlycontinuous petrocalcic soil horizon (the Mescelaro caliche) that varies fromzero up to 10
feet in thickness12underlies the sutficial soil at the WIPP facility from a depth of a few inches tc over 15 feet.
The petrocalcic horizon forms by the precipitation of calcium carbonate at the limits of soil moisture
penetration and formsan extremely impervious barrier. Thus, little, if any, soil moisture inf'dtratesbeyond this
horizon.13 P_'ellmlnaryinvestigations _ndicatethat natural breaches of this horizon amount to only a very small
percentage of the area underlain by it. Even under conditions of a rare, locally intense precipitation event
which raightcause deeper than average inr'titration,the petr_alcic horizon is "anadditional obstructionto
infiltrating and recharging the underlying beds."12Whure the petrocalcic horizon is close to the surface, a mat
of plant roots forms on top of it. Almost ali the infdtratingwater that reaches the petrocalcic layer is retained
above it and is typically lost by evapotranspiration.

The above discussion indicates that precipitation losses due to evaporation in the basin are high; therefore, the
runoff coefficients are low. The mean annual runoff in the region is only 0.1 to 0.2 inch.7

2.4-4
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2.4.3 PROBABLE MAXIMUM FLOOD (PMF) NEAR THE WIPP FACILITY

2.4.3.1 Flood History

Floods on the Pecos River can be generated by: (1) frontal storms that produce large runoffvolumes and high
flood peaks; (2) thunderstorms (convective storms) that produce small runoffvolumes but veryhigh peaks; and
(3) snowmelt in the mountainous portion of the drainage area that produces large runoff volumes, but relatively
lowpeaks.

Between the confluence of the Rio Hondo with the Pecos River (rivermile 566) and rivermile 484 (location of
the former M':MillanReservior, now p_t of Lake Brantley), the channel capacity of the Pecos River, without
anyoverbank flooding, is about 8,500 ft°/s. In the reach between rivermile 484 and the confluence of Dark
Canyon near Carlsbad (river mile 459), the channel capacity is estimated to be 50,000 ft3/s. From the
confluence of Dark Canyon to Red Bluff reservoir (river mile 411), the channel capacity is approximately 20,000
ft3/s.2

Large floods are reported to have occurred on the Pecos River in 1893, 1904, 1905, 1915, 1916, 1919, 1937, 1941,
and 1966. 3'4'14 No data are available for the 1.893event. The earliest flood forwhich discharge information is
available occurred on October 2, 1904 following the faille of Avalon Dam. This flood was caused by a storm
that lasted five days and covered the upper catchments of the Pecos River, Rio Hondo, Rio Felix, and Rio
Penasco. The runoff generated by thatstorm caused floods throughoutthe Pecos Riverbasin, and duringthe
flood, the peak flow at Avalon gaging station (river mile 466) probablyexceeded 90,000 ft3/s. The
corresponding riverstage is not available. The riverstage at Red Bluff duringthis flood (river mile 411) is
reported to have reached 28 feet (gage datum = 2,850.05 feet).

Based on the records of the gaging station at Carlsbad (river mile 459), there was another majorflood on July
25, 1905,when the peak flow of the Pecos reached 54,900 ft3/s. The fourth and fifth majorfloods of the Pecos
were on April 17, 1'915and August 7, 1916,when the peak flows at the Carlsbadgaging station reached80,000
and 85,700 ft3/s, respectively, withregulation by the McMillan andrebuilt Avalon reservoirs. Another flood
occurred in September 1919, when the riverstage at the Malaga gaging station, approximately27 miles
downstream from Carlsbad (river mile 432), was recorded at 29.4 feet (gage datum -- 2,895.64 feet), The
corresponding discharge was 40,400 ft3/s.

Another major flood on the Pecos River is reported to have occurred on May 30, 1937, when the peak flow at
Artesia (river mile 504) and Lake Arthur (river mile 522) was 51,500 ft3/s. The corresponding stage at Lake
Arthur was 21.77 feet (gage datum -'-3,327.07 feet). The area in the vicinityof Carlsbad was flooded again on
May 22, 1941, when the peak flow at Dam site three (river mile 474) reached 60,000 ft3/s with regulation by
Alamogordo (Lake Sumner), McMillan, and Avalon reservoirs. This flood resulted from intense rainfallover
the drainage area of the Pecos River upstream of Red Bluff reservoir. It produced a stage of 35.1 feet at
Malaga.

The highest flood of record (through 1986) on the Pecos River occurred on August 23, 1966, when the
discharge and stage at Malaga were 120,000 ft3/sand 42.1 feet, respectively,with regulation by the Alamogordo,
McMiUan,and Avalon reservoirs. The water surface profile of the Pecos River in Carlsbad duringthis flood is
shown in F'%,m'e2.4-4.

The flood frequency curve of the Feces River at Malaga is shown in Figure 2.4-5. An additional curve is
included in this figure to show the attenuation at Malaga expected to be provided by the Brantley reservoir.
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2.4.3.2 Flood Desin Considerations

As noted earlier, the WIPP facility is approximately14 miles from the Pecos River. The general ground
elevation in the vicinity of the surface facilities (approximately 3,400 feet MSL) is about 500 f_t above the
riverbed and over 400 feet above the floodplain. As discussed in Sections 2.4.3.3 and 2.4.4, a probable
maximumflood (PMF) or floods induced by potential dam failures on the Pecos River or its tributariescannot
raise the water level 500 feet to endanger the WIPP facility. Therefore, as far as the potential for flooding from
the Pecos River is concerned, the WIPP facility is categorized as a _drysite?

In the past, the Pecos River has maintained a reasonablystable course in the vicinity of the WIPP facilityand
does not exhibit any marked tendencies to shift several miles east or west. This stabilityis demonstrated by the
narroww_dthof alluvial deposits along the river'sfloodplain. Therefore, because the horizontal and vertical
separations between the WIPP facility and the riverare both large, any change in the rivercourse accompanied
by bank erosion during unprecedented future floods could not affect structures at the facility.

The nearest watercourse to the WIPP facility is Nash Draw, an irregulardepression about four miles from the
WIPP facility. Its bed is about 250 feet below the site grade. In view of the large horizontaland vertical
separation, it is inconceivable that the PMF of Nash Draw could affect the WIPP surface structures.

As _'hewiPP facility is categorized as a dry site, it was not considered appropriate to develop a discharge
hydrographusingcomplex basin and stream course response models. Developing detailed computations for
providing a water surface profde were also not deemed necessary. However, brief discussions concerning PMF
flow and water level determinations are contained in the following two sections.

2.4.3.3 Probable Maximum Flood (PMF) Flow

The peak flow of the Pecos River during a PMF near the WIPP facility was estimated using the conservative
approach suggested in Appendix B of the NRC RegulatoryGuide 1.59.15The WIPP facilitylies just west of the
1O3rdmeridian. The regional isolines of PMF peaks shown on the maps of Appendix B of the NRC Regulatory
Guide extend slightlywest of the 103rdmeridian; however, they are recommended to be used for areaseast of
the 103rd meridian. In view of the proximity of the WIPP facility to the 103rdmeridian, it is considered
reasonable to use the extrapolated portions of these isolines. This gives a PMF peak flow for the Pecos Riverof3 2
1,350,000ft/s near the WIPP facility for a drainage area of 19,000 mi.

In Table B.1 of Appendix B to Regulatory Guide 1.59 the estimated PMF flow of the °ecos River at the Los
Esteros Dam (D.A. = 2,430 mi2) is shown as 352,000 ft3/s. The same table indicatc_ the PMF flow at
Alamogordo Dam (D.A. ffi 4,39Cmi2) to be 277,000 ft3/s. Both values are less than 60 percent of the values
estimated from the extrapolated portions of the isoUnemaps fromAppendix B of Reference 15. lt is, therefore,
concludeta tJ_atthe 1,350,0(_0ft3/s value obtained from the extrapolated portion of the isoline maps for a
drainage area of 19,000mi" is conservatively large.

2.4.3.4 Water Level Determinations

The rating curve of the Pecos River at the United States Geologic Survey (USGS) gaging station 08406500near
Malaga, New Mexico is shown in Figure 2.4-6_ Since this rating curve does not extend beyond a discharge of
25,000 ft3/s, its extrapolation to the PMF peak flow of 1,350,000ft3/s is not appropriate. Therefore, the water
surface elevation corresponding to the PMF peak flow was estimated by the slope area method using
representative cross sections of the Pecos River applicable to the reach near Malaga. Three cross sections of
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the Pecos Rivernear Malaga are shown in Figure 2.4-7, The water surface elevations of the historic flood of
August 2341966 are marked on these cross sections, whichwere used by the USGS to estimate the peak flowof
120,000 ft°/s that passed down the Pecos on August 23, 1966.

To compute the conveyances of the cross sections shown in Figure 2.4-7, the USGS divided each of these cross
sections into four subsections. The values of Manning's n used foreach subsection areshown in Table 2,4-13.
Based on a comparison of the photographs of the Pecos riverbedwith those availablein the literature16for
knownvalues of 11,the USGS values of Table 2.4-13 are considered reasonable.

The average water surface slope of the Pecos River in Carlsbad during the flood of August 23, 1966was 0.00095
(see Figure 2.4-4). The average water surface slope, based on high-water marks near Malaga recorded by the
USGS for the same flood, is 0.00123. The energyslopes used by the USGS for its estimates of the flood
discharge of August 23, 1966, for two consecutive reaches of 752 feet and 645 feet withbeginning and ending
cross section shown in Figure 2.4-7, are 0.00113 and 0.00161,respectively. In view of these values, it is assumed
that the average energyslope during the eMF on the Pecos River would be about 0.001, i.e., 5.28 ft/mi. For the
three cross sections of the Pecos River near Malaga (Figure 2.4-7), weighted average values of Mannlng's a are
computed using the equation:

AR2/3

ll_ _ AIRt2/3,,
i-1 ni

where

A = totalcross sectional area

R -- hydraulicradius of cross section, in feet
m -_ number of subsections in which a cross section is divided

Ai = Area of the ith s_,bsection

ni = Manning's roughness coefficient applicable to the ith subsection
Ri - hydraulic radius of ith subsection, in feet

Using the average of the weighted roughness coefficients computed previously(Table 2.4-13) and an average
energy slope of 0.001, the water surface elevation corresponding to the PMF peak flowof 1,350,000ft3/snear
the WIPP facility is estimated to be 2,980 feet MSL.

].4.3.5 Flooding Protection Reouirement

As calculated in the previous section, a veryconservativeestimate of the highest water surface elevation in the
Pecos River duringa PMF is 2,980 feet MSL. This is about 420 feet below the floors of the surface structures at
the WIPP facility, which have an elevation of approximately3,400 feet MSL. The horizontal and vertical
separations between the Pecos River floodplain and the WIPP facilityare great enough that floods in the Pecos
River cannot affect the surface structures at the WIPP facility. Accordingly, there areno flood protection
requirements for the WIPP facility. In addition, as stated in Section 2.4.2.2, the WIPP f_lcilitydrainage
structures will be designed so that ponding duringa PMP event does not affect the surfacestructures.
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2.4.4 OTHER POTENTIAL DAMAGE CONSIDERATIONS

2.4.4.1 Potential Dam Failures (Seismically Induced

Major dams on the Pecos River and its tributaries upstream of the WIPP facility(Table 2.4-1) are the Los
Esteros Dam (Santa Rosa Lake) at rivermile 757, Alamogordo Dam (Lake Sumner) at rivermile 702, Brantley
Dam at river mile 479, Diamond A and Rocky Dams on the Rio Hondo and Rocky Arroyo, andAvalon Dam at
river mile 466.

Los Esteros is an earthfiUdam with a storage capacity of 447,100 acre feet. It is an irrigationand flood control
, reservoirbelonging to the U.S. Army Corps of Engineers, located about 327 miles upstream from the WIPP

facility. Sumner Lake (Alamogordo Dam) is an irrigationand recreation reservoirwitha storage capacity of
101,600acre feet located about 272 miles upstream of the WIPP facility. A flood wave generated by the seismic
failure of these dams would be greatly attenuated during its long passage over the wide floodplains of the Pecos
River and is not likely to produce a flood peak comparable to the PMF at the WIPP facility. Also, such a flood
wave is unlikely to retain sufficient energyto cause a domino type failure of the Brantley and Avalon Dams
which are, respectively, 218, 223, and 235 miles downstream from the Alamogordo Dam.

Diamond A and Rocky Dams on the Rio Hondo and the Rocky Arroyo Rivers, respectively, have a combined
capacity of 166,200 acre-feet and are more than 145 miles upstreamfrom the WIPP facility. Downstream from
the confluence of the Rio Hondo and the Pecos River is BrantleyLake. Brantley Dam, which is about 49 miles
upstream from the WIPP facility, has a storage capacity of 340,360 acre-feet. Lake Avalon, located about 37
miles upstream from the WIPP facility, has a storage capacity of 4,330 acre-feet. The heights of these dams vary
from 40 to 212 feet (Table 2.4-1). A flood wave generated by the failure of one or more of these dams would be
attenuated by the valley storage over a river length of 37 miles or more before reaching the closest point to the
WIPP facility, lt is inconceivable that this attenuated wave could create a water depth of 420 feet and spread a
distance of 14miles laterally to affect surface structures at the WIPP facility. Thus, a detailed analysis of the
effect of potential dam failures on the flood conditions at the WIPP facility is not considered necessary.

_2,4.4.:_ CQincident Win_l Waye and Tsunamis C0nsi_leratiol_s

Since the PMF estimated elevation (2,980 feet, MSL) is about 420 feet below the floors of the surface structures
(Section 2.4,3.5) and the WIPP facility is about 14miles from the river, wind wave runup is not a concern. In
addition, since the WIPP facility is far from any major lake or ocean, the consideration of surges or tsunamis is
not relevant. Therefore, detailed calculations concerning either event are not considered necessary.

.2,4.4.3 lee Floodin2 w

None of the historic floods described in Section 2.4.3.1 were caused by ice jams on the Pecos River or its
tributaries. There are no records of prolonged water surface freezing or of major ice jams in the basin.
Therefore, ice jam flooding is not considered relevant.

Temperature records over a period of 30 years (1951-1980) in Carlsbad indicate that, on the average, 74 days in
a year have temperatures that drop below 32F. Days with subzero temperatures are extremely rare. The
50-percent probability for a freeze free period is 223 days in a year. 1° Thus, the possibility of major ice
formation in the river near the WIPP facility is very improbable.

0
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2.4.4.4 Environmental Releases of Effluents

Any liquid effluents identified as liquid radwaste to be disposed at the WIPP facility as site-generated waste are
expected to have very low concentrations or levels of radioactivity(Section 5.4). Liquid radwaste will be stored
in tanks located within the WHB and solidified for emplacement underground. There are no normal or
credible accident scenarios that will result in a release of liquidradwaste into the groundwater or surface water
environments. However, in the unlikelyevent of an accidental spill from any of the tanks, the effluents would be
contained within spill walls inside the building, Also, no liquid effluents are to be discharged fiom the WIPP
facility into the Pecos River. Thus, it is concluded that the accidental release of effluents from the WIPP facility
will be contained and will not have an adverseeffect on the groundwateror surface water environments.
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TABLE2.4.4

SURFACE WATER USERS ON THE PECOS RIVER BETWEEN NEW MEXICO-TEXAS
BORDER AND CONFLUENCE AT GIRVIN, TEXAS*

APPROXIMATEMAXYTMENT

(ACi_FT/Y)

USER (BASEDON 1986FIGURES) PURPOSEi i i i ii i i i

LovingCounty Water Improvement 620 Irrigation
District No. 1

ReevesCountyWaterImprovement 1,760 Irrigation
DistrictNo. 2

Ward County WaterImprovement 1,660 , Irrigation
DistrictNo. 3

WardCounty Irrigation 4,740 [rrigatton
District No. 1

Ward County Improvement 5,.500 Irrigatton
District No. 2

PecosCountyW_terImprovement 3,060 Irrigation
DistrictNo.2

t

Pecos CountyWaterImprovement 2,660 Irrigation
DistrictNo. 3

i

iii I III

*Information provided by penoeml communicationwi_hJohn H_yes of the Red

BluffWaterPowerCohU'ol_ Pecm, Texas
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TABLEZ.4.$

SELECTED WATER QUALITY PARAMETERS FOR SAMPLING STATIONS ON THE
PECOS RIVER*

BASEDON DATAoB'rAINED DURINGWATERYEAROCTOBER19115.SEPTEMBER1986

mssm.v soum C0SC.AON .......
APPIIOXIMATIgFLOW

STATIONNO. tryst MBE (e_m,,,,,,, _ _NlCS_ SODnJM SULYATECHLORIDEi illl| ii I iii i i i i i

Caxlsbad(3) 459 30.7 350 120 350 1100 590

Malaga 432 67.8 500 180 7'70 1600 1400

Pierce Canyon 426 66.9 500 2101 600 1800 2700

, Crossing

Red Bluff_4) 41.1 70.5 " 510 220 1800 2000 3500

iii I i

"Data from Water R_ Data, New Mexico, water YearL985,U.S. Geological SurveyWater-DataReport
_-SS-t (1986).

(l)Mean value. Samplescollected 12 times duringyear;roushlyevery30 days.

, (2)Me,an value forwateryear.

(3)Flowmeasuredat alocatim 0.1 miles dowmtxeamfrommouthof Dark Draw, waterqualitysamples
obtained 0,2 milesupstreambom DarkCanyon Draw. ThistributaryhadaoC_fI_forwateryearZ985.

C4)Meanvaluefordissolvedsolidsconcentrationsof fryeor sixcollectionsmade duringthewateryear.

@
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Table2.4.6 PageIof2

WATER QUALITY DATA OF THE PECOS RIVER NEAR MALAGA, NEW
MEXICO-BASED ON WATER SAMPLES COLLECTED DURING WATER YEAR

OCTOBER 1984 TO SEPTEMBER 1985

(AliUnlmtam8/1Unt,mOther,,_Indited)
FLOW pH DISSOLVED IL4JtDNESS CALCIUM MAGNESIUMSODIUM POTASSIUM SULFATE

DATE (cb) (FIELD),, OXYGEN ASC.aCO_ ASCa" ,ASMI_, ASNas ASK" A.SSO4llll I I i

10-04 75 8.0 8.6 1600 410 140 560 11 L3_
10-30 69 8.2 10.3 1900 460 180 630 ' 8.2 1500
i2-11 59 8.3 142 2000 500 190 760 11 1600
12-31 69 8.4 13.9 1700 430 150 700 9.1 1600
2-05 130 8.2 11.6 1800 480 150 510 6.5 1400
3-13 49 8.3 13.2 2000 490 190 800 II 1600
4-02 64 8.6 ii.8 2200 550 200 890 15 1900
4-30 53 8.5 8.9 2100 530 200 830 15 1400
5-30 45 8.2 8.6 200 490 190 720 11 14_0
6-27 57 7.8 8.8 2200 550 210 840 15 1800
8-06 29 8.1 -- 2000 530 160 740 14 1900
9-05 34 8,0 8.1 2500 630 220 1200 25 2200

TOTAl, TOTAL
NITRrrE+ AMMONIA ORGANIC

FLOW pH CHIX)RIDIE I_UORIDE SIIJCA NITIUTE NITROGEN NITROGEN
DATE (e_) (FIELD) A8CL" A/iIrt ASS_ ASN AS N AS N

10-04 75 8.0 1100 0.70 15 0.96 ......
I0,,30 69 8.2 1200 0.80 13 1,4 0,180 0.52
12-11 59 82 1300 0.80 11 1.8 0,210 1.6
12-31 69 8.4 1200 0.70 13 2.1 0.230 lJ
2-05 130 8.2 950 0.70 12 1.5 0.210 0.79
3-13 49 8.3 1.300 0.80 4.7 0.28 0.210 1.6
4-02 64 8.6 1600 0_0 5.7 0.94 0.290 0.11
4-30 53 8_ 1700 0.80 6.9 0.42 0.310 1.2
5-30 45 8.2 1200 0_0 12 0.25 0.210 1.4
6-27 57 7.8 1600 0.80 7.1 0.50 0.31)0 lJ
8-06 29 8.1 1400 0.80 16 0.58 0.200 1.9
9-05 34 8.0 2300 1.0 18 1.2 0.280 1.6

I _ r

Data from Water ReaourcesData,New Mexico,Water Year 1985,U.S.G.S.Water-DataReportNM-85-1(1986)

SpecificCoaductance andTemperatureData are presented inTabl_ 2.4-7and2.4-8, respectively.

'Dissolved component.

..Indicates no data available.
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Table ;2.4-6 Page 2 of 2

WATER QUALITY DATA OF THE PECO$ RIVER NEAR MALAGA, NEW MEXICO
BASED ON WATER SAMPLES COLLECTEDDURING WATER YEAR OCTOBER 1984

TO SEPTEMBER 1985
i

(AJIUniuinmMU_ OtM_ indlcsted)
TOTAL OErHO

FLOW pH PHOSPHOROUS PHOSPHOROUS BORON IRON
DATE (ell) (FIELD) A8 P AS po ASB• ASFE"
i iii ii emil ii

10-04 75 8.0 --- 0,310 0,030
10-30 69 8.2 0,400 0,100
12-11 59 8.3 0.160 0.390 0,080
12-31 69 8.4 0.190 0.060 0360 0,060
2-05 1_30 8.2 0.130 0.LS0 0.240 0.040
3-L3 49 8.3 0.1.50 0.380 0.050
4-02 64 8.6 0.140 0.470 0.050
4-30 53 8.5 0.110 0,440 0.040
5-30 45 8.2 0.020 0.020 0,410 0.050
6-27 5"7 7.8 0.100 0.020 0.410 0.100
8-06 29 8.1 0.060 0,020 0.410 0.190
9-05 34 8.0 0.0d0 0.010 0.560 0.260

-- II

O
Data fromWa_erResourc_ Data, NeWMexico,Water Year 1985,U.S.G.S.Water.Data Report NM-85-t (1986)

Specific Condmaanc_andTemperature Data are presented inTables 14-7 and14-8, respectively.

'Dissolved component.

..Indicates-odam available.
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TABLE 2.4-'/ Pagr I of 2

SPECIFIC CONDUCTANCE (MICROSIEMENS/CM AT 7.5 *C) OF THE PECOS RIVER

NEAR MALAGA, NEW MEXICO BASED ON ONCE-DAILY OBSERVATIONS FOR
' WATER YEAR OCTOBER 1984 TO SEPTEMBER 1985

DAY OCT NOV DEC JAN FEB MAR &Plt MAY JUN JUL AUG SEP
jj - ii I JJJgJJ , j j

1 5310 5950 5750 5740 4550 5360 7220 6990 6410 7570 7470 84tO

2 4870 5790 5700 5720 4670 5570 7140 7080 6650 7680 7350 '8500

3 5010 5780 5700 5720 4770 5610 6650 7110 6860 7640 7030 8320

4 5280 5790 5680 5700 4810 5740 6740 6930 6860 7360 5790 8360

5 5480 5770 5710 5740 4920 5720 5550 6170 6900 7580 6360 8110

6 5610 5750 5690 5730 4990 6000 6310 6050 6940 7830 7180 8000

' 7 5480 5740 5660 5740 4990 5780 6870 6220 6390 7860 6350 6990

8 5370 5730 5650 5790 4990 5870 72.50 6420 6870 7830 6190 6620

9 5390 5820 5970 5830 4860 6120 7420 6610 7050 779(} 7160 5200

10 5380 5770 6160 5900 4910 6100 7440 6360 7140 7850 7460 5850

,tl 57_ 57_ 62/_0 5750 4890 6030 _50 _ 7000 7780 76430 6080

57_ 5750 _20 5800 4960 61_ 7030 6940 642 7640 _ 66(30

_40 5730 6410 5740 4960 _ 7060 7220 6740 7660 73_ 6740

14 5600 5740 6410 _40 5040 6370 6720 6940 7040 7940 7110 6310

_70 5740 6340 5680 5_ 64_ 6'790 70607080 7820 _30 4460

16 5510 5720 5760 5690 _ 6450 6810 7500 7210 7840 5810 5620

17 5590 5710 5630 5580 4970 6610 6750 6900 7340 7920 6850 6040

18 5740 5770 5590 5480 4930 6870 6730 6690 7400 7910 6860 6350

lf_ 5900 5760 5.540 5380 4960 7060 6820 6750 7500 7950 6650 3430

20 50_ 5800 55809 5240 4930 7090 6920 6110 6830 8080 7270 2630

III III I I II

Water Re_mtrces Data, New Mexico, Water Year 1965, U.S.G.S.

Water Data Report, NM-8$.I (1986)

.- Indicates no data available.
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TABLEZ.4-7 Pap 2 of 2

SPECIFIC CONDUCTANCE (MICROSIEMENS/CM AT 25 *C)OF THE PECOS RIVER
NEAR MALAGA, NEW MEXICO BASED ON ONCE-DAILY OBSERVATIONS FOR

WATER YEAR OCTOBER 1984 TO SEPTEMBER 1985

DAY OCT NOV DEC JAN FEB MAR &PR MAY JUN JUL AUG SEP
i l ii l i l I i ii iii i iii llllill i

21 5410 5840 5520 5110 4930 6880 6910 5960 6920 7900 7290 2750

22 5490 5880 5540 4960 5030 6670 6980 6180 7330 8110 7740 _ 10

" _ 4820 5830 5580 4900 4960 6770 7160 6340 7270 8180 7870 3280
J

24 5400 5830 5580 4840 4930 6760 7320 6130 6740 8220 7500 3820

25 5430 5780 5580 4660 4900 6610 7440 6130 5800 8460 6770 4230

26 5440 5680 5590 4500 4810 6550 7520 6370 7260 8360 6410 4580

27 5670 5670 5690 4_10 5110 6610 7210 6360 6740 6830 7290 4840

28 5760 5740 5780 _440 5200 6850 6840 6440 6920 .... 5140
29 5810 5"720 5790 4430 -- 6980 7050 6550 7140 6930 6770 5370

30 5840 5750 $820 4490 -- 7090 6980 6550 7350 7210 7200 5530

MEAN 5490 _TT0 5800 $320 4940 6390 6950 6580 6949 7770 6990 5690

WATER YEAR 1985 MEAN 6220 MAX 8.500 MIN 2510

, I I III ii,ii

WaterResources Data,New Mexico,WaterYear 1985,U.S.G.S.

Water Data Report, NM-83-1(1966)

-- Indicatesno data available.

@
14-19

MAY 1990



' WP 0;.9

WIPP FSAR Rev. 0

TABLE 2,44 Page 1of 2

DAILY TEMPERATURE WATER (* C), OF THE PECOS RIVER NEAR MALAGA, NEW

MEXICO BASED ON ONCE-DAILY OBSERVATIONS FOR WATER YEAR OCTOBER

1984 TO SEPTEMBER 1985

DAY OCT NOV DEC jAN FEB MAli API[ MAY JUN JUL AUG SEP
I IIIII I i , I_ ii iii ii i

1 19,0 18,0 9,0 10,0 6,0 i2.5 1.5,0 25.5 23,0 24,0 27,0 _,0

2 17.5 17,0 10.0 7,0 5.0 13.0 1.5,0 23.5 26,0 25,0 28,5 _,0

3 19,0 15,0 9.5 7,0 5.5 1.5,0 16,0 21.0 27.0 25,0 28,0 30,0

4 19.0 133 8.5 8,0 6.0 12.0 18,0 23.5 27.0 26,0 32__5 29.0

• 5 19,0 1.5,0 8.0 8.0 7,0 12.0 17,0 24,0 253 27.5 27,0 _,5

6 20.0 1.5,0 7,0 8.5 6.5 13,0 17.0 23.0 22.0 25,0 27.5 24,0

7 19.$ 1.5.0 7.0 8.5 7,0 17,0 19,0 26,0 24,0 29,0 30,0 24,0

8 22.0 1.5,0 9.0 10.0 7.0 1.5.0 17.5 28.5 ?5.5 28,0 31.0 25,C

9 19.5 16.0 10.0 102; 8.0 l'J.5 16.0 25.0 26.5 29,0 28,0 25,0

I0 21,0 14,0 10.0 8.5 9,0 17,0 16.5 24,0 27,0 27,0 26,0 28,0

11 21.0 13.5 10.0 9.0 9,0 17.5 19,0 21,0 27,0 26,0 25,5 25,5

12 20.5 13,0 11.0 7,0 8.5 16.0 22.0 21.0 25,0 30.0 Z5,5 25,5

13 20.0 13.5 12.0 6.0 9.0 17.0 20,0 21.0 23.0 27,0 26,0 _,0

14 18.5 14,0 10.0 7,0 9.0 15.0 20,0 24,0 28.0 27.5 29,0 _,0

1.5 19,0 13.5 8.0 7,0 9.0 14,0 19.5 24.5 27.0 28,0 26,0 _.5

16 19.5 13.0 8.0 8.0 9.5 13.0 25'0 22.0 26.5 27.0 233 23,

17 19,0 13,0 9.0 6.5 11.0 14.0 21.{3 21,0 30.0 29.5 28.0 24,0

18 17..5 123 9.0 7.0 11.0 14.0 21..5 21.0 273 27,0 26.5 25,0

19 16,0 12.0 10.0 8.0 11.5 16,0 20..5 21.5 26.0 27.0 283 233

20 16.5 12.0 IL0 7.0 12,3 13.0 19.0 25.0 24..5 26.5 27.5 24,0

.... I II II

"Water Remmcm Data, New Me._:o, Water Year 19_, U.S.G.S Water Data Repon NM-85-1 (1986)

.-Indie_e_ao dataavailable.
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TABL£ g.6-8 Page 2 of 2

DAILY TEMPERATURE WATER (*C), OF THE PECO$ RIVER NEAR MALAGA, NEW
MEXICO BASED ON ONCE.DAILY OBSERVATIONS FOR WATER YEAR OCTOBER

1984 TO SEPTEMBER 198.q

DAY OCT NOV DEC JAN FEB MAlt AFR MAY JUN JUL AUG SEPI llll " i I I iii I iii i i

21 16..5 11.0 11-5 6,0 13-5 12.0 20,0 21.0 27,0 25,0 27,0 22,0

22 16,0 I0,_ I0,0 4-5 143 14.5 20.0 22.3 26,0 28,0 30,0 ---

23 14,0 10.0 9-5 6.3 14,0 14.0 20,0 22.0 253 26,0 29,0 23,0

24 13.0 10.3 i0,0 6,0 13,0 13.0 21.0 23,0 27,0 26,0 26,5 22,0

25 13,0 9,0 9,0 7.5 12.0 18,0 20,0 24,0 26-5 27.0 26,0 22,0

26 13-5 11-5 9,0 8..5 12.3 17.0 20.0 24,0 25-5 26,0 25,0 22.0

27 13.5 10.0 9,0 9.0 12.0 16,0 19,0 24,0 25.0 263.5 26,0 22,0

28 13.0 9,0 10.0 8-5 12.0 16-5 21.0 26,0 26-5.5 ..... 21.5

29 13.0 10.0 12.0 8-5 -- 16-5 19,0 24.0 24,0 26,0 28.0 20,5

30 18.0 9.0 10.0 93 -- 14,0 20,t/ 25,0 23-5 29,0 28,0 17,5

MEAN 17.$ 13.0 9.$ Sl} 9.$ 15,0 19,0 Z3.$ 2600 27,0 27.._ 21,0

WA'r ER YEAR 1985 MEAN 18-5 MAX 32.5 MIN 4-5

I IliII I i iii iiii I

"Water Resources Data, New Mexico, Water Year 1985, U.S.G._ Water Data Report NM.85-1 (1986)

.-ladiC,a_esao dataavailable.
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TABLE 2.4-9

AVERAGE PRECIPITAION AMOUNTS AT LOCATIONS NEAR'THE WIPP FACILITY,

1878 tbrouldz 1982

MEAN ANNUAL

PRECIPITATION

STATION (Iu) YEARS OF RECORD THROUGH 1982iiilU II II ii I iii i ]1 i

Chaves County

Roswell 10.61 1878through1982

,_Id._Zaamz

A.rtesia 10.44(bl) 1905through1907,1910through1982
Carhbad 11.91(N) 1889,1891,1894through1948,1951,1953through1982
CarisbadFAA 11.P_(M) 1949through1982(1955through1980)
DuvalPotash 14.21(M) 1955through1967,1969through1982(1955through1982)
LakeAvalon II.01(N) 1914thxou6h1978

_J Lakewood 9,67 1912 through 1928
Loving 11.88(M) 1918 through 1939, 1945

Otis 11.84(M) 1901 through 1913WIPP 1353 (M) 1976through1980(1977through19"79)

[z,a.£.oumz

Eunice IZ4_.(M) 1929fl_'ough1935(1931through1933)
Hobbs 14..Wi(N) 1913thz'ough1930,1932through1935, 1938 through1982

Jal U.67(N) 1919 through 1921, 1923 through 192% 1932 through 1933,
1941_ou6h 1982

Maljamar 14._1(M) 1947through 1982 (1955 through 1982)

Ochoa 11.17(N) 1943 throug_ 1946, 1949 through 1950, 1953 through 1982
Pearl D.$2(N) 1906 through 1908, 1917, 1919 through 1922, 192% 1930

throush 1948, 1950, 1952 through 1982

I " III Illl
=

_, N = Normal precipitation (Le., meanof ymu_ 1941through1970,_= byNOAA).

M = Mean precipimion for the yeantbuffeted iu parentheses or for total years of record.

Adapted from Hunter (1985). Compiled from Geohydrology Associates, 1978; National Resources Planning
, Board.,1942;_,',dNOAA.

2,4-22
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TABLEZ.4-10

MONTHLY AND ANNUAL PRECIPlTAION SUMMARY FOR THE WIPP FACILITY

(INCHES)

YE_t j_ _ _ _B _Y JUN JUL AUG snr OCT _OV DEC _NU__ I I I I I llI I I I III IIIIII I I

1976(I).... 1.5 Ol 1,9 1,1 3.3 0,7 0.I 0,0 --

1977(I) Ol 0,I 0.4 0.5 1.4 I,I 0,7 0,6 2.1 ,2D 0,2 O,O 9,3

i978(1) 0,1 0,4 0.1 0.2 1.6 3.7 0,6 2.0 5,2 1.3 3.5 0,7 19,4
1979(I)0,I 0,6 0,I 0.2 2.2 1.7 3.2 2.0 0.3 0.0 0,2 l,O 11,6

1980(I)0.8 0,2 .....................

1981...........................

1984

1985(2) ...... 1.9 2.0 1.1 7,4 1.6 0.1 0.0 --
1986(2) 0.1 0.4 0,0 0.0 0.9 7.6 1.9 2.2 3.8 0.4 0,9 1.1 19,3

1987(1)0.i 0.I 0.7 1.2 3_ 1.0 0.I 4-5 0.7 OrS'r 0.3 0.7 13,6

1988(2)0.0 0,0 1.3 1.7 2.8 0.1 3.4 3.4 2.8 0.0 0.0 0.I 16.5

1989(2)0.I 1.5 0,1 0.0 0.1 3.6 1.0 2.6 1.0 0.0 0.0 0,4 9.8

iii , i

..Indicates precipitationdata '.vunot collected.

(DAdalXedfromHuater(1965).BatedoadatafromMatejkg1977;Pocalujka,Babj,andChurch,1979a.b,c;and
Pocrdujka,Babij,Catizone, andChurch,1980a,b; 1981a.

(2)Datafrom AnnualSite P.avlroameutalReports forthe Waste IsolationPilot Plant for the applicableyear.

2.4-23
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TABLE 2.4.11

ALL SEASON AND WINTER PMP FOR A DRAINAGE AREA OF 10 SQUARE MILES
AROUND WIPP FACILITY

,,. pMP _IwvI'w _INt_m;'_ i_rl'EN_rrY tL_qCI4V_eCHOUR_
SEASON AlL SF.,ASON WINTER ALL,SEASON ALL SEASON WINTER

DURATION (1) (2) (2) (L) (2) (2)
iii Ii

48Hours 36.9 36.3 21.5 0.8 0.8 0.5
24Hours 34.0 32.5 18.4 1.4 1.4 0.8
12Hours 29.8 30.5 14.9 2.5 2.5 1.2
6 Hours 2.5.0 25.5 11.8 4.2 4.3 2.0
1Hour 14.5 -- -- 14.5 ......

30Minutes II.0 6.9 3.2 22.0 13.8 6.4
1.5Minutes 8.4 5.0 2.3 33.6 19.8 9.2
I0Minutes 6.9 3.9 1.8 41.4 23.6 10,9
5 Minutes 5.0 2.6 1.2 60.0 30.6 14,2

.o II II

(1)ProbableMaaimum Preci_tafioa _tes-United States Between the Continental Divide and the tO3rd
Meridian,Hyclrometeorolo_i:alRel_ortNo. 55,U.S. Delutrmaentof Commerce,(National WeatherService)z...U.S.
Deparetmentof Army.(Corl__of F_,n_rs), and U.S.Department of Interior(Bureau of Reclamation), biiver
Spnng, MI). 1984 (rene4 1987).
(2) • •SeasonalVanauon of theProbableMa._mumPrecipitationEastofthe 1.05rhMeridi.apfor..are_fromt0to t.000_

Square Miles and Durationsof 6, 12,24, and _ hours,Hydrom_eorolo_c_..._q .I?o__o.2_ _._..,_c1_a_LmentoiCommerce,Weather Bureau andU.5. Dept. of Army,_orFa oi r,ngmeers,waanmgton, ut, _Apru,t = ;.

---Indicatesno dataavailable.
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TABLE 2.442

MAXIMUM, AVERAGE, AND MINIMUM TEMPERATURES AT CARLSBAD, NEW
MEXICO*

(Period of Record 19_1.1980)

MONTH TEMP., 'F TEMP., OF TEMP.. °F
i

January 57.1 43.2 29.2

February 61.9 47.4 32.8
March 69.4 54.3 39,1

April 79.1 63,7 48,2

May 87.4 72.2 57.0
June 95.5 80.6 65.6

July 95.6 82..5 69.3

August 93.6 80.6 67.6

September 86.9 73.9 60,9

October 77..5 63.2 48.8

November 64.8 50.8 36.7

December , _ _ .Zq__ 44.=3 30_3

Annual 77.3 63.1 48.8

I

"CUmatolo_ical Sammary, Means and E.m'em_ for Period of Record 1951-1980TU.S. Department of Commerce,
National Crunatic Data Center (1986). Station: Carisbad FAA Airport, New Mexico.

2.4-25
MAY 1990



WP"02'-9
WIPP FSAR Rev. 0

TABL_ _.4-1_

VALUE OF MANNING'S n USED BY THE U.S.G.S.

SECTION NO.

REFERFIG. 2.4-7 SUBSECTION DISTANCE,!_I I lilt I ,

1 1 68 - 59O 0.100

1 2 59O. 822 0.08O

1 3 888- 1185 0,O40

1 4 1183-1318 0.045

2 1 360-725 0.090
2 2 725-859 0.O60

2 3 839-1093 0,O4O

2 4 1093-1142 0.050

3 1 3'7- 300 0.09O

3 2 30O- 450 0.075

3 3 4_ - 782 O.O45
3 4 782 - 810 O.O45

2.4-26
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O
ABSTRACT

The Waste Isolation Pilot Plant (WIPP) is being constructed at a depth of

650 m in bedded halites of the Salado Formation. The geologic setting of

the WIPP site has been active for at least 2_0 million years, and is

presently responding to the end of the last pluvial period, within the

10,000-year time scale of regulatory interest. Both construction of the

WIPP facility and WIPP site-characterization activities impose additional

transient effects, some of which will last until the hydrologic and

structural closure of the facility.

The Bell Canyon Formation beneath the WIPP facility contains shales,

siltstones, and sandstones. Studies suggest that no channel sandstone is
present in the Bell Canyon beneath the WIPP site. Fluid movement would be

downward if drilling interconnected the Bell Canyon with the Rustler

Formation, the first water-bearing zone above the WIPP facility.

The Salado and Castile Formations contain abundant bedded halites and

anhydrites, and deform in response to gravity. Fluids play a major role in

this deformation, although the regional permeabilities of both units are=

extremely low. Pressurized brines may be present within the Castile

Formation 200 m or more beneath the WIPP waste-emplacement panels. The

hydrologic and structural characteristics of the Salado change within an

altered zone extending a few meters from the WIPP underground workings.



The permeability within this altered zone is enhanced, and deformation

includes local opening of preexisting fractures in anhydrite and formation

of new fractures in halite. Within a few meters of the facility the Salado

characteristics become those of the far field, in which permeability is

extremely low and deformation is dominated by creep. Brine seepage into

the WIPP facility is extremely slow, and involves transient behavior

resulting from the combined effects of deformation, low permeability, and
ventilation.

At the WIPP site, the hydrology and geochemistry of the Rustler Formation

and younger units overlying the Salado are dominated by confined flow

within the Culebra dolomite. Rustler karst is not present at the WIPP

site, but is present in and near Nash Draw. The combination of modern
heads and transmissivities of units other than the Culebra indicates the

potential for limited vertical flow within the Rustler, and from the Salado
into the Rustler, but is not consistent with infiltration of water from the

surface to the Rustler carbonates at the WIPP site. Isotopic studies

indicate that surficial water was required for formation of secondary

gypsum veins within the Dewey Lake Red Beds overlying the Rustler. The

distribution of hydrochemical facies in Culebra groundwaters and the

results of stable-isotope, radiocarbon, and uranium-disequilibrium studies

are ali consistent with the interpretation that there is no modern recharge

to the Rustler at the WIPP site, and that a change of flow directions in

the Culebra dolomite has occurred over approximately the last i0,000 years.

The transmissivity of the Culebra dolomite varies by approximately 6 orders

of magnitude at and near the WIPP site. The transmissivity in the central
portion of the site, including the locations of ali four WIPP shafts, is

low (less than 10 -6 m2/s). Higher Culebra transmissivities are found

south, northwest, and west of the site, especially in Nash Draw.

Fracturing within the Culebra affects local hydrology and contaminant

transport, but is not significant in regional-scale behavior at and near

the site, at least so long as the present distribution of head potentials

is not significantly disturbed.
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SUMMARY

The Waste Isolation Pilot Plant (WIPP), which is designed for receipt,

handling, storage, and permanent isolation of defense-generated transuranic

wastes, is being excavated at a depth of approximately 655 m in bedded
halites of the Permian Salado Formation of southeastern New Mexico, Site-

characterization activities at the present WIPP site began in 1976, Full

construction of the facility began in 1983, after completion of "Site and

Preliminary Design Validation" (SPDV) activities and reporting. Site-

characterization activities since 1983 have had the objectives of updating

or refining the overall conceptual model of the geologic, hydrologic, and

structural behavior of the WIPP site and providing data adequate for use in

WIPP performance assessment.

This report has four main objectives:

I. Summarize the results of WIPP site-characterization studies carried

out since the spring of 1983 as a result of specific agreements between

the U.S. Department of Energy and the State of New Mexico.

2. Summarize the results and status of slte-characterization and

facility-characterization studies carried out since 1983, but not

specifically included in mandated agreements.

3. Compile the results of WIPP site-characterization studies into an

internally consistent conceptual model for the geologic, hydrologic,

geochemical, and structural behavior of the WIPP site. This model

includes some consideration of the effects of the WIPP facility and
shafts on the local characteristics of the Salado and Rustler

Formations.

4. Discuss the present limitations and/or uncertainties in the

conceptual geologic model of the WIPP site and facility.

The objectives of this report are limited in scope, and do not include

determination, of whether or not the WIPP Project will comply with

repository-performance criteria developed by the U.S. Environmental

Protection Agency (40CFR!91). When combined, the results of recent and

previous geologic studies of the WIPP site form a conceptual model,

sununarized below. The model presented is limited to aspects relevant to

WIPP site characterization and, ultimately, performance assessment.

The overall geologic and hydrologi c setting of the WIPP site area has been

transient (not steady-state) since before the beginning of deposition of

the Bell Canyon Formation, approximately 250 million years ago, and will

continue to be transient after effective closure of the WIPP facility.

Some events, such as crystallization of secondary minerals within the

Salado Formation approximately 200 million years ago and formation of the

Mescalero caliche 400,000 to 500,000 years ago, have taken piace on a very

long time scale relative to WIPP performance assessment, which must

consider only a 10,000-year time frame. Two types of transient response
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have occurred or are occurring at and near the WIPP site within the 10,000-

year time frame of regulatory interest. These are: a) the contlnuing

natural response of the geologic and hydrologic systems to the end of the

last pluvial period (period of decreased temperatures and increased

precipitation) in southeast New Mexico; and b) the continuing responses to

hydrologic, geochemical, and structural transients resulting from WIPP site

characterization and facility construction. The transient responses

induced by the presence of the WIPP underground workings will continue

until reequilibration following effective structural and hydrologic closure

of the facility.

The Bell Canyon Formation, consisting largely of shales, siltstones, and

sandstones, contains the first relatively continuous water-bearing zone

beneath the WIFP facility. In some parts of the northern Delaware Basin,

the unit contains permeable channel sandstones that are targets for

hydrocarbon exploration. Recent studies suggest that the upper Bell Canyon

at the WIPP site does not contain any major channel sandstone. This

decreases the probability of the Bell Canyon serving as a source of fluids

for dissolution of overlying evaporites at the WIPP. These same studies

indicate that the final direction of fluid flow following interconnection

of the Bell Canyon, Salado, and Rustler Formations within a drillhole would

be downward into the Bell Canyon, after accounting for density increases in
the fluids due to dissolution of halite within the Salado. It is assumed

here that the measured hydrologic characteristics of the Bell Canyon

Formation are more significant to WIPP performance assessment than those of

underlying units. The head distribution within the upper Bell Canyon near
the WIPP site indicates flow towards the northeast.

Both regional studies and studies within the WIPP facility indicate that

the Castile and Salado Formations, both of which are made up predominantly

of layered anhydrites and halites, should be considered as low-permeability

units that deform regionally in response to gravity. In general,

permeabilities and fluid-flow rates in both units are very low and are

insensitive to stratigraphy. Formation permeabilities in the Castile and

Salado Formations remote from the WIPP excavations are generally less than

0.I microdarcy, and the regional water content of $alado halites is up to 2

weight percent, Exceptions include local brine occurrences in Castile

anhydrltes and gas occurrences in the Salado Formation, both of which are

fracture-controlled, can be large in volume, and can be under pressures

high enough to cause fluid flow to the surface. No major gas occurrence
within the Salado Formation has been encountered at the WIPP site. In

fact, where it has been possible to measure far-field brine pressures

within the Salado, the pressures, permeabilities, and available brine

volumes combine to indicate the potential for only very limited fluid flow

upwards into the overlying Rustler Formation. It is not certain that the

Castile and Salado Formations are hydrologically saturated regionally.

Pressurized Castile brines have been encountered in Castile anhydrite in

hole WIPP-12, approximately 1.5 km north of the center of the WIPP site.

Geophysical studies indicate that Castile brines may be present beneath a

portion of the WIPP waste-emplacement panels, consistent with earlier

assumptions. These brines are stratigraphically 200 m or more below the
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WIPP facility horizon and are not of concern except in the case of human-

O intrusion breach of the facility.

In the western part of the Delaware Basin, extensive halite dissolution has

apparently taken piace in both the Castile and Salado Formations. However,

much of the variability in structure and internal stratigraphic thicknesses
within the Castile and Salado Formations results from deformation and

original depositional variability, rather than from evaporite dissolution.

Regional or far-field deformation of the Castile and Salado Formations
involves pressure solution as a major mechanism, due to the presence of

intergranular fluids, but occurs too slowly to be of future concern to the

WIPP Project. Structures within hole DOE-2 result from deformation rather
than dissolution.

The hydrologic and structural characteristics of the Salado Formation in
the disturbed zone generated by the presence of the WIPP facility are

different than those in the far field. Formation permeability within a

couple of meters of the underground workings at the facility horizon

increases significantly. Near-field deformation of the Salado Formation

involves both the opening of preexisting fractures in anhydrite beneath the

facility horizon (Marker Bed 139) and generation of new fractures in

halite. Fluid contents in the disturbed zone at the facility horizon

decrease in response to facility ventilation and/or deformation. Within a

few meters of the underground workings, both hydrologic and structural

behavior of the Salado Formation become essentially those of the far field.

Brine seepage into the WIPP facility includes a significant transient

phase, which will probably last until effective facility closure. The

results of preliminary hydrologic testing in the Salado Formation adjacent

to the WIPP air-intake shaft indicate extremely low permeabilities, with no

apparent stratigraphic variability. The results also indicate that

development of a disturbed zone around the WIPP shafts is less extensive

than at the facility horizon. The extent, characteristics, and importance

of the disturbed-rock zones around the WIPP shafts and at the facility
horizon remain to be determined in detail.

At and near the WIPP site, the Rustler Formation should be considered as a

layered unit of anhydrites, siltstones, and'halites, containing a thin and

variably fractured carbonate unit, the Culebra dolomite. The Culebra

dolomite is the first continuous water-bearing unit above the WIPP facility

and, at the WIPP site, is at least an order of magnitude more permeable

than other members of the Rustler Formation, including the Magenta

dolomite. The transmissivities of Rustler anhydrites at the WIPP site are

too low to measure. As a result, the Culebra dominates fluid flow within

the Rustler Formation at the WIPP site and is the most significant pathway

to the accessible environment from the WIPP facility, except for direct

breach to the surface by human intrusion. The transmissivity of the

Culebra varies by approximately six orders of magnitude irl the region

containing the WIPP site. The Culebra transmissivity in the central

portion of the site, including the locations of ali four WIPP shafts, is

low. Higher Culebra transmisslvities are found in areas southeast and

northwest of the central part of the site. Fluid flow rates within the

Culebra are very low at the site center and in regions to the east, but



relatively high within Nash Draw. Modern flow in the Culebra is confined

and largely north-south in the area of the WIPP site,

Fluid flow and geochemistry within the Culebra dolomite and shallower units

are in continuing transient response to the marked decrease or cessation of

local recharge at approximately the end of the last pluvial period, Both

bulk chemistry and isotopic relations within Culebra fluids are

inconsistent with modern flow directions if steady-state confined flow is

assumed. Because of the relative head potentials within the Rustler
Formation at and near the WIPP site, there must be a small amount of

vertical fluid flow between its members, even though the permeab%lities of

Rustler members other than the Culebra dolomite are quite low. Where

measured successfully, the modern head potentials within the Rustler

prevent fluid flow from the surface downward into the Rustler carbonates.

These results do not prohibit either the modern movement of fluids from the

underlying Salado Formation upwards into the Rustler Formation or the

downward movement of Dewey Lake waters into the Rustler Formation during or

even after the cessation of local recharge at the end of the last pluvial

period. They do, however, suggest that recharge from the _st_rface to the

Rustler Formation is not now occurring at the WIPP site. The results of

stable-isotope, radiocarbon, and uranium-disequilibrium studies are also

consistent with the interpretation that there is no measurable modern

recharge to the Culebra dolomite from the surface at and near the WIPP

site. The transient hydrologic response of' the Rustler Formation to the
end of the last pluvial period has involved at least some change in flow

directions in the Culebra dolomite. Although the modern flow is largely

north-south, the results of uranium-disequilibrium studies suggest that

flow was more easterly during previous recharge.

Within and near Nash Draw, evaporite karst is operative within the Rustler,

as evidenced by the continuing development of small caves and sinkholes in

near-surface anhydrites and gypsums of the Forty-niner and Tamarisk

Members. There is no evidence of karstic hydrology in the Rustler at and

near the WIPP site. However fracturing of some portions of the Culebra

dolomite is sufficient at the site to strongly affect both hydraulic and

transport behavior on the hydropad scale, i.e., over distances of approxi-

mately 30 m. Interpretation of multipad interference tests conducted both
north and south of the center of the WIPP site indicates that this fractur-

ing need not be incorporated into numerical modeling of the regional-scale

hydraulic behavior of the Culebra east of Nash Draw. Similarly, detailed

transport calculations indicate that effects due to fracturing are not
significant in regional-scale transport within the Culebra dolomite at and

near the WIPP site, at least as long as the modern head distribution is not

significantly disturbed and the calculated flow directions and transport
properties are representative.

The Dewey Lake Red Beds overlying the Rustler Formation consist largely of
siltstones and claystones, with subordinate sandstones. In tested

locations, the Dewey Lake may be hydrologically unsaturated, but is too low

in permeability for successful hydrologic testing. South of the WIPP site,

near an area where the unit may be receiving modern recharge, sandstones

within the Dewey Lake locally produce potable water. In general, water
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O levels within the Dewey Lake Red Beds, like those in the underlying Rustler
Formation, must be in transient response to the end of the last pluvial

period, Isotopic relations suggest that surficial waters have been

involved in the formation of secondary gypsum veins within the Dewey Lake,

but that the Dewey Lake and Rustler hydrologic systems are largely

separate,

The major near-surface units at the WIPP site are the Gatuna Formation and

Mescalero caliche, The sandstones and stream-channel conglomerates within

the Oatuna indicate that major changes in local climate have occurred over

(at least) the last 600,000 years, The widespread preservation of the

Mescalero caliche indicates not only the relative structural stability of

the Livingston Ridge surface (on which the WIPP surface facilities are

sited) over the last 400,000 years, but also that infiltration over this

same time period has not been sufficient to dissolve a layer of carbonate i
to 2 m thick,
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SU,_IMARYOF SITE.CHARACTERIZATIQ_ STUDIE_ CONDUCTED_
FROM 1983 THROUGH !987 AT THE ,,,W,AST,E,ISOLATION

P,IL_oTFLANT (WIPF) SITE, SOUTHEASTERN NEW MEXICO

1,0 INTRODUCTION

The Waste Isolation Pilot Plant (WIPP) in southeastern New Mexico (Figure

I.I) is designed for the receipt, handling, storage, and disposal of

defense-generated transuranic (TRU) wastes, The WIPP underground

facilities are currently being constructed at a depth of approximately 655

m in bedded halites in the lower portion of the Salado Formation (Table

I.i), First receipt of waste is scheduled for October 1988,

WIPP site-characterizatlon activities began in 1976 with the drilling of
hole ERDA-9 near the center of the site (Sandia National Laboratories and

United State_ Geologic Survey, 1983) (Figure 1.2). As used here, the term
"WIPP site" specifically refers to the sixteen square miles of T22S, R31E

contained within WIPP Zone 3 and sho_ in Figure 1,2. This terminology is

used for internal consistency within the report. Construction of the WIPP

facility and monitoring of its underground structural and hydrologic

behavior began in 1981, with construction of two shafts and limited

underground workings.

WIPP site-characterization and facility-characterization studies through

March 1983 are documented in several reports, including: i) the WIPP

Geologic Characterization Report (Powers et ai., 1978); 2) the WIPP Final

Environmental Impact Statement (FEIS) (U.S. Department of Energy, 1980);

and 3) both summary and topical reports completed as part of the WIPP Site

and Preliminary Design Validation (SPDV) effort (e,g., Beauhelm et ai.,

1983a; Borns et ai., 1983; Lambert, 1983; Popielak st al., 1983; Weart,

1983; Wood et al., 1982).

After the SPDV studies were completed and documented, the U.S. Department

of Energy and the State of New Mexico agreed to several additional site-

characterization activities, which, with one exception, were scheduled for

completion by January 1988. The specific studies are described in

Appendices I and II to the "Agreement for Consultation and Cooperation

Between [the U.S.] Department of Energy and the State of New Mexico on the

Waste Isolation Pilot Plant" (1981), and are referred to here as "C&C

studies." Some non-C&C studies, such as a major reglonal-scale
interference test of the Culebra dolomite, have also been carried out since

1983. A reactive-tracer experiment in the Culebra dolomite, originally a

C&C study, was deleted during 1987, by agreement between DOE and the State

of New Mexico. Studies agreed to in lieu of the reactive-tracer experiment

should, with a few exceptions, be completed and reported by approximately
December 1988.

Thus, formal WIPP site-characterization activities will end approximately

December 1988. However, understanding of the geologic, hydrologic, and

geochemical behavior of the WIPP facility (and site) will continue to

1
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develop after that time, Geotechnical work in and near the WIPP facility

will extend into the period of operational demonstration, especially to

complete characterization of the hydrologically and structurally disturbed
zones around the underground workings and access shafts, in direct support

of WIPP performance assessment, Data collected during these studies must

support a full evaluation of expected facility performance against criteria
developed by the U,S, Environmental Protection Agency (_OCFR!9%) in their

present or revised form, The structural, hydrologic, and nuclide-

containment behavior of the WIPP facility, including potential far-field

paths of nuclide release to the accessible environment, will be monitored

throughout the WIPP operational period,

I,i Report 0bje_tSves

This report has four main objectives, These are to:

I, Summarize the results of C&C studies carried out since the Spring
of 1983,

2. Summarize the results and/or status of site-characterization and

facility-characterization studies carried out since 1983 but not

mandated by the C&C Agreement.

3. Compile the results of WIPP slte-characterization studies into an

internally consistent conceptual model for the geologic, hydrologic,

geochemical, and structural behavior of the WIPP site, This model

includes preliminary consideration of the local effects of the WIPP

facility and shafts on the Salado and Rustler Formations,

4. Discuss the present limitations and/or uncertainties in the

conceptual geologic model of the WIPP site and facility,

The objectives of the report are limited in scope and do not include

determination of whether or tlot the WIPP Project will comply with

repository-performance criteria developed by the U,S, Environmental

Protection Agency (40CFRI9!). Whether or not the WIPP will comply with

40CFR!91 must be demonstrated by the WIPP performance-assessment activity

within five years following first emplacement of waste. The objective of

this report is tG develop as complete a conceptual model as possible for

use in the required performance assessment,

1.2 Structure of Report

The remaining parts of this section (i,0) contain:

i. A general discussion of the stratigraphic setting and variability
of sedimentary rocks within the northern Delaware Basin that have been

of interest during WIPP site characterization (Section 1,3).



2, A general discussion of the technical issues of interest in WIPP

site (and facility) characterization (Section 1,4), Emp_Lasis in this
discussion is on technical areas of site characterization which have

been actively pursued since 1983,

The sections making up the body of the report (2,0 through 4,0) are

generally ordered in stratlgraphically upward sequence, This structure is
a matter of convenience, and is not intended to imply relative priorities
of the different issues and units discussed,

Within each technical section, recent studies in the formation(s) of

interest are discussed in relation to the topics or issues outlined in

Section 1,4, The final section of the report, Section 5,0, attempts to

compile the results of the three preceding sections into an internally

consistent conceptual model for the geologic, hydrologic, structural, and

geochemical behavior of the WIPP site,

1,3 _eneral Stratigraphic Setting of the WIPP Site and F_cilit%

As shown in Figure i,i, the WIPP site is located in southeastern New

Mexico, in the northern portion of the Delaware Basin, The generalized

stratigraphy in the vicinity of the WIPP is summarized in Table I.i.

Regional stratigraphic relationships and characteristics are discussed in
detail in Powers et al, (1978).

The Delaware Basin became a distinct structure by the late Pennsylvanian

Period to early Permian Period, approximately 280 million years ago.

Approximately 250 million years ago, the reef now represented by the

Capitan limestone began to grow around the margins of the developing basin,

and the sandstones, shales, and carbonates now making up the Delaware

Mountain Group (DMG) were deposited within the basin. Most of the Capitan

limestone is relativel) massive. Some portions of the unit are hydrologi-

cally active and support local karst hydrology, including the formation of

large cavities such as Carlsbad Caverns. The Delaware Mountain Group,

which is limited to the basin, contains three major subdivisions, the

Brushy Canyon, Cherry Canyon, and Bell Canyon Formations (in ascending

stratigraphic order). Only the Bell Canyon Formation is considered here,

as it is the first regionally continuous water-bearing formation beneath

the WIPP facility. The hydraulic behavior of the Bell Canyon Formation is

assumed to be more significant than that of any underlying units in WIPP
breach scenarios.

The Bell Canyon Formation is divided into five informal members, the Hays

sandstone, Olds sandstone, Ford shale, Ramsey sandstone, and Lamar

limestone (in ascending stratigraphic order). The individual members vary

in thickness and lithology. As shown in Figure 1.3, the upper Bell Canyon

sandstones tend to be elongated and laterally discontinuous, in the nature

of "channel sands." Individual sands are separated laterally by strati-

graphically equivalent siltstones and/or shales. Near the WIPP site, the

Bell Canyon Formation consists of a layered sequence of sandstones, shales/
siltstones, and limestone 300 m or more in thickness (Powers et al., 1978).
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Within the northern Delaware Basin, the sandstones and shales of the Bell

Canyon Formation are overlain by the thlck-bedded sequence of anhydrites
.... and halites of the Castile Formation, also of Permian age. As shown in

Table I.I, the Castile Formation near the WIPP site normally contains three

relatively thick anhydrite/carbonate units and two thick halites. Both

anhydrites and halites contain abundant anhydrite and/or carbonate laminae,

may be strongly deformed internally, and are variable in local thickness.
The thickness of the Castile Formation near the WIPP site is approximately
400 m.

The Salado Formation, of Late Permian (Ochoan) age, is 530 to 610 m thick

at and near the WIPP site, and is generally bedded on a scale of 0.I m to

i m. lt contains 45 numbered "anhydrite" marker beds of variable thickness

(MBI01 through MBI45 with increasing depth). Between marker beds, the
Salado consists of layered halites of varying purity and accessory

mineralogy; anhydrite (CaS04), clays, and polyhalite (K2MgCa2(SO4)4.2H20)

are dominant accessory minerals. The WIPP facility horizon is between
MBI38 and MBI39.

The Salado Formation is overlain by the Rustler Formation, also of Ochoan

age. As shown in Table 1.2, the Rustler contains five members. Two, the

Magenta and Culebra dolomites, are somewhat variable gypsiferous dolomites.
The Culebra and Magenta dol_mites vary mainly in the concentration of

fractures and the local occurrence of silty zones. The other three members

of the Rustler (unnamed lower member, Tamarisk Member, and Forty-niner

Member in upward succession) consist of varying proportions of anhydrite,

siltstone/claystone, and halite. The major mineralogical variability

within the Rustler Formation as a whole is in the degree of alteration of

anhydrite to gypsum and the presence or absence of halite, both generally
interpreted to result from evaporite dissolution. Some of this

variability, however, may reflect original depositional patterns. The

Rustler ranges from 83 m to 130 m in thickness at the WIPP site, depending

on the extent of evaporite dissolution and/or depositional variability.

The Culebra dolomite is the first laterally continuous unit above the WIPP

facility to display significant permeability. Barring direct breach to the

surface, the Culebra dolomite provides the most direct pathway between the

WIPP facility and the accessible enviromnent. The hydrology and fluid

geochemistry of the Culebra dolomite are quite complex. The unit displays

wide ranges in hydraulic properties, local flow and transport mechanisms,

and geochemistry. As a result of these factors, the Culebra has received a

great deal of study in WIPP site characterization, both before and since
1983.

The Rustler Formation at the WIPP is overlain by the Dewey Lake Red Beds

(the uppermost unit of the Ochoan Series) consisting largely of siltstones

and claystones, with subordinate sandstones. The unit is approximately 30

m to 170 m thick at and near the WIPP site, varying at least in part due to

post-depositional erosion. Where relatively thick and hydraulically

unsatura_:ed, the Dewey Lake Red Beds form a low-permeability buffer zone

between the surface and relatively soluble carbonates and/or sulfates in

the underlying Rustler Formation. In some areas, however, the unit is



thinned by local erosion and/or is hydraulically saturated. Where

sufficiently thin, the Dewey Lake may not present an effective barrier to

vertical fluid movement from the surface into the Rustler, depending On the

local fluid pressures within and above the Rustler Formation. Where

saturated, the Dewey Lake may, in some areas, serve as a source of fluids

to the underlying Rustler Formation. The depositional age of the Castile,

Salado, and Rustler Formations, as well as the Dewey Lake Red Beds, ranges

approximately from 245 million to 230 million years. Over approximately

the eastern half of the WIPP site, the Dewey Lake Red Beds are overlain by

the (undivided) Dockum Group of sandstones and shales of Triassic age,

Table 1.2' Generalized stratigraphy of the Rustler Formation at and near

the WIPP site. Adapted from Snyder (1985).

Approximate Generalized Character in

Age Member Thickness (m) "Unaltered" Sections

Permian/' Forty-Niner 45± Anhydrite
Ochoan Halite and Siltstone

Anhydrite

Magenta 6-9 Thinly Laminated Gypsiferous

O Dolomite Dolomite; Local Anhydrite

Tamarisk 65± Anhydrite
Halite and Siltstone

Anhydrite

Culebra 6-10 Finely Crystalline, Vuggy,

Dolomite Gypsiferous Dolomite; Local
Siltstone

Unnamed 44± Alternating Halite, Siltstone,

Anhydrite
Laminated Siltstone

The shallowest and youngest stratigraphic units at the WIPP site proper,

except for recent surficial sands, are the Gatuna Formation, the Mescalero
caliche, and the Ber±no soil. The Gatuna Formation, the upper part of

which is approximately 600,000 years in age, consists of siltstones, sands,

and stream-laid conglomerates, deposited in a wetter climate than is now

present in sout]least New Mexico. The Mescalero caliche, 410,000 to 510,000

years in age, is relatively continuous in the vicinity of the WIPP site and

supports the Livingston Ridge surface on which the site is located (Figure

I.i). The Ber±no soil, approximately 250,000 years old, is a thin horizon,

" _ and is much less widespread than either the Gatuna or the Mescalero.

qp Together, the Gatuna Formation, Mescalero caliche, and Ber±no soil indicate

- 9



some of the variability of the climate in southeastern New Mexico over the

last 600,000 years and the relative structural stability of the Livingston

Ridge surface over the last 400,000 to 500,000 years,

Localized gypsite-spring deposits, approximately 25,000 years in age, occur

along the eastern flank of Nash Draw, but are not currently active. Around

the northwest margin of the Delaware Basin, packrat middens indicate that

the climate approximately 10,500 years ago was significantly wetter than

that at present. The recent surficial windblown sands at and near the WIPP

site are almost ali stabilized by vegetation. South of the site, however,

there is an area in which surficial dunes appear to be active, lt is from

these dunes that the area has derived its name, "Los Medanos."

1.4 Technical Issues of Interest in WIPP Site and Facility
Characterization

This section contains brief discussions of several technical issues of

general interest in site characterization of the WIPP, including some

consideration of the WIPP facility itself. The most general issues are

discussed first. After that, the approach is generally stratigraphic, in

parallel with the structure of the report as a _hole. Detailed referencing

of individual technical studies is not included here, but is included in

Sections 2.0 through 4.0, where appropriate.

1.4.1 Transient Versus Steady-State Geologic, Hydrologic, and Geochemical

Setting of the WIPP

In order for the expected behavior of the WIPP facility to be evaluated

against the EPA's repository-performance guidelines (40CFRI91), it must be

demonstrated that the structural, hydrologic, geochemical, and transport

behavior of the WIPP facility and environs are adequately understood to

provide satisfactory predictions over at least the 10,000-year time frame

of regulatory interest. "Structural behavior," as the term is used here,
includes both far-field and near- field mechanical deformation of

stratigraphic units. Far-field structural behavior is behavior independent

of the presence of the WIPP facility, especially the underground workings.

Near-field behavior is the behavior of the portions of the Salado and

Rustler Formations that have been disturbed by the presence of the WIPP

facility. "Hydrologic behavior" includes description of the distribution

of hydrologic properties, fluid pressures, and directions of fluid flow.

As the term is used here, however, it does not include investigation of

chemical equilibrium between fluid and rock. "Geochemical behavior"

includes both bulk chemistry and isotopic relations resulting from rock-

wat'er interaction, but is largely limited to consideration of natural

chemical transport and reactions between rocks and fluids, independent of

waste. "Transport behavior" includes consideration of the mechanisms of

contaminant transport in Rustler groundwaters and the relative importance

of different transport mechanisms; it does not include consideration of any

specific radionuclides that will or will not be a part of the WIPP

radionuclide inventory.

I0



Two basic assumptions are possible concerning the overall geologic setting

of the WIPP site. The simplest assumption, implicitly made in the WIPP

FEIS (U.S. Department of Energy, 1980), is that the entire geologic system

at the WIPP is at steady state on the time scale of regulatory interest.

Under this assumption, the geology, hydrology, and geochemistry of the WIPP

site should be constant with (or independent of) time for at least the

period of regulatory concern to waste isolation.

However, the overall geologic and hydrologic settings of the WIPP site have

been transient (not steady-state) since before the beginning of deposition

of the Bell Canyon Formation, approximately 250 millionyears ago, and will

continue to be transient long after effective closure of the WIPP facility.

Some events, such as crystallization of secondary minerals within the

Salado Formation approximately 200 million years ago and formation of the

Mescalero caliche 400,000 to 500,000 years ago, have taken piace on a very
long time scale. Two types of transient response are occurring at and near

the WIPP site within the lO,000-year time frame of regulatory interest.

These are: a) the continuing natural response of the geologic and

hydrologic systems to the end of the last pluvial period (period of

decreased temperatures and increased precipitation) in southeast New

Mexico; and b) the responses to man-induced hydrologic, geochemical, and

structural transients resulting from site characterization and facility
construction.

Thus, there is abundant evidence that the overall setting and behavior of

the WIPP site are transient on at least three geologic and two human-

induced time scales. The time scales of transient behavior range from at

least tens of millions of years in the cases of secondary mineralization

and fracture formation within the Salado Formation (independent of the WIPP

facility) to tens of years in the case of pressure transients imposed on

the Rustler Formation by .shaft construction and hydrologic testing. The

evidence for transient behavior of the WIPP site comes from a broad range

of geologic, hydrologic, geochemical, and structural studies. The WTPP

performance-assessment activity will ultimately determine which transient

phenomena are significant to the long-term performance of the WIPP

facility.

1.4.2 Dissolution of Evaporitic Rocks at and near the WIPP Site

Evaporite dissolution, i.e., dissolution or alteration of halite,

anhydrite/gypsum, and/or the sulfatic carbonates of the Rustler, Salado, or

Castile Formations by groundwaters, has been an issue of major interest in
WIPP site characterization. The fundamental reason for this has been the

need to evaluate the possibility that, although the Permian evaporites at

the WIPP site have been in existence for approximately 240 million years,

they might be regionally or locally dissolved on the 10,O00-year time scale

of regulatory interest. If this occurred, then evaporite dissolution could

play a major role in breach of the WIPP facility, by short-circuiting the

transport of radionuclides from the facility to the accessible environment.

There are four settings in which evaporite dissolution is or has been of
interest in WIPP site characterization. These include:
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I. Regional-scale stratabound dissolution of evaporites, especially

halite, within the Castile and Salado Formations. In stratabound

dissolution, fluid movement is predominantly parallel to bedding.

Stratabound dissolution has probably taken place in the western part of

the Delaware Basin, as indicated by the absence of halite from both the

Castile and Salado Formations in Figure 1.4. If stratabound

dissolution within the Castile reached the WIPP site, mechanical

collapse of the overlying Salado Formation would occur, possibly

resulting in direct breach of the facility. If stratabound dissolution

within the Salado reached the WIPP, direct breach of the facility might
result.

The possibility of stratabound dissolution reaching the WIPP site

itself on the 10,000-year time scale of interest was evaluated as part

of site-characterization activities prior to 1983. There is general

agreement that stratabound dissolution of the Castile and/or Salado

Formations will not reach the WIPP facility in the lO,O00-year time

frame of interest. In addition, recent interpretations indicate that

much of the variability in the thicknesses of the Castile and Salado

Formations is due to deformation and original depositional variability,

rather than to evaporite dissolution. This should result in slower

estimated dissolution rates.

2. Dissolution of Castile and/or Salado halites by localized upward

intrusion of halite-unsaturated fluids from the upper portion of the

Bell Canyon Formation into the overlying units. If such dissolution

occurred immediately beneath the WIPP site, the resulting mechanical

subsidence might directly breach the WIPP facility. If this

dissolution mechanism is in fact feasible, the locations at which it

might occur in the future are not predictable with the present

understanding of hydrology in the northern Delaware Basin.

At the WIPP site, one basinal structure within the Salado Formation was

proposed in 1983 as a possible result of subsidence resulting from

point-source dissolution of Castile and/or Salado halites. This

structure has since been investigated by the drilling, coring, and

hydrologic testing of hole DOE-2 (Figure 1.2). No evidence of

evaporite dissolution was found in hole DOE-2. The DOE-2 structure is

the result of syndepositional and postdepositional deformation of the

Castile and Salado Formations, rather than of evaporite dissolution.

This conclusion, together with earlier studies indicating that the only

proven "breccia pipes" in the northern Delaware Basin result from

dissolution within the Capitan limestone and occur only directly above

this unit (Snyder and Gard, 1982), indicates that point-source

dissolution of Castile and/or Salado evaporites is not operative either

within the main part of the basin or at the WIPP site.

3. Dissolution of halite from within the Rustler Formation by strata-

bound flow. East of the WIPP site, the Rustler Formation contains

abundant halite (salt) in the Forty-niner, Tamarisk, and unnamed

members. West of the WIPP site, for example in Nash Draw, the Rustler
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Figure 1.4: Generalized distribution of the Castile and Salado Formations

in the Delaware Basin, with emphasis on distribution of

halites, Slightly modified from Figure VII-lA of Lambert

(1983) and including, in part, the interpretation of Anderson

(19Sl).
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Formation is totally devoid of halite (Figure 1.5). If Rustler varia-

bility is due to evaporite dissolution and if stratabound dissolution

reached the WIPP site within I0,000 years, the overburden at the WIPP

would be significantly reduced, perhaps leading to breach,

The variability within the Rustler Formation has conventionally been

thought to result from regional-scale stratabound evaporite dissolu-

tion, based on the assumption that the distribution of halite was

originally uniform, lt has also traditionally been assumed that dis-

solution of Rustier evaporites was a recent phenomenon, linked to the

growth of Nash Draw over the last 600,000 years, These two assumptions
maximize both the total amount of halite dissolved from the Rustler and

the rate at which this dissolution occurs, There is considerable dis-

agreement concerning the uniformity and amount of stratabound evaporite

dissolution within the Rustler Formation. However, even with the two

"conservative" assumptions outlined above, i.e., assumptions thought to

maximize the potential impact to the WIPP, it does not appear feasible
for the Nash Draw structure to extend to the WIPP site on the time

scale of regulatory interest,

4. Evaporite dissolution within the Rustler Formation as a result of

vertical fluid flow, This second potential evaporite-dissolution

mechanism involving the Rustler Formation at and near the WIPP site

requires local recharge, from the surface to the Rustler Formation, of

waters unsaturated in halite and anhydrite/gypsum. If this vertical

movement of unsaturated fluids occurs to a significant degree, the

resulting local evaporite dissolution within the Rustler might result

in local high-permeability channels or pathways within the Rustler
Formation. The final result of such dissolution would be the

generation of a "karstic" hydrologic system. In such a system, the

hydrology and transport behavior would be dominated by relatively

narrow high-permeability pathways or channels, even though most of the

unit would consist of low-permeability "blocks." The hydrology of at

least part of the Rustler Formation within Nash Draw, where the Rustler

is exposed at the surface, is known to be karstic, and includes the

continuing formation of small caves and sinkholes in anhydrites of the

Forty-niner and Tamarisk Members. Such a hydrologic and transport

system within the Rustler Formation at the WIPP site itself might

provide a means for rapid transport of nuclides from the WIPP facility
to the accessible environment.

A comprehensive approach has been taken to the question of Rustler
karst at the WIPP site. Field studies have evaluated the surface-

geological evidence for and against significant surface infiltration

and possible development of karstic cavities below. Hydrologic

measurements, including regional-scale pumping tests, have charac-

terized the present distribution of hydraulic properties and relative

head potentials within the Rustler at and near the WIPP. Isotopic
studies' have estimated the isolation or residence times of Rustler

waters, estimated the relative importance of vertical and stratabound

fluid flow within the Rustler and Dewey Lake, and evaluated the extent

to which the entire Rustler hydrologic setting is transient.
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Figure 1.5: Generalized halite distribution within the Rustler Formation

at and near the WIPP site. Slightly modified from Figure 9 of

Chaturvedi and Channell (1985). Zone I: no halite present

within the Rustler Formation; Zone 2: halite present only

r, below the Culebra Member; Zone 3:halite present between

Culebra and Magenta Members; Zone 4: halite present above the

Magenta Member,

15



The combined results of these studies indicate that vertical recharge
from the surface to the Rustler is not active at the WIPP site, Where

measured successfully, the calculated residence or isolation time of

Rustler groundwaters at the WIPP site is greater than I0,000 years,
There must have been changes in flow directions within the Culebra

dolomite within the last (approximately) i0,000 years, The isotopic

results do indicate that some vertical fluid flow has taken piace,

especially within the Dewey Lake Red Beds. In addition, local

development of karstic channels or porosity within Rustler anhydrites

does appear to have been a consequence of vertical infiltration of

fluids from the surface in the WIPP-33 structure, approximately I km

west of the western boundary of Zone 3. However, the WIPP-33 structure

is unique at and near the WIPP site and is not now significantly

active. Regional-scale pumping tests of the Culebra dolomite have not

identified any major or dramatic high-transmissivity structures similar

to those expected if Rustler karst involving the Culebra were present
at the WIPP site.

1.4.3 D_/irections of Fluid Flow to Be Expected if the _Rus_!er and Bell

Canyon FormatioNs Are Interconnected

In the effort to be "conservative," i,e., to not underestimate the impact

of breaches of the WIPP facility, it was assumed in the WIPP FEIS (U,S,

Department of Energy, 1980) that fluid flow in the event of interconnection

of the Rustler and Bell Canyon Formations would be upward into the Rustler,

This issue, as well as the distribution of hydrologic properties within the

Bell Canyon Formation, has since been investigated in testing of the holes

Cabin Baby-i and DOE-2, near the southern and northern boundaries of the

WIPP site, respectively (Figure 1.2).

The results of hydrologic testing in both Cabin Baby-I and DOE-2 suggest

that the WIPP site is not directly underlain by a high-permeability channel

sand irl the upper part of the Bell Canyon (Figure 1.3). If such a sand is

present, it must be more narrow than those shown in Figure 1.3. This

decreases the potential, already concluded by Wood et ai. (1982) to be

negligible, for any significant upward migration of Bell Canyon fluids into

overlying evaporites in the absence of a drillhole. In addition, the fluid

pressures and brine densities measured in both Cabin Baby-i and DOE-2

indicate that, in the ever.t of interconnection of the Bell Canyon, Salado,
and Rustler Formations wi:hin a drillhole, the final direction of fluid

flow would be downward i_Lto the Bell Canyon Formation. This conclusion

assumes that both Bell Canyon and Rustler fluids become saturated as a
result of local halite dissolution within the Salado Formation.

1.4.4 Distribution and Origin of Brine Occurrences within Castile

_nhydrites

In the northern Delaware Basin, highly pressurized brines have been

encountered locally in fractured anhydrites of the Castile Formation during

drilling from the surface. The known distribution of these Castile brine

occurrences as of 1983 is shown in Figure 1.6. Castile brines have been
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Figure 1.6: Generalized distribution of Castile brine occurrences and

approximate extent of the Castile "Disturbed Zone" in the

northern Delaware Basin. Distribution of Castile brines is

simplified from Figure G-li of Popielak et al, (1983),
Approximate boundaries of Castile "Disturbed Zone" are from

Figure I-I of Borns et al, (1983), Closed triangles represent
holes in which Castile brines have been encountered, ERDA-9

is included for reference, but does not penetrate Castile

Anhydrite III completely.
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encountered largely in hydrocarbon-exploratlon drillholes both north and
northeast of the WIPP site (i,e,, between the WIPP site and the margin of

the basin), However, brine was also encountered southwest of the WIPP

site, at the Belco weil, During WIPP site characterization, Castile brines

have been encountered in hole WIPP-12, approximately 1,6 km north of the

site center, and in ERDA-6, approximately 8 km northeast of the site
center,

Two basic hypotheses have been put forward to explain the origin.of Castile

brines, namely that the occurrences are due to:

i, Migration of connate Castile fluids from halites into anhydrites
fractured as a result of local deformation,

2. Isolation of meteoric waters within the fractured Castile

anhydrites, following episodic lateral hydrologic connection of the
Castile Formation and the Capitan limestone.

Because of the localized but widely distributed occurrence of Castile

brines in the vicinity of the WIPP site, it has previously been assumed for

purposes of performance assessment that Castile brine is present beneath

the WIPP facility itself. Since the upper Castile anhydrite is

stratigraphically 200 m or more beneath the WIPP facility horizon, this

brine is of concern only in the event of a drilling intrusion which

connects the brine occurrence with the facility. A recent surface-

geophysical survey over an area including the WIPP waste-emplacement panels

is consistent with the presence of Castile brines beneath a portion of the

panels,

1.4.5 Deformation of the Castile and Sa!ado Fqrmatio_s

Borns et al. (1983) define a structurally "Disturbed Zone" (DZ) (Figure

1.6) within the Castile Formation, based largely on the systematic loss of

coherent seismic response. The deformation of the Castile Formation within

the DZ involves both anhydrites and halites, and is associated with the

known occurrences of Castile brines. Although the overall mineralogies of

the Salado and Castile Formations are similar, the two units are layered on

different scales. Regional deformation of the Salado Formation is largely

in response to regional deformation of the underlying Castile Formation.

Recent results indicate that fluids and pressure-solution mechanisms play a
major role in far-field deformation of both the Castile and Salado

Formations. This has been investigated both theoretically and by

examination of core collected in hole DOE-2. The time scale of regional
deformation of the Salado and Castile Formations is from thousands to

millions of years, too long to be of concern in evaluation of the future

performance of the WIPP facility.

Construction of the underground WIPP facility, resulting in generation of a

large void space at a depth of 650 m within a stratigraphic section that is

predominantly halite, results in a strong local mechanical response within

the Salado Formation. The near-field mechanical response of the Salado
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Formation around the WIPP facility involves both higher stresses and

deformation rates than expected in natural or far-field deformation, At

least during early closure, near-field creep deformation appears to involve
mechanisms such as dislocation climb, lt is presently not known when, or

if, pressure solution will become a dominant mechanism in creep closure of

the WIPP facility,

Creep, however, is not the only near-field process involved in closure of

the WIPP facility, Marker Bed 139 (MBI39), approximately i m below the

WIPP facility horizon, is fractured from pre-excavation processes, i,e,,

processes not related to excavation of the WIPP facility, The opening of
these fractures, in addition to formation of fractures within Salado

halites, plays a significant role in the near-field structural response to
excavation of the WIPP facility.

Monitoring of these structural "excavation effects" is ongoing, and will

continue through the operational phase of the WIPP. The time scale of

near-field mechanical effects began with the beginning of construction of

the WIPP facility and will continue until structural reequilibration

following complete closure of the facility, Therefore, the time of

interest may be I00 years or more, depending on both the long-term behavior

of the facility and the types and amounts of both waste and backfill that

are emplaced,

1,4.6 yluid Flow w$thin the Salado Format!oB

Salado halites were assumed to be anhydrous at the time of the WIPP FEIS

and SPDV activities, with the exception of small amounts of fluid

inclusions and water bound up in hydrous minerals, Fluid flow into the

WIPP facility under this assumption would be very small in volume, directly

stress-related, and transient, Long-term steady-state fluid flow would be
zero.

Recent hydrologic measurements from the surface and within the WIPP

facility, combined with geochemical studies within the facility, indicate

that grain-boundary fluids are present within the Salado Formation, and

that the unit should be considered as a very low-permeability material in
which fluid residence times in the far field are on the order of millions

of years. There are, however, major increases in both permeability and

fluid-pressure gradients within the Salado Formation within a few meters of

the WIPP facility at and near the facility horizon. The recent results

suggest that, while there are major stress-related transient effects, long-

term fluid flow into the facility will reach some very low but non-zero

steady-state rate, and will continue until effective hydrologic closure of

the facility. On the basis of preliminary hydrologic testing results, the
development of an altered or disturbed zone around the WIPP shafts appears

to be much more limited than at the facility horizon.

®
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1,4,7 Present-Day Hydrology, TraDsDor_ Behavior. _and Oeochemlstry.i_f ....the
Rustler FormatIQq

The Culebra Dolomite Member of'the Rustler Formation is the first laterally
continuous water-bearing zone above the WIPP facility, Transport within

the Culebra dolomite constitutes the major transport mechanism from the

WIPP facility to the accessible environment, except for direct transport to

the surface, Therefore, there is great interest in determining the modern

distribution of hydraulic and nuclide-transport properties within the
Culebra,

The hydrologic characteristics of the Culebra dolomite are complex, The

transmisslvlty of the unit varies by approximately four orders of magnitude

at and near the WIPP site, with relatively hlgh-transmissivlty regions both
southeast and northwest of the site center. However, the ce_:ter of the

WIPP site, including ali four shaft locations, is in a region of low

Culebra transmissivlty (permeability), The relatively transmissive parts

of the Culebra contain fractures that dominate both hydraulic and transport

behavior on the scale of individual three-hole hydropads (approximately
30 m between holes), If these fractures were to dominate flow and

transport behavior on the "regional" scale considered here, i.e,, over the

3,2-kilometer distance between the center of the WIPP site and the boundary
of WIPP Zone 3 (Figure 1.2), nucllde-transport times to the accessible

environment would be greatly decreased relative to times estimated without

considering fractures.

Numerical modeling of Rustler hydrology through 1983 was based on testing

only at single holes and individual three-hole hydropads, and ignored

possible fracturing. Since 1983, two regional-scale interference tests

have been conducted in the Culebra, one centered at the }{-3 pad and one at

hole WIPP-13 (Figure 1.2), Hydraulic effects of fracturing have been

evaluated in detail at the H-3 and H-II hydropads. The interpretation of

the regional-scale multlpad interference tests indicates that fracturing

need not be included in modeling simulation of Culebra hydrologic behavior
at this scale, since test calculations with and without fractures have

produced very similar results,

In addition, detailed calculations completed in 1987 indicate that although

fracturing plays a major role in local or pad-scale contaminant transport
within parts of the Culebra, radionuclide transport to the accessible

environment can realistically be modeled using the porous-medium
approximation, at least so long as the present pattern of head

distributions within the Culebra is not significantly perturbed and the

transport properties and flow paths assumed in the calculations are

representative. This conclusion may or may not be valid in the case of a

breach involving a Castile brine reservoir at high fluid pressures.

Through 1983, numerical modeling of Rustler hydrology also ignored both the

geochemical variability of Rustler fluids and possible effects of variable
fluid density on directions of fluid flow. Both numerical methods and data

bases for evaluation of groundwater flow in the region of the WIPP site

have developed significantly _ince that time. Recent groundwater-flow

calculations, which include effects of variable brine density, indicate
k. I

20



that modern fluid flow within the Culebra dolomite is generally north-south

O in the vicinity of the WIPP site. Flow rates vary greatly, being rapiddown the axis of Nash Draw, but extremely slow across the WIPP site proper.

While tl e assumption of hydrologic steady state appears adequate for

modeling of head potentials within the Culebra dolomite, groundwater flow

across the WIPP site within the Culebra is sufficiently slow to make the

assumption of hydrologic steady-state inadequate for detailed modeling of

long-term flow directions and rates. However, the changes in flow rates
and directions as a function of time appear not to be dramatic at the WIPP

site itself. Groundwater flow is quite slow in this area.

As noted, Culebra fluids are quite variable. Recent work indicates that

they can be broken into four distinct geochemical facies. The general

distribution of fluid compositions is inconsistent with ste_ady-state

confined fluid flow in the present flow directions. The mineralogy of the

Culebra dolomite is widely variable, Lut without sharp regional

distinctions, since dolomite, clays, and gypsum/anhydrite are all

widespread. Halite has not been reliably identified in Culebra core,

except for that which may have been introduced during drilling. The

analyzed Culebra fluid compositions form a variable but continuous

population, all of which reflect exposure to evaporitic rocks.
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2.0 BELL CANYON FORMATION

The Delaware Mountain Group is divided into the Brushy Canyon, Cherry

Canyon, and Bell Canyon Formations, ali of which are predominantly of

shales, siltstones, and sandstones. Only the Bell Canyc_i is considered

here, since it is the first regionally continuous w_ter,bearing zone

beneath the WIPP facility. The hydraulic behavior of the Bell Canyon is

assumed here to be more significant than that of underlying units in WIPP
breach scenarios.

There have historically been two reasons for interest in the Bell Canyon
Formation in WIPP site characterization. First, the Bell Canyon has been

proposed by some as a source of fluids for local or point-source
dissolution of halite in the overlying Castile and Salado Formations. This

mechanism and general conclusions regarding its validity at the WIPP site

are summarized in general terms in Section 2.1, based on work completed

through 1983. Second, it must be assumed for purposes of performance
assessment that at least one drillhole from the surface will penetrate the

WIPP facility, lt may then be important to estimate the distribution of

permeable zones within the Bell Canyon at the WIPP site and to estimate

directions of fluid flow that migh.t result from an open borehole

penetration that connected the Bell Canyon with fluid-bearing zones within
the Rustler Formation, especially the Culebra dolomite. The character of

the Bell Canyon and expected directions of fluid flow between the Culebra

and the Bell Canyon at the WIPP site are discussed in Section 2.2.

2.1 Potential for the Bell Canyon Formation to Serve as a Source of Fluids

for Dissolution of Evaporites in the Castile and Salado Formations

Anderson (1978, 1981) and Davies (1983) have proposed a major role for the

Bell Canyon Formation in point-source dissolution of overlying evaporites.

The proposed mechanism involves: i) recharge of halite-unsaturated fluids

to the Bell Canyon Formation from the Capitan limestone; 2) upward movement
of these fluids into (at least) the lower halite of the Castile Formation;

3) halite dissolution within the Castile Formation; 4) subsidence and

disruption of the Castile and overlying Salado Formations as a result of

halite dissolution; 5) downward flow of halite-saturated brines back into

the Bell Canyon Formation; and 6) removal of brines through the Bell Canyon

Formation. An important characteristic of this hypothesis proposal is that

it is not possible to predict localities of future point-source evaporite
dissolution.

Wood et ai. (1982), as part of the WIPP SPDV studies, addressed the

potential for fluids within the upper Bell Canyon Formation to dissolve

evaporites within the Castile Formation. For this evaluation, it is

assumed that: i) a permeable sandstone is present at the top of the Bell

Canyon Formation, i.e., a Ramsey channel sand (Figure 1.3); 2) the

effective thickness of the sandstone is 30 m; and 3) the transmissivity of

the sandstone ranges from 1.0 x 10 .6 to 2.8 x 10 -6 m2/s. Any decrease in

sandstone permeability or shifting of the sandstone to positions below the
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top of the Bell Canyon would reduce the potential for dissolution of

overlying evaporites.

For the range of hydraulic properties and gradients considered, and

assuming the Ramsey sand is _at the top of the Bell Canyon, Wood et al.

(1982) conclude that:

I. Except at locations adjacent to the Capitan limestone, only

diffusional dissolution is possible directly above the Bell Canyon.

Salt directly above the top of the Bell Canyon, assuming diffusional

processes, is calculated to dissolve at a vertical rate of

approximately 0.003 m per i0,000 years. This would have negligible

effect on the WIPP facility.

2. Allowing for an order-of-magnitude increase in flow velocities

within the Bell Canyon Formation, dissolution would still be too slow

to maintain open cavities within Castile halites at depth. Such

cavities are required to maintain the high,permeability pathways

necessary for dissolution due to the density-flow mechanism outlined
above.

3. Even allowing for the maximum potential dissolution rates at the

top of the Bell Canyon from both diffusive and convective mechanisms,

no significant evaporite dissolution as a result of fluid flow from

within the Bell Canyon shou]d be observed at the WIPP facility for at

least I0,000 years.

In addition, Lambert (1983) concludes that the Bell Canyon Formation itself

shows no evidence of either modern hydraulic connection with a source of

halite-unsaturated fluids .(such as the Capitan limestone) or any effective

path for brines to exit the Delaware Basin. Instead, Lambert interprets

the Bell Canyon fluids as having very long residence times and concludes

that their compositions reflect extensive rock-water interaction, evolving

isotopically and geochemically away from compositions representative of

meteoric recharge.

Thus, studies at the end of the WIPP SPDV phase indicated that the Bell

Canyon Formation was not dissolving evaporites near the WIPP site. As

discussed in Section 3.0, however, this question was later investigated

directly by the drilling, coring, and hydrologic testing of hole DOE-2,

near the northern boundary of WIPP Zone 3 (Figure 1.2).

2.2 Expected Directions of Fluid Flow Between the Bell Canyon and
Rustler Formations

The information on freshwater-equivalent heads in the Rustler and Bell

Canyon Formations available through 1983 is summarized in Mercer (1983).

At that time, the freshwater head within the Bell Canyon Formation at the

center of the WIPP site, approximately 1040 m AMSL, was 120 m greater than

the expected freshwater head in the Culebra dolomite at the same'location,
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approximately 920 m AMSL. (Ali elevations here are given relative to mean
sea level.) This is consistent with the assumption made in the WIPP FEIS

(U.S. Department of Energy, 1980) that fluid flow would be upwards into the

Rustler if the Bell Canyon and Rustler were interconnected in an open hole.

However, this "conservative" assumption, i.e., the assumption with most

apparent impact to WIPP performance assessment, neglects: a) the original

density of fluids in the Bell Canyon and Culebra; b) possible increases in

both Bell Canyon and Culebra fluid densities due to dissolution of halite

within the Salado Formation; c) possible effects of fluid potentials

within the Salado Formation or elsewhere within the Rustler Formation; and

d) possible changes in fluid density as a result of entrainment of waste

from within the WIPP facility.

In the event of a drillhole breach interconnecting the Bell Canyon,

Castile, Salado, and Rustler Formations, it is reasonable to assume that

local dissolution of halite within the Salado Formation would take piace,

resulting in an average fluid density of approximately 1.2 g/cm 3, the

approximate density of saturated NaCI brine. Under this assumption, Bell

Canyon brine at the center of the WIPP site would stand to an elevation of

approximately 835 m in an open hole, some 445 m above the WIPP facility,

but approximately 210 m below land surface, and more than 200 m lower than

the Bell Canyon freshwater-equivalent head of approximately 1040 m.

Assuming that local halite dissolution within the Rustler or upper portion

of the Salado Formations led to a final density of Culebra brine of

1.2 g/cm 3, the Culebra near the center of the WIPP site would support a

column of brine to an elevation of approximately 900 m, 20 meters below the

freshwater-equivalent head within the Culebra, but some 65 m higher than

supported by the underlying Bell Canyon Formation.

Therefore, if brine saturation by halite dissolution is considered, the

data available as of 1983 are consistent with the interpretation that

interconnection of the Bell Canyon Formation and the Culebra dolomite in an

open drillhole through the WIPP facility should result in downward movement

of contaminated brine into the Bell Canyon Formation. However, the

calculated direction of fluid flow depends on assumed fluid densities.

Fluid might move upward until the Bell Canyon and Culebra fluids were

saturated with halite, at which time downward flow would begin. In

addition, these results depend on the assumption that no significant fluid

or gas pressures are generated within the Salado Formation or WIPP

facility. As of 1983, however, predicted directions of fluid flow were

limited in reliability, because heads and fluid densities in the Culebra

dolomite and Bell Canyon Formation had not been measured together in the

same hole. Two holes penetrating the Bell Canyon Formation very near the

WIPP site have since been drilled and/or hydrologically tested. The

results from hole Cabin Baby-i are discussed in Section 2.2.1, and those
from hole DOE-2 in Section 2.2.2.

2.2.1 Results from Hole Cabin Baby-I

Cabin Baby-l, a hydrocarbon exploration hole, was originally drilled

through the Castile Formation and the upper 35 m of the Bell Canyon
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Formation in 1974 and 1975. At that time, all of the Ramsey and part of

the Olds members of the Bell Canyon were penetrated. The hole depth at
that time was 1265 m below land surface. As described in Beauheim et al.

(1983b), the hole was deepened to a total depth of 1308 m in 1983 to allow

hydrologic testing, fluid sampling, and monitoring of Bell Canyon fluid

levels. The deepening allowed testing of most of the Hays sandstone member

underlying the Olds, in addition to all of the Olds and Ramsey members.

The results of hydrologic testing of the Bell Canyon in Cabin Baby-I and

DOE-2 are summarized in Table 2,1. Only the lowermost "sand" member of the

Bell Canyon, the Hays, is significantly permeable in Cabin Baby-l, with an
interpreted transmissivlty of between 1.7 x 10-7 and 5.1 x I0 "i m2/s. The

description of the Hays member by Beauhelm et al. (1983b) indicates that it
is siltstone. The estimated transmisslvities of the overlying Olds and

Ramsey members are less than 10.8 m2/s. Core from the Ramsey member is not

available from Cabin Baby-l.

Table 2.1' Summary of hydrologic test results from the Bell Canyon

Formation in Cabin Baby-I and DOE-2. Data from Table 6 of

Beauheim et al. (1983b) and Table 7-2 of Beauheim (1986).

Effective '

Test Interval

O (m big) Unit K(md) T(m2/s)

f

Cabin Baby

1230-1246 Lamar 6 x 10 .4 5.7 x I0 "II

1247-1257 Ramsey 2.3 x 10 .2 - 8.7 x 10 .2 1,7 x 10 .9 6.3 x 10 .9

1259-1269 Olds 2.2 x 10 .2 - 8.2 x 10 .2 2,1 x 10 .9 - 7.9 x 10 .9

1271-1308 Hays 0.57 - 1.7 1,7 x 10-7 - 5.1 x 10.7

DOE-2

1263-1272 Ramsey 8.4 x 10 .2 - 9.4 x 10.2 5.8 x 10 -9 - 6.5 x 10-9

1276-1285 Olds 9.8 x 10 -2 0.ii 7.1 x 10 .9 - 8.2 x 10 -9

1297-1318 Hays 2.3 2.4 5.7 x 10 -7 - 6.0 x 10 "7

Fluid samples were successfully collected from the Hays and Olds members of

the Bell Canyon in Cabin Baby-l, as was a mixed sample from the entire

exposed Bell Canyon. The presence of the tracer added to the drilling
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fluid indicates that ali of the water samples are slightly contaminated

with drilling fluid, Therefore, the reported specific gravity of fluid

from the Hays sandstone (1,120 - 1.134) may be slightly too high (Beauheim

et ai., 1983b).

At the end of operations in 1983, the penetrated portion of the Bell Canyon

in Cabin Baby-I was isolated by a packer emplaced in the lower anhydrite of

the Castile Pormati_,,n, and a monitoring tube was installed to the surface
to allow long-_i:_!r',_',/monitoring'of a composite Bell Canyon fluid level. As

of October 19_._,'._,ti_e cOmposlte Bell Canyon fluid level in Cabin Baby-I was

stabilized at 'un _e!levation of approximately 920 m (Saulnier et al., 1987).

Assuming that a specific gravity of 1.12 represents Bell Canyon fluids in
the hole, and that the fluid column is supported by the effective pressure

at the top of the Hays member at an elevation of -255 m, the calculated

pressure at this elevation is 12.81 MPa. This pressure iN. the Bell Canyon

in Cabin Baby-I would support a column of brine having a density of 1.20

g/cm 3 to an elevation of 842 m.

Culebra fluid pressures and properties in Cabin Baby-I are contained in
LaVenue et ai. (1988). These results indicate a Culebra freshwater-

equivalent head of approximately 913 m° At the elevation of the base of

the Culebra in this hole, approximately 856 m, this requires a fluid

pressure of approximately 0.55 MPa. Assuming a final brine density of

1.2 g/cre3 after halite dissolution, this is equivalent to a brine column

supported to an elevation of 903 m.

The expected saturated-brine head in the Culebra in Cabin Baby-l, 903 m, is

61 m higher than the composite saturated-brine head in the Bell Canyon in

the same hole, 842 m. Thus, under the assumptions used here and consistent

with extrapolations from regional data available as of 1983, the final

direction of fluid flow in the event of an open drillhole interconnecting

the Bell Canyon and Salado Formations with the Culebra dolomite at Cabin

Baby-i would be downward.

2.2.2 Results from Hole DOE-2

Hole DOE-2, located near the center of the northern boundary of WIPP Zone 3

(Figure 1.2), was drilled in two stages to a total, depth of 1318 m, between

August 1984 and June 1985 (Mercer et al., 1987). In addition to the

shallower units in the hole, the Ramsey, Olds, and Hays "sandstone" members

of the Bell Canyon Formation were hydrologically tested (Table 2.1), as

described by Beauheim (1986). /

The results of testing in DOE-2 are similar to those in Cabin Baby-l, in

which the lower "sand," the Hays, is the only unit w_th appreciable

permeability or transmissivit_. Estimated transmissivities for the Hays in
DOE-2 range from 5.7 x I0-I to 6.0 x 10 -7 m2/s, similar to the upper

estimate 'of transmissivity for the same zone in Cabin Baby-l. Estimated

transmissivities of the Ramsey and Olds members in DOE-2 range only from

5.8 x 10 .9 to 8.2 x 10 .9 m2/s, similar to the upper range of estimated

transmissivities for the same members in Cabin Baby-l. The lithologic log
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contained in Mercer et al. (1987) indicates that ali three members are

fine-gralned sandstones, rather than siltstone.

After hydrologic testing, the Bell Canyon in DOE-2 was isolated for

monitoring of a composite fluid level (Beauheim, 1986). As of March 1986,

the composite fluid level had "stabilized" at an elevation of approximately

925 m. Assuming that the measured specific gravity of i,i0 (Mercer et al.,

1987) is representative for the Bell Canyon fluids, and that the composite

Bell Canyon head is controlled by fluid pressures at the top of the Hays

member at an elevation of -243 m, this requires a fluid pressure of

12.5 MPa at this elevation, This pressure would support a column of brine

having a density of 1.2 g/cm 3 to an elevation of approximately 827 m.

The Culebra freshwater-equlvalent head in DOE,2 is approximately 934 m

(LaVenue et al., 1988). Using the measured fluid density of 1,04 g/cm 3

(Uhland et al., 1987) for the Culebra in DOE-2, a freshwater-equivalent

head of 934 m requires a pressure of 1.47 MPa at the base of the Culebra,

at an elevation of 784 m. Assuming a _final Culebra brine density of

1.2 g/cm 3 following halite dissolution, the Culebra fluid pressure at DOE-2

would support a brine column of density 1.2 g/cm 3 to an elevation of

approximately 909 m, 82 m higher than supported by the composite Bell

Canyon head in the same hole. Under the assumptions used here, the final

direction of fluid flow in the event of an open hole interconnecting the

Bell Canyon, Salado, and Culebra at DOE-2 would be downward.

Wood et al. (1982) estimate that the transmissivities of sandstones within

the Bell Canyon Formation normally range from 1.0 x 10 -6 to 2.8 x

10 -6 m2/s, although they report a maximum value of 1.7 x 10 -5 m2/s. This

range is approximately one order of magnitude greater than the transmls-

sivity of the Hays member in Cabin Baby-i and DOE-2, and more than two

orders of magnitude greater than the transmissivities measured in the Olds

and Ramsey members in the same holes. Therefore, the Ramsey member in

Cabin Baby-I and DOE-2 does not appear to be part of one of the channel

sands shown in Figure 1.3. Given that Cabin Baby-i and DOE-2 are the only

two holes very near to WIPP Zone 3 that penetrate the Bell Canyon, this

result does not guarantee that no channel sandstone is present in the Bell

Canyon beneath the WIPP site. Given the general trend of the channel sands

shown in Figure 1.3, it does suggest that any channel sand present would

have to be at least as narrow as the sand shown at the eastern edge of the

WIPP site. Cabin Baby-I lies along the trend of this sand, however,

indicating that this channel is not continuous towards the southwest.

The recent results in both DOE-2 and Cabin Baby-I are consistent with the

conclusion that the final direction of fluid flow resulting from

interconnection of the Bell Canyon Formation and the Culebra dolomite at or

near the WIPP site would be downwards into the Bell Canyon, contrary to

assumptions maintained in the WIPP FEIS. There are some limitations to

this conclusion. There might be upward fluid movement until the Bell

Canyon and Culebra fluids became essentially saturated with halite, at

which time downward flow would begin. In addition, these results depend on

the assumption that flow rates within the Bell Canyon and Culebra dominate

any fluid pressures generated within the Salado Formation. This assumption

appears generally valid, however, given the low fluid-flow rates normally

encountered within the Salado Formation (Section 3.0).
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3.0 CASTILE AND SALADO FORMATIONS

The major halite-bearing units at and near the WIPP site are the Castile

and Salado Formations. Both units contain halites of varying purity and

thickness. The two halites within the Castile Formation are normally

thick, contain abundant sulfate/carbonate laminae, and are separated by two

relatively _ thick anhydrites. The bedded halites within the Salado

Formation contain accessory minerals such as polyhalite, clay, and

anhydrite, and are separated by numerous anhydritic marker beds and related

clay seams, Locally the middle portion of the Salado Formation contains

commercial potash mineralization, at a level some 300 m stratigraphicaily

above the WIPP facility horizon. The underground workings in the _WIPP

facility are being developed at a depth of approximately 655 m within

bedded halites and anhydrites in the lower Saladc. The halitlc interval

containing the WIPP facility horizon is approximately 8 m thick, and is

situated between anhydrite marker beds MB138 and MBI39. The Castile and

Salado Formations are discussed together here, since halite is a major
component of both, and many of the processes of interest involve both
units.

The Castile Formation overlies the Bell Canyon Formation (Delaware Mountain

Group), Near the WIPP site, the Castile normally contains a sequence cf

three thick anhydrites (Anhydrite I at the bottom and Anhydrite III at tL_e

top), separated by two thick halites (Halites I and II). The thickness of

the Castile Formation at and near the WIPP site is approximately 400 m.

Anderson et al. (1972) provide a general stratlgraphic description of the

Castile, including the more than 200,000 sulfate/carbonate laminae that

occur throughout both halites and anhydrites within the unit. Bedding
within Cas'ile anhydrltes ranges from massive (approximately 30 m) to

laminar (see for example, Mercer et ai., 1987). Individual beds in the

Salado are often 1 m thick .or less. The unit nominally contains 45
anhydrite marker beds, numbered from Marker Bed i01 (MBIOI) to MB145 with

increasing depth. The Salado Formation is about 600 m thick at the WIPP
site.

In some areas, both total thickness and the thickness of stratigraphic
intervals within the Castile and Salado Formations are variable. The

origin and timing of this variability are discussed in Section 3.1. This

variability has played a significant role in WIPP site characterization,

since variable halite (and anhydrite) thicknesses could have at least three

origins'

I. Initial depositional variability (e.g., Lambert, 1983; Borne and
Shaffer, 1985).

2. Gravity-driven deformation, in which dense anhydrites sink into

less dense halites, with compensating formation of salt-cored domes or

anticlines (Borne et al., 1983; Borne and Shaffer, 1985).

3. Evaporlte dissolution, by which halites are preferentially

dissolved by contact with unsaturated groundwaters (Anderson, 1978;
Davies, 1983).
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Significant volumes of fluid are not normally encountered in drilling

either the Castile or Salado. There are exceptions, however, Highly

pressurized brines have been encountered in the uppermost Castile anhydrite

in some hydrocarbon-exploratlon and stratigraphic test holes near the WIPP

site (Figure 1.6), These fluids are under sufficient pressure to flow to

the land surface, The origin and distribution of Castile brines at and
near the WIPP site is discussed in Section 3,2,

As mentioned previously, the WIPP facility is presently being _veloped

within the bedded halites and anhydrites of the lower Salado FormatUon, In

order to piace the WIPP facility within a proper regional perspective, it

is necessary to characterize the behavior of the Salado Formation on both

the regional Scale and adjacent to the WIPP facility itself, The charac-

teristics of the Salado are locally different as a result of "excavation

effects" from construction of the WIPP facility, These transient effects

demonstrably occur on time scales of interest in performance assessment,

Recent studies examining the structural, hydrologic, and geochemical

characteristics of the Salado Formation in and near the WIPP facility are

discussed in Section 3.3, These studies are progressing, and will play a

critical part in monitoring the behavior of the WIPP facility during the

operational phase. The discussion of these activities is preliminary.

3.1 RegiQna%....and Local Variability._Deformation, and. DissolBtiQn

of the Castile an d Salado Formations

O 3. i. I Re--nal Rel@t.ionships 9,hd,,, Behavi_

As mentioned above, both aggregate and internal thicknesses within the

Castile and Salado Formations vary locally. The variability near the WIPP

site is shown fn Figure 3.1. Holes WIPP-12, DOE-2, and WIPP-II lie within

the southern part of the Castile "Disturbed Zone" (DZ) shown in Figure 1.6,

while hole Cabin Baby-i lles outside this zone. Since ERDA-9 penetrates

only the upper portion of the Castile Formation, the possible extension of

the DZ beneath the WIPP facility has not been determined by drilling. The

Castile and Salado Formations in hole Cabin Baby-i are assumed here to

represent the "undisturbed" character of these units near the WIPP site.

In the cross section shown in Figure 3.1, the total thickness of the

Castile is known only in holes Cabin Baby-I and DOE-2. The Castile is 409

m thick in Cabin Baby-I and 302 m thick in DOE-2. The apparent thickness

of Anhydrite I is 72 m in Cabin Baby-I and 80 m in DOE-2. Therefore, we

assume here that the thickness of Anhydrite I is not significantly variable

on the scale of the WIPP site, and that, south of DOE-2, Anhydrite I is not

strongly involved in structures within the Castile and overlying Salado.

Apparent stratlgraphlc thicknesses from the top of the Castile to the top

of Anhydrite I range from 222 m at DOE-2 to 372 m at WIPP-II. The assumed

undisturbed thickness, that at Cabin Baby-l, is 337 m.

Much of the variability within the Castile Formation in Figure 3.1 is in

halite thickness. For example, the anomalously thick Castile at WIPP-II

includes a thickness of 311 m for Halites I and II, compared with a
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thickness of 167 m for the same units in Cabin Baby-l, At the other

extreme, a total of only _ m of Castile halite is present in DOE-2; Halite

II is completely missing,

However, Anhydrites II and III also vary in thickness, Their total

apparent thickness (drilled thickness, ignoring dip) in WIPP-li is 61 m,

compared to 219 m in DOE-2, Both values differ significantly from the

total thickness of the two units in Cabin Baby-l, 170 m, These

relationships indicate that, at least locally, anomalously, thick halites

within the Castile Formation are combined with anomalously thin anhydrites.

Conversely, anomalously thin Castile halite, as in DOE-2, is combined with

anomalously thick anhydrite, These results are inconsistent with halite

dissolution being the only cause of variability in the thickness of the
Castile Formation at the WIPP site,

Locally, the antithetic relations between anhydrite and halite thicknesses

within the Castile are consistent with a similar relationship between
overall thicknesses of the Salado and Castile Formations, The Salado is

625 m thick at Cabin Baby-i and 602 m thick in ERDA-9. However, at WIPP-II

and WIPP-12, where the underlying Castile is anomalously thick, the Salado

is unusually thin, 420 and 540 m, respectively, On the other hand, the

Castile is relatively thin at DOE-2, and the apparent thickness of the

Salado at DOE-2 is 647 m, greater than at either Cabin Baby-I or ERDA-9.

Thus, the variable thicknesses of the combined Salado and Castile Forma-

tions at and near the WIPP site appear due to internally compensating

variations in thicknesses of both anhydrltes and halites. The origin of

compensating anhydrite and halite thicknesses may be either depositional,

as suggested by Lambert (1"983) and Borne and Shaffer (1985), 'or a conse-

quence of later gravity-driven deformation, as discussed in Borne et al.

(1983). The Castile and Salado variability considered here at the WIPP

site proper is very similar to that considered by Borne and Shaffer (1985)
at the Poker Lake structures well south of the WIPP,

There is considerable evidence for both syndepositlonal and postdepo-

sitional deformation within the Castile Formation, as summarized by Borne

et al. (1983) and Borne (1983). These authors distinguish three stages of

deformation, listed in the sequence of development:

i. Formation of discontinuous isoclinal folds interpreted to be

approximately syndeposltlonal in age, i.e., to have occurred in soft

sediments. These structures include displaclve crystal growth in both

anhydrites and carbonate laminae. Characteristically, the syndeposi-

tional structures are confined to a single layer, and may include
disruption of the affected layer.

2. Asymmetric folding, including formation of crenulation cleavage,

boudinage (separation) of carbonates, and convolute folding of

anhydrite stringers within halites. Borne (1983) attributes a

widespread subhorlzontal fabric within Castile halites to folding at

this stage. The axial planes of convolute folds in anhydrite stringers
within Halites I and II are also subhorizontal. Borne (1983)

interprets these relations to indicate that major deformation within
the Castile often involves lateral movement of halite.
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3, Late-stage near-vertlcal fractures and veins, which cross-cut

earlier structures. These fractures may be either open, or filled with

halite, anhydrite, and/or gypsum,

Syndepositional deformation was probably driven by gravity acting on

original depositional slopes, or by responses to density contrasts within
still-soft sediments, Borne et al, (1983) attribute later deformation to

some combination of direct gravlty.drlven deformation resulting from

deposition of dense anhydrites over less-dense halites and regional tilting

of the Delaware Basin, On the large scale, the gravltlc driving force for

internal deformation of the Castile and overlying Salado Formations is

clear, Above Anhydrite I, the Castile i[=ludes two thick anhydrltes, with

densities of approximately 2,95 g/cm 3, Each unit was deposited above thick

halite with a density of 2,2 to 2.25 g/cm 3, Modeling discussed in Borne et

al, (1983) indicates that, for the relatively thick-bedded Castile, these

density contrasts should be sufficient to drive deformation in which the

anhydrites effectively sink into underlying halites, Layering within the
Salado is too thin to support such deformation; the Salado structures

appear essentially to follow those in the underlying Castile as a rela-

tively passive marker,

However, a driving force for deformation can be effective only if there are

appropriate deformation mechanisms operating in the rocks involved. There
have been three major studies into possible deformation mechanisms within

the halites of the Castile and Salado. Munson (1979) assumed that deforma-

tion within the units is anhydrous. Munson concludes (Figure 3.3) that

deformation under generic conditions for either a high-level-waste or TRU

facility in halite would occur by an undefined mechanism, except at rela-

tively high stress levels. At high stress levels, deformation would be

dominated by creep mechanisms involving dislocation climb.

In contrast, Borne et al. (1983) associate structures within deformed

portions of the Castile and Salado with the presence of fluids, and

conclude that pressure solution plays a major role in controlling the

regional deformation of both units. During pressure solution, deformation

proceeds as a result of the migration of mineral constituents from regions

of high stress to regions of low stress by means of diffusion through

grain-boundary fluids, In the interpretation of Borne et al, (1983), the
participation of fluids during deformation of the Castile and Salado

Formations is indicated by veins containing both halite and anhydrite, as

well as by anhydrite recrystallization in stress shadows, Recent studies

of fluid contents within Salado halites indicate contents of as high as 2

weight percent (see Section 3.3), more than required for pressure solution
to be operative (Borns, 1987b).

Borns (1987b) estimates deformation fields for halite, including pressure

solution as a deformation mechanism (Figure 3.4). Field "C" in this figure

includes the temperature and stress regimes estimated for regional

deformation at and near the WIPP site by Borne et al. (1983), while field

"B" is an analogous field for natural deformation of halites estimated by

Carter and Hansen (1983) and Heard (1972). Pressure solution plays a major
role in halite deformation within the conditions of both fields and assumed
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Figure 3.4: Deformation map for halite, assuming fluids present and con-

sidering pressure solution as a major deformation mechanism.

Figure 4 of Borns (1987b). In this figure, viscous effects on

grain boundaries are ignored. Field A is the field of "prob-

able repository conditions" shown in Figure 3.3. Field B is

the range of stress and temperature conditions estimated for

natural rock-salt deformation (Carter and Hansen, 1983; Heard,

1972). Field C is the range of stress and temperature condi-

tions for gravity-driv_n deformation at the WIPP site (Borns

et ai., 1983). Curve D is the estimated stress and tempera-

ture path for a Gulf C_ast salt dome at the indicated depths

(Carter and Heard, 1970.
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material properties so lon_ as the volumetric strain rate is not greater
than approximately I0 "13 s"_. As discussed by Borns (1987b), the maximum

strain rates at which pressure solution is a dominant deformation mechanism

depend on the character and thickness of the grain-boundary fluids.

The estimated strain rates for far-field deformation at the WIPP site, not

including near-field deformation around the WIPP facility itself, are

consistent with pressure solution. Based on a range of estimated strain

rates of between 3 x 10 "14 and 10 "16 s"I, the range of times calculated for

formation of the WIPP-12 anticlinal structure, estimated to have undergone

1% vQlumetric strain, is I.I x 104 to 106 years (Borns et al., 1983). Near

an underground facility such as the WIPP facility, however, early-tlme

strain rates are probably too rapid for pressure solution to be a major

deformation mechanism. Reported volumetric strain rates in such a setting

are as high as I0"II s"I (Borns, 1987b), and may be even higher during
initial transient closure.

In summary, the understanding of far-field deformation within the Castile
and Salado Formations is consistent with the interpretations that:

i. Pressure solution, in which deformation results from mineral

constituents being transported from high-stress to low-stress domains

by means of an intergranular fluid or film, plays a major role in

regional deformation of evaporites at and near the WIPP site. Since

0nly approximately 0.2 volume percent (0.i weight percent) fluid is

required for pressure solution to be operative in halite, more than

enough fluid is present within the Salado and Castile Formations at and
near the WIPP site.

2. Much of the deformation within the DZ may have been effectively

syndepositional (i.e., Permian) in age, although this is not the last

period of deformation that has taken piace.

3. The driving force behind regional-scale evaporite deformation at

and near the WIPP is gravitational, due to the depositional emplacement

of dense anhydrites over less dense halites. There is, however, a

regional overprinting due to Pleistocene tilting of the entire northern
Delaware Basin.

4. Deformation such as that known to occur within the DZ, even if it

does progress toward the WIPP, is unlikely to reach the WIPP site
within 104 years, the minimum estimated time required for formation of
the WIPP-12 structure.

5. lt is not known whether or when pressure solution will become an

important mechanism in closure of the WIPP facility itself. At early

times close to the facility, i.e., at relatively high stresses and

deformation rates, mechanisms involving dislocation climb (and

fracturing) should dominate. At later times and/or at greater

distances from the underground workings, i.e., at lower stresses and

deformation rates, pressure solution may dominate.
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3.1.2 The DOE-2 Structure

The recognition of gravity as a driving force for regional-scale

deformation of the Castile and Salado Formations and the probable role of

pressure solution in such deformation does not rule out the possibility of

halite removal by dissolution. The absence of halite within the Castile in

the western part of the Delaware Basin (Figure 1.4) is interpreted as

partly due to halite dissolution in response to regional tilting and uplift

of the basin. However, as summarized by Neill et al. (1983), there is

generally agreement that blanket or stratabound dissolution within the
Castile and Salado Formations is not a feasible mechanism for breach of the

WIPP facility on the regulatory time frame. Regional-scale evaporite
dissolution within the Castile and Salado Formations is not discussed

further here.

Both Anderson (1978, 1981) and Davies (1983) proposed that evaporites in

the Castile and/or Salado Formations may be locally dissolved by halite-

unsaturated fluids moving upwards from the Bell Canyon Formation (see

Section 2.0). Subsidence of the overlying evaporites, especially the

Salado Formation, would result. Hole DOE-2 was drilled specifically to

investigate a depression in MBI24 in the middle portion of the Salado

Formation (Figure 3.1; see also Figure 2-2 of Mercer et al., 1987).

However , the DOE-2 structure is interpreted as being due to lateral and

vertical deformation of the Castile and Salado Formations, rather than

evaporite dissolution.

The expected position of the top of the Castile Formation (Anhydrite III)

in DOE-2 was at an elevation of between 230 and 260 m. However, the of
top

the Castile in DOE-2 was actually at an elevation of 102 m, more than 120 m

lower. The base of the Castile in DOE-2, at an elevation of -199 m, is

consistent with regional trends, indicating thst the structure does not

extend below the top of Anhydrite I.

Laminae within the upper Castile anhydrite in DOE-2 are strongly deformed,

with vertical bedding and discontinuous folds at various depths (Mercer et

al., 1987; Borns, 1987a). These structures are consistent with syndepo-
sitional deformation. Other structures seen in the Salado and Castile

Formations in DOE-2, such as pull-apart structures and fibrous vein infil-

lings, are interpreted by Borns as postdepositional. As noted by Borns

(1987a), removal of Castile halite from DOE-2 by dissolution should have

left in piace many of the anhydrite "laminae" originally present in Halites
I and II. No such dissolution residues were identified in core collected

in hole DOE-2. The very thin Castile halite in DOE-2 (approximately 2 m)

is compensated by unusually thick halites within the overlying Salado

Formation. As shown in Figure 3.1 and noted in Table 3-3 of Mercer et al.

(1987), halites within the informal lower member of the Salado Formation

(from MB126 to the top of the Castile) in hole DOE-2 are 96 m thicker than

in the same stratigraphic interval in hole WIPP-12, and 204 m thicker than
in WIPP-II.

The DOE-2 structure is interpreted as being due to both lateral and

vertical deformation of the Castile and Salado Formations, rather than t_

Q evaporite dissolution. The structural understanding of the Salado and
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Castile does not allow prediction of where such a structure might develop

in the future. Drilling and testing of hole DOE-2 indicates that no such

remains unexamined at and near the WIPP site. Estimated times '_structure

required for 1% strain in the structure at WIPP-12 indicates, however, that

the time required for generation of a significant structure as a result of

gravitationally driven deformation probably exceeds the 10,O00-year time

frame of regulatory interest.

3.2 Occurrence and Origin of Pressurized Brines within Anhydrites

of the Castile Formation

Uncertainties about the original thicknesses, rates of gravity-drlven

deformation, and regional and local dissolution rates of Castile halites

relate to natural phenomena affecting the reliability of long-term

extrapolations of WIPP performance. One issue, the possible presence of

pressurized Castile brines beneath the WIPP facility itself, plays a direct

role in evaluation of the possible consequences of human intrusion into the

WIPP facility. This is because, when encountered in drillholes, such

brines can rise to the land surface; they would be capable of directly

transmitting entrained waste to both the Rustler and the land surface. A

geophysical survey conducted in 1987 indicates that Castile brines may be

present beneath a portion of the WIPP waste-emplacement panels, consistent

with previous assumptions made in WIPP performance assessment.

The known occurrences of Castile brines in the northern Delaware Basin as

of 1983 (Figure 1.6) are taken from Popielak et al. (1983). Brines have

been encountered in fractured Castile anhydrites in several hydrocarbon-

exploration drillholes both north and northeast of the WIPP site, between

the WIPP site and the margin of the Delaware Basin. In addition, Castile

brines were encountered southwest of' WIPP in the Belco well, approximately

6.5 km from the center of the site. During WIPP site characterization,

pressurized Castile brines have been encountered in holes WIPP-12, approxi-

mately 1.6 km north of the site center, and ERDA-6, approximately 8 km

northeast of the site center.

Brine volumes in the two occurrences have been estimated on the basis of

flow tests and drillstem testing, but remain somewhat uncertain because of

limited early flow data and the assumptions necessary concerning both

fracture porosity and rock-mass compressibility in the absence of

observation holes. Estimated brine volumes in the two occurrences range
between 9.5 x 103 and 105 barrels for ERDA-6 and between 5 x 106 and 17 x

106 barrels for the WIPP-12 occurrence (Popielak et al., 1983; Neill et

al., 1983).

Because of the apparent large "volume of the WIPP-12 reservoir, it is

reasonable 'to postulate that this reservoir extends beneath all or part of

the WIPP facility. However, geophysical studies prior to 1983 were

unsuccessful in determining whether or not Castile brines were present

beneath the WIPP facility (Borne et al., 1983). Nonetheless, as a result

of the occurrence of Castile brine in WIPP-12, it was assumed through 1983

that these brines were present beneath the WIPP facility (Channell, 1982;

Bard, 1982; Case et al., 1982). A geophysical survey using transient
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electromagnetic methods was made directly over the WIPP waste-emplacement

panels in 1987 (Earth Technology, 1987), to determine the presence or
absence of Castile brines beneath the facility. The results contained in

Earth Technology (1987) are summarized in Figures 3.5 and 3.6.

As discussed in Section 2.0, the WIPP is underlaid by the Bell Canyon

Formation. While the permeability of the upper portion of the Bell Canyon

Formation is variable, the entire unit appears to be a good electrical

conductor. Therefore, the dominant conductive layer beneath the WIPP

facility appears to be the Bell Canyon. However, the aoparent variations

in depth to the first major conductor appear to exceed tlle estimated depth

uncertainty for the geophysical method used, 75 m (,Figure 3.6). At some of

the locations, the interpreted depth to the first major conductor lies

significantly above the depth of the top of the Bell Canyon Formation,
i.e., within the Castile Formation. On the basis of this interpretation,

brine may be present within the Castile Formation under par c of the area

outlined by the WIPP waste-emplacement panels (Earth Technology, 1987).

However, the combination of the depths to the first major conductor

indicated in Figure 3.5 and stratigraphic depths indicated in Figure 3.1

suggests that the brine occurrence is limited. The depth to the top of the
Bell Canyon is 1230 m in Cabin Baby-i and approximately 1250 m in ERDA-9

(assuming linear variation between Cabin Baby-I and DOE-2). Therefore,

conductor depths greater than 1.300 m in Figure 3.5 almost certainly reflect

the Bell Canyon Formation. At the other limit, the depth to the bottom of
the Salado is 861 m in ERDA-9 and 821 m in Cabin Baby-l. Since the minimum

O interpreted depth to the conductor is 988 m, the conductor does not appearto be within the Salado Formation anywhere in the surveyed area. The depth

to the bottom of Anhydrite III is 959 m in Cabin Baby-l, and is assumed to

be approximately 950 m in ERDA-9. Assuming 75 m vertical uncertainty in

the geophysical soundings, this implies that apparent conductor depths of

less than approximately 1025 m are consistent with brine occurrence within

Anhydrite III. This interpretation suggests that brine is present within

Anhydrite III under only the furthest northern and northeastern parts of

the waste-emplacement panels. To date, pressurized Castile brines have

been found only within fractured portions of the uppermost anhydrite

present, Anhydrite II ii ERDA-6 and Anhydrite III in WIPP-12_

The results shown in Figure 3.5 are based on one-dimensional modeling.

Preliminary attempts at three-dimensional interpretation of the results

indicate that the lateral resolution of the interpretation cannot be

improved by more complex modeling approaches. Therefore, the "conserva-

tive" interpretation is that Castile brines are present beneath at least

the northern portion of the WIPP waste-emplacement panels, consistent with

both the most recent work and earlier assumptions.

Two basic hypotheses have been put forward to account for the occurrences
of Castile brines:

i. Migration of connate Castile fluids into fractured anhydrites as a

result of local deformation (Borns et al., 1983; Popielak et al.,

1983).
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Figure 3.5: Contour map of apparent depth to first major deep conductor in

survey including area of WIPP waste-emplacement panels, in

meters. The heavily dashed rectangle outlines the surface

projection of the WIPP waste-emplacement panels. Simplified

from Figure 3-3 of Earth Technology (1987).
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2, Isolation of meteoric waters within fractured anhydrites following

episodic hydrologic connection of the Castile with the Capitan _
limestone (Lambert and Carter, 1984).

According to the first hypothesis, the brines would be localized by

deformation of the Castile Formation. The brines would occur in relatively

low-pressure areas, such as the crests of domal or anticlinal structures

similar to those encountered at WIPP-12 and ERDA-6. Such brines might

continue to be generated by slow gravitationally driven deformation during

and after the WIPP operational phase. Borns (1983) estimated that the

reduction of porosity of the Castile halites by 0.2% required to generate
the volumes of brine encountered in the WIPP-12 domal structure would

likely be indistinguishable in bulk-property measurements. As pointed out

by Borns (1987b), mechanical displacement and/or fluid movement during

gravity-driven deformation need not be continuous. From a mechanical point

of view, the, emplacement of Castile brines appears consistent with either

continuous or episodic deformation, and would result in indistinguishable

changes in the properties of surrounding Castile halites. However, as

discussed in Section 3.1, regional deformation within the Castile Formation

is probably too slow to be of concern in the performance of the WIPP

facility.

Lambert and Carter (1984) conclude, on the basis of uranium-disequilibrlum

studies, that the Castile brine occurrences were neither in-place nor remo-

bilized connate Castile fluids. They conclude that the brine occurrences

are the result of isolation of waters resulting from intermittent or epi-

sodic lateral hydraulic connection of the Capitan limestone and Castile

anhydrites. Local fracturing of the Castile anhydrltes is still required.

Lambert and Carter (1984) specifically conclude that:

I. The residence or isolatio_ times for the Castile brines at ERDA-6
anl WIPP-12 are between 360,000 and 880,000 years.

2. The extent of buildup in 234U/238U ratios expected to result from

continuous exposure of fresh rock to fluids during gravlty-driven
deformation is not seen.

3. Therefore, the mode of emplacement of the Castile brines must be

episodic in character. The relevant episodic feature of the system is

interpreted by Lambert and Carter (1984) to be hydraulic connection

between the Castile anhydrltes and the Capitan limestone. Any future

brine generation, according to this interpretation, would require

hydrologic reconnection of the Capitan and Castile.

In summary, recent geophysical studies indicate that brines are probably

present within Castile anhydrites under a portion of the WIPP waste-

emplacement panels. The brines are 250 m or m0re stratigraphically below
the WIPP facility horizon. Although the detailed distribution of the

brines remains unknown, this is not of special concern, since the presence

of Castile brines beneath at least a portion of the WIPP facility has been

and will continue to be assumed in WIPP performance assessment. ThE
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mechanism(s) giving rise to Castile brine occurrences are not completely

known, However, both mechanisms proposed, fluid migration in response to

episodic deformation and isolation of fluids resulting from episodic

interconnection of the Capitan limestone and Bell Canyon Formation, are

unlikely to generate significant additional brine beneath the WIPP facility

in the lO,O00-year time scale of regulatory interest.

3,3 Recent Hydrologic, GeoGhemical, add Structural Studies

9_$ the Sa!ado Formation

As mentioned above, the WIPP facility is presently being developed within

bedded halites and anhydrites of the Salado Formation, at an average depth

of approximately 655 m. This section attempts to place the WIPP facility

within a proper perspective relative to both local and regional-scale

hydrologic and structural behavior of the Salado Formation. Differences in

Salado behavior as a result of the presence of the WIPP facility are

considered as "excavation effects."

Section 3.3.1 discusses the hydrologic behavior of the Salado Formation as

interpreted from testing conducted from the surface and within the WIPP

facility. Section 3.3.2 describes the present understanding of the fluid

geochemistry and mineralogy of the Salado Formation, based on recent and

ongoing studies within the WIPP facility. Section 3.3.3 discusses the

interim results of ongoing investigations into the structural behavior of

the Salado Formation adjacent to the WIPP facility, with emphasis on Marker

Bed 139 (MBI39), a relatively thick anhydritic marker bed approximately 1 m

below the WIPP facility horizon.

3.3.1 Regional-Scale and Near_Facillty Hydrology of the Salado Formation

3.3.1.1 Hydrolog%c Testing from the Surface and at the Faci!._ty Horizon--

Unlike the case in the Castile Formation, significant brine flows have not

been encountered in hydrologic testing of the Salado Fermation from the

, surface. However, two anomalous phenomena have been encountered in the

Salado. First, pressurized gas has been encountered in some holes drilled

from the surface and near the mining face in WIPP excavations. In the most

dramatic case, nitrogen gas was encountered in the upper portion of the

Salado in hole AEC-8, at a depth between 335 m and 391 m, during reworking

of the hole approximately one year after original drilling (Table 3.1;

Mercer, 1987). The gas pressure was sufficient to partially remove the

drillstem from the borehole. A large volume of gas, approximately 6 x 105

m 3, was allowed to flow to the surface without apparent depletion of the

reservoir (Mercer, 1987). Gas has also been locally encountered during

construction of the WIPP facility, as described in Deal and Case (1987).

To dsce, all gas occurrences within the WIPP facility have been s,_il,

althc,ugh the largest such occurrence did result in a 0.4-m diameter disk

being blown out of the face being mined. Second, as shown in Table 3.1,

long-term monitoring at some holes penetrating the Salado Formation

indicates a slow buildup of fluid pressure. The maximum pressure measured

to date is 3.3 MPa (472 psig) at WIPP-12. This pressure is generated

within the Salado, since it was measured before the hole was deepened into
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Table 3.1: Summary of known Salado gas occurrences and measured wellhead

pressures from surface drilling. Gas-occurrence data are
modified from Table 2 of Mercer (1987)_ Fluid-pressure data

are from the text of Mercer (1987),

A. Gas Occurrences

Hole Comments
d

• , ,..,, , ,

ERDA-9 At 430 m; trace of H2S

ERDA-6 At 561 m; blew for 30 min.

AEC-7 At 491 m; blew for i hour

AEC-8 At 335-391 m; blew for several months

P-7 Many kicks

P-12 Hole unloaded fluid over weekend

P-20 Slight blow at TD of 608 m

B. Pressures Measured at Surface

Hole Comments

Cabin Baby 1.4 MPa

WIPP-12 2.94 MPa, before deepening

WIPP-13 2.93 MPa, hole open to Castile and Salado

WIPP-li 0.12 MPa

DOE-2 0

AEC-7 0
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the Castile Formation and intersected Castile brines (Section 3.2). The

rate at which Salado brine pressures build up is very slow andj as noted by

Mercer (1987), the pressures appear to be supported by only very small

volumes of fluid. Complete reduction of the 1.6 Mpa (228 psig) pressure at

the WIPP-12 wellhead in 1985 was achieved by release of approximately 5

gallons of brine. In some holes, for example DOE-2 and AEC-7, no long-term

pressure buildup has been observed.

The published results of "successful" hydrologic tests of the Salado from

the surface (Table 3.2) indicate permeabillties from approximately 0.01

microdarcy to a high of 25 microdarcies. Ongoing evaluation indicates

that, as a result of instrumentation limitations, testlng-time limitations

or problems with pressure or flow stabilization, data from the Salado in
DOE-2 are the most reliable, indicating a maximum permeability of 0.3

microdarcies, lt has not been possible in testing from the surface to

identify any discrete sources for this fluid or to determine any strati-

graphic effects.

Table 3.2: Summary of Salado hydrologic properties interpreted in hydro-

logic testing from surface. Modified from Tables 3 through 9

of Mercer (1987). Ongoing interpretation indicates that only
results from hole DOE-2 are reliable.

Hole Comments

AEC-7 550 8-581-3 m; MB 126; g_ perm, 3 x 10 -6 D

AEC-7 672 7-703.2 m; MB 139; g._ perm. 12-21 x 10.6 D

ERDA-9 436 8-452.9 m; MB 118; 119; perm. 0.1-0.7 x 10 .6 D

ERDA-9 613 9-638.3 m; MB 136, 137; perm. 0.6-3.2 x 10 -6 D

ERDA-9 765 7-798 m; Cowden, lower Salado; perm. 1.6-2.2 x 10 .6 D

ERDA-9 799 5-876 m; lower Salado; perm O.4-6.5 x 10.6 D

ERDA-9 799 5-826.9 m; lower Salado; perm. 0.7-25 x 10 .6 D

Cabin Baby 230 7-828.2 m; entire Salado; perm. 0.01-0.i x 10-6 D

DOE-2 669-703.8 m; MB 138, 139; perm. S0.3 x 10 .6 D

However, there has been only limited "success" in field testing of the

Salado from the surface. There appear to be two causes for this. First,

the formation permeability appears in many cases to be below the testable

minimum for the equipment used, approximately 0.01 to 0.i microdarcy. For

example, testing of ali intervals in holes AEC-8, ERDA-10, and WIPP-12 was

unsuccessful due to the low permeability and limitations to the test

equipment. The most recent results included in Table 3.2, based on testing

in Cabin Baby-I in 1983 and DOE-2 in 1985, suggest an upper permeability
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limit of approximately 0.3 mlcrodarcies. As noted by Mercer (1987), it is

not clear that any of the successful tests indicate the permeability of

undisturbed halite, since the test intervals almost always include one or

more interbeds. Second, in the case of hole WIPP-12, hole "ageing" during

the seven years between hole completion and attempted testing of the Salado

made it extremely difficult to find locations in the borehole that allowed

successful setting of packers to isolate intervals for drillstem testing.

The tentative interpretation is that this ageing involves loosening of

grain boundaries in halites, with a concomitant increase in local

permeability around the borehole.

Flow testing of the Salado Formation within the WIPP facility is still in

its early stages. PrellmiD.ary results indicate that the presence of the

WIPP facility has a strong impact on the hydrologic behavior of nearby

portions of the Salado Formation. The results of initial gas-flow testing

in the WIPP facility are described by Stormont et al. (1987). Inter-

pretation of this testing indicated that apparent gas permeabilltles are _

very low at distances of _reater than approximatel2 2 m from the under-

ground workings, with no distinguishable stratigraphic variability.

Stormont et al. (1987) calculate a "far-fleld" permeability of less than 1

microdarcy for the Salado.

Stormont et al. (1987) identify a zone of markedly increased permeability

within approximately 2 m of the underground workings, on the basis of

marked increases in gas flow rates at constant injection pressure. The

apparent increases in permeability are especially dramatic near room center

lines, in both room roofs and floors. In addition, the magnitude of the

local increases in permeability appear to be a function of both time and

room width. Stozmont et al. (1987) note that their measurements are

consistent with time-dependent development of a dilatant or "damaged" zone

around the underground workings, and that this zone may well be only

partially saturated. Finally, Stormont et ai. (1987) indicate that the

interpretation of their tests was complicated by uncertainties in the

degree of saturation of the Salado, pressure-threshold effects inherent in

gas-flow testing in either a partially or fully saturated medium, and local

flow inhomogeneities due to fracturing in the disturbed or altered zone

near the facility.

Recent brine-flow testing within the WIPP facility described by Peterson et

al. (1987) has eliminated some of the problems inherent in gas-flow

testing. Peterson e t al. (1987) describe the results of long-term (240-

day) shut-in brine-flow tests in two holes. One hole penetrated "intact"

halite and the other "intact" anhydrite in MB139, both at a distance of 8

to 9 m from the underground workings. Assuming complete saturation within

the tested zones, the results indicate far-field permeabilities of

approximately 0.001 microdarcy for intact halite, and 0.01 microdarcy for

M5139. In addition, apparent steady-state "pore" pressures of 8.3 MPa and

10.3 MPa were measured in the two holes. Peterson et ai. (1987) note that

there is some uncertainty in both estimated permeabilities and fluid

pressures, due to the long test times required.

Gas-flow testing of the same two holes prior to brine-flow testing, at a

gas-injection injection pressure of 2.1 MPa, indicated halite and marker-

bed permeabilities approximately one order of magnitude greater than
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indicated in the later brine-flow testing. These higher permeabilities are

similar to those reported by Stormont et al. (1987). Gas-flow testing

after brine-flow testing indicated effectively zero permeability. The

reasons for this complexity are not clear, lt may well be that initial

gas-flow testing utilized unsaturated flow paths resulting from near-hole

dilatancy, and that these flow paths were later saturated during brine-flow

testing.

However, it is not clear that the Salado Formation is completely saturated,

even in the far-field. For example, the gas "blows" locally encountered in

drilling the Salado from the surface (see Table 3.1) indicate that high-

pressure gases occur locally wi_thin the unit. Unfortunately, it cannot be

determined whether the initial pressures in these occurrences represent

regional partial saturation or are a result of exsolution of dissolved

gases as a result of stress release around drilled holes. The large gas
flow in the Salado in hole AEC-8 occurred approximately one year after

initial hole completion. Experience during the development of the WIPP '

facility also indicates the local occurrence of gas within the Salado at

high pressure, perhaps approaching the local lithostatic pressure of 16

MPa. Release of gas concentrated along a fracture nearly parallel to the

facility working face resulted in a small blowout during mining operations,

as described by Deal and Case (1987). Later dri%ling in front of the same

working face encountered gas at a depth of approximately 3 m. Howeve,r,

because gas occurrences within the WIPP facility have ali been near faces
being actively mined, it cannot be demonstrated that they were al_

lithostatic pressure before release. They may result from exsolution of

dissolved gases during stress release near the excavation. Other

observations by Deal and Case, such as the widespread exsolution of gas

from brines collected within the WIPP facility and local bubbling of brine
seeps on ribs within the facility, further suggest that gas may play a

major role in at least the near-field hydrologic behavior of the Salado
Formation.

Thus, the results of recent permeability testing within the Salado

Formation, both within the WIPP facility and from the surface , are

generally consistent with a far-field permeability of approximate].y 0.001

to 0.I microdarcy, lt is not certain whether the Salado is saturated or

partially saturated regionally; in the altered zone near the WIPP facility,

it appears to be partially saturated. There are marked near-field

increases in Salado permeability near the WIPP facility, resulting from

fracturing and possibly matrix dilatancy. The development of a

hydrologica].ly altered zone around workings at the WIPP facility horizon

appears to depend on both time and geometry. The ultimate extent of this

zone and the rate or extent of its elimination or reduction during the

final stages of facility closure remain unknown at present, but will be

examined carefully during the early operational phase.

3.3.1.2. H drH_ic Testing__acent to the WIPP Air-Intake Shaft--Barring
a direct breach of the WIPP as a result of human intrusion, the successful

long-term performance of the facility largely depends on the success with

which the facility shafts are plugged or sealed. Present planning calls

for emplacement of shaft seals in both the Salado Formation and the unnamed
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lower member of the Rustler Formation. Therefore, it is important to know

the distribution of hyd.'ologic properties within both units adjacent to the

WIPP shafts. A prelimi_mry series of hydr-logic tests was conducted at

several levels in the WIPP waste-handlir_ shaft during 1987. Additional

testing and monitoring of the hydrologic characteristics of both the
Rustler and Salado Formations adjacent to the WIPP alr-intake shaft is

planned.

The objectives of the preliminary hydrologic testing adjacent to the WIPP
waste-handling shaft, results of which are described in Saulnier and Avis
(1988), were to:

I. Determin_ if a significant fractured or altered zone had developed

around the concrete shaft liner in the shaft since its completion.

2. Estimate the radial extent of the hydrologic cone of depression

resulting from construction of the waste-handling shaft.

3. Determine "far-field" hydrologic propertles for nreviously untested
zones in the lower unnamed member of the Rustler Formation and levels

in the Salado Formation at which it is anticipated that plugs might be

placed at the end of the WIPP operational phase.

Testing in the waste-handling shaft was carried out in subhorizontal

drillholes, using three distinct test zones. The detailed experimental
instrumentation is described in Stensrud et al. (1988). Zone i extended

from the hole "bottom" approximately 7.9 m outside the shaft to a depth of

some 5.7 m, Zone 2 from approximately 4.8 m to 3.7 m, and Zone 3 from

approximately 2.9 to 1.6 m. There was, however, some variability in both
test-zone depths and the relationship between Zone 3 and the shaft liner.

No shaft liner was present below the 850-foot level. The shaft liner was

thin enough in the lower Rustler for Zo_,= 3 to test entirely within the
rock mass. At the 850 level, however, the thickened shaft liner in the

keyway dictated that Zone 3 in one hole included the interface between rock

and shaft liner. (English depth units are used here for consistency with
depth records within the shaft).

The results of the preliminary testing in the waste-handling shaft are

summarized in Table 3.3 and Figures 3.7 and 3.8. Tested lithologies

include mudstone and claystone in the unnamed lower member of the Rustler

(at the 782 and 805-foot depths, respectively) and halites, an anhydrite,
and a polyhalite within the Salado Formation (850 and 1320-foot depths).

Ali of the tested intervals are extremely low in permeability. Hydraulic

conductivities listed in Table 3.3 range only from 10"14 to 10 "13 m/s.

This corresponds to an approximate range in permeability of one order of

magnitude, from 0.001 to 0.01 microdarcy. There is no consistent increase

in conductivity towards the shaft (from Zone i to Zone 3) in any of the

rock types tested, except at the 850-ft level. In the 850W hole,

pressurized fluids flowed into the borehole at the liner/rock interface.

The precise origin of these fluids remains to be determined.
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Table 3.3: Summary of results of 1987 hydrologic testing in the WIPP

O waste-handling shaft. From Saulnier and Avis (1988).

Test Zone

Borehole Lithology Depth Int. Test Period Pressure Hydraulic Formation

(Feet from , Pulse Conductivity Pressure
Shaft Wall) (psi) (m/s) (psi)

W782W Silty I) 18.6-26,0 07/18-22/87 113.3 1.0 E-13 90
Mudstone 2) 12.3-15.9 07/20-22/87 108.3 1.0 E-14 140

3) 5,4- 9.5 07/2_-22/87 99.4 1.0 E-14 140

W805W Silty I) 18.6-26.0 07/11-15/87 94.5 5.0 E-14 225

Claystone 2) 12.3-15.9 07/13-15/87 105.1 1.0 E-14 140

3) 5.4- 9.5 07/14-15/87 97.8 1.0 E-14 ii0

W805SW Silty I) 18.6-26.5 08/28-31/87 102.9 6.0 E-15 275

Claystone 2) 12.3-15,9 Not Tested I.O E-14* 90*
3) 5.4- 9.5 08/29-31/87 92.6 2.0 E-14 70

W85OW Halite I) 18.6-26._ 07-30/08-03/87 97,6 i.O E-13 40

2) 12.3-15.9 08/2-3/87 116,5 1.0 E-13 40

3) 5,4-9.5 07-31/08-3/87 90.39 Not Analyzable*

W850SE Halite I) 23.2-36.0 O8/19-24/87 103.5 3.0 E-14 50

2) 16.8-20.5 O8/21-24/87 103.1 3.0 E-14 30

O 3) 10.0-14.1 08/22-24/87 100.7 2.0 E-14 90
WI32OE Halite/ i) 18,6-41.8 O8/11-17/87 17 .3 2.0 E-14 550

Anhydrite 2) 12.3-15,9 O8/14-17/87 52.6 3.0 E-14 450

Polyhalite 3) 5,4- 9.5 O8/15-17/87 53.0 3.0 E-14 I00

*Zone 2 analysis from pressure buildup after shut-in, August 28 to 31, 1987.

Physical limitations to the testing system dictated that Zone 3 not extend

any closer than approximately 1.6 m from the inside of the shaft.

Therefore, even if the one or two holes tested at each level are represen-

tative and adequately characterize the permeability at the tested levels,

it can only be argued that the results indicate that no damaged zone

presently extends more than 2 m into the rock mass. This includes any

damage zone resulting from blasting during construction of the shaft. In

addition, because of scheduling constraints, ali of the testing was

relatively short-term. Longer-term testing might identify changes in

hydraulic properties near the shaft.

The permeabilities listed in Table 3.3 indicate no significant strati-

graphic variability. Ali of the tests indicate extremely low permeability,

roughly one order of magnitude less than estimated from measurements from

the surface. One reason for this may be that the holes tested here were

nearly horizontal; as a result, at least part of the fluid flow was

vertical, perpendicular ro layering. The results may imply that vertical

0
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Figure 3.7' Summary of formation conductivities determined in 1987 testing

in the WIPP waste-handling shaft. Figure 6.3 of Saulnier and

Avis (1988). O
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Figure 3.9: Apparent variation in water content of Salado halite at the

WIPP facility horizon with depth into the wall. The EM31

survey investigates conductivity up to approximately 2 m depth

and the EM34 survey to a depth up to 20 m. Figure 9 of

Pfeifer (1987).

53



different instrumentation systems were used in these measurements. The

EM31 system investigates the effective electrical conductivity to a depth
of approximately 2 m, the EM34 system to a depth of up to 20 m into the

adjacent rock mass. The apparent conductivity near the underground

workings, measured with the EM31 system, is lower (resistivity is higher) _
than that measured at greater depth with the EM34 system, In Figure 3.9

this variation in resistivity is compared with a published correlation
between water contents and resistivities of halites. The results are

consistent with a water content of approximately lP (by weight) near the

mine opening and 29 or greater in the far field. Recent geophysical

moisture and density measurements within the WIPP facility (Hudson, 1987)

also are consistent with water contents of approximately 2 weight percent
in Salado halite in the far field.

The recent results indicate that far-field water contents within the Salado

Formation, estimated to average approximately 2 weight percent, are greater

than previously expected. For example, estimated water contents of samples

analyzed during SPDV activities ranged from a mean of 0.6 weight percent to

a maximum of 1.8 weight percent, compared to mean and maximum values of

0.22 and 1.06 weight percent estimated from measurements on core from hole
ERDA-9 (Beauheim et al., 1983a). The earlier estimates were made either on

core material or on hand specimens collected during mining.

The combination of significant interconnected fluid contents and non-zero
permeabilities within the Salado Formation in both the far-field and near

the WIPP facility dictates that there be some fluid flow into the facility

until effective hydrologic closure of the facility takes piace. Two

studies, both in their early stages, investigate the amounts and character-

istics of fluid flow into the facility. One study, summarized in Deal and

Case (1987), is a long-term study to characterize flow into the WIPP

facility (exclusive of shafts) at ambient temperature. The second study,

summarized in Nowak and McTigue (1987), is part of an experimental program

using electrical heaters to simulate emplacement of defense-generated high-

level waste (DH_W). A knowledge of ambient-temperature behavior is

required in this study as a baseline for interpretation of later super-

imposed thermal effects.

Two lines of evidence summarized by Deal and Case (1987) indicate the

complexity of ambient-temperature fluid flow into the WIPP facility from

the Salado Formation. First, brine "seeps" often form within a few days on

mined faces, and are indicated by the development of localized salt crusts

or efflorescences on the walls. The seeps often appear to stop flowing

after approximately one month. However, investigation of the salt deposits

indicates that fluid flow may only decrease rather than ceasing entirely,

and that the rate at which mine ventilation removes water locally exceeds

the inflow rate at long times. Second, highly variable amounts of both

brine and dissolved gas are intersected in drillholes within the WIPP

facility. Minimum flow rates are apparently zero. The maximum flow rate

was approximately 0.5 liter per day. One hole has produced approximately

235 liters of brine, and produced at a roughly steady-steady rate of 0.2

liters per day (Deal and Case, 1987). However, this hole apparently
intersects numerous near-field fractures in MBI39 related to the

construction of the WIPP facility, and is unusual. Most of the measured
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permeability in both the lower part of the Rustler Formation and the Salado

Formation is less than horizontal permeability, consistent with experience

in othe_ layered rock types.

Testing adjacent to the waste-handllng shaft did indicate a distinct zone

of decreased fluid pressures around the shaft at the 805-foot and 1320-foot

levels, in claystone and hallte/anhydrite/polyhalite, respectively (Figure

3,8). The cone of fluld-pressure depression apparently extends outward to

greater than one shaft diameter at these levels. The fluld-pressure

profiles at the 782-foot and 850-foot levels may be indeterminate because

of effects of equipment compliance (Saulnier and Avis, 1988). The

generation of a hydraulic cone of depression around the shaft was expected,
consistent with responses noted earlier in the Culebra dolomite to

construction of the WIPP exploratory shafts (see Haug et al., 1987). The
behavior of this zone outside the Culebra as a function of time remains

unknown.

Interpretation or prediction of long-term flow behavior into the shaft

would require an observation hole, so that fluid storativities within

affected units could be estimated. A nearby observation hole does not

exist for the waste-handling shaft. However, hole H-16 was drilled and

instrumented in 1987, approximately 17 m from the centerline of the WIPP

air-intake shaft, specifically to investigate the near-field hydraulic

response of all members of the Rustler Formation to construction of the

shaft, and to provide monitoring data adequate for long-term predictions.

The hydrologic testing completed to date adjacent to the waste-handling

shaft is preliminary, as is the interpretation of test results. The

results to date allow limited fracturing, since only one or two holes was

tested at each level. To better determine the presence or absence of

fracturing by direct hydrologic measurement, arrays of three or more holes
would be needed at each level. The fact that fluids were encountered at

the liner/rock interface in one hole at the 850-foot level demonstrates

that fluid movement at the shaft-liner/rock interface is possible locally,

and that a single drillhole is not sufficient to characterize the source or

behavior of these fluids. Non-lntrusive geophysical methods similar to

those described in Section 3.3.1.3 may aid in characterization of any
altered zone around the WIPP shafts.

3.3.1.3 Brine Contents and Brine Seepage into the WIPP Facility--

Geophysical studies within the WIPP facility aimed at characterization of

the near-field disturbed rock zone are interim, and will continue during

the early part of the WIPP operational phase. The presently available

results, summarized in Borns and Stormont (1987) and Pfeifer (1987),

indicate both that there is near-field variability in the water content and
hydrologic properties of the Salado Formation and that water contents of

Salado halites in the far-field are approximately twice that estimated at
the time of the WIPP SPDV studies.

The results of a series of electrical conductivity measurements within the

WIPP underground workings (Pfeifer, 1987) are shown in Figure 3.9. Two

0
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flow rates range from a few hundredths to a few tenths of a liter per day.

Deformation near the facility strongly influences fluid flow. Deal and

Case (1987) note that fluid flow into most holes within the WIPP facility

is initially zero or nearly zero. This phase is normally followed by a

relatively rapid rise to some maximum flow rate, after which flow slowly

reduces to some relatively steady-state but decreasing value,

Work summarized in Nowak and McTigue (1987) investigates flow into one

0.9-m (36-inch) and three 0.76-m (30-inch) diameter holes emplaced as part

of experiments Simulating and overtesting emplacement of DHLW. Water was

continuously removed from the holes by use of dry nitrogen. A baseline

ambient-temperature flow of 5 to 15 grams/day was collected in each hole

after an initial transient phase. The average flow of I0 grams per day

extrapolates to a steady-state flux of approximately 1.6 cm3/day/m 2 of

excavation wall. After the heaters were turned on, there was a rapid

i_crease in flow rate to some peak value, followed by a reduction to near

steady-state flow. Apparent steady-state flow rates were 50 to 80 g/day in

the two holes containing 1.5 kW heaters, and 8 to I0 g/day in the two holes

containing 470 W heaters. The integrated fluid flow into the most strongly

heated holes was 36 to 38 kg of fluid after 600 days. This mass is

significantly greater than the 0,I kg collected after two years in similar

experiments conducted in domal salts at the Asse Mine, Germany (Nowak and

McTigue, 1987). The difference suggests a significant difference between

fluid flow in domal salts and in bedded salts, such as those at the WIPP.

Parametric numerical modeling described by Nowak and McTigue (1987)

' i indicates that:

i. Pore-pressure measurements in both the near-fleld and far-fleld
domains of the Salado Formation are needed to determine far-field and

near-field flow behavior, since the observed transient effects

resulting from seepage appear at present to be limited to the very
near-field domain.

2. The transient stage of flow into the WIPP waste-emplacement rooms

will last until connected pore space in both the rooms and any altered

zone around the facility is either effectively eliminated or comes to

pore-pressure equilibrium with the surrounding Salado. The

calculations indicate that transient flow, ignoring closure, might last

for more than 5000 years.

3. The rock volume effectively involved in flow within the Salado may

be limited, rather than a significant portion of the formation.

However, the affected volume must increase with time.

In summary, recent hydrologic results in the Salado Formation indicate that

the unit has a far-fleld permeability of less than 0.I microdarcy, lt has

not been possible to determine either stratigraphlc effects or the presence

of effective fracturing in the far-fleld environment. The brine content of

Salado halites appears to be up to 2 weight percent in the far-field,

roughly twice that previously expected, Where it has been possible to

measure Salado brine pressures, the calculated heads indicate very limited

fluid flow upwards into the overlying Rustler Formation. The permeability
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of the Salado locally increases markedly within two meters of excavations

at the WIPP facility horizon. The increase in permeability appears to be

both time-dependent and geometry-dependent, and to involve significant

fracturing, The Salado Formation may be only partially saturated in both

the near-field and far-field environments. The low permeability of the

Salado Formation, mine ventilation, and rapid mechanical deformation near

the _IPP facility result in markedly transient fluid flow into the

underground workings. At present, the time-scale of transient flow, volume

of the Salado involved in flow, and final fluid volumes to be expected

within the WIPP facility remain to be precisely determined.

3.3.2 Geochemical and M!ne_aloglcal Studies of the Salad_ Formation Near

ithe Facility _orizon

The mineralogy and stratigraphy of the Salado Formation are somewhat

complex. The general mineralogy of the units is summarized by Bodine

(1978), and mineralogy near the WIPP facility horizon by Stein (1985).

Bodine (1978) noted that Salado clays were unusually depleted in aluminum

and enriched in magnesium. The recent work by Stein (1985) does not

include detailed clay mineralogy, but does indicate the nearly ubiquitous

occurrence of authlgenic quartz and magneslte near the WIPP facility

horizon, in addition to widespread occurrence of anhydrite, gypsum, and

polyhalite as accessory minerals within halites.

As mentioned in Section 3.3.1, it has not been possible to sample Salado

fluids during drilling or testing from the surface. However, Salado fluids

have been sampled within the WIPP facility, and are continuing to be i
collected, as described in Deal and Case (1987), The compositional results

available to date for Salado fluids collected within the WIPP facility are

described in Stein and Krumhansl (1986), and directly address both the

character of fluids within the Salado Formation and the validity of

assumptions held through 1983 concerning the types of fluids within the
unit.

lt was assumed through 1983 that Salado halites were anhydrous, with the

exception of fluid inclusions and the water of hydration of hydrated

minerals such as clays and polyhalites, Both the compositions and ages of

fluid inclusions within Salado halites were poorly constrained. The

compositional results for Salado fluid inclusions and macroscopic brine

occurrences within the WIPP facility, summarized by Stein and Krumhansl

(1986), are shown in Figure 3.10. The open and half-open squares in Figure
3.10 represent the compositions of individual fluid inclusions extracted

from crystals of halite. The circles and crosses represent the composi-

tions of macroscopic fluids collected from the WIPP facility, respectively
from brine "seeps" on the walls and holes in the floor.

The fluid-inclusion compositions and compositions of fluids from seeps and

holes form two distinct populations in terms of their respective Na/C1 and

K/Mg weight ratios. Therefore, fluids encountered within the WIPP facility

cannot primarily arise from the migration of fluid inclusions. Stein and

Krumhansl (1986) relate the compositions of fluid-inclusion Groups I (half-

open squares in Figure 3.10) and II (open squares) to alteration of brines
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originally resulting from evaporation of seawater. They interpret the

controlling mechanisms to be crystallization of polyhalite and magnesite.

Polyhalite formation drives fluid compositions to the left of the seawater-

evaporation line in K/Mg space (Group I), while formation of magnesite

drives fluid compositions to the right (Group II). The compositional
effects of these reactions are summarized in the reactions included as part

of Figure 3.10.

Both polyhalite and magnesite are widespread accessory minerals within

Salado halites (Stein, 1985). Radiometric age dating of polyhalites from

the WIPP (Brookins and Lambert, 1987) indicates crystallization ages of

from 195 to 216 million years, i.e., from approximately 25 to 45 million

years after deposition. The age of magnesite formation is unknown, but is

assumed to be similar to that of polyhalite. On this basis, Stein and
Krumhansl (1986) conclude that brines contained in fluid inclusions from

samples near the WIPP facility horizon are roughly 200 million years old.

The fluids from weeps aud seeps in the WIPP facility are enriched in

potassium relative to both fluid inclusions and fluids expected from

seawater evaporation (Figure 3.10). As discussed by Stein and Krumhansl

and noted by Bodine (1978), the Salado clay-mineral assemblage is unusually

Mg-rich. Stein and Krumhansl (1986) conclude that the relatively K-rlch

comFo_Jition of fluids from weeps and seeps reflects the effects of the
glowth of these Mg-enriched silicates on grain-boundary fluids. While it

is not possible to piace a specific age on the grain-boundary fluids, it is

known that the kinetics of such regctions are very slow. Therefore, Stein

and Kr'_mhansl (1986) conclude that the residence time of grain-boundary
fluids within the Salado Formation must be at least several million years.

The marked variability of fluids as a function of stratigraphy near the
WIPP facility horizon, noted by Stein and Krumhansl, is consistent with

there being little or no vertical fluid movement.

There is additional geochemical evidence for both the presence and timing

of rock-water interactions involving fluids from the Rustler/Salado contact

and deeper evaporite horizons at and near the WIPP. As summarized by

Lambert and Harvey (1987), there is a body of consistent radlochronological

evidence indicating the absence of any pervasive recrystallization of the

evaporite section in approximately the last 200 million years. The

internally consistent evidence consists of: a) K-Ar dating of polyhalites

(K2MgCa2(SO4)4.2H20) ; b) Rb/Sr isochrons on sylvites (KCI); and c) both Rb-

Sr and K-Ar ages on langbeinite (K2Mg2(S04)3). Apparent ages on leonite

(K2Mg(SO4)2.4H20) are younger than ages on other minerals. Both Rb-Sr and

K-Ar ages of clay minerals are significantly greater than the depositional

age of the enclosing evaporites, suggesting that second sry reactions

involving the clays have not completely altered their compositions. Thus,

while the accessory magnesite near the WIPP facility horizon has not been

dated, there is abundant radiometric evidence that the last major

recrystallization of the Salado Formation occurred approximately 200
million years ago.

Available isotopic evidence for strong rock-water interactions in

evaporitic rocks at and below the Rustler/Salado contact is summarized in

Figure 3.11. These data and their implications for fluid flow are
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discussed by Lambert and Harvey (1987) relative to interpretations made by
both OSNeil et ai. (1986) and Knauth and Beeunas (1986),

O°Neil et al. (1986) consider the linear relationship between the isotopic

composition of Castile brines (represented by brines from ERDA-6), fluid
inclusions from the lower Salado in hole ERDA-9, and "modern meteoric

water" (represented by fluids from Nash Draw and the western part of the

WIPP site), They conclude that the trend reflects varying amounts of (ver-

tical) mixing of Castile brines and modern near-surface waters. Lambert

and Harvey (1987) conclude that large-scale mixing of fluids should involve

major recrystallization of the evaporite section, They conclude, based on

the radiometric-dating results discussed above, that such recrystallization

has not taken place in the last 200 million years. Since they also con-

cluded that large-scale mixing of fluids within an evaporite section would

require recrystallization, the lack of significant recrystallization within

the Salado is taken to indicate that there is no significant modern

vertical mixing of Castile and surface fluids (Lambert and Harvey, 1987).

Instead, Lambert and Harvey (1987) consider the Castile fluids from ERDA-6,

ERDA-9 fluid inclusions, and numerous fluids sampled from the Rustler/

Salado contact as a single group (Figure 3.11). They conclude that these

fluids form a variable population reflecting a mechanism by which

increasing deviation of fluids from the meteoric compositional field

results from increasing rock/water ratios, with resulting increasing

interaction of fluids with hydrous minerals, especially clays, gypsum, and

polyhalite. However, the isotopic character of rock-water reactions

involving b_th gypsum and polyhalite are partially undefined at present.

One group of data shown in Figure 3.11 is not consistent with any single
mechanism or trend of rock-water interaction within the Salado Formation.

As noted, the trend including data from ERDA-6 brines, ERDA-9 fluid

inclusions, and Rustler/Salado fluids appears to be continuous. However,

fluids sampled directly in holes penetrating MB139 (samples MB139-850 and

MB139-4) and in weeps within the nearby Duval Potash Mine (samples BT26 and

BT48) are quite distinct. The isotopic composition of Salado fluid

inclusions at the WIPP facility horizon reported by Knauth and Beeaunas
(1986) are distinct and different from the character of inclusions from the
Salado in ERDA-9. The reasons for the distinctions in fluid-inclusion

analyses are not known, but may, as noted by Lambert and Harvey (1987),

involve the different fluid-extraction techniques used by the different

authors. The reason for the apparently distinct isotopic character of

fluids from MB139 is not known at present. The available data indicate

only a small isotopic distinction between fluid inclusions and macroscopic

fluids collected at the WIPP horizon, in spite of the significant

compositional differences between the two types of fluids noted by Stein
and Krumhansl (1986).

In summary, the recent geochemical and hydrologic studies of the Salado

Formation are generally internally consistent, but are incomplete at the
present time, Hydrologic measurements indicate a far-field Salado

permeability of less than 0.I microdarcy. This indicates that, independent

of local complications caused by the presence of the WIPP facility itself,

fluid flow within the Salado is non-zero but extremely slow. The work by
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Stein and Krumhansl indicates that the brine in fluid inclusions within

Salado halites is on the order of 200 million years old, and is not the

major source of fluid in the WIPP facility. Rather, the variable fluids in

the WIPP underground workings appear to be grain-boundary fluids which have
residence times within the Salado Formation of at least several million

years. The variability in fluid compositions near the WIPP facility

horizon is consistent with there being little or no vertical fluid

movement. The isotope systematics and raJiometric age dating of the Salado

brines and minerals, considered together, are not consistent with

derivation of Salado brines by modern large-scale vertical mixing of
Castile and surficial waters.

3.3.3 Marker Bed 139 and the Structural Behavior of the Salado Formation

near the WIPP Facility

Marker Bed 139, an anhydritic marker bed about I m in average thickness,

occurs approximately I m or less below the WIPP facility horizon. Detailed

study of MBI39 began in 1983, because of concern that undula=ions on the

top of the unit might be the result of deformation at some time after

deposition or diagenesis (Jarolimek et al., 1983). If this were true, it

is conceivable that such deformation might impact the WIPP facility during

either the operational or regulatory time frames. The results of both
Jarolimek et al. (1983) and Borns (1985) indicate, however, that the

undulations on the upper surface of MBI39 are depositional in origin.

Recent interest has focused on the mechanical and hydrologic fluid-flow

behavior of MBI39 near the WIPP underground workings. Observed behavior in

room closure to date, especially in the oldest or "SPDV" rooms, indicates

time-dependent opening of fractures in both MBI39 and the halitic interval

between MBI39 and the room floors, lt may be necessary to excavate MBI39

in some areas before the end of operations, to provide an unaltered

locality for emplacement of seals at the facility level. The mineralogy

and structure of MBI39 also provide information concerning long-term

mechanical and fluid behavior within anhydritic portions of the Salado

Formation, independent of the WIPP facility. Work examining MBI39 and its

role in excavation effects near the WIPP facility horizon is progressing;

therefore, the discussion here is preliminary.

Borns (1985) investigated the stratigraphy and structure of MBI39 in some

detail, using core from a five-hole array drilled specifically for this

purpose. The general level of internal complexity within MBI39 is shown in

Figure 3.12. The unit is bounded above and below by irregular contact

zones. The lower contact zone (Zone V), often referred to informally as a

"clay seam," is clay-rich and locally indicates some erosion and embayment

of the top of the underlying polyhalitic halite. The upper contact zone
(Zone I) is quite irregular in thickness, and contains structures

indicative of shallow water deposition, such as mounds of halite hopper

crystals. Borns (1985) concludes that the irregularities on the upper

surface of MBI39 are primary or depositional in origin, resulting from

shallow-water depositional processes such as wave traction. This

conclusion is in agreement with conclusions originally reached by Jarolimek

et al. (1983).
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The detailed investigations by Borns also revealed significant internal

zonation and variability within the body of MBI39. An upper zone within

the unit (Zone II_ is characterized by extensive replacement of original

anhydrite by polyhalite (Figure 3.12), and by the presence of convoluted

stylolites. Both features are interpreted to result from fluid movement

after deposition. Based on the available radiometric ages on Salado

polyhalites (Section 3.3.2), it may be that the formation of polyhalite

MBI39 occurred as much as 45 million years after deposition. However,
polyhalites from within MBI39 have not yet been dated. Zone IV, the

internal zone directly above the basal contact, contains interlayered

halite and anhydrite, with some replacement of anhydrite by later halite,

again indicating fluid movement at some time. Anhydritic laminae in this

zone show pull-apart structures with horizontal extension.

Within Zone III, the central portion of MBI39, replacement of anhydrite by
polyhalite is less complete than in Zone II. This zone also contains

numerous sub-horizontal fractures, which are partially filled with halite

and polyhalite. In some cases, inclined fractures extend from Zone III

into or across the overlying Zones I and II. The cores investigated by

Borns (1985) were drilled with air; halite was probably not removed from

the fractures in Zone III during drilling. On this basis, Borns (1985)

concludes that the partially healed subhorizontal fractures in the central

part of MBI39 predate the construction of the WIPP facility.

The time of formation of the fractures in MBI39 is not known in detail.

Borns (1985) suggests that they may have formed in response to long-term

variations in the overburden pressure at the stratigraphic level of the

WIPP facility. Alternatively, as noted by Borns (1985), the fractures may

be a response to previous and/or ongoing gravity-driven deformation of the

underlying Castile Formation. The horizontal orientation of most of the

partially healed fractures favors an origin related to unloading.

An estimate of the variations in overburden pressure at the WIPP facility

horizon, extrapolated from estimated variations in overburden at the

contact between the Rustler and the Dewey Lake, is shown in Figure 3.13.

The overburden pressure at the WIPP facility horizon is estimated to have

varied between approximately 16 and 42 MPa since the end of deposition of

the Dewey Lake Red Beds. The estimated overburden pressure at the end of

the Cretaceous period, 42 MPa, is 2.6 times that at present. Based on

stratigraphic interpretations, the reductions in overburden near the ends

of the Cretaceous and Tertiary Periods appear to have been relatively

sudden. If the interpretations of Borns (1985) are correct, and the sub-

horizontal fractures within Zone III of MBI39 formed by unloading in

response to rapid erosion and removal of overburden, it follows that the
formation of the fractures and at least initial movement of the halite-

saturated fluids which resulted in their partial healing are probably

either early Tertiary or early Pleistocene in age, i.e., that both fracture

formation and fluid movement occurred either approximately 60 million or
approximately 2 million years ago.

The mineralogical variability of MBI39 and the occurrence of partially
healed fractures within the central part of the unit have implications for

both fluid flow and structural behavior of the unit. The widespread
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Figure 3.13: Variations in approximate overburden pressure at the WIPP

facility horizon as a function of time. Overburden estimates

(in MPa, I MPa - 145 psi) derived from Figure I0 of Borns

(1985) by addition of constant 12 MPa overburden resulting
from assumed constant thickness of interval between WIPP

facility horizon and Rustler-Dewey Lake contact.
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replacement of anhydrite by polyhalite indicates significant fluid

movement, possibly some 45 million years after deposition, The replacement

of anhydrite and partial healing of fractures by halite may indicate a

, second period of fluid movement at least 2 million years ago, The

available hydrologic information for the Salado Formation at the WIPP site

indicates that the far-field permeability within MBI39 (and other anhydrite

marker beds) is not significantly greater than that of the Salado halites
themselves.

Pre-existing fractures within MBI39 provide pre-existing planes of weakness
that control or influence the near-field mechanical response around the

WIPP excavation, Ongoing studies indicate that these fractures open

locally in response to excavation, In the near-field altered zone, the

resulting permeability is quite high, In the far-field, the permeability

of MB139 appears no greater than that of surrounding halites. For

confidence in plugging or sealing at the level of the WIPP facility

horizon, it must ultimately be demonstrated either that fractures in MB139

will. eventually reheal as a result of facility closure, or that damaged

portions of the unit have been removed or grouted before seal emplacement.

Characterization and delineation of the hydrologically and/or structurally

altered zones around the WIPP facility horizon and shafts are ongoing, and
will continue into the early operational phase of the facility.
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4.0 RUSTLER FORMATION AND YOUNGER UNITS

As noted previously, much effort in WIPP site Characterization has been

focused on the Culebra Dolomite Member of the Rustler Formation, because

this unit is the first laterally continuous water-bearing zone above the

WIPP facility. The Culebra has continued to receive attention since 1983.
However, work since 1983 has included other members of the Rustler,
Formation as well as shallower units. Section 4.0 discusses all units

above the Salado as a group. Section 4.1 discusses hydrologic testing of
the Rustler Formation and Dewey Lake Red Beds, and Section 4.2 discusses

both field and numerical studies of the transport properties of the Culebra

dolomite. Together, Sections 4.1 and 4.2 constitute a conceptual model of

the modern flow and transport behavior within the shallow part of the WIPP

stratigraphy, with emphasis on the.Culebra dolomite. Section 4.3 discusses

geochemical studies addressing both bulk-composltlonal and isotopic varia-

bility within the Rustler Formation and Dewey Lake Red Beds. Section 4.4

discusses studies into the overall geologic behavior of the Rustler and

shallower formations at and near the WIPP site, Together, Sections 4.3 and

4,4 summarize available evidence concerning the transient geologic behavior
in the region of the WIPP site for units above the Salado Formation,

4.1 Hydrologic Testing of the Rustler Formation and Dewey Lake Red. Beds

The Rustler Formation at and near the WIPP site has been hydrological].y
tested and interpreted at three geometric scales, which are discussed

sequentially from the smallest to the largest scale in this section. The

smallest-scale of testing is conducted in single holes Recent single-hole

hydrologic testing has provided: I) local or point transmissivity values
for all members of the Rustler Formation except the Tamarisk Member, but

with emphasis on the Culebra dolomite; 2) indications of the presence or

absence of local hydraulically effective fracturing and wellbore damage

within the Culebra; 3) information on relative head potentials within the

Rustler; and 4) some indication of the distribution of properties and
degree of hydraulic saturation within the Dewey Lake Red Beds. As

discussed by Beauheim (1987b), single-hole testing is carried out by means

of pumping, drillstem, slug-injection, slug-wlthdrawal, or pressure-pulse

tests, depending on the local permeability or transmissivity. Single-hole

testing is interpreted here in terms of transmissivities (in units of

m2/s). Use of this term assumes that the unit being tested is homogeneous

across the tested interval. This assumption has been examined directly at

hole H-14, in which two separate but overlapping intervals were tested in
the Culebra dolomite. The results at H-14 indicate a factor of about 2 in

vertical variability in transmlsslvity within the Culebra within a given

hole. Recent single-hole testing of the Rustler Formation and Dewey Lake
Red Beds is discussed in Section 4.1.1.

Single-hole tests do not indicate the extent to which either point

transmissivity values or fracturing effects can be extrapolated laterally.
Hydraulic behavior within the Culebra dolomite is, therefore, also examined

at the "hydropad" scale. WIPP hydropads nominally contain three holes,

located at the corners of an equilateral triangle 30 m on a side.

Hydrologic information at the pad scale is collected by "interference"
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testing, During this type of testing, at least two of the three holes on

the pad are pumped sequentially in separate tests; the two unpumped holes

in each test are used for observation, The objectives of interference

hydrologic testing at the pad scale are to collect average or effective

hydrologic-property data over distances of some 30 m, and to determine if

fracturing effects are significant at this scale.

In the region of the WIPP site, single-pad hydraulic interference tests

have been completed at the H-2, H-3, H-4, H-5, H-6, H-7, H-9, and H-II

hydropads. Detailed interpretation including evaluation of the effects of

fracturing has been completed only for tests at the H-3 and H-II hydropads,

discussed in Section 4,1.2. Interference testing at the H-3 and H-II pads

has been interpreted using a "dual-porosity" approach, in which the Culebra

is assumed to consist of an array of matrix blocks (primary porosity),

separated by regularly spaced fractures (secondary porosity).

At some "large" scale, assuming that fracture spacing and properties are

not too irregular, the effects of fracturing should become insignificant,

i.e., it should become possible to model the flow and/or contaminant-

transport behavior of a fractured rock unit such as the Culebra adequately

using the porous-medium assumption. The scale at which this simplification

is valid, however, may vary significantly with different rock types in dif-

ferent geologic or hydrologic settings. During WIPP site characterization,

possible regional hydraulic effects of fracturing have been investigated by

"multipad interference testing" of the Culebra dolomite. In this type of

testing, one hole is pumped for a relatively long period of time, generally

a month or more, while surrounding holes are used to observe hydraulic

responses over an area of several square miles. Depending on the distances

and extent of fracturing involved, effects due to fracturing may or may not

be evident between the pumped hole and some of the observation holes.

Interpretation of multipad interference testing allows estimation of

transmissivities and storativities within the tested area, provides

information concerning the regional relationship between fluid densities

and flow directions, and has allowed investigation of the interaction

between WIPP shafts and the Culebra. Two major multlpad interference

tests, centered at the H-3 hydropad and at hole WIPP-13, have been carried

out to date at the WIPP. Additionally, regional hydraulic information has

been collected by observing hydrologic responses to WIPP shaft-slnking and

shaft-sealing operations. Regional-scale hydrologic interpretation of the

Rustler Formation, with emphasis on the Culebra dolomite, is discussed in

Section 4.1.3. Interpretation on the regional scale indicates that frac-

turing need not be incorporated into regional-scale simulation of fluid

pressures (head potentials) within the Culebra at and nea; the WIPP site,

' because pressure responses are relatively rapid, even on this scale. The

assumption of steady state is adequate in modeling the modern Culebra head

potentials. However, groundwater flow times are slow enough in the

vicinity of the WIPP site to make the assumption of steady-state confined

flow within the Culebra inadequate for simulation of long..term flow paths
and flow times.
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4.1.1 Single-Hole Hydraulic Testing and Int_roretation

4.1.1.1 Transmissivlty Di%tribBtion within IndivSdBal Uni_--Prior to

1985, hydrologic testing at and near the WIPP site was either interpreted

using the porous-medium assumption or did not identify significant effects

due to fracturing (e.g,, B_,rr et al., 1983), More recently, Beauheim

(1986, 1987b) has identified significant fracture effects in hydraulic

testing of several holes, usin_g the code INTERPRET. As described in detail

by Beauheim (1986, 1987b), ENTERPRET utilizes a "pressure-derlvatlve"

technique to determine whether or not significant pressure responses due to

fracturing are present. In this approach, hydraulically effective frac-

turing is indicated by a flexure in the plot of dimensionless pressure

derivative or drawdown versus dimensionless time (Figure 4,1.1). This

flexure reflects a transition from "early" times, in which fluids are

effectively produced only from within the fractures, to "late" times, in

which fluid is produced from both fractures and matrix, but in which fluid

release from the matrix to the fractures is generally the rate-limiting

process. The transmissivity in_[erpreted from behavior after this transi-

tion is referred to as "system" :_ransmissivlty.

At the time of the WIPP FEIS (U.S. Department of Energy, 1980) the suita-

bility of the WIPP site was evaluated largely on the basis of possible

releases from the site to Malaga Bend, on the Pecos River approximately

26 km from the WIPP site (Figure I.i). Requirements for repository

performance developed by the Environmental Protection Agency (40CFRI91)

were released in 1985. Although they may not be in their final form, these

requirements piace increased emphasis on evaluation of possible releases of

radionuclides to the "accessible environment" near the facility. The

definition of the accessible environment is not yet final. The WIPP

Project has greatly increased the Islze and reliability of the hydrologic

data base for the Rustler Formation since 1985, especially for the Culebra
dolomite at and near the WIPP site. Table 4.1 contains the best local

estimates of transmissivity used in modeling the hydrology of the Culebra

dolomite from 1983 through 1987 and demonstrates the growth in this data

base. Table 4.2 summarizes the results of recent slngle-hole testing in
the Culebra dolomite.

Estimated Culebra transmissivitles at the WIPP site area and within Nash

Draw range over approximatel_ six orders of magnitude, from 2.15 x
i0 "9 m2/s at P-18 to 1.34 x I0 "j m2/s at WIPP-26 (Tables 4.1 and 4.2). In

addition to the growth in the Culebra data base evident in Table 4.1, many

of the holes have been retested over the last five years. In some cases

recent testing and interpretation have significantly changed earlier

estimated transmlsslvities. However, the more recently estimated Culebra
transmissivities are not consistently higher or lower than older values.

At H-I and DOE-2, recent data and interpretation indicate a significan_tly

higher Culebra transmissivlty. At H-3 and DOE-l, recent work indicates a

lower local transmissivity than estimated earlier. In cases such as P-15,

P-17, H-4, and WIPP-30, retesting and/or reinterpretation of earlier

results has not resulted in any significant change in estimated Culebra

transmisslvity. In ali cases, however, the more recent data and

interpretations are better documented than older work, as a result of the
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Table 4,1: Transmissivity data bases used in numerical modeling of the

Culebra dolomite in Barr et al, (1983), Haug et al, (1987), and

LaVenue et al, (1988),

Barr et al, (1983) Haug et al, (1987) LaVenue et al, (1988)

Transmlsslvity Tran_misslvity Transmlsslvlty Transmlsslvity
Well (ft2/day) (ft2/day) (ft2/day) (m2/sec)

H-i 0,07 0,07 0,8 8 60 x 10"7
H.2 0,4 0,56 0,52 5 59 x I0"7

H-3 19 3,7 2,3 2 47 x 10.6
H.4 0,9 I,I 0,95 1 02 x 10.6

}1-5 0,2 O,16 0,14 1 51 x 10.7
H-6 73 74 74 7 96 x 19 "5
H.7 >I000 1120 1030 1 Ii x 10.3

H.8 16 6,7 8,2 8 82 x 10 .6
H-9 230 170 160 1 72 x 10 .4
}1-10 0,07 0,07 0,07 7 53 x 10 .8
H-11 -- 10 26 2 80 x 10-5
H.12 -- 0,04 0,18 1 94 x 10-7
H-14 .... 0,31 3 33 x 10"7
H.15 .... 0,12 1 29 x 10.7

H.16 .... 0,7 7 53 x I()"7
H-17 .... 0,2 2 15 x 10"7

H-18 ....
WIPP-12 .... 0,03 3 23 X I0"8
WIPP-13 .... 69 7 42 x 10.5

WIPP-18 .... 0,3 3 23 x 10.7
WIPP-19 .... 0,6 6 45 x 10"7

WIPP-21 .... 0,25 2 69 X I0"7
WIPP-22 .... 0,37 3 98 x 10.7
WIPP-25 270 270 270 2 90 x 10 .4
WIPP-26 1250 1250 1250 1 34 x 10.3
WIPP-27 650 650 650 6 99 x 10"4

WIPP-28 18 18 18 1 94 x 10.5
WIPP-29 I000 I000 I000 1 08 x i0"3

WIPP-30 0,3 0,3 0,3 3 22 x 10"7
P-J4 140 233 214 2 30 x 10.4

P-15 0.07 0,08 0,09 9 68 x i0"8

P-17 1 1,7 1,3 1 40 x 10.6
P-18 0,001 0,002 0,002 2 15 x 10.9
DOE-I -- 33 ii 1 18 x 10.6

DOE-2 -- 36 89 9 57 x 10.6
ERDA-9 .... 0,47 5 06 x 10"7

CABIN BABY .... 0,28 30l x 10.7
ENGLE .... 43 4 62 x 10.5

USOS-I 515 515 515 5 54 x 10.4

21 Values 25 Values 38 Values 38 Values
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Table 4,2: Detailed summary of recent slngle-well test results in the

Culebra dolomite, Slightly modified from Table 5-3 of Beauheim

(1987b),

i

Culebra Interval

Interval Tested Test Transmlssivi_7 _ Skin

Well m (ft) m (ft)* Type (ft2/day) (m2/s) Factor

H-I 206-213,1 205,7-214,3

(676-699) 675-703) slug #i 1,0 i,i x 10 .6 --

slug #2 0,83 8,9 x I0"7 ..

slug #3 0,83 8,9 x i0"7 ..

slug #4 0,83 8,9 x I0-7 -.

H-4c 149,4-157,3 150,6-158,5

(490-516) (494-520) slug 0,65 7,0 x 10-7 ..

H-Sb 179,2-187,1 175,0-190,2

(588-614) (574-624) pumping 8,2 8,8 x 10 .6 -7,2

H-12 250,9-259,1 249,9-271,3

(823-850) (820-890) slug #i 0,18 1,9 x 10-7 --

slug #2 0.18 1,9 x 10-7 .-

H-14 166,1-174,3 162,5-167,9

(545-572) (533-550,7) DST/FBU 0,096 1,0 x 10.7 -0,8

DST/SFL 0.I0 I,I x I0 "7 --

DST/SBU 0,I0 I.i x 10-7 -1,3

H-14 166.1-174.3 162.5-175,0

(545-572) (533-574) DST/FBU 0.30 3.2 x 10 .7 -I,i

DST/SBU 0,31 3,3 x 10"7 -I,8

slug 0,30 3.2 x 10"7 --

H-15 262-4-269.1 260,0-271,3

(861-883) (853-890) DST/FBU 0.15 1.6 x 10 .7 2,6

DST/SBU 0,15 1.6 x 10 .7 2.9

slug 0.I0 I,i x 10 .7 --

H-16 213,4-221.0 212,4-223.7

(700-725) (697-734) DST/FBU 0.85 9.1 x 10 .7 0,0

DST/SBU 0,85 9.]. x 10 .7 -0.3

slug 0,69 7,4 x 10 .7 --

H-17 215,2-222.8 214.3-224,0

(706-731) (703-735) DST/FBU 0.21 2.3 x 10"7 -1,5

DST/SBU 0.22 2.4 x 10"7 -1,2

slug 0,22 2,4 x 10 .7 --
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Table 4,2: Detailed summary of recent single-well test results in the

Culebra dolomite, Slightly modified from Table 5-3 of Beauheim
(1987b), (Continued)

J,, L

Culebra Interval

Interval Tested Test Transmisslvlty ..... Skin

Well m (ft) m (ft)* Type (ft2/day) (m2/s) Factor
,,

H-18 210,3-217,3 208,8-217.6

(690-713) (685-714) DST/FBU 2,2 2.4 x 10.6 -0.2

DST/SBU 2.2 2,4 x 10-6 -i,0

slug 1,7 1,8 x 10.6 --

WIPP-12 246,9-254,5 248,4-256,0

(810-835) (815-840) slug #i 0,I0 I.i x 10 -7 --

slug #2 0,097 1.0 x 10"7 --

WIPP-18 239,9-246-3 239,0.245-7

(787-808) (784-806) slug 0,30 3,2 x 10 .7 --

WIPP-19 230,4.237,4 229,8-237.7

(756-779) (754-780) slug 0,60 6,5 x 10 .7 --

WIPP-21 222,2-229,5 221.6-228.9

(729-753) (727-751) slug 0.25 2,7 x 10 .7 --

WIPP- 22 226.2-232,9 228,0-234,7

(742-764) (748-770) slug 0,37 4.0 x 10 .7 --

WIPP-30 192,3-199,0 191.7-199,6

(631-653) (629-655) slug #i 0,18 1,9 x 10.7 --

slug #2 0.17 1.8 x 10 .7 --

P-15 125,9-132.6 125,0-133.5

(413-435) (410-438) slug #I 0,090 9.7 x 10 .8 --

slug #2 0,092 9.9 x 10 .8 --

P-17 170,1-177,7 170,1-178.6

(558-583) (558-586) slug #I 1.0 i.I x 10 .6 --

slug #2 1,0 I,i x 10 -6 --

P-18 277.1-285.9 277.1-286,5

(909-938) (909-940) slug 4 x 10"3/7 x 10 .5 --

ERDA-9 214,6-221.6 214,9-221.9

(704-727) (705-728) slug #I 0,45 4.8 x 10 .7 --

slug #2 0.47 5,1 x 10 .7 --
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Table 4,2: Detailed summary of recent single-well test results in the

Culebra dolomite, Slightly modified from Table 5-3 of Beauheim

(1987b), (Concluded)

I
Culebra , Interval
Interval Tested Test Transmlssivltv _ Skin

Well m (ft) m (ft)* Type (ft2/day) (m2/s) Factor
, ,,

Cabin 153,3-161,2 153,3-161,2

baby-i (503-529) (503-529) slug #I 0,28 3,0 x 10 .7 --

slug #2 0,28 3,0 x 10"7 -.

DOE-I 250,2-256,9 249,9-256,9

(821-843) (820-843) pumping/
drawndown 28 3,0 x 10"5 -5,1

recovery ii 1,2 x 10"5 .6,0

Engle 200,9-207,6 197,5-208,2

(659-681) (648-683) pumping 43 4,6 x 10 .5 4.2

*Actual intervals open to the wells,

increase in documentation requirements over the ten-year span of WIPP site

characterization. The interpreted test data from recent single-hole

testing at and near the WIPP site are included in Beauhelm (1987b), Raw

data, test histories, and test instrumentation for all hydrologic testing

at the WIPP for approximately the last five years are contained in a series

of six hydrologic data reports: Hydro Geo Chem (1985); INTERA and Hydro Geo

Chem (1985); INTERA (1986); Saulnier et al. (1987); Stensrud et al. (1987);

and Stensrud et al, (1988).

Transmissivities listed in Tables 4.1 and 4.2 are not identical in ali

cases. Transmissivity estimates included in Table 4.1 from three-hole

hydropads, such as the H-4 pad, are effective transmissivities, In single-

hole tests, this is the same as the measured value. In the case of three-

hole hydropads, however, the effective transmissivity is the square root of
the product of the estimated maximum and minimum transmisslvities on the

pad. The calculated effective transmissivity, which is used in regional-

scale modeling (Section 4.1,3), generally does not correspond directly to

any of the measured slngle-hole values on the same pad.

As mentioned above, Culebra transmlssivities at and near the WIPP site and

within Nash Draw range over approximately six orders of magnitude, from

more than 10 .3 m2/s to less than 10 .8 m2/s. However, this variability is

not random. A large area of low transmissivities (less than approximately

10 .6 m2/s) is present near the center of the WIPP site, extending to the

east, southeast, and southwest (Figure 4.1.2), This zone includes holes

WIPP-12, 18, 19, 21, and 22; H-l, 2, 4, 5, i0, 12, 14, 15, 16, and 17;
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Figure 4.1.2: Transmissivity of the Culebra dolomite in relation to the

distribution of halite within the Rustler Formation. Figure
6-2 of Beauheim (1987b). Halite distribution modified from

Snyder (1985). Transmissivities in this figure are given in
units of ft2/day. Multiply by 1.075 x 10 -6 to get

transmissivities listed in Table 4,1 in m2/s.
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P-15, 17, and 18; ERDA-9, and Cabin Baby-I (see also Figure 1.2). Within

this low-transmissivlty region, relatively high Culebra transmisslvities

(greater than approximately I0 "5 m2/s) have been measured southeast of the

site center, in holes DOE-I and H-II. The transmissivity measured on the

H-3 pad (2,0 x 10 -6 m2/s) is transitional between transmissivities at H-II

and DOE-I and those in the low-transmisslvity domain north and southwest of
H-3.

A continuous zone of variable but high Culebra transmissivity appears to be

present northwest, west, and south of the site center. This zone includes

holes H-6, 7, and 9; WIPP-13, 25, 26, 27, 28, and 29; DOE-2 and P-14; and

the Engle well (see Figures i.i and 1.2). The Culebra transmissivlty in

hole H-18 (1.8 x 10 -6 to 2.4 x I0 _6 m2/s) is transitional between those in

adjacent higher-transmissivity and lower-transmissivity domains.

There _'e some limitations in the Culebra data base, in spite of the fact

that Culebra transmissivlties have now been estimated at 39 separate

localities at and near the WIPP site and within Nash Draw. For example,

although the low-transmissivity zone near the site center is interpreted

here to be continuous to the southwest, there is no direct measurement of

Culebra transmissivity in the interval between holes H-14 and H-2. At

present there is also no direct field evidence of connection between the

region containing holes DOE-I and H-II and the region to the south con-

taining hole H-9. Quantitative integration of point data into a regional

transmissivity pattern for the Culebra and evaluation of some of the
uncertainties mentioned here are discussed in Section 4.1.3.

Single-hole Culebra tests in which the system transmisslvlty is less than
i0 "° m2/s generally do not show signs of fracturing, while holes with

higher transmissivity do. To a first approximation, fracturing within the

Culebra (and the Rustler as a whole) appears to be related to the removal

of halite. As discussed by Mercer (1983), Snyder (1985), and Beauheim

(1987b), there is a general correlation between the distribution of halite

within the Rustler Formation (Figures 1.5 and 4.1.2) and transmissivity of

Rustler members, especially the Culebra dolomite. The distribution of

halite within the Rustler Formation is briefly discussed in Section 4.4.2.

However, the correlation between halite distribution and Culebra

transmissivity is neither unique nor completely reliable. With the

exception of WIPP-30 and possibly H-10, the Culebra in holes in which there

is no halite in the unnamed lower member of the Rustler are highly

transmissive. In WIPP-30, there is no halite within the Rustler, and the

Culebra transmissivity is quite low. Without exception, the Culebra

transmissivity is low if Rustler halite is present above the Culebra.

Where there is Rustler halite present only beneath the Culebra, the

correlation is not completely reliable, perhaps because of complications

involving the response of the Culebra to evaporite dissolution in the upper

part of the Salado Formation. For example, holes DOE-2 and WIPP-13, in the

western part of the region in which halite is present beneath the Culebra

(Figure 4.1.2), are highly transmissive, but hole H-18 is not. In the

southeastern part of the WIPP site, holes P-17 and H-3 are relatively low

in transmissivity, but the transmissivity at H-II and DOE-I is greater than

10 .5 m2/s. As discussed by Beauheim (1987b), examination of the detailed
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Rustler isopachs summarized in Snyder (1985) does not indicate any
consistent reason for the high transmissivities at H-II and DOE-I.

The significance of the distinction between dual-porosity (fractured) and

porous-medium behavior in single-hole hydraulic testing is not completely
straightforward. The apparent absence of fracturing in a test does not

indicate a total absence of fractures, nor does fracturing in single-hole

hydraulic testing indicate that far-field or long-term hydraulic or

transport behavior near a given hole is or would be dominated by fracture

effects. At one extreme, very local fracturing in a very low-

transmissivity test interval may play a role in the very early pressure

responses, but may not be evident because of wellbore-storage and fluid-

flow surge effects at the beginning of a test. Any low-transmissivity hole

listed in Tables 4.1 and 4.2 may contain fractures which are not apparent

because of the testing techniques and instrumentation used. However, the

effects of these fractures should be extremely localized. At the other

extreme, intense fracturing may lead to high transmissivity, but result in
such small block sizes that fluid flow from the matrix blocks is

"immediately" the rate-limiting step. Dual-porosity effects would not be

evident during testing at such a site, and the tested interval would behave

hydraulically as an equivalent porous medium. This type of behavior may be

applicable, for example, in the highly-transmissive portions of the Culebra

within Nash Draw; however, testing results in Nash Draw have not yet been

investigated using INTERPRET. The hydraulic behavior of the highly,
transmissive Culebra in the Engle well (4.6 x I0 "5 m2/s) does not show

dual-porosity effects. However, this behavior is tentatively attributed by
Beauheim (1987b) to wellbore and near-wellbore conditions, rather than to

extreme fracturing of the test interval.

In addition, the fact that testing at a given hole does not indicate local

fracturing does not guarantee that there is not fracturing nearby. Single-

hole testing at WIPP-21 indicates a Culebra transmissivity of 2.7 x

10 .7 m2/s, with no dual-porosity effects. This hole responded strongly and
rapidly to both the H-3 mu]tipad interference test and activities in both

the waste-handllng and exhaust shafts. This behavior probably reflects the

presence of a "low-storativity" structure, which could be a single fracture

or fracture zone connecting the region near WIPP-21 with the two WIPP

shafts, but not intersecting WIPP-21 itself.

Single-hole testing may also be strongly affected by drilling-induced near-

well effects, which can make the test hole appear either more or less

transmissive than the surrounding rock mass. As discussed by Beauheim

(1986, 1987b), marked examples of such "skin" effects were found in testing

in holes DOE-2 and WIPP-13. In the extreme example of hole DOE-2, the

initial estimate of minimum transmissivity was 2.4 x 10 -5 m2/s. The

calculated "skin factor" was +31 (Beauheim, 1986). For comparison, a hole
so badly damaged that it would not produce fluid at ali would have a skin

factor of plus infinity. At the WIPP, positive skin factors have, in some
cases, been reduced by acid treatment. Treatment of hole DOE-2 with

hydrochloric acid removed the near-hole damage effects, and increased the

interpreted transmissivity by a factor of 4, from 2.4 x 10 .5 m2/s, to 9.6 x
10 .5 m2/s (Table 4.1). The calculated skin factor at DOE-2 decreased from

+31 to -4.7. A skin factor of less than zero indicates good connection of
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the physical wellbore with fractures within the rock mass and results in an

apparent well radius greater than that of the physical diameter of the

hole. The Culebra in several holes listed in Table 4.2 exhibits negative

skin factors, indicating good connection of the test hole with the

surrounding rock mass.

As mentioned above, the presentation of data in terms of transmissivlty

explicitly assumes that the tested interval is vertically homogeneous.

Data included in Table 4.2 indicate that Culebra transmlssivlty at H-14

varies with vertical position within the unit. While drilling this hole,

• it was possible to find a packer seat within the Culebra. Testing of the

upper Culebra was then followed by testing of the entire unit_ The calcu-
lated transmissivity of the upper 1.7 m of the Culebra is I.I x 10 .7 m2/s,

while that of the entire 8.2 m thickness of the unit is 3.3 x 10 -7 m2/s.

This indicates that the transmissivlt_ of the lower 6.5 m of the Culebra in
hole H-14 is approximately 2.2 x I0 "! m2/s. The results at H-14 indicate

that the Culebra cannot be assumed to be vertically homogeneous, since the

transmissivity of individual zones within the unit vary by a factor of

about 2. The results at H-14 are in qualitative agreement with the varia-

bility indicated by results of tracer-injection tests at holes H-l, H-2c,
H-3, and P-14 (Mercer and Orr, 1979).

Because the Culebra dolomite is generally more permeable than the Magenta

dolomite at and near the WIPP site, less testing of the Magenta has been

completed at the WIPP. Older transmlssivlty data for the Magenta dolomite

are contained in Mercer (1983) and Gonzalez (1983a). The results of recent

testing of the Magenta dolomite in H-14, H-16, and DOE-2 are included in

Table 4.3. Overall, reported Magenta transmissivities range from approxi-

mately 5.9 x 10 .9 m2/s in hole H-14 to 4.0 x 10 .4 m2/s in WIPP-25. Magenta

transmisslvities greater than approximately 10 .6 m2/s are known only in and

near Nash Draw and the small valley south of the WIPP site (Figure 1.2).

As mentioned in Section 1.0, modeling of Rustler hydrology through 1983

assumed that the Culebra and Magenta dolomites were completely confined.

This is equivalent to assuming that the unnamed lower, Tamarisk, and Forty-

niner members of the Rustler have zero permeability. Indeed, standard

hydrologic testing techniques are inapplicable to these units at the WIPP

site because of their low permeabilities. Recent advances in testing,

data-collection, and interpretation techniques have allowed meaningful
examination of these units at three locations: DOE-2, H-14, and H-16

(Table 4.3). Even in the recent testing, however, it has only been

possible to test the transmissivities of claystones and siltstones within

the non-carbonate members of the Rustler. The claystones and siltstones in

the Tamarisk and Forty-niner Members occur near the center of each unit,

and are separated from the Magenta or Culebra by a zone of anhydrite/gypsum
(Table 1.2). The anhydrites within the Rustler still cannot be tested from

the surface, since their in situ transmissivities are less than

approximately i0"II m2/s (Beauheim, 1986; 1987b). In addition, it still

has not been possible to measure the transmissivity of the Tamarisk

claystone, due to its low transmissivity.
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Table 4.3' Summary of available transmissivity information for members of

the Rustier Formation in holes H-14, H-16, and DOE-2. Slightly
modified from data contained in Tables 5-2 and 5-3 of Beauheim

(1987b) and Table 7-2 of Beauheim (1986),

Zone depth Test interval Transmissivity
(m) (m) (m2/s)

H-14

Forty-niner 118.9 - 123.4 116.1 - 124.7 3.2 x i0"8 . 7,6 x I0"8

"claystone"

Magenta 129.2 - 136.6 128,0 -136.6 5.7 x I0"9 . 6.0 x i0"9

Culebra 166.1 - 174.3 162.5 175.0 3.2 x 10 .7 - 3.3 x 10-7

H-1__/6

Forty-niner 171.6 175.0 170.7 - 177.1 2.4 x i0"I0 - 6.0 x 10 .9

"claystone"i

Magenta 179.8 187 8 179.5 - 189.3 2.6 x I0"8 . 3.0 x i0"8

Culebra 213.4 - 221.0 212.4 - 223.7 7.4 x 10 .7 - 9.1 x 10 .7

Unnamed member 237.1 - 256.6 225.2 - 259.4 2.4 x I0 "I0 - 2.9 x I0 "I0

siltstone

DOE-2

Forty-niner 204.2 - 207.5 202.4 - 209.1 2.7 x 10.9 - 1.2 x 10 .8

"claystone"

Magenta 213.1 - 220.1 213.4 220.1 I.I x 10-9

Culebra 251.2 - 257.9 251.2 257.9 9.6 x 10 .5.

The transmissivity of the Magenta at H-14, H-16, and DOE'2 is I.I x 10 .9 to

3.0 x 10 .8 m2/s (Table 4.3). The transmissivity of the claystone in the

overlying Forty-niner in the same holes is comparable, 5.6 x 10 .9 to 1.2 x

10 .8 m2/s. The siltstone within the unnamed lower member of the Rustler

has been successfully tested only in hole H-16, in which it has an

estimated transmissivity of between 2.4 x i0 "I0 and 2.9 x I0 "I0 m2/s. The

transmissivity of the Culebra in DOE-2, H-14, and H-16 ranges from i.I x

10 .7 to 9.6 x 10 .5 m2/s, at least one order of magnitude greater than that

of any of the surrounding units.
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The results at H-14, H-16, and DOE-2 indicate that the Culebra is the most

significant water-bearlng unit within the Rustler at and near the WIPP

, site, consistent with earlier assumptions, although in some holes (H-lO,

WIPP-12, P-15) the Culebra transmissivity is similar to the Magenta

transmissivities measured at H-14, H-16, and DOE-2. However, the recent

results are inconsistent with previous assumptions, in that they suggest

that stratabound fluid flow within the portion of the Rustler above the

Culebra dolomite may occur as much through the Forty-niner claystone as

through the Magenta, except where the Magenta is significantly fractured.

At and near the WIPP site, both the Magenta and the Forty-niner claystone

are more transmissive than the bounding anhydrltes; no data are available

concerning the transmissivity of the Tamarisk claystone. There must be a

qualitative increase in the transmissivities of the Tamarisk and Forty-

niner anhydrites somewhere between the WIPP site and Nash Draw, however,

since evaporite karst in and near Nash Draw involves formation of small

caverns and sinkholes within the Tamarisk and Forty-niner Members, as

briefly discussed in Section 4.4.

4.1.1.2 Hea,_, Distribution within.the Rustler Formation and between the

_ustler,. Dewey Lake. an_ Salado--As mentioned previously, numerical

modeling of Rustler hydrology through 1983 assumed the Culebra and Magenta

were completely confined, and that the transmisslvities of other units

within the Rustler were negligible. The results discussed in the preceding

section indicate that the transmissivities of claystones or siltstones

within the Rustler are locally measurable at the WIPP site, and are similar

in magnitude to that of the Magenta dolomite, except where the Magenta is

fractured. However, the transmissivity of the Culebra dolomite is normally

at least one order of magnitude greater than that of other units within the

Rustler at and near the WIPP site, and the transmissivities of Rustler

anhydrites at and near the WIPP site are too low to measure. These results

suggest that flow within the Culebra dolomite, parallel to layering, is the

dominant factor in the hydrology of the Rustler Formation at the WIPP site.

However, as discussed briefly in this section, fluid pressures and

densities have been measured locally in units both above and below the
Culebra.

Therefore, unless the Rustler anhydrites and/or Tamarisk claystone have

absolutely zero permeability, there must be some vertical fluid flow within

the Rustler. The amount of this flow is not known quantitatively, and

cannot be measured directly in the field. At one extreme, vertical fluid

flow may be completely negligible relative to stratabound flow within the

Culebra dolomite. At the other extreme, "karstic" hydrology might occur

within the Rustler Formation at the WIPP site, involving surficial recharge

from the surface to the Rustler carbonates and/or anhydrites. In order for

fluid flow to take place from the surface to the carbonate members of the

Rustler Formation, the head potential within the Forty-niner must be

greater than that within the underlying Magenta dolomite, regardless of the

head potential or state of saturation within the Dewey Lake Red Beds. The

relationships among the effective hydraulic heads of the various members of

the Rustler Formation, the Salado, and the Dewey Lake in the central

portion of the WIPP site are shown in Figure 4.1.3. The flow directions

indicated include the expected effects due to variable brine densities.
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VERTICAL HYDRAULIC-HEAD RELATIONS AMONG THE
RUSTLER MEMBERS AT THE WIPP SITE

T'
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Figure 4.1.3: Head relations among units in the Rustler Formation and
between the Rustler, Dewey Lake Red Beds, and Salado at the
WIPP site. Figure 6-3 of Beauheim (1987b).
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Figure 4,1,3 is based, in part, on testing of the Rustler and lower Dewey
Lake Red Beds at H-14, H-16, and DOE-2. The transmissivlty of the lower

Dewey Lake was too low for successful testing, i,e,, less than approx-

imately I0"II m2/s, In fact, testing was unable to determine whether the

Dewey Lake is hydraulically saturated. The regional pattern of hydrologic

saturation within the Dewey Lake is not well known (Mercer, 1983); only

very limited evidence has been found for local saturation at the WIPP site,

South of the WIPP site, water is locally produced from the Dewey Lake,

perhaps from lenticular sands within the unit (Mercer, 1983). Wells

probably producing from within the Dewey Lake include the Pocket, Falrview,
and Ranch wells indicated in Figure 1.2, As noted by Mercer (1983) the

region east of the Ranch well includes thick active dune sands, and may
serve as a location for local recharge to the Dewey Lake (see also Section

4,3,2).

In holes H-14 and H-16, consistent with the relationships shown in Figure

4.1.3, the Magenta head is greater than the head in the Forty-niner

claystone (Beauheim, 1987b). Therefore, modern fluid flow between these

two members is upward, rather than downward. Since water at these two

holes is not moving from the top of, the Rustler downwards into the Magenta,

it cannot be moving from the surface down into the Magenta dolomite.

The Dewey Lake Red Beds at H-14 and H-16 may not be saturated. If not,

fluid flow from the surface to the Forty-nlner claystone is not likely,

Given the uncertainty in regional saturation and head potentials within the

Dewey Lake Red Beds the results at H-14 and H-16 do not rule out fluid

movement from the surface downward into the Forty-niner claystone or the

upper anhydrite in the Forty-niner and/or into the Magenta dolomite in some

areas; i.e., where the Dewey Lake is saturated. Also, these results do not

eliminate the possibility of flow between the Dewey Lake Red Beds and the

Rustler carbonates in the past, if heads within the Dewey Lake Red Beds and

Forty-niner were higher at that time relative to heads within the Magenta.

Magenta heads near the center of the WIPP site are greater than Culebra

heads (Figure 4.1.3), consistent with downward flow between these two

units. As indicated in Figures 17 and 18 of Mercer (1983), the difference
in heads between the two units tends to increase towards the east and

decrease towards the west, primarily due to a general east-to-west decrease
in Magenta heads. Within and near Nash Draw, the heads within the two

units are similar; in some places in and near Nash Draw, (H-7a, WIPP-26,

WIPP-28), the Magenta is unsaturated (Mercer, 1983).

Vertical flow from the Magenta to the Culebra has been considered in

regional-scale modeling of Culebra hydrology (Section 4.1.3.1). However,

as noted above and indicated in Figure 4.1.3, it has not been possible to

measure either transmlssivities or head potentials within either the

claystone or anhydrites in the Tamarisk at or near the WIPP site. Vertical

flow between the Magenta and Culebra is discussed further by Mercer (1983)

and Beauheim (1987b). The possible consequences of such flow, as

considered in numerical modeling of Culebra hydrology (Haug et al., ].987),

are briefly considered in Section 4.1.3.1.
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As noted by Mercer (1983) and Beauheim (1987b), the head potentials in the

silty portion of the unnamed lower member of the Rustler are greater than
within the Culebra over much of the area of the WIPP site, Thus, fluid

flow into the Culebra from the underlying unnamed member and possibly the

Salado Formation is possible at both of these locations. However, as

indicated in Figure 4.1,3, it has not been possible to measure either

transmissivities or head potentials within the claystone, halite, or

gypsum/anhydrite in the upper part of the unnamed lower member, The pos-
sible implications of vertical fluid flow from the unnamed member into the

Culebra in numerical modeling of Culebra hydrology are briefly discussed in
Section 4,1.3,1,

4.1.2 Single-Pad Interferenc_ Testing

Interference testing at the scale of a single hydropad is designed to

provide data concerning the hydrologic effects of both fracturing and

"anisotropy" at a geometric scale of some 30 m. If the test interval.

behaves as a porous medium at the hydropad scale, interference testing

yields an "anisotropy tensor," which indicates local directions of maximum
and minimum transmissivities. If, however, the porous-medium assumption is

not valid at this scale, i,e., if fracturing effects are significant,

testing at this scale normally provides average system transmissivities and

storativities along the independent pairs of flow paths. Section 4,1.2,].

describes the detailed results of slngle-pad interference testing at the

H-3 hydropad, and Section 4.1.2.2 the detailed results of testing at the

H-II pad. Detailed interpretation of pad-scale interference testing has

only been completed to date for these two locations. Interpretation of

results obtained at the H-2, H-4, H-5, H-6, H-7, and H-9 pads is ongoing.

4,1,2.1 llnterference Test%Dg Zt the _-_ _ydroDad--Beauhelm (1987a)

interprets hydraulic data collected at the H-3 hydropad (Figure 4.1.4)

during single-hydropad testing in 1984 and the H-3 multipad interference

test conducted in 1985 and 1986. Hole H-3b3 was the pumped hole during the

1984 test, and H-3b2 the pumped hole during the H-3 multlpad test.

The characteristic drawdown response in both pumped and observation holes

at the H-3 pad is shown in Figure 4.1.i, As noted in Section 4,1.i, the

inflection in dimensionless pressure at early dimensionless times indicates

fracturing at H-3. In fact, the responses of observation holes on the H-3

pad to the beginning of pumping during both sing].e-pad and multl-pad

testing tests were practically instantaneous. Observation holes H-3bl and

H-3b3 responded within five seconds to the beginning of pumping in H-3b2

during the multlpad test. The peak drawdowns in the observation holes were

90% or more of the drawdown in the pumped hole, even in the relatively

short 1984 test. As a result, it was necessary to interpret the responses

of observation holes on the H-3 pad as if these holes were a part of the

pumped hole. This conclusion is supported by the fact that the calculated

effective hydraulic radius of the pumped well in the 1984 testing (H-3b3)

is approximately 146 m (Beauhelm, 1987a). This interpretation, however,

makes it impossible to determine stcratlvitles along the flow paths at the

H-3 pad. e
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H-3b3
• SURFACE LOCATIONS

O DEVIATED LOCATIONS AT DEPTH

OF CULEBRA MIDPOINT

BEARINGS RELATED TO TRUE NORTH

Figure 4.1,4: Physical layout of the H-3 hydropad. The figure is a plan
view, showing positions and distances between wells both at
the surface and where penetrating the Culebra dolomite,
Figure 4.1 of Kelley and Pickens (1986),
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The resultu of interference testing on the H-3 pad are summarized in Table

4,4, There is no significant difference between the interpreted

transmissivities of the three holes on the H-3 pad, since the range in
values is only from 3,1 to 3,2 x 10-6 m2/s for the 1984 testing and 1,8 to

1,9 x 10-6 m2/s for the multipad task Therefore, there is no apparent

anisotropy in the hydraulic properties at H-3, There is, however, a

decrease of approximately 50% between the average transmisslvity at H-3

interpreted from the 1984 testing, in which the pumping phase lasted 14

days at an average pumping rate of 4,0 gpm, and that interpreted from the

H-3 multipad interference test, in which the pumping phase lasted 62 days,

at an average rate of 4,8 gpm, Beauhelm (1987a) attributes this difference

to either a real difference in transmissivlty between holes H-3b3 and

H-3b2, the specific wells pumped in the two tests, and/or to the fact that

the average transmissivlty of the relatively large volume investigated

during the long-term }{-3 multipad test is lower than the average trans-

mlssivity of the volume investigated in the shorter-term 1984 testing,

Consistent with this latter interpretation, the original H-3(bl) trans-

mlssivity of 2,0 x 10 .5 m2/s reported by Mercer (1983) is based on a

combination of baillng/recovery and slug tests, both of short duration.

Table 4.4 includes estimates of both "skin factor" and the "storativity

ratio" for individual holes on the H-3 pad. Calculated skin factors range

from -7,3 to -8.1, As discussed by Beauheim (1987a), the strongly negative
skin factors indicate direct connection of ali three wellbores with frac-

tures, consistent with the interpreted effective radius of 146 m for hole

H-3b3, Although the storativities of the observation holes on the H-3 pad

could not be calculated, Beauheim (1987a) does calculate "storativlty
ratios" (omegas), the ratio of fluid storatlvlty within the fractures

(secondary porosity) to that of the entire system of matrix plus fractures

(primary plus secondary porosity), The calculated values range from 0.03

to 0,25, As noted by Saulnier (1987), most fractured-rock systems have a

storativlty ratio less than 0,I. The storatlvity ratios at the H-3 pad

indicate unusually high storage within fractures, perhaps due to the

vugglness of the Culebra.

4.1,2.2 Interference Testing at the H-11 Hydropad and _Comparison with

Results a_ the H-3 pa4--Saulnler (1987) summarizes the interpretation of

pad-scale interference testing carried out at the H-II hydropad (Figure

4.1,5) in 1984 and 1985. During 1984, holes H-llbl, H-llb2, and H-llb3

were each pumped in individual tests lasting from 12 to 21 hours. The 1985

test, in which H-llb3 was the pumped hole, lasted for 32 days. However,

complications with instrumentation during the 1985 testing resulted in four

distinct pumping and recovery periods, The resulting superposition of
effects complicates interpretation of the 1985 results,

The results of interference testing at H-li are included in Table 4.4. The

interpreted transmisslvltles for pumped holes and for flow paths between

pumped and observation holes on the H-II pad range from 1,2 x 10-5 to 3.0 x

10"5 m2/s. With the exception of the interpreted transmisslvity of H-llbl

during 1984 pumping the range is only 2.5 x 10 .5 to 3,0 x 10 -5 m2/s.
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Table 4,4: Summary of slngle-pad interference testing results for the

Culebra dolomite at the H-3 and H-11 hydropads, Slightly
modified from data contained in Tables 6-i and 6-3 of Beauhelm
(1987a) and Table 6,1 of Saulnler (1987),

Transmisslvlty _kln Storatlvlty Flow

(m2/s) Factor Storatlvlty Ratio (w) Ratlo(A)

H-363 (1984) 3,1 x I0"6 -7,8 . 0 07pump , -

H-3bl (chs,) 3.2 x 10"6 -7.3 . 0,25 .

H-3b2 (chs,) 3,2 x I0"6 -7,6 . 0,04 .

H-3b2 (1986) 1,8 x 10"6 -8,1 .
pump O,03 .

H-3bl (chs,) 1,9 x 10-6 -7,7 . 0,25 .

H-363 (chs,) 1.9 x 10"6 -8,0 . 0,I0 .

H-Ilbl (1984) 1.2 x 1,0"5 -3,3 . 00l 1 3 x 10-9pump , ,

H-llb2 (chs,) 2,5 x 10-5 . 8 X 10-4 0,35 2.0 x I0-6

H-llb3 (chs,) 2,8 x 10"5 - 5,5 x 10"4 0.35 1.3 x 10"6

H- llb2 (1984)

pump - -

H-llbl (chs,) 2.7 x 10-5 - 6.1 x 10-4 0.43 2.0 x i0-6

H-llb3 (obs,) 2.6 x 10"5 - 4,5 x 10"4 0.40 3,8 x 10"6

H-llb3 (1984) 2,8 x 10"5 -4.4 .
pump 0.01 2,3 x 10"6

H-Ilbl (chs,) 2,7 x 10-5 - 6 3 x 10-4
H-lib2 (chs,) 2,6 x 10"5 ' 0,30 1,3 x 10-6

- 7.2 x 10"4 0,30 1.3 x 10.6

H-llb3 (1985) 3,0 x 10"5 -4,6 .
pump 0,01 3,7 x I0"7

H-Ilbl (chs,) 2,7 x 10-5 - 2 9 x 10-3
H-lib2 (chs.) 2,8 x 10-5 ' 0,07 5,0 x 10-6

2.6 x iO _3 0,07 5.8 x 10 .6

(i) All holes H-3 pad interpreted as part of pumped hole; therefore,
storativlties not available, but skin factors and point transmlsslvl.ties available for all holes.

(2) Observation holes on H-II pad well-behaved; therefore, transmisslvl-

ties, except for pumped hole, are averages between observation andpumped hole.
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-* H-11b2

• SURFACE LOCATIONS

O BOREHOLE LOCATIONS AT DEPTH OF
CULEBRA MIDPOINT (CIRCA 226 m bgs,)

BEARINGS RELATED TO TRUE NORTH

Figure 4,1,5: Physical layout of the H-li hydropad. The figure is a plan
view, showing positions and distances between wells both at
the surface and where penetrating the Culebra dolomite,
Modified from Figure 3,1 of Saulnier (1987),
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The behavior of observation holes on the H-ll pad is consistently different

than that observed on the H-3 pad. Although the observation boles on the

H-II pad displayed dual-poroslty behavior, their response to the beginning

and ending of pumping was sufficiently delayed to allow interpretation as

observation holes, rather than as part of the pumped weil. The calculated

effective hydraulic radius of H-llb3, consistent with the behavior of the

obsorvatlon holes, is 4.9 m (Saulnier, 1987), as compared to an effective

radius of 146 m at the H-3 pad (Beauheim, 1987a).

Comparison of the hydrologic behaviors at the H-3 and H-II pads indicates

that the hydraulic effectiveness of fracturing at a given site need not be

proportional to the transmissivlty. The interpreted transmissivity of
H-llb3 during pumping of this hole in 1984 is 2.8 x I0 "5 m2/s, as compared

to a transmissivity of 3.l.x I0"6 m2/s for hole H-3b3 in 1984 testing at

the H-3 pad, However, the effective radius of H-3b3 is 146 m, while that

of H-llb3 is 5 m, In addition, the observation holes at the H-3 pad had to

be treated as part of the pumped weil, while observation holes at the H-II

pad behaved properly as observation wells. As shown in Table 4.3, the

calculated skin factors at the H-3 pad, which range from -7,3 to -8,1, are

consistently more negative than those at the H-li pad, which range from
-3.3 to -4.6.

Interpretation of behavior along the ass_ned radial flow paths between

observation and pumped wells on the H-II pads indicates average hydraulic

storativities between 4.5 x 10 .4 and 2.9 x 10 -3 , with the higher values

interpreted from testing in 1985, These storatlvitles are higher than

regional storatlvltles calculated by Beauheim (1987a) from multipad testing

at the H-3 pad (7,4 x 10 .6 to 3.0 x i0 "5, see Table 4.6). As at the H-3

pad, calculated storativity ratios at H-li range from 0.01 to 0,43, higher
than normal for fractured media,

Calculated interporoslty-flow parameters (lambdas) at H-II range from 1.3 x

I0 -9 to 5.8 x 10 -6 (Table 4.4). As noted by Saulnier (1987), the

definition of the parameter lambda includes the ratio of the matrix

permeability (permeability of the primary-porosity system) to permeability

of the fractures (secondary-poroslty system). Therefore, the calculated

results indicate that there is a strong contrast between matrix and

fracture permeabilitles at the H-II pad. As also indicated by Saulnler

(1987), interpretation of the calculated lambda values at the H-II pad is
consistent with effective block or slab dimensions of 0.3 to 1.0 m, The

available information on the effective block size in fractured portions of

the Culebra dolomite is discussed further in Section 4.2, based on the

results of testing with conservative tracers at the H-3 hydropad.

Using the system transmisslvities interpreted from 1984 testing and an

average storativity of 6,3 x I0 "4, Saulnier (1987) estimates the extent and

orientation of hydraulic "anisotropy" at H-II. The calculated maximum

transmissivity vector of 3.3 x 10 .5 m2/s is oriented 5.8 degrees north of

east, and the calculated minimum transmlssivity vector of 2.1 x 10"5 m2/s

5,8 degrees west of north (Table 4,5). The calculated ratio of 1.6'1

between maximum and minimum transmlsslvitles at H-II indicates only a small

degree of anisotropy. However, the presence of fractures at this site

indicates that these results are only qualitative; because of the
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fractures, directional variations in properties are almost certainly not
continuous, Also, since the indicated directions of maxlm_ and minimum

transmissivity do not coincide with any direct flow paths on the H-II pad,

there is no guarantee that either the maximum or Minimum values are
reliable,

Table 4,5: Summary of apparent hydraulic anisotropy of the Culebra

dolomite, Compiled from results contained in S_ulnier (1987)

and Gonzalez (1983b), i

Orientation

TMA X (m2/s) TMI N (m2/s) TMAX/TMI N of TMA X

Site

H-4(I) 2.9 x 10 .6 I,i x 10 -6 2.6 N76W

H-5 2,4 x 10 .7 9,7 x 10 .8 2.5 N25W

H-6 i.i x 10 .4 5.2 x 10 .5 2.1 N29W

H-II(2) 3,3 x 10 .5 2,1 x 10 .5 1,6 N84E

"ili Data for H-4, H-5, and H-6 from Gonzales (1983b).

(2) Data for H-li from Saulnier (1987),

The available interpretations of anisotropy within the Culebra dolomite are

_ summarized in Table 4.5. Earlier interpretations at the H-4, H-5, and H-6

pads all explicitly make the porous-medlum assumption (Gonzalez, 1983b).

The interpretation of Saulnier (1987) is based on the calculated system

transmissivities. The available interpretations indicate transmlssivity

ratios between 1.6'1 and 2.6:1, with a direction of between N84E and N76W

for the major transmlssivity vector. For calculated major Culebra trans-

missivitles between 2.4 x 10 -7 m2/s and i.I x 10 .4 m2/s and minor transmis-

slvities between 9.7 x 10-8 and 5.2 x 10 -5 m2/s there appears to be less

than a factor of three hydraulic anisotropy. The available results
indicate that there is no consistent orientation of maximum Culebra

transmissivity.

4.1.3 Multipad Interference Testing

As noted in the introduction to Section 4.0, the best method of estimating

the regional distribution of properties within a variable hydrologic unit

is by regional-scale testing and interpretation. At the WIPP site, two

regional-scale multipad interference tests of the Culebra dolomite have

been completed, centered at the H-3 hydropad and at hole WIPP-13. The H-3

Q
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multipad interference test and related analytical interpretation and

regional-scale modeling of Culebra hydrology are discussed in Section

4.1.3.1. The WIPP-13 test and relsted interpretative and modeling studies
are discussed in Section 4.1.3.2.

4.1.3.1 The H-3 Mult%pad Interference Test and the Regional Culebra Mode_

of Haug et al. (1987)--The pumping phase of the H-3 muluipad interference

test (Figure 4.1.6) extended from October 15, 1985, to December 16, 1985.

Recovery monitoring continued until April 16, 1986, when the data-

acquisition system at the H-3 pad was turned off. Raw data from the test

are included in INTERA (1986). Analytical interpretations of both detailed

results at the H-3 pad and average or apparent transmissivities and

storativities between H-3b2 (the pumped hole) and the numerous observation

holes are reported by Beauheim (1987a). Analytical interpretation of

regional flow patterns generated in response to the test, with emphasis on

evaluation of a linear-flow regime at holes H-3, H-II, and DOE-I, is

reported by Tomasko and Jensen (1987). Numerical calculation or simulation

of Culebra transmissivities, heads, and fluid densities on the regional

scale are reported by Haug et al. (1987), as well as modeling of the

transient pressure responses to the H-3 multipad test.

Beauheim (1987a) describes the analytical (as opposed to numerical)

interpretation of hydraulic data collected during the H-3 multipad

interference test. Results on the H-3 pad itself are discussed in Section

4.1.2. The regional distribution of Culebra properties, based on

Beauheim's analytical interpretation, is summarized in Table 4.6. Theanalytical approach used to interpret responses at observation holes

necessarily assumes both radial flow into the pumped hole and homogeneous

or average properties between pumped hole and individual observation holes

(Beauheim, 1987a). Therefore, transmisslvity values listed in Table 4.6

are apparent average values for an assumed radial flow path between H-352

and the listed observation hole. Beauheim (1987a) found it necessary to

correct both pre-test and post-test heads for the relatively long-term

transient behavior of some water levels at and near the WIPP site (Table

4.6). This transient behavior is in response to some combination of

hydrologic testing, shaft sinking and sealing operations, and a possible

regional transient.

Observation-hole responses to the H-3 multipad test fall into three general

categories. First, on the H-3 pad itself, hydraulic fracturing was

sufficient to require that Observation holes H-3bl and H-3b3 be considered

as part of the pumped hole (Section 4.1.2). Second, Observation holes

DOE-I and H-llbl, respectively 1606 and 2423 m southeast of H-362 (Figure

4.1.6), responded rapidly to both the beginning and ending of pumping.

Drawdown in DOE-I began 48 hours into the test, and that in H-llbl only

three hours later (Table 4.6). The average transmissivities interpreted

along flow paths between H-362 and DOE-I and H-llbl are 5.9 x 10 .6 m2/s

between DOE-I and H-3b2 and 7.3 x 10 .6 m2/s between H-llbl and H-362.

Calculated apparent storativities along the same flow paths are 1.0 x 10 .5

and 7.4 x 10 "6, respectively. Beauheim (1987a) concludes that the rapid

responses at DOE-I and H-llbl and relatively high calculated transmis-sivities along flow paths between these holes and H-3b2 indicate a

=
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Figure 4.1.6' Pumping and observation wells for the H-3 multipad
interference test. Figure 3.2 of Haug et al. (1987).
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preferential connection between the H-3 pad and the southeast portion of

the WIPP site. He further concludes, consistent with single-pad

interference testing at both H-3 and H-li (see Section 4.1.2), that this
connection is related to fractures. Third, holes north and northwest of

H-3b2 were much slower to respond to the H-3 multlpad test, indicating

relatively poor and variable hydraulic connection in this direction. Hole

H-l, 815 m from H-362, did not respond to pumping until approximately 488

hours into the test. The best estimate of the average tz'ansmissivity

between H-362 and H-I is 4.9 x 10-7 m2/s. H-2b2, slightly further from

H-3b2 than hole H-l, responded earlier (433 hours). The sllghtly higher

apparent transmissivity between H-2b2 and H-3b2 (1.3 x 10 -6 m2/s) than

between H-I and H-3b2 indicates local variability within the Culebra

dolomite, even in the low-transmisslvity domain, contalning H-l, H-2, and

H-3. In contrast to behavior at and southeast of the H-3 pad, there is no

indication that reglonal-scale flow or pressure response between H-3 and
either H-262 or H-I involved fractures. Holes WIPP-19, 21, and 22 are

north of the WIPP facility (Figure 4.1.6). Therefore, their response to

any pumping test at H-3 will be influenced by the intervening WIPP shafts,
unless the sealing of these shafts is perfect. There was, in fact,

considerable uncertainty about the rates of leakage from the Culebra into

the WIPP exhaust and waste-handling shafts during the H-3 test. As a

result, interpreted transmlssivitles for flow paths extending north of the

center of the WIPP site, i.e., between H-3b2 and holes WIPP-19, 21, and 22,

may be inaccurate (Beauheim, 1987a).

Several observation holes did not respond measurably during the H-3 multi-

pad test, including H-4, P-14, P-15, and P-17. Therefore, only minimal

transmissivities could be calculated for areas south and southwest of H-3, i

based on the lack of response. Beauhelm (1987a) estimates that the average
transmissivity between H-4 and H-3b2 would z.eed to be le_s than 1.0 x

10 "6 m2/s. As indicated in Table 4.2, drilling and testing of hole H-14

has since yielded results consistent with this bounding interpretation.

Tomasko and Jensen (1987) note a strikingly linear relationship between the

observed drawdowns and the square root of time in holes H-3b2, H-llbl, and

DOE-I during the H-3 multipad test, and conclude from this that much of the

response to the test in this area was a result of "linear flow," in which

flow is largely confined to a linear high-transmisslvity structure between

less-permeable boundaries. Their interpretation is a second line of

evidence for a hlgh-transmissivlty structure in the southeastern part of

WIPP Zone 3. Figure 4.1.7 shows the nearly linear response of H-3b2 versus

the square root of time during the pumping phase of the H-3 multipad test.

Tomasko and Jensen (1987) interpret the limited curvature shown in Figure

4.1.7 to reflect the fact that the high-transmlssivlty structure containing
H-3b2 is finite in width.

Figure 4.1.8 compares observed drawdowns and recoveries at H-II and DOE-I

with those calculated assuming linear flow in a high-transmlssivity

structure oriented N29W. There is good agreement during the pumped phase,

even with a model that used a simplified transmisslvlty distribution.

Although calculated drawdowns exceed those measured, the shape of both

drawdown and recovery curves agree well. This linear-flow approach yielded

average transmlssivlties of 2.2 x 10 -6. 9.7 x 10-6 , and 2.0 x 10-5 m2/s for
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Figure 4.1.7' Observed drawdown versus the square root of time in hole

H-362 during the H-3 multipad interference test. Slightly

modified from Figure 15 of Tomasko and Jensen (1987).
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(1987).
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the H-3 pad and between H-3 and DOE-I and H-II, respectively, These
results are in qualitative agreement with the results of Beauheim (1987a)

discussed above (2 0 x i0 "6, 5 9 x 10 .6 7 3 x 10 .6 m2/s, respectively), , e

The analytical approaches discussed thus far involve specific assumptions,

some of which pose real limitations in interpretation of testing on this

geometric scale within a unit as complex as the Culebra dolomite. These
include:

i, Regional-scale flow is assumed to be either perfectly radial or

perfectly linear.

2, Transmisslvltles are either assumed uniform between pumped hole and

observation hole, or a simplified transmisslvity distribution is
assumed.

3, Constant fluid density is assumed.

4, The Culebra dolomite is assumed to be completely confined.

In contrast, the approach taken by Haug et al. (1987), using the code SWIFT

II (Reeves et al., 1986a; Reeves et al., 1986b), is fully numerical, and

includes consideration of: a) a more complex pattern of regional flow,
based on calculation of transmissivlties between measurement points; b)

variable fluid densities; and c) vertical fluid flux into or out of the

Culebra. The modeling approach of Haug et al. (1987) assumes steady-state

boundary conditions.

The results of non-directional kriging of the April 1986 Culebra-

transmissivity data base (Figures 4.1,9 and 4.1.10) provide a quantitative

indication of the statistical reliability of the data base at that time,

independent of geologic and hydrologic judgement. The limited size of the

data base resulted in the kriged transmissivity pattern consisting largely

of "circles" around measured data points (Figure 4,1.9). The roughly

circular areas within which the uncertainty in transmissivity (defined here

as one standard deviation) was less than one order of magnitude were cen-

tered on individual hydro holes and approximately one kilometer in diameter

(Figure 4.1.10). The only regions in which the areas of one-order-of-

magnitude uncertainty overlapped was in the regions H-I - H-2 - H-3 and

H-li - DOE-I. This finding provided strong impetus for testing of addi-

tional holes within WIPP Zone 3, as indicated by the large number of holes

in Table 4,1 for which data have been collected or revised since April
1986.

One major emphasis of Haug et al. (1987) is consideration of the regional

hydrologic behavior of the Culebra, independent of transient effects

imposed by the WIPP facility. This required estimation of Culebra head

potentials as they existed prior to the sinking of the WIPP shafts (Figure
4,1.Ii). Figure 4.1.12 shows the simulated or calculated Culebra

transmissivity distribution resulting from calibration of downhole

pressures within the Culebra against the "measured" pre-shaft freshwater-

equivalent head potentials shown in Figure 4.1,11. The calibration effort
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Figure 4.1,9: Initial kriged Culebra transmissivities, based on data

available as of April 1986, Slightly modified from Figure

3.7 of Haug et al, (1987).
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Figure 4,1.10: Estimation error in initial kriged Culebra transmissivl-

ties, based on data available as of April 1986. Slightly
modified from Figure 3.8 of Haug et al, (1987),
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Figure 4.1,11: Best estimate of pre-shaft Culebra freshwater equivalent
heads, based on data available as of April 1986, Slightly

modified from Figure 3.9 of Haug et al, (1987).
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Figure 4.1,12: Best calculated distribution of Culebra transmissivities,

based on pressure calibration to head distribution shown in

Figure 4,1.11. Slightly modified from Figure 4,4 of Haug
et ai, (1987).
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involved use of "pilot points" in some locations between measured data, At

the pilot points, transmissivitles were assigned, consistent with the

uncertainty in initial kriged values. Evalu_,_ion of the statistical

properties of the expanded data base including the pilot-point
transmissivities indicated that the statistical properties of this data

base were consistent with those of the measured data,

The transmissivity distribution in Figure 4,1,12 is marked by four main
features:

I. A large and apparently continuous zone of relatively low transmis.

slvity (T<I0 "6 m2/s) including the site center, the locations of the

WIPP shafts, and extending to the east and northeast.

2. An apparently isolated region of low transmlssivity in and near the

southeastern portion of the site, in the region P-15 - H-4 - P-17. As

noted in Section 4,1.1, it is not clear from existing point data

whether or not this zone is connected to the low-transmissivity zone
closer to the site center. '

3. A narrow high-transmissivity zone (T>IO -5 m2/s) in the region

containing H-li and DOE-l, and extending to the south. This zone was

largely required in the model to account for the relatively low heads

observed at H-II and DOE-I (Figure 4.1.11).

The central portion of the high-transmissivity zone is defined in Haug

et ai. (1987) only by several pilot points, since no data from within

the zone were available as of April 1986. The zone is consistent with

results of both Beauheim (1987a) and Tomasko and Jensen (1987). Model

transmissivitles in the central part of the zone, approximately 3.0 x
10.4 m2/s, are similar to the transmissivities at H-gb (1.7 x 10-4

m2/s) and P-14 (2.3 x 10.4 m2/s), but lower than the transmissivlty at

H-7b (i.I x 10 .3 m2/s) (Table 4.1). The assigned value was chosen in
" i e to have the zonethe effort to be reasonably "conservative, , .,

contain as high a transmlsslvity as was reasonable.

4. A relatively large and apparently continuous high-transmissivity

zone in the western part of the modeled area. As of April 1986, the

hlgh-transmisslvity zone included measured data only at holes H-6, DOE-

2, P-14, and H-7. The need to define the relationship of this high-

transmisslvity zone to the low-transmissivity zone containing the

center of the WIPP site was a major driving force be'hind multipad

interference testing at WIPP-13 (Section ,4.1.3.2).

The calculated transmisslvity distribution (Figure 4,1,12) served as a

basis for further model calibration (Haug et al., 1987). The distribution

of Culebra fluid densities measured as of April 1986 is shown in Figure

4.1.'13, Culebra fluids in the vicinity of the WIPP site range in density

from approximately 1.00 to greater than i.i0 g/cm 3 (see Section 4.1.3,2).

Two main features of Figure 4.1.13 are of note:

0
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Figure 4.1.13: Best estimate of density distribution of Culebra fluids,
based on information available as of April 1986, Figure

O 3,10 of Haug et ai. (1987),
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I, A linear zone of steep gradient in fluid density separates a large

area of high fluid density (1,08 g/cm 3 or greater) east of the site

center from an analogous area of relatively low fluid density (i,04

g/cm 3 or less) west of the site center,

2, Major curvature in the lines of fluid densities 1,01 through 1,04

g/cm 3 in the northwest part of the modeled area. As of April 1986,

only measured density data from H-6, DOE-2, H-2, and P-14 provided
control for this curvature,

During calibration of Culebra transmissivltles against fluid densities, the

interpolated brine densities near the boundaries of Figure 4,1.13 were

first used as initial boundary conditions in simulation of assumed

varlable-density steady-state confined flow within the Culebra (Haug et
al., 1987), The results of this approach were not satisfactory (Figures

4,1,14 and 4.1,15), Calculated brine densities at ste,,_iystate are too low

in the eastern portion of the model, The dellsity contrasts in the eastern

portion of the model (with the exception of the region near P-17) were

adjusted successfully by slightly increasing the transmissivlty in the

northeastern portion of the model, without significantly changing fluid

densities assigned at the boundaries, Over the western portion of the

model, the problem was more severe, At steady state, a large area,

including holes H-l, H-2, P-17, P-15, and P-14, was calculated to have

fluid densities between 1.04 and 1.05 g/cm 3, compared to measured densities
of 1.06 g/cm 3 at P-17 and less than 1.03 g/cm _ at the other holes, The

high calculated brine densitios over the western portion of the site

reflect the southward movement of the relatively dense brines at H-6 and

DOE-2 required by steady-state confined flow (Haug et al., 1987).

These results are taken by Haug et al. (1987) to be consistent with at

least three possibilities:

I, The interpolated brine densities along the northern boundary of the

model are incorrect, except for the measured value at H-6, This

possibility is considered in detail by Haug et al. (1987). Because of

the recent increase in brlne-denslty data in the northwest portion of

the modeled area, the possibility is not considered further here (see

Section 4,1.3.2).

2. There is enough vertical fluid leakage into and/or out of the

Culebra to significantly affect fluid densities within the unit. This

possibility is considered further by Haug et al. (1987), and is
discussed below (see also Section 4.1.1).

3. The Culebra hydrologic regime is not at steady state on the time

scale required for water flow across the modeled area. Transient

boundary conditions for the hydrology of the Rustler Formation are

consistent with recent geologic and isotopic results discussed in

Sections 4.3 and 4.4, but have not yet been modeled directly, and are
not considered further here.
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Figure 4.1.14' Calculated steady-state, brine-density distribution within

the Culebra dolomite, based on data available as of April

1986. Slightly modified from Figure 4.7 of Haug et al.

i (1987).
v
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Figure 4.1,15" Difference between calculated steady-state brine density
distribution within the Culebra (Figure 4.1.14) and the

measuredestimated distribution shown in Figure 4.1.13.

Slightly modified from Figure 4.8 of Haug et al. (1987).
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Haug et al. (1987) initially addressed the density contrast over the

western portion of the modeled area by assuming that brine densities along

the northern boundary of the model were incorrect; therefore, calibration

against fluid density did not change interpolated transmissivities in this

area. In the vicinity of hole P-17, however, better agreement between

calculated and measured fluid densities was obtained by shifting the

location of the southern high-transmissivity zone in Figure 4.1.12 closer
to P-17.

Haug et al. (1987) then considered the possibility of vertical fluid flow
into and/or out of the Culebra dolomite in two areas:

I. At and near P-17, where measured brine densities were 0.04 g/cm 3

higher than those calculated. Upward flow of relatively dense brine

from the Rustler/Salado contact zone, through the unnamed lower member
of the Rustler, into the Culebra dolomite was considered at this

location, consistent with known head relationships (see Section 4.1.I)..

2. Over the western and southwestern part of the modeled area, in

which measured fluid densities are significantly less than modeled

densities. Uniform downward flow of relatively fresh (low-density)

fluids from the Magenta into the Culebra was considered in this area.

Assuming a brine density of 1.19 g/cm 3 for the Rustler/Salado contact zone
and/or unnamed lower member of the Rustler in the region near P-17, Haug et

al. (1987) estimate that a vertical flux of 10"12 m3/m2s would be suf-

O ficient to result in a calculated brine density within the Culebra of
1.06 g/c_r3, the measured value. Given the _pproximate vertical gradient of

0.18 m/m at this location, based on head relations shown in Mercer (1983),

this flux would require a vertical hydraulic conductivity of 5.7 x

I0 "12 m/s in the unnamed member. This is within the range thought reason-

able (Haug et al., 1987), but slightly higher than recently measured adja-

cent to the WIPP waste-handling shaft (Section 3.3.1.2). Thus, a very

small upward flux into the Culebra in the vicinity of P-17 appears to be

largely consistent with known data, and improves agreement between measured

and calculated brine densities in the area. However, it is not feasible to
measure the small flux in a reasonable time in the field.

In considering fluid flow from the Magenta dolomite downward into the

Culebra over the western portion of the modeled area, Haug et al. (1987)

assumed a brine density of 1.00 g/cm 3 for the Magenta. Addition of a small

but constant vertical flux of 5 x 10"12 m3/m2s over the western portion of

the model led to two qualitatively different responses:

I. In areas of low Culebra transmissivity, the resulting freshwater-

equivalent heads were incr_ased significantly, causing unacceptable

disagreement between calculated and observed heads. In these areas,

however, the assumed flux did significantly decrease the calculated
brine densities within the Culebra.

2. In areas of high Culebra transmissivity, addition of the vertical

O flux did not harm the between calculatedsignificantly agreement and
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measured freshwater heads, nor did it significantly improve the

agreement between measured and calculated brine densities within the
Culebra. W

Vertical flux from the Magenta downward into the Culebra dolomite over the

western portion of the modeled area is consistent with known head and

fluid-density relatlonships in some areas (Section 4.1.1.2). However, the

flux, if real, must be laterally variable rather than constant, and the

vertical conductivity of the Tamarisk claystone and anhydrites between the

Magenta and Culebra may simply be too low at and near the site. The

modeling results of Haug et al. (1987) suggest that vertical flow rates

must be higher in regions in which the Culebra fs more transmissive, and

lower in regions where it is less transmissive. This amount of coupling of

Culebra transmissivity with that of the overlying Tamarisk and Magenta
members has not been identified in the regional variations in
transmissivities of the different members of the Rustler at and near the

WIPP site. For example, the transmissivity of the Tamarisk claystone,

between the Magenta and Culebra, is _oo low for measurement at and near the

site; the transmissivity of the Tamarisk anhydrites may be even lower.

Given enough modeling time and effort, it appears that excellent agreement
between measured and calculated brine densities within the Culebra dolomite

could be obtained by calibration against both transmissivity distribution

in the Magenta, Tamarisk, and Culebra and vertical flux, assuming steady-

state boundary conditions. However, this agreement would not in any way be

unique, and might not be consistentwith the inability to measure proper-
ties within the Tamarisk. This is not to say that vertical flow is not

occurring within the Rustler Formation (see Sections 4.1.1 and 4.4), simply

that data are not adequate to model it precisely. The extremely low

transmissivity of the Tamarisk claystone and anhydrites, relatively high

transmissivity of the Culebra, and geochemical relationships within the

Rustler (Section 4.4) suggest that transient confined flow within the

Culebra dominates Rustler hydrology at and near the WIPP site.

In summary, model calibration to the Culebra pre-shaft head distribution by

Haug et al. (1987) largely met with success, but also indicated uncertain-

ties in the understanding of Culebra and Rustler hydrology. Calibration to
the freshwater head distribution was successful to within one meter of

measured values. Assuming steady-state confined flow, however, the result-

ing Culebra transmissivity distribution was not successful in simulating

the measured brine-density distribution. In the eastern portion of the

model, the required adjustment in transmissivity was minor. Over the

western portion of the model, the results of Haug et al. (1987) indicated

that: i) the April 1986 understanding of brine densities may be quali-

tatively incorrect; 2) there may be regional-scale vertical flow within the

Rustler Formation; and/or 3) the hydrologic setting of the Rustler Forma-

tion may be transient on the time scale required for groundwater flow
across the modeled area.

The next step in model calibration by Haug et ai. (1987) was simulation of

transient stresses within the modeled area, assuming steady-state boundary

conditions. Several transient activities were simulated, including:

I) sinking and grouting of the three existing WIPP shafts; 2) three pumping
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tests and slug tests at H-2; 3) convergent-flow tracer testing at H-3; 4) a

step-drawdown hydraulic test at H-3; and 5) the multipad interference test
at H-3.

Responses to shaft sinking and grouting (both occurring before the H-3

multipad test) were well simulated using the density-callbrated trans-

missivity distribution estimated by calibration to the pre-shaft head

distribution. From this, Haug et al. (1987) concluded that the trans-

missivity distribution in the region containing H-l, H-2, H-3, DOE-l, and

H-II was approximately correct.

Responses in the WIPP shafts and in holes WIPP-19, 21, and 22 during and

after the H-3 multipad test could not be simulated closely unless

additional leakage in the shafts was assumed to have occurred during the

test. This conclusion, while coincidental, is supported by the fact that

the hydraulic responses to sinking and initial grouting of the shafts were

well simulated using the "steady-state" transmissivity distribution, while
the later H-3 test itself was not.

The final calculated Culebra transmissivity distribution and fluid-flow

velocities estimated on the basis of data available as of April 1986 and

including adjustment for fluid-denslty effects in the eastern half of the

model are shown in Figure 4.1.16. Four features are of note in this

figure:

I. Fluid flow (presented as Darcy velocities) is extremely slow in the

area H-12 - H-5 WIPP-12. Calculated Darcy velocities in this area

O are 10 .9 m/s or less.

2. Fluid flow in the southeastern portion of the model is strongly

dominated by the high-transmissivity zone in the area H-II - DOE-I - P-

17. Flow in this area is largely north-south, with Darcy velocities of

approximately 10 .8 m/s.

3. Flow in the northwest and western portions of the modeled area is

rapid and largely north-south. Darcy velocities in this area range

approximately from 5 x 10 .9 to 1 x 10 -8 m/s.

4. The region near the center of the WIPP site (WIPP-12 - P-15 - P-17)

has relatively low Darcy velocities, approximately 1 x 10 .9 to 3 x

10 -9 m/s. The high-transmissivity zone to the southeast forces fluid

flow in the region between H-4 and the center of the site to be

northwest-southeast, in effect connecting the two high-transmissivity

zones southeast and northwest of the site center. The control for this

flow at the time of the H-3 multipad test was limited, since hole H-14
did not exist at that time.

As discussed in Section 4.1.2, interference testing at the H-3 and H-II

hydropads indicates the strong local influence of fracturing on hydraulic

response. Haug et al. (1987) investigate whether or not a dual-porosity

formalism is required to model regional-scale responses within the Culebra

dolomite by examining times required for pressure equilibration between
matrix blocks and fractures.
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modified from Figure 4.11 of Haug et ai. (1987),
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The time required for pressures in the fracture and matrix in a fractured

medium to equilibrate to within i% is proportional to the square of matrix

block size and linearly proportional to the fluid diffusivity within the

matrix. For a range of Culebra matrix block sizes (fracture spacings)

between 1 and 8 m and a representative range of matrix compressibilitles,

matrix porosities, and matrix conduetivities, Haug et al, (1987) calculate

a maximum pressure-response time of 26 days, For the base-case properties

interpreted from conservative-tracer testing at the H-3 pad (Section 4,2)

the calculated pressure response time is only six hours, Based on these

preliminary calculations, Haug st al, (1987) conclude that a dual-porosity

formalism is not needed in modeling the reglonal-scale hydraulic responses

within the Culebra dolomite at and near the WIPP site, H_ug et al, (1987)

modeled the transient hydraulic responses at the H-3 hydropad to both shaft

sinking and sealing and the H-3 multipad interference test using both dual-

porosity and porous-medium formalisms to examine this conclusion further,

Consistent with their conclusion that use of the dual-porosity formalism is

not needed at a regional scale, the maximum difference between the

transient freshwater heads calculated using the two approaches is 0,02 m.

However, the validity of this conclusion is somewhat limited by the range

of fracture spacings considered, The correlation between fracturing and

transmlssivlty within the Culebra discussed in Section 4,1,1 indicates that

fracturing is significant in areas of transmissivity greater than

approximately 10 -6 m2/s. The approximate fracture spacing at the H-3 pad,

with a transmissivity of 2 x 10 -6 m2/s, is 0,25 to 1 m (Section 4.2),

Zones of higher transmissivity presumably have smaller effective block

sizes. The preliminary calculations of Haug et al. (1987) indicate that it

is in zones of otherwise low transmissivity, in which fracturing is not

evident in single-hole testing, and in which fracture spacings may

significantly exceed the thickness of the Culebra, that hydraulic behavior

on something approaching the regional scale might be controlled by

fracturing, However, there is no evidence of any discrete fracture

structures within low-transmissivity portions of the Culebra dolomite at or
near the WIPP site.

In summary, fielding and interpretation of the H-3 multipad interference

greatly increased the understanding of the hydrology of the Culebra

Dolomite Member of the Rustler Formation. It emphasized the role of

fracturing and lack of hydraulic anisotropy within the H-3 hydropad. The

analytical interpretation by Beauheim (1987a) indicated the presence of a

high-transmissivity region in the vicinity of H-II and DOE-l, suggested

strong directional dependence of responses to the test, and suggested that

transmissivities between H-3 and H-4 were probably less than 10 .6 m2/s, an

interpretation later confirmed by drilling and testing of hole H-14, The

interpretation of Tomasko and Jensen (1987) indicated that regional-scale

flow in the southeastern portion of the WIPP site was probably controlled

by a linear high-transmissivity zone, Numerical modeling of the site area

by Haug et al. (1987) yielded a ,lore complete estimate of the lateral

distribution of Gulebra transmissivities, qualitatively consistent with the

interpretations of Beauheim (1987a) and Tomasko and Jensen (1987). A high-

transmissivlty region in the vicinity of H-II and DOE-I was interpreted to

be present, in addition to a largely separate high-transmissivity zone west

and northwest of the site center. Large areas northeast, east, and
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southwest of the site center appeared to have low transmisslvity, The

interpretation of Haug et al, (1987) indicated both that fluid flow on the

WIPP site proper was largely controlled by the hlgh-transmisslvlty zone

containing holes H-II and DOE-l, and that the effects of this zone included
northwest to southeast flow across the area including H-4 and the site
center itself. Consideration of discrete fractures or inclusion of dual-

porosity formalism appears not to be required to model the regional-scale

hydrologic behavior of the Culebra dolomite at and near the WIPP sits,

Limitations to interpretation of the H-3 multipad test strongly influenced

hydrologic field activities in 1986 and 1987, On a regional scale, the

information gained through the H-3 test supported fielding and

interpretation of a test centered at WIPP-13, which is discussed in the

next section. In preparation for this test, updated and more-reliable data

on the Culebra were collected at DOE-2, and a series of WIPP holes (13, 18,

19, 21, and 22), The paucity of reliable data in the southern half of Zone

3 led to the drilling and testing of H-14 and H-15, as well as to reentry

and testing of the Culebra in P-17, H-4c, P-14, P-15, Cabin Baby-l, and

ERDA-9. The scarcity of head-potential and hydraulic-property data from

members of the Rustler other than the Culebra led to testing of all members

in holes H-14, and H-16. H-i6 itself was sited primarily to address the

problem of linkage between ali five members of the Rustler Formation and
the WIPP air-lntake shaft.

4.1.3.2 The WIPP-13 MultiDad Interference TeAt and the RegioDal Culebra

Model of LaVenue et al,_1988)--The second regional-scale or multipad
interference test of the Culebra dolomite was centered at hole WIPP-13

(Figures 1,2 and 4.1.17). The pumping phase of the WIPP-13 test lasted

from January 12, 1987, to February 17, 1987, Water levels were monitored

continuously in 17 surrounding wells, at distances ranging from 1280 to

6248 m. Analytical interpretation of the WIPP-13 multipad test is

discussed by Beauheim (1987c). Numerical simulation of Culebra transmis-

sivities and pre-shaft heads in an area including that examined in the

WIPP-13 test is the primary focus of LaVenue et al, (1988). This effort

includes evaluation of long-term transient hydrologic data at and near the

WIPP site. Detailed modeling of transient effects of the WIPP-13 multipad

test will be combined during 1988 with calibration of the transient effects

of a planned multipad interference test at the H-II hydropad and emplace-
ment of the WIPP air-intake shaft,

The effects of dual-porosity behavior were quite strong in WIPP-13 during

the pumping phase of the WIPP-13 test (Figure 4.1.18). The Culebra in

WIPP-13 has an estimated transmissivity of 7.4 x 10 .5 m2/s (Beauheim,

1987c). The Culebra in and near WIPP-13 is best thought of as a double-

porosity medium with unrestricted interporosity flow (Beauheim, 1987c).

The analytical interpretation by Beauheim (1987c) indicates that WIPP-13

lies within a relatively homogeneous fractured region, which includes WIPP-

13 and DOE-2, as well as the H-6 hydropad (both H-6a and H-6b were

monitored during the WIPP-13 test). DOE-2, at a distance of 1475 m from

WIPP-13, responded within one hour to the beginning of pumping, while H-6b,

at a distance of 2188 m, responded within 8 hours (Table 4.7). The
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apparent average transmissivities between WIPP-13 and holes DOE-2 and H-6b

are 6,1 x 10-5 m2/s and 7.4 x 10 .5 m2/s, respectively, The rapid respcnses

at DOE-2 and H-6b and the low apparent storativities between these holes
and WIPP-IS, 5,1 x 10 -6 and 7.9 x 10-6 , respectively, suggest that the

hydraulic response in this region is strongly affected by fracturing

(Beauheim, 1987c).

The boundaries of the zone containing WIPP-13, DOE-2, and H-6 are complex.

To the north, the zone appears to extend nearly to hole WIPP-30 (Beauheim,

1987c), This interpretation is based largely on the fact that WIPP-30,

with a reported transmissivlty of only 3.2 x 10 -7 m2/s (Beauheim, 1987b:
Mercer, 1983) and at a distance of 5587 m from WIPP-1S, responded within 61

hours to the beginning of pumping, In addition, the apparent average
storativity between WIPP-13 and WIPP-30, 5.6 x i0-6, is similar to that

calculated between WIPP-IS and both DOE-2 and H-6b. Analytical interpreta-

tion of the response of DOE-2 to pumping of WIPP-13 requires addition of a

low-permeability boundary; i.e,, the response at DOE-2 shows the effects of

a low-permeability region nearby, A change from high to low Culebra trans-
missivities must occur somewhere between DOE-2 and WIPP-12, as well as

between DOE-2 and H-5.

Results contained in Beauheim (1987b) indicate a Gulebra transmlssivlty of

approximately 1.0 x 10-7 m2/s in WIPP-12 (Table 4.2). The apparent average
transmisslvity between WIPP-13 and WIPP-12 is 8.5 x 10-6 mZ/s (Beauheim¢

1987c). WIPP-12, only 1283 m from WIPP-IS, did not respond to pumping of
WIPP-13 until. 74 hours into the test, Thus, by analogy with arguments

concerning the response of WIPP-S0, the boundary between the high-

transmissivity zone containing WIPP-IS and the low-transmissivity zone

containing WIPP-12 must lie relatively close to WIPP-13.

South of WIPP-12, the bound@ry between high-transmissivity and low-

transmissivity domains probably lies further away from WIPP-13. Holes
WIPP-18, 19, 21, 22; H-l, 2; and EKDA-9 all have estimated Culebra

transmissivities of 1,0 x 10-6 m2/s or less (Table 4.1), The apparent

effective average transmisslvities between WIPP-IS and these holes range

from 1.7 x lO "5 to 2,6 x 10 -5,m2/s (Table 4,7), while that between WIPP-IS

and the WIPP exhaust shaft is 3,0 x 10 -5 m2/s. Times required for the

first response to p_ping of WIPP-13 range from 74 to 600 hours, including

the exhaust shaft. The hlgh-transmissivity zone containing WIPP-13 is

consistently represented as a hlgh-permeability boundary in interpretation

of the response of these observation holes (Beauheim, 1987c), The apparent
behavior between WIPP-IS and the WIPP exhaust shaft is consistent with that

between WIPP-iS,and nearby observation holes, Beauheim (1987c) notes that

the responses in both ERDA-9 and the exhaust shaft appear to be complicated

by activities within the shaft,

The relatively homogeneous zone containing WIPP-IS, DOE-2, and H-6 appears

to be bounded on the west by a zone of higher transmissivity extending into

the main portion of Nash Draw (Beauheim, 1987c). Apparent transmisslvities
between WIPP-13 and holes P-14 and WIPP-25 are 2.8 x 10 -4 ani 7,0 x

10 -4 m2/s, respectively, Hole WIPP-25, at a distance of 6264 m from

WIPP-13, was the most distant monitoring hole used in the test (Figure
41.17),
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The presence of both higher-transmissivity and lower.transmissivity domains
outside the WIPP-13 - DOE-2 - H-6 region is consistent with the fact the

analytical interpretation of the hydrologic behavior at WIPP.13 required

the addition of both low-permeabillty and hlgh-permeability boundaries

(Beauheim, 19870). In addition, a llnear-flow interpretation of the f].ow

near WIPP-13 analogous to that completed for the H-3 multipad test by
Tomasko and Jensen (1987) was not successful,

The numerical simulation of Culebra hydrology over a large area, including

the region stressed in the WIPP-13 test, is discussed and summarized in'

LaVenue et al, (1988), The emphasis in LaVenue et al. (1988) is on

simulation of the Culebra hydrology as it existed before construction of

the WIPP shafts, i,e,, prior to 1981, Detailed numerical interpretation of
the transient hydrologic stresses imposed by the WIPP-13 multlpad test,

sinking of the WIPP alr-lntake shaft, and a combined multlpad interference
test and conservative-tracer test at the H-li pad will be conducted in

1988,

As noted in Section 4.1.i, there has been a significant increase in the

Culehra transmisslvity, head, and fluid-density data base since April 1986,

• In addition, as evident in Figure 4,1,19, the area included in modeling

described in LaVenue et al, (1988), 24 x 25 'km, is significantly larger

than that included in Haug et al, (1987) (sea Figure 4,1,6), As a result,

the total data base considered in LaVenue et al, (1988) is much larger than

that considered only 1,5 years earlier, Culebra transmisslvity data from

38 individual wells or hydropads are considered in the 1988 report, as

opposed to 24 locations in the ].987 report (Table 4,1). Compilation of the

data base used by LaVenue et al, (1988) was significantly more complex for

the data base used by Haug et al, (1987), both because of the increased
number of holes and because of the increased awareness and concern about

transient phenomena in Rustler hydrology. For example, development of the

baseline water-level data required consideration of long-term transients,

even in holes not directly affected by hydraulic testing at end near the

WIPP site. In addition, some well locations were resurveyed (LaVenue et

al., 1988); most Culebra fluid densities were revised as a result of recent

. sampling (Uhland et al,, 1987), and were evaluated by detailed pressure-

density surveys (Crawley, 1987),

The initial kriged Culebra transmissivities of LaVenue et al. (1988) are

shown in Figure 4.1.19, based on data available as of November 1987. The

general pattern is different from that indicated in Haug et al. (1987)

(Figure 4.1.9). The increase in the available data base results in the

initial kriged distribution in Figure 4,1.19 varying smoothly across much

of the site area. The krlged transmissivities tend to be higher towards
the west and lower towards the east, with an isolated zone of higher

transmlssivities at H-II and DOE-I. In Figure 4.1,9, with the exception of

the hole pairs H-I - H-2 and H.II - DOE-I, each data point tends to define

a separate transmissivity zone.

The effects of the increased number of measurements on the Culebra trans-

missivity data base are demonstrated more clearly by comparison of Figure

4.1.10 with Figures 4.1.20 and 4.].21. Kriging of the transmissivity data

base available as of April 1986 (Figure 4.1.10) indicated that regions of
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Figure 4.1.19' Initial kriged Culebra transmissivities, based on data

available as of _!ovember, 1987. Values kriged with code

AKRIP. Figure 3.12A of LaVenue et ai. (1988),
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one order of magnitude uncertainty (defined at one standard deviation) did

not overlap, except in very limited areas. Because of the limited data

base available at that time, it was not possible for Haug et al. (1987) to

consider either an underlying regional trend in the data or uncertainty in

the measured data.

LaVenue et al. (1988) apply two kriging techniques to the Culebra

transmissivity data in order to consider both the regional west-to-east

decrease in transmissivities (Figure 4.1.19) and uncertainties in the

measured data. Kriging of the enlarged data base using the AKRIP code,

which fits a polynomial surface to the regional trend, but does not con-

sider uncertainty in the measured data (LaVenue et al., 1988), indicates

that the uncertainty in Culebra transmissivities over a large area, includ-

ing most of Zone 3, should be less than 0.5 log unit at one standard

deviation and less than one order of magnitude (I.0 log unit) at two stan-

dard deviations (Figure 4.1.20). Within the smaller area including both

the center of the WIPP site and the locations the WIPP shafts, the uncer-

tainty at two standard deviations is 0.5 log units or less; i.e., Culebra

transmissivities should be estimated to within a factor of approximately

three in this region, if it is assumed that field measurements are precise.

Results analogous to those in Figure 4.1.20, calculated by LaVenue et al.

(1988) using the K603 code, which applies a linear trend surface to

regional data, but allows consideration of uncertainty in measured data,

_ are shown in Figure 4.1.21. LaVenue et al. (1988) estimate the uncertainty

in measurements of Culebra transmissivities to be 0.25 log unit when

transmissivity is estimated from pumping tests and 0.5 log units when
estimated from other tests. Inclusion of these estimated uncertainties in

individual measurements, combined with a simplified regional trend surface,

suggests (Figure 4.1.21) an estimation error (one standard deviation) of

0.5 log unit or less within most of Zone 3. These results indicate that

the uncertainty in Culebra transmissivities at two standard deviations

within much of Zone 3, i.e., in a region extending from DOE-2 in the north

to beyond H-II in the south, is less than an order of magnitude, even

including the estimated uncertainties in field measurements.

Such statistical approaches must not be overinterpreted, because they

include no direct consideration of geologic processes. However, comparison

of Figures 4.1.20 and 4.1.21 with Figure 4.1.10 provides a direct

impression of the qualitative increase in both the size and reliability of

the Culebra data base since April 1986.

The present distribution of measured Culebra fluid densities (LaVenue et

al., 1988) is shown in Figure 4.1.22. Although the overall pattern is

similar to that estimated on the basis of data available in April 1986

(Figure 4.1.13), with a general west-to-east increase in density, there are

two significant differences. The density distribution in the west half of

Zone 3 in Figure 4.1.13 is strongly non-linear, due to relatively high

densities at H-6 and/or DOE-2. The variation in fluid densities in the

region H-I - DOE-2 H-6 - P-14, based on data available as of November

1987 (Figure 4.1.22), is less irregular, and the regional tlend is more

consistent with the general west-to-east increase in density. Fluid
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Figure 4.1.22' Measured density distribution of Culebra fluids, based on
information available as of November 1987. Figure 3.15 of
LaVenue et al. (1988).
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densities in the region H-14 - H-2 - P-14 still appear to be anomalously

low. The brine density distribution in the eastern part of Zone 3 (Figure

4,1.22) is also somewhat different than in Figure 4.1.13. In Figure

4.1.13, a general north-south trend of constant-density lines extends

largely across the WIPP site west of holes DOE-I and H-f1, The
distribution is more complex east of these holes, In Figure 4.1.22, the

estimated brine density of approximately 1,14 g/cm 3 at hole H-15 causes

signlficant curvature in the density distribution in the eastern portion of

Zone 3. Nonetheless, the overall pattern of the distribution of Culebra

brine densities based on data available as of November 1987 is simpler than

previously estimated,

The present understanding of the distribution of pre-shaft freshwater-
equivalent heads within the Culebra dolomite is shown in Figure 4.1.23.

The general pattern is similar to that estimated by Haug et al. (1987),

with a north-south head gradient of approxlmately i0 "3 m/m across the area
of the WIPP site. Gradients within the Culebra both south and north of the

site are lower, approximately i0-4 m/m.

There is, however, one significant difference between the head distri-

butions shown in Figures 4.1.23 and 4.1.11. Head contours form a sharp

embayment in the southeastern portion of Zone 3 in Figure 4.1.11, exten-

ding at least as far north as the east-center of the site. Interpretation
of water-level and f[uld-density data available to November 1987 indicates

(Figure 4.1.23) that there is little evidence of an embayment in Culebra

freshwater-equlvale_t heads within WIPP Zone 3, except for the 913-m

contour in the extre_te southern part of the zone, Within the modeled area,

head contours up to 919 m elevation do define a broad embayment south and

east of the WIPP site. Expansion and improvement of the data base for

calculation of Culebza freshwater-equivalent heads during 1986 and 1987 has

resulted in significant smoothing of the estimated head distribution,

especlally within Zone 3.

In calibration efforts by Haug et al. (1987), it was assumed that Culebra

fluid pressures and fluid densities were at steady state before construc-

tion of the WIPP shafts. As discussed in Section 4.1,3.1, assumption of

steady state is adequate for simulation of pre-shaft Culebra heads or fluid

pressures. The results in Haug et al. (1987), however, indicated problems
with the assumption of steady-state confined flow in simulation of Culebra

brine densities. The calibration approach taken by LaVenue et al. (1988)

differed from that taken earlier. LaVenue et al. (1988) assumed that the

fluid-density distribution remains fixed on the time scale required for

pressure equilibration, and no calibration against the brlne-density dis-

tribution was attempted. The calculations do take account of the variable

fluid density at each point within the Culebra; they assume that effects of

variable brine density on the modern flow directions can be estimated tell-

ably fixing the moder_ fluld-denslty distribution in place. The results of

calibration of Culebra transmissivities against the freshwater-equlvalent

head distribution shown in Figure 4.1.23, assuming that the fluid-density

distribution shown in Figure 4.1.22 remains fixed (LaVenue et al., 1988),

are shown in Figure 4.1.24.
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Figure 4.1.23' Estimate of pre-shaft, freshwater-equivalent heads in the
Culebra dolomite, based on data available as of November

1987. Figure 3.14 of LaVenue et ai. (1988).
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The overall distribution of calibrated transmissivities (Figure 4,1.24) is

O not greatly different from the initial kriged distribution (Figure 4,1.19),
The general trend of decreasing transmissivities from west to east is

preserved. During calibration, transmissivities west of WIPP-30 and WIPP-

28 were increased. Transmissivlties in the area containing H-6, P-14, and

WIPP-25 were generally decreased slightly, while those in the southern part

of Nash Draw were increased, The low-transmissivity domain in WIPP Zone 3

(T < 10 -6 m2/s) is expanded in the more recent interpretation (Figure

4.1.24). This region, including the center of the WIPP site, is now

expected to be continuous from H-5 in the northeast to P-15, H-4, and Cabin

Baby-I to the southwest.

Calibration in the region between holes H-17, H-II, P-17, and extending to

the south, required significant adjustment to the krlged distribution.

Transmissivities in this region were increased from kriged values, similar

to changes required during calibration by Haug et al. (1987). In order to

simulate the low heads at H-li and DOE-I and the sharp head embayment in

the southern part of Zone 3 expected on the basis of April 1986 data

(Figure 4.1.11), Haug et al. (1987) included a narrow high-transmissivity

zone east of P-17 (Figure 4.1.16). During calibration by Haug et al., a

maximum transmissivity of approximately 3 x 10 .4 m2/s was assigned in this

zone. The calibrated transmissivity distribution of LaVenue et al. (1988)

in this region does not include as marked a high-transmissivity structure

(Figure 4.1.24). Relatively .high transmissivities are still required in

the area, because of both the relatively low heads at H-II and DOE-I and

the low gradients south of the WIPP site. However, the maximum

transmissivity assigned at the pilot points shown in Figure 4.1.24 is

approximately 5 x 10 .5 m2/s, only a factor of two greater than the

effective transmissivity of 2.8 x 10 .5 m2/s calculated at the H-II pad

(Table 4.1).

LaVenue et ai. (1988) investigate the need for the high-transmissivity zone

by making calibration runs in which the increase in transmlssivities south

of H-II was not incorporated, as well as runs in which the assigned heads

along the southwestern part of the model were increased slightly. In all

cases, the fit between calculated and estimated heads was worse than when

increased transmissivities south of H-II were included. Thus, a region of

relatively high transmissivities is still expected to be present south of

H-II. Transmissivities within this zone may be approximately twice as

great as those measured at H-II. Both the lateral extent of the zone and

the contrast between the high-transmissivity zone and surrounding regions

are expected to be smaller than estimated in Haug et ai. (1987). The zone

is still expected to connect with the high-transmissivity region further to
the south.

The changes in estimated transmissivities within and near the WIPP site are

a direct result of the increase in the Culebra data base since April 1986

(Table 4.1). For example, hole H-14 was drilled and tested in 1986,

specifically to examine transmissivities southwest of the slte center

(Section 4.1.1). Holes P-15, H-4, H-15, H-16, P-17, Cabin Baby-l, ERDA-9,

and WIPP-12 have ali been tested or retested since April 1986 (Table 4.2).

Hole H-17 was drilled and tested specifically to evaluate the high-

transmissivity zone east of P-17. Transmissivities at both DOE-I and H-II

have been interpreted in detail since 1986, as discussed in Section 4.1,1.
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Figure 4.1.24: Calculated Culebra transmissivitles at and near the WIPP

site, based on steady-state calibration against freshwater-

equivalent head distribution shown in Figure 4.1.23, fixing

in piace the fluid-density distribution shown in Figure

4.1.22. Figure 4.3 of LaVenue et ai. (1988).
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The distribution of Culebra pre-shaft head potentials calculated using the

calibrated transmissivity distribution shown in Figure 4,1.24, is shown in

Figure 4,1.25. Differences between calculated heads and those estimated on

the basis of field data (Figure 4,1,23) are shown in Figure 4,1,26, The

agreement is excellent, generally to within i m, This is less than the

estimated uncertainty in freshwater-equivalent heads at individual wells,

approximately 2 meters (LaVenue et al,, 1988).

The modern flow directions and Darcy velocities within the Culebra dolomite

at and near the WIPP site calculated by LaVenue et al, (1988) are shown in

Figure 4.1.27. Darcy velocities do not include consideration of effective

porosity; therefore, they do not represent actual groundwater particle

velocities. Flow within the Culebra at and near the WIPP site is largely

north-south, except in relatively low-transmissivity areas directly

affected by either the high-transmissivity zone south of H-II or by Nash
Draw. Calculated Darcy velocities vary by six orders of magnitude, from

10 "12 m/s (m3/m2s) east of the WIPP site to as high as 10 .6 m/s along the

axis of Nash Draw. In the region between WIPP-12 and the WIPP shafts,

calculated Darcy velocities range from 2.5 to 7,5 x i0 'I0 m/s, and flow is
north-south. LaVenue et ai. (1988) note that calculated flow directions in

the vicinity of DOE-2 appear unreliable due to local irregularities in the

structure of the Culebra, As a result of the high-transmissivity zone

south of H-li, flow in the vicinity of H-14 is towards the southeast, with

a Darcy velocity of less than 10.9 m/s. Flow within the zone south of H-li
is to the south, with a Darcy velocity of approximately 2,5 x 10.9 m/s.

The Darcy velocities shown in Figure 4.1.27 assume completely confined flow
within the Culebra, and also assume steady-state heads and fixed brine-

density distribution (LaVenue et al., 1988). They provide a realistic
indication of modern flow directions.

Particle flowpaths and flowtimes calculated within the modelled area,

assuming that the effective porosity of the Culebra is uniform at 16% are

shown in Figure 4.1.28. As noted in Section 4.2, measured porosities

within the Culebra range from 0.07 to 0.30. The effective in situ porosity
is not known, but must be variable. It is not clear that assumption of

confined flow within Nash Draw is valid. In addition, ,as discussed in

Sections 4.3 and 4.4, Culebra hydrology is not at steady state, and there

has probably been at least some change in flow directions within the

Culebra within the last i0,000 years; the magnitude of the change remains

uncertain. The travel times shown in Figure 4.1.28 must be taken only as

an indication of the effects of relative variability in estimated particle
flow rates.

Calculated particle velocities within Nash Draw are quite high, and

calculated flow times across the entire modeled area are quite short in

this region. Calculated travel times along paths A, B, and C (Figure
4.1.28) inc,'ease from west to east, from a low of 450 years to a high of

2800 years. Changes in Rustler water levels within Nash Draw since the

beginning of potash mining approximately 50 years ago, described by Hunter

(1985), indicate that the steady-state assumption is not realistic in this

region, even on this relatively short time scale. At the other extreme,

flow of a groundwater particle from H-5 to the southern boundary of the

modeled area of LaVenue et al. (1988) is calculated to take more than one
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Figure 4.1.25: Calculated pre-shaft, fre_hwater-equivaient head distribu-

tion in the Culebra dolom._e, based on calibrated transmis-

sivity distribution shown in Figure 4.1.24. Figure 4.5A of

LaVenue et al. (1988).
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Figure 4,1.26' Difference between calculated Culebra head distribution

(Figure 4.1.25) and measured pre-shaft head distribution

(_ (Figure 4,1.23). Figure 4,6 of LaVenue et ai. (1988).
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DARCY-VELOCITY VECTOR SCALE
0 1 2 3 mi

I _ I , _1 __ J

• , I , -_1111l-- I - _-- 1 X 10 "Srn/s

0 2 4 6 km , _-- 1 x 10 .7 rn/s

1 x 10 "am/s

1 x 10 "_m/s

Figure 4,1.27: Calculated Darcy-velocity vectors in the Culebra dolomite,

assuming the transmlssivity distribution shown in Figure

4.1,24 and head distribution shown in Figure 4,1,25.

Figure 4.5B of LaVenue et ai, (1988),
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Figure 4,1.28' Calculated particle flowpaths and flow times witl_in the

Culebra dolomitu, assuming steady-state and the transmis-

sivity and head dis,tributions shown in Figures 4,1,24 and

4.1.25. Figure 4,17 of LaVenue at ai. (1988).
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million years, Given that Culebra hydrology is in transient response to

the end of the last pluvial period, it is not realistic to expect steady-

state flow within the unit on a time scale of 106 years (LaVenue et al,,

1988), The result indicates, however, that groundwater flow within the

Culebra on the eastern part of the WIPP site is extremely slow,

Figure 4,1,28 also demonstrates an important consequence of the recent

changes in the understanding of the distribution of Culebra transmls-

slvities, path 0 represents assumed steady-state flow from a position

above the center of the WIPP waste-emplacement panels, analogous to the

flowpath used in the detailed generic transport calculations contained in

Reeves et al, (1987) (Section 4,2), Reeves et al. (1987) used the Culebra

transmisslvity distribution calculated by Haug et al, (1987), which

included higher tran_'misslvities south of H-II than estimated by LaVenue

et al, (1988) (Figure 4,1.24). The groundwater travel time calculated by
LaVenue et al, (1988) for flow from directly above the center of the waste-

emplacement panels to the southern boundary of the model shown in Figure

4,1.24 is 36,000 years, The calculated flow time from the release point of

path G to the southern boundary of the WIPP site (Zone 3) is approximately

13,000 years, roughly 2,5 times that estimated by Reeves st al, (1987)

along an analogous flowpath, but assuming the transmissivity distribution

shown in Figure 4,1,16, The changes in interpreted Culebra transmis-

sivltles and head potentials since April 1986 have significantly increased

expected groundwater flow times across the WIPP site within the Culebra

dolomite, However, given the uncertainties in effective porosities,

flowpaths, and transmissivities within the Culebra dolomite, the recent

results must be considered approximate.

4,2 P_d-S_cal___an_ RegioDal-Sc,@le_tudies of Contaminant Transport W!tblq

the Culebra Dolomite

For purposes of WIPP performance assessment, contaminant (radionuclide)

transport within the Culebra dolomite is of concern in two general types of

breach scenario, Section 4,2 discusses contaminant-transport results at

both the hydropad and regional scale, under "low-pressure," relatively

undisturbed conditions, Low-pressure conditions correspond to a release of

fluids from the WIPP facility that does not disturb the pre-existing head

distribution in the Culebra, "High-pressure" conditions, for which studies

have not yet been completed, represent a breach involving effective

connection of the Culebra dolomite with a pressurized brine in the Castile

Formation beneath the WIPP facility (see Section 3.2) for a long enough

period of time to significantly change the head gradients within the
Culebra,

Detailed field testing of transport properties in the Culebra dolomite has

been carried out only at the hydropad scale and is discussed in Section

4,2.1. Recent interpretation of conservative-tracer testing at the H-3

hydropad indicates that fracturing plays a major rule in pad-scale

contaminant transport in the transmissive (fractured) portions of the

Culebra. In low-transmissivity areas, such as at the H-4 pad, pad-scale

transport within the Culebra is best modelled using the equivalent-porous-
medium assumption.
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For purposes of performance assessment, however, the critical scale for

transport within the Culebra dolomite is not the hydropad, but rather the

distance between the point of breach into the Culebra and the boundary to
the accessible environment. For purposes of consistency within this

report, the boundary of WIPP Zone 3 is assumed to represent the boundary to
the accessible environment. Contaminant transport over the 3.2 km from the

center of the WIPP site to the boundary of Zone 3 is not amenable to field

testing on a reasonable time scale. It is thus necessary to estimate the

"regional-scale" transport behavior within the Culebra by numerical

modeling. Section 4.2.2 discusses the regional-scale transport behavior of
the Culebra dolomite at and near the WIPP site. The results in Section

4.2.2 indicate that, at least as long as the Culebra heads are not

significantly disturbed and the assumed flow paths and material properties
within the Culebra are reasonably representative, numerical simulation of

regional-scale transport within the Culebra at and near the WIPP site need
not include effects due to fracturing.

4.2.1 Hydropad-Scale Transport of Conservative Tracers at the H-3 and H-4

Hydropads

Convergent-flow tracer tests operated at the H-3 hydropad in May and June
1984 and at the H-4 hydropad between October 1982 and October 1984 are

interpreted by Kelley and Pickens (1986). The interpretations are
summarized here, with the objectives of examining the relative importance

of dual-porosity or fracture-flow effects on the hydropad scale at two

separate locations and discussing the ranges of transport parameters at the
two locations.

The first stage of a convergent-flow tracer test is to establish

approximate steady-state .gradients between the observation holes and the

pumped weil. Tracers are then injected into the observation wells and

their transport to the pumped well monitored. The fluorinated organic

tracers meta-trifluoromethylbenzoate (m-TFMB) and pentafluorobenzoate (PFB)

were used in testing at the H..3 pad. These same tracers were used at the _

H-4 pad, in addition to para-fluorobenzoate (p-FB) and thiocyanate (SCN).

lt is generally assumed that the tracers are chemically stable throughout a

test, and that they do not interact with the surrounding rock mass except

by diffusion (Kelley and Pickens, 1986).

The interpretation of the H-3 and H-4 tracer tests was done using the code

SWIFT II (Reeves et al., 1986a; 1986b). SWIFT II handles the hydraulic and

transport behavior of fractured media by means of a "dual-porosity"

formalism, in which the composite medium is assumed to consist of an array

of porous matrix blocks (primary porosity) and regularly spaced fractures

(secondary porosity). The fractures and matrix are allowed to interact.

The matrix-block geometry is idealized as either uniform slabs (parallel

non-intersecting fractures) or cubes (three orthogonal fracture sets). In

interpretation, radial flow towards the pumped hole was assumed.

Interpretation assuming the presence of three orthogonal sets of fractures

and the assumption of radial flow are both equivalent to the assumption of

isotropy. As mentioned in Section 4.1.2, however, interpretation of
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hydraulic interference testing at the H-4, H-5, H-6, and H-II hydropads

indicates some directional dependence of Culebra hydraulic properties. In

contrast, interpretation of the hydraulic behavior on the H-3 pad

(Beauheim, 1987a) indicates effectively isotropic behavior. The results

contained in Kelley and Pickens (1986) must be considered approximate.

4.2.1.1 Conservative-Tracer Tests at the H-3 HYdropa.d--The observed tracer

behavior during convergent-flow testing at H-3 is shown in Figure 4.2.1,

and is summarized in Table 4.8. Hole H-3b3 was the pumped hole in this

test. Meta-trifluoromethylbenzoate (m-TFMB) injected in hole H-3bl was

_irst detected in hole H-3b3 ("breakthrough") approximately 0.92 days (22
hrs) after injection, and reached a well-deflned peak concentration

approximately 2.6 days (62.4 hrs) after injection, After this time, tracer

concentration decreased rapidly towards a relatively steady-state value.

In contrast, the pentafluorobenzoate (PFB) injected into hole H-3b2

travelled to the sampling hole much more slowly, was first detected

approximately 3.76 days (90.2 hrs) after injection, reaching a very broadly

defined peak concentration (if any) after approximately 23 days (552 hrs).

Thus, there is a marked difference between the apparent directional

dependence of hydraulic behavior and transport behavior at the H-3 pad.

Hydraulic anisotropy at the H-3 pad is negligible. However, m-TFMB

breakthrough along the H-3bl - H-363 path was four times more rapid than

PFB breakthrough along the H-3b2 - H-3b3 path. The preliminary
interpretation of a convergent-flow conservative-tracer test at the H-6 pad

(Gonzalez, 1983b) also indicates a discrepancy between the directional
dependence of hydraulic and transport behavior within the Culebra. In

testing at H-6, PFB injected into H-6b arrived at H-6c 16 times more

rapidly than did m-TFMB injected into H-6a (Gonzalez, 1983b). These

results suggest that the apparent difference between the behaviors of

m-TFMB and PFB at the H-3 pad reflects differences in transport behavior
along the two flow paths, rather than inherent differences in the behavior
of the two tracers..

Parameters resulting from calibration to the observed behavior of the H-3

test are shown in Table 4.9. In calibration, varying input parameters are

used to simulate the observed tracer behavior until satisfactory agreement

is reached. Because these same parameters were used in regional-scale
transport calculations (Section 4.2.2), it is important to understand the

character of the parameters listed in Table 4.9.

Three parameters, solute free-water diffusion coefficient, matrix

tortuosity, and longitudinal dispersivity, were taken by Kelley and Pickens
(1986) from ranges of published values, not based on WIPP-specific

information. Specifically, values of 0.15 and 0.45 for matrix tortuosity

were used as variable i_Dut to calculations. The matrix porosity value

shown in Table 4.9 (0.20) is the approximate average of a series of six
helium-pycnometer measurements made on Culebra core from holes H-3b2 and
H-3b3.
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Figure 4.2.1' Observed tracer behavior during the convergent-flow test at

the H-3 hydropad. Figure 4.5 of Kelley and Pickens (1986).
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Table 4.8' Summary of observed tracer behavior during the convergent-flow

test at the H-3 hydropad. Slightly modified from Table 4.2 of
Kelley and Pickens (1986).

Tracer

Parameter m-TFMB PFB

i. Flow path H-3bl to H-3b3 H3b2 to H-3b3

2. First detection (days) 0.92 3.76

3. First reported concentration 56 20

..... (mg/_)

4. Time of peak concentration 2.59 ' 23.04

(days)

5. Peak concentration (mg/_) 3379 444

6. Relative Peak Concentration 3.3 x 10 .6 4.3 x 10-7

(m/mo)

7. Total tracer mass recovered 0.53 0,15

(m/mo)

8. Apparent fracture porosity 0.0019 0.019
J

Fracture porosity'and matrix block length are specific outputs of the

calculations, for the specific input values of other variables. Thus, in

extrapolation of H-3 transport properties to other locations, only matrix
block lengths and fracture porosities are based on the results of the H-3

tracer test; other values were input to interpretation of the H-3 testing
based on either literature review or laboratory measurements.

The calculated fracture porosity of 0.19% along the H-3bl - H-3b3 flow path

(Table 4.9) was estimated directly from the relationship among pumpi_
rate, H-3bl - H-3b3 path length assuming direct radial flow, Culebra thick-

ness, and time required for m-TFMB to reach peak concentration (22 hrs).

Similar analysis along the H-3b2- H-3b3 path yields an estimated fracture

porosity of 1.9%. A fracture porosity of .19% was used in sensitivity

studies, and was assumed to be applicable along both flowpaths on the H-3
pad (Kelley and Pickens, 1986).

Figures 4.2.2 and 4.2.3 show the best-fit simulations of transport behavior

along the H-3bl - H-3b3 flow path as a function of the specified input

parameters. There is excellent agreement between measured and simulated
results, with two different effective block

sizes (1.2 and 2.1 m) being
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Table 4.9' input and best-flt calibration parameters from interpretation

of the conservative-tracer test at the H-3 hydropad. Slightly
modified from Table 4.3 of Kelley and Pickens (1986).

Tracer

m- TFMB PFB

Flow path H-3bl to H-363 H-3b2 to H-3b3

Input Parameters

I. Diffusion coefficient for 7.4 x I0-I0 7.4 x I0 "I0

solute-free water (m2/s)

2. Matrix tortl,osity 0.15, 0.45 0.15, 0.45

3. Longitudinal disporsivity (m) 3 _.0 i.5

4. Matrix porosity 0.20 0.20

5. Fracture porosity - 1.9 x 10 .3

Output Parameters

I. Fracture porosity 1.9 x 10-3 (1.9 x 10.2)

2. Matrix-block length (m) 1.2, 2.1 0.25, 0.44

calculated as a function of two different input matrix tortuosities (0.15

and 0.45, respectively). Figure 4.2.4 shows the analogous best-fit

simulation for the H-3b2 H-3b3 flowpath, assuming a matrix tortuosity of

0.15. The calculated effective block size along the H-3b2 - H-3b3

flowpath, 0.25 to 0.44 m, is smaller than along the path H-3bl - H-3b3. As

mentioned earlier, the calculated block sizes are only qualitative

although, as noted by Kelley and Pickens (1986) they are consistent with

observation of both Culebra core and exposures within the WIPP shafts.

Thus, conservative-tracer testing at the H-3 pad indicates both the strong

role of fracturing in transport at this scale (at least in some directions)

and the strong directional dependence of estimated transport parameters
such as effective block size.

The role of both matrix and fractures in pad-scale contaminant transport of

conservative (non-sorbing) trace contaminants in the Culebra dolomite at

O the H-3 pad is emphasized in Figures 4.2.5 and 4.2.6. If dual-porosity andsingle-porosity simulations are both adjusted to match the time of peak
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Figure 4.2.2: Best-fit simulation of measured transport behavior along the

H-3bl - H-3b3 flow path, assuming matrix tortuosity of 0.15.

lt is assumed that I kg of m-TFMB was successfully injected,
and remained stable throughout the test. Figure 4.10a of
Kelley and Pickens (1986).
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e Figure 4.10b of Kelley and Pickens (1986).
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and Pickens (1986).
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Figure 4.2.5: Best-fit single-porosity and dual-porosity simulations of
tracer behavior along the H-3bl - H-3b3 flow path when both
simulations are forced to match the time of peak concen-
tration. Figure 4.12 of Kelley and Pickens (1986).
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fractures as a function of time after injection. The fact

that the total mass is less than i kg after approximately
2.5 days into the test reflects removal of tracer at the

sampling hole, H-363. Figure 4.13 of Kelley and Pickens
(1986),
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concentration for m-TFMB transport along the path H-3bl - H-3b3 (Figure

4.2,5), the post-peak behavior of the two simulations is qualitatively

different. In the single-poroslty simulation, the effective rock-mass

porosity required to match the time of peak concentration is 0,0019,

equivalent to the estimated fracture porosity in the dual-porosity

simulation. The single-porosity simulation is thus equivalent to assuming
no interaction between fractures and matrix, i,e., it is a "discrete-

in"which interaction between fractures and matrix isfracture" simulation,,
negligible. The peak concentration in the single-'porosity simulation,
which is overestimated by a factor of approximately eight, drops off very

quickly, approaching zero, eight days after tracer injection, In contrast,
the best-fit dual-poroslty simulation matches both the time and magnitude

of the tracer peak concentration weil. In addition, both the observed
tracer concentrationsand those calculated with the best-fit dual-poroslty

parameters are above the detection limit more than 30 days after injection.

The conclusion by Kelley and Pickens (1986) that both the short-term and
long-term transport behavior at the H-3 pad are affected by interaction of

fractures and matrix is also supported by Figure 4.1.26, This figure

indicates the total masses of m.TFMB calculated to be present in the matrix

and fractures as a function of time since tracer injection. Initially, ali

of the injected tracer is contained in the fractures, and the total tracer

mass in the matrix is zero. After approximately 0.5 days, however, tracer

storage within the matrix blocks dominates as a result of diffusion from

the fractures. At early times, storage within the matrix decreases both
the concentration and the total mass of tracer in the fractures, consistent

with the lower peak concentration calculated using the dual-poroslty

formalism (Figure 4.2.5). At longer times, the concentration of material

within the matrix is greater than that within the fractures. Therefore,
material diffuses from the matrix into the fractures, effectively keeping

the concentration within the fractures from rapidly decreasing to zero as

it does in the single-poroslty simulation.

Interpretation of the H-3 conservative-tracer experiment provided the first

estimates of Culebra transport parameters (fracture porosity and effective
matrix block size) in fractured portions of the Culebra dolomite. There

are unavoidable uncertainties in these estimates, however, due to both the

need to assume radial flow in the interpretation and uncertainties in

parameters such as effective matrix porosity. Regardless of these

limitations, the conservative-tracer test at the H-3 pad provides direct

evidence of the role of matrix diffusion in contaminant transport in

fractured portions of the Culebra dolomite. This evidence is critical in

supporting assumptions made in calculation of regional-scale transport

within the Culebra (Section 4.2.2).

4.2.1,2 Conservative-Tracer Tests at_the_H-4 Hydropad--Conservative-tracer

testing at H-3 investigated pad-scale contaminant transport where the

Culebra is known to be effectively fractured (transmissivity approximately

2 x 10-6 m2/s). At the H-4 pad, however, the transmissivity is lower

(10.6 m2/s or less; Tables 4.1 and 4.2), and there is no evidence of dual-

porosity behavior in hydraulic testing.
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The physical layout of the H-4 hydropad is shown in Figure 4,2.7. During

steady-state, convergent-flow tracer testing at the pad between October 27,
1982, and October 15, 1984, H-4c was the pumped hole (at nominal rates of

1.66 x I0"2 and 3.33 x I0 "2 l/s), and tracers were injected into holes H-4a

and H-4b. Due to the very long test time at the H-4 pad, detailed

interpretation of tracer behavior is hampered by pumping-rate fluctuations

and pump breakdowns, as well as by questionable tracer stability (Kelley

and Pickens, 1986),

The observed tracer behavior during testing at H-4 is summarized in Table

4.10. The first tracer detected in H-4c was m-TFMB travelling along the

path H-4b to H-4c. However, the tracer was not detected until 262 days

after injection. Tracer recovery was very limited during the test, the

greatest being 37% of the total mass of m-TFMB injected. Because of the

limited tracer recovery, the emphasis here is on m-TFMB behavior.

The calculated effective matrix or fracture porosities controlling first

arrival of m-TFMB and PFB (Table 4.9), analyzed in the same method as in

testing at the H-3 pad, are 0.033 and 0.053, respectively. Lab-measured

total porosity for samples from the H-2, H-3, H-4, and H-6 pads range from

0.07 to 0.30, with an average value of 0.16 (Reeves et al., 1987). The two

Culebra samples from hole H-4b have reported total porosities of 0.20 and

0.30. Therefore, the apparent porosities calculated from peak-

concentration behavior in the H-4 tracer test may indicate that the

hydraulically effective porosity of the Culebra at H-4 is significantly

less than total porosity, that the tracers used did not remain stable and

non-reactive for the two-year duration of the test, and/or that the Culebra

core samples from H-4 are not representative.

Kelley and Pickens (1986) applied three different interpretative models to

the behavior of m-TFMB at the H-4 pad: i) a single-porosity model; 2) a

dual-porosity model; and 3) a layered porous-medium model. The first two

models are analogous to those used in interpretation of conservatlve-tracer

testing at the H-3 pad. The third model is different in that it assumes

that the Culebra consists of a specified number of parallel high-

permeability and low-permeability porous layers. In this approach, unlike

the dual-porosity approach, the total surface area available for diffusive

transport between high-permeability and low-permeability zones is fixed by

the specified number of high-permeability zones.

The simulation of m-TFMB behavior shown in Figure 4.2.8 assumes specified

numbers of high-permeability zones and stability of 1 kg of tracer for the

duration of the test. The time of peak concentration (388 days) is matched

with an effective porosity of 0.04. However, the peak concentration is

overestimated by a factor of approximately two if the Culebra is assumed to

be uniform (one high-permeability zone). Kelley and Pickens (1986) note

that improved agreement between observed and calculated behavior resulted

if it was assumed that only 0.5 kg of t_acer was effectively injected,

rather than the nominal 1.0 kg.

A dual-permeability formalism was also used by Kelley and Pickens (1986),

assuming that both low-permeability and high-permeability zones had an
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Kelley and Pickens (1986).
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Table 4,10: Summary of observed tracer behavior during the _onvergent-

flow, conservative-tracer test at the H-4 hydropad. Slightly

modified from Table 6,2 of Kelley and Reeves (1986).

TvaceN
Parameter m-TFMB PFB

I. Flow path H-4b to H-4c H-4a to H-4c

2. First detection (days) 262.2 501.1

3. First reported concentration 78 48

(mgl_)

4. Time of peak concentration 388.2 507

(days)

5. Peak concentration (mg/_) 723 54

6. Relative peak concentration 7.1 x 10.7 5.3 x 10 .8

(m/mo)

7. Tracer Mass recovered (m/mo) 0.37 0.022

8. Apparent fracture porosity 0.033 0.053( 1)

frompea!' concentration

(i) Apparent porosities for SCN - 0.024; p-FB - 0.064.

effective porosity of 0.20. The number of high-permeability zones was

allowed to vary. It was assumed that 1.0 kg of m-TFMB remained stable

throughout the test. _e presence of increasing numbers of interfaces

between high-permeabillty zones and "matrix" zones, in which only diffusive

transport is allowed, effectively decreases the simulated peak concen -_

tration (Figure 4.2.8). The best fit was obtained for five or six high-

permeability zones, although none of £he fits were satisfactory (Kelley and
Pickens, 1986), in part because they overestimate tracer concentrations at

longer times. In order to improve the long-term flt, it would have to be

assumed that there was some tracer degradation at longer times.

In summary, interpretation of the conservative-tracer test at the H-4 pad,

while not successful in developing detailed estimates of transport

parameters in unfractured portions of the Culebra, does indicate important

considerations in both tracer testing at the pad scale and interpretation

of regional-scale modeling of transport behavior. Both tracer and

hydraulic behavior during the test are consistent with porous-medium

behavior, indicating that fracturing need not be considered in evaluation

of pad-scale or regional-scale transport in areas of relatively low Culebra
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Kelley and Pickens (1986).
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transmissivity (T <_ approximately I0 "6 m2/s), If it is assumed that the

Culebra at H-4 is vertically homogeneous and that the tracers used were

stable and non-reactive for the duration of the test, then the

hydraulically effective matrix porosity of the Culebra may be significantly

less than the total porosity, Given the long duration of the H-4 test,

however, it is probable that the tracers degraded during the test.

4.2.2 Regional-Scale Contaminant Transport in the Culebra Dolomite under '
Low-Pressure Conditions

Regional-scale contaminant transport within the Culebra dolomite under the

low-pressure type of breach scenario, i.e., under conditions which do not
disturb the head distribution'_within the Culebra, has been examined by

Reeves et al. (1987). Significan t transport under these conditions might
be expected in the event of failure of the WIPP shaft seals in the absence

of human intrusion, or in the event of an imperfectly plugged human-

intrusion breach involving a high-pressure brine source within the Castile
Formation. Calculations are ongoing to investigate behavior following a

second type of breach, in which fluids are assumed to be injected at high

pressures into the Culebra for long enough to dominate the local head

potentials and flow rates,

The calculations in Reeves et ai. (1987) investigate: I) the significance
of the interactions between matrix and fractures seen in tracer and

hydraulic testing at the H-3 pad in regional-scale transport within

fractured portions of the Culebra dolomite; and 2) the relative importance

of several transport and material parameters, of the Culebra in regional

transport within fractured portions of the Culebra. The calculations in

Reeves et ai. (1987) were made using the following approach and/or

assumptions:

i. Contaminants were assumed to be continuously injected into the

Culebra dolomite at points directly above the WIPP waste-emplacement

panels at a constant rate after time zero. The injection was slow

enough not to disturb the "natural" (pre-WIPP-shaft) gradient or

transmissivity distribution.

2. The boundary of WIPP Zone 3 was assumed to represent the boundary
of the accessible environment.

3. Effects of radioactive decay and lateral dispersion were assumed

negligible, and were not included. If lateral dispersion were included

in the calculations, it would effectively slow down transport. The

effects of lateral dispersivity on total integrated release to the

accessible environment have not been quantified.

4. Material properties and flow velocity were assumed homogeneous

between the point of entry into the Culebra and the accessible

environment. The analysis was done in terms of an average Darcy

velocity yielding groundwater travel times equivalent to those

calculated from the flow model described in Haug et al. (1987). Fluid
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flow and contaminant tran'_port were controlled by the transmissivity

and head distributions estimated by Haug et al. (1987), and were

calculated along the flow paths shown in Figure 4.2.9.

5. As a result of the strong interactions between fractures and matrix

observed in the conserve,lye-tracer test conducted at the H-3 hydropad

(Section 4.2.1), the double-poroslty formalism was initially assumed to

be appropriate for modeling of transport within fractured portions of

the Culebra. However, a major objective of the report was to examine

the consequences of both the "discrete-fracture" and "equivalent-

porous-medium" end-member behaviors in regional transport.

6, The base-case values and ranges of properties shown in Table 4.11

were assumed to be representative for fractured portions of the Culebra

dolomite. The Culebra transport properties estimated in conservative-

tracer testing at the H-3 pad were taken as the base-case properties.

7, "Breakthrough," defined by Reeves et al. (1987) as the time at

which the calculated contaminant concentration at the boundary to WIPP

Zone 3 equaled 10% of the injected concentration, was assumed to

provide a meaningful measure of transport behavior, Conclusions in the

report are specifically evaluated on the basis of this assumption.

8. It was assumed that retardation effects within the Culebra dolomite

can be realistically modeled as a linear process, i.e., that chemical

reactions are "fast" relative to flow times within fractures, are

reversible, and reflect local equilibrium within the matrix. Thus, it
was assumed that chemical retardation Within the matrix of the Culebra

dolomite can be represented realistically by using an appropriate
"matrix distribution coefficient, k_.

9. The possible presence of mineralogical "skins" on matrix blocks was

ignored, as were advective transport within the matrix and sorption on

fracture surfaces. These assumptions appear to be generally "conser-

vative," i.e. , they should bias the calculations towards greater

fracture flow, except for the case of mineralogical skins inhibiting
diffusion into the matrix.

Figure 4.2.10 compares the average calculated travel times for a

conservative contaminant from positions above the WIPP facility to the

southern boundary of WIPP Zone 3, along the _flow paths shown in Figure

4.2.9, according to three different assumptions. Using the dual-porosity

formalism and assuming uniform distribution of the base-case material

properties estimated at the H-3 pad, the time predicted for "breakthrough"
of a conservative (non-sorbing) contaminant at the boundary of WIPP Zone 3

is 3490 years after the beginning of continuous injection. This is approx-

imately 90% of the 3730 years predicted by single-porosity calculations in

which the porosity is set equal to the sum of the base-case matrix and
fracture porosities, 16.2%. In the absence of chemical retardation of the

contaminant, the role of the matrix in transport is largely one of storage
due to diffusion from fractures into/out of matrix blocks (Section 4.2.1).
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Figure 4,2.9: Release points into the Culebra dolomite and flow paths to

the accessible environment considered by Reeves et al.
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and center of the WIPP waste-emplacement panels upwards onto

the Culebra dolomite, The small crosses extending from

points A-E to the southern boundary of Zone 3 are equal-time

marks along the flow paths, Slightly modified from Figure
1.7 of Reeves et al. (1987).

148



149



.9 m m

0.8 --

o

o 0,7-
Z
0
,sm

h-
<
er 0.6 --
Z
UJ
(J
Z

0 0.5 -
(..,1
(n
(n

DOUBLE POROSITY-J 0.4 ........
Z
O _b(MATRIX) = 0,16
-- _b (FRACTURE)= 0.002
(n
Z _= 3490 YEARS
"' 0.3 -- SINGLE POROSITY --
5 SINGLE POROSITY

- @ = _b(MATRIX)'
= _b(FRACTURE) = 0,002 _b (FRACTURE) = 0,162

0.2 _':46YEARS , _'= 3730 YEARS

lJ '0,1

0.0
101 102 103 104 105

TIME (YEARS)
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(1987).
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In effect, the single-poroslty curve on the right-hand side of Figure

4,2,10 assumes instantaneous diffusion into and equilibration with the

matrix,

At the other extreme, diffusion time into the matrix is infinite in
fracture flow if it is assumed that fractures and matrix donot interact.

The breakthrough time calculated (Figure 4.2,10) assuming that transport

occurs only within fractures, assuming a fracture porosity of 0.2%, is 46,

years (Reeves et ai., 1987),

The experimental results at the H-3 hydropad (Section 4,2.1.1) and the

calculated variations in breakthrough time at the boundary of WIPP Zone 3

shown in Figure 4.2.11 indicate the importance of matrix diffusion in both

pad-scale and regional-scale transport in the Culebra dolomite, As

described by Reeves et al. (1987), a diffusion time means that i000 years

is required for contaminant concentration in the center of matrix blocks to

reach approximately 68% of the concentration at fracture surfaces, The
base-case diffusion time (Figure 4.2,11) is 152 years, Even for diffusion

times significantly greater than the base case value, a large benefit is

gained from diffusion of non-sorblng contaminants into matrix blocks

(Figure 4,2.11), Base-case transport properties were assumed in the

calculations summarized in Figure 4.2.11, except for diffusion into matrix
i blocks,

Thus, the effective transport behavior within the Culebra dolomite for

transport between any breach point directly above the WIPP emplacement

panels and the boundary of Zone 3, assuming the breach does not disturb the
head distribution within the Culebra, appears to be nearly that of an

equivalent porous medium having a porosity equal to the sum of matrix plus

fracture porosities. Inclusion of the dual-porosity formalism at this

scale, given the assumed properties and flow paths, does not change

calculated travel times by more than approximately 10%,

The conclusions supported by results shown in Figures 4.2.10 and 4.2.11

, only apply directly to calculations assuming the base-case transport and

material properties for the Culebra, which are based largely on

interpretation of the conservative-tracer test at the H-3 pad (Section
4,2,1.1). Therefore, Reeves et al. (1987) examined the sensitivity of the

results to variations in parameters. The relative importance of several

transport parameters in regional-scale transport in the Culebra estimated

by Reeves et al. (1987) is summarized in Table 4.12. Reeves et al. (1987)

define importance in terms of both the sensitivity of calculated behavior

to uncertainty in a given parameter and the estimated range of uncertainty

ef that parameter in the Culebra dolomite at and near the WIPP site. Thus,

a highly sensitive parameter that was known with perfect precision would

have zero importance. In contrast, a relatively insensitive parameter

could be very important if its range of uncertainty was large.

Reeves at ai. (1987) conclude that five parameters are most important in

controlling "breakthrough" time to the southern boundary of WIPP Zone 3 in
the Culebra dolomite. These are' i) the matrix retardation (K'), where K'

is proportional to (I + k_) and k_ is the matrix distribution
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O Table 4.12: Estimated importance of different parameters in regional-scalecontaminant transport within the Culebra dolomite, Table 4,5

of Reeves et al, (1987),

Importance Importance

Parameter Symbol Sensitivity( a) Coefficient( a) Ranking

Free water diffusivity D' 0 064 0.28 5

Matrix tortuosity 8' 0 064 0 19 6

Matrix-block length 2L' -0 13 0 36 4

Matrix porosity 4' i I 1 58 i

Fracture porosity _ 0 013(b) 0 13 7

Fracture dispersivity _ -0 17 0 43 3

Fracture flux u -i I 0 86 2

(a) Results are valid for retardations K' - i, i, 50 x 102, 1,49 x 103, and
1,49 x 105.

• '(b) Upper-bound estimate,

coefficient; 2) the effective matrix porosity; 3) the Darcy flux within the

, fractures (defined as a specific flux m3/m2s); 4) the di_persivity in the

fractures; and 5) the effective matrix-block size. Reeves et al, (1987)

conclude that four parameters are relatively unimportant in controlling

regional transport within the Culebra. These include: I) free-water
diffusivity; 2) matrix tortuosity; 3) fracture porosity; and 4) retardation

in the fractures (not shown in Table 4.12).

The linear dependence of calculated breakthrough time on matrix retardation

(K') is indicated in Figure 4.2.12. This behavior also indicates the

effective porous-medium behavior on the regional scale, since for an ideal

porous medium the dependence of breakthrough time on retardation is

strictly linear. Breakthrough to the southern boundary of Zone 3 should

not occur within I0,000 years after release for any matrix distribution

coefficient (k_) greater than approximately 0.2 mL/g for the assumed base.-

case Culebra material properties.

Valid use or extrapolation of the results contained irl Reeves at al. (1987)

depends on the assumptions listed at the beginning of this section,

especially the representative character of the base -case transport

properties and range of properties used in the calculations. The validity

of the results is also dependent on the validity of the transmissivity and
head distribution within the Culebra dolomite between the calculated
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release points and the southern boundary of Zone 3, The results of LaVenue

et al, (1988) discussed in Section 4.1,3,2 indicate that groundwater and

contaminant travel times in the southern part of WIPP Zone 3 may be even

slower than calculated by Reeves et al. (1988), so long as flow directions

and rates within the Culebra are not affected too greatly by the continuing

transient response of the Culebra to the end of the last pluvial period,
p

Effective matrix diffusion within fractured portions of the Culebra may be

possible only because of the relatively slow flow velocities calculated

assuming an undisturbed Culebra head distribution. In the event, of a

brine=reservoir breach of the WIPP facility, the volumes of brine injected

from the Castile Formation into the Culebra dolomite might be sufficient to

redefine the head distribution within the Culebra, greatly increase

hydraulic gradients, and decrease flow times to the accessible environment.

Calculations are underway to determine if the dual-porosity formalism is

required to evaluate transport within the Culebra under these conditions.

4,3 Geochemical Studies in the Rus tler_Forjnation and Shal!owe[UnSts

The hydrologic studies discussed in Section 4,1 and transport studies

discussed in Section 4.2 largely ignore both geochemical behavior within

the Rustler Formation and the overall geologic behavior of the WIPP site,

except for interaction between the Culebra dolomite and trace contaminants,

The status and present conclusions of geochemical studies within the
Rustler Formation and shallower units are discussed in this section, The

results of these studies, summarized by Siegel et ai, (1988a), help piace

constraints on the relationship between the modern geochemistry and flow
directions within both the Culebra dolomite and the Rustler Formation as a

whole.

Section 4.3,1 describes the status of geochemical studies of major and

minor solutes, in which Culebra groundwaters have been divided into four

hydrochemical facies that may be diagnostle of natural interactions between
Culebra waters and the matrix of the Culebra dolomite. The results, when

compared with modern flow directions within the Culebra, indicate that the

geochemistry of Culebra fluids is inconsistent with steady-state confined
flow.

Section 4.3,2 discusses the expansion of the stable=isotope results and

interpretations contained in Lambert (1983) to interpretations contained in

' Lambert (1987b) and Lambert and Harvey (1987), Stable-isotope studies

themselves do not provide any information concerning the absolute ages of

groundwaters, The studies can, in some cases, indicate whether different

bodies of water were recharged under similar or different climatic

conditions. The results of the recent stable-isotope studies indicate that

the isotopic composition of Rustler groundwaters at and near the WIPP site

is distinct from that of modern meteoric precipitation at similar
,i

elevations in the northern Delaware Basin.

O Section 4.3,3 summarizes studies examining the lengths of time groundwaters
in the Rustler/Salado contact zone, Rustler Formation, and Dewey Lake Red
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Beds in the region of the WIPP site may have been isolated from contact

with atmospherically derived components such as radiocarbon, tritium, and
chlorlne-36 (Lambert, 1987a). At the WIPP site, the applicability of such

"environmental isotopes," which occur in ultratrace amounts, is unavoidably

limited by the variability of the rock types present, as well as by the

ages of both rocks and groundwaters. Specifically, no detectable 36CI

above background has been detected in Rustler fluids, because of the large

chlorine background inherent in fluids which have been involved in
dissolution of halite from within the Rustler Formation. Nor have tritium

levels significantly above background been identified in Rustler fluids,
except in hole WIPP-29, interpceted on other grounds to be contaminated by

potash mining. Radiocarbon studies met with only limited success, because

the normal techniques used in drilling hydrocarbon-exploration and

hydrologic test holes at and near the WIPP have resulted_, in many cases, in
some contamination with organic materials• The limited number of minimally

contaminated radiocarbon results, however, indicate that the Culebra

dolomite and part of the Dewey Lake Red Beds at the WIPP site have been

isolated from atmospheric carbon sources for at least 12,000 years.

Section 4.3.4 discusses fluid-flow directions and rates within the Culebra

dolomite, as interpreted from uranium-disequilibrium studies (Lambert and _
Carter, 1987). The results provide an effectively independent check of ' I, _
conceptual models derived from other studies_ Although the present L

uranium-dlsequilibrlum data base is limited, allowing considerable

uncertainty in flow directions, the results indicate that there must have

been a significant change in flow directions within the Culebra dolomite,

on a time scale generally consistent with the end of local recharge

indicated by radiocarbon studies,

4.3.1 Solute Geochemis.try and Dellneation of Hyd_ochemical Facies with_
" the Culebra Dolomite

This section summarizes the currently available data and hypotheses (Siegel

et al., 1988a) concerning the origin and compositions of waters in the
Culebra dolomite. These authors delineate Culebra fluids into various

hydrochemlcal facies, consider the compatibility of these facies with

modern flow patterns derived from stratigraphic and hydrologic studies, and

examine the interactions of Culebra solutes and host-rock mineralogies.
Although Siegel et al. (1988a) emphasize the Culebra, relevant preliminary

results of work on fluids from the Magenta dolomite, Rustler/Salado contact

zone, and Dewey Lake Red Beds are included. One section of Siegel et ai.

(1988a), Bodine et al. (1988), was prepared as a summary interpretation of

a separate study (Bodine and Jones, 1988), based on an independent data

base. Data used in estimation of oxidation potentials (Eh) (Myers et al.,

1988) were collected as part of the WIPP Water-Quallty Sampling Program.

4.3.1.1 Hydrochemlca! Facles--The analytical ranges of compositions of

Culebra waters and compositions used in calculations contained in Siegel et

al. (1988a) are included in Table 4,13; major solutes are listed in Table
4.13a, minor and trace solutes in Table 4.13b. Individual data sets
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O for Tables 4.13a and 4,13b
Footnotes

*Solute values from various labs have been rounded as follows:

tNa, K, Ca, Mg, CL, SO4 from UNC : 3 significant figures

-all others from UNC : 2 sig. figs

-all solutes from GS : 2 sig, figs

-all "avg" values : 2 sig, figs

-all minimum 'rng' values : down to 2 sig. figs _

-ali maximum 'rng' values : up to 2 sig, figs

-all total dissolved solids (TDS): to nearest i00 mg/L or

to 3 slg. figs (for TDS<IO000)

-ali bicarbonate value& : to 2 sig. figs

-all pH values : to 0,I pH unit

-ali pCO 2 values : to 0,01 unit
-ali ionic strength values : to 0,01 molal

(I) Collection date: a number in parentheses indicates that values in that

row are averages or ranges of data for up to that number of samples

(2) avg - average of one or more values from one or more laboratories;
used to calculate element ratios and generate contour plots

(Siegel and others, 1988)

rng - range of values from one or more laboratories; gives a crude
estimate of the uncertainties associated with the data. A

single value in the range row means that all values were

O indentical, A "(I)" in the range row means that only onereliable value was available

GS - USGS Central labs

UNC - UNC Geotech (before Oct, i, 1986, Bendix Field Engineering

Corp.), Grand Junction, Co.

(3) zone - hydrochemicai facies zone described by Siegel and others

(1988), Applies only to Culebra.

(4) Bicarbonate and pH values were measured in the field when the samples

were collected, (Exception: HCO 3 in the DOE-2 Bell Canyon
sample was measured in the lab)

(5) pCO 2 - calculated using PHRQPITZ _Siegel and others, 1988)

(6) Stratigraphlc horizon: BC - Bell Canyon Formation

DL - Dewey Lake Red Beds

Meg - Magenta Dolomite

(7) Total dissolved solids - calculated by summing the major solutes

(8) ionic strength - calculated using PHRQPITZ (Siegel and others, 1988)
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evaluated in compiling the table and methods for evaluating the data are

discussed in Robinson (1988), Lambert and Harvey (1987), and Siegel et al,

(1988b), The data in Tables 4,13a and 4,13b were used by Siegel et al,

(1988a) in facies assignments of Culebra fluids, saturation-lndex calcula-

tions, and factor analyses, as well as in plotting of element-ratio
contours,

On the 'basis of the available major-solute analyses (Table 4,13a), Culebra

waters can be combined into four hydrochemical facies (Figure 4,3,1),
These include:

i, Zone A (H-5, H-li, H-12; DOE-l, P-17, P-18(?)), containing saline

NaCI brines (about 2 to 3 molal) with a Ga/Mg weight ratio near unity,
These waters are found in the eastern third of the WIPP site and

further east, in a region roughly coincident with the region of lowest

Culebra transmissivity, In the western part of Zone A, halite is

present only in the unnamed lower member (Figure 1,5); in the eastern

part of the zone, halite is present throughout the Rustler,

2, Zone B (H-7, H-8, H-9, Engle), containing relatively fresh waters

(<0,i molal) in which Ca++ and SO4" are the dominant solutes, These
waters are found only south of the WIPP site, No Rustler halite is

present in this zone, Data from the South and Indian wells (Bodlne and

Jones, 1988) suggest that these wells should also be classified as part
of Zone B,

3, Zone C, containing waters of variable composltlons, low to moderate

ionic strength (about 0,3 to I,I molal), and Ca/Mg weight ratios
greater than 1,5:1, These waters extend from the central part of the

WIPP site to the eastern part of Nash Draw, in regions of low to high

Culebra transmissivity, In the eastern part of the zone, halite is

present in the unnamed lover member; on the western side of the zone,

Rustler halite is absent. In general, the most saline brines in Zone C

are found in the eastern part of the zone,

4, Zone D, containing waters of anomalously high sallnlties (about 3

to 7 molal) and K/Na mole ratios (about 0,2) relative to other sampled

fluids (3 molal or less; K/Na mole ratio_ of 0.01 to 0,09) This zone

is apparently confined to western Nash Draw, and contains only holes

WIPP-27 and WIPP-29, Fluid compositions at WIPP-29 have have changed

over the course of seven years of monitoring, probably in response to

nearby potash refining operations.

The chemical characteristics of the defined Culebra fluid facies can be

summarized graphically in a Piper (trillnear) diagram (Figure 4,3,2), This

plot generalizes the relationships between several major solutes, i,e,,

those in the Na-K-Mg-Ca-CI-S04-CO 3 system, Relative proportions of cations

and anions are shown in the triangular plots in the bottom half of the

figure, relative ratios of divalent to monovalent cations and chloride to

(sulfate plus carbonate) in the parallelogram portion of the figure,
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Figure 4,3,1: Summary of hydrechemical facies and local flow directions in

the Culebra dolomite. Facies boundaries from Siegel et ai,

(1988a); modern flow directions from Figure 4,5B of LaVenue

et ai, (1988),
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The analyses from Zone A have nearly identical ionic proportions (Figure

4,3,2), and plot very near the Na-Gl corner in both parts of the figure,

In contrast, the analyses o£ the dilute fluids from Zone B all plot near

the Ca_Mg-SO 4 corner in the upper part of the figure, Analyses from Zone C

are variable, and those groundwaters closer to the Na-Cl corner of the plot

are similar to waters from Zone A, Zones A and C are distinguished pri-

marily on the basis of Ca/Mg ratio and ionic strength, Waters from Zone D

have similar ionic ratios as fluids from Zone A except for K/Na; Zone D is

distinguished primarily on the basis of its high K/Na ratios,

The overall interpretatlo_ of the facies distribution (Siegel et al,,

1988a), assuming that th_!, I';ulebra is relatively confined, is that flow

directions within the Gulebra must be transient, The inconsistency of
Culebra fluid densities and steady-state confined flow was noted in Section

4.1, based on numerical modeling studies of Haug et al, (1987) and LaVenue
et al, (1988), Ramey (1985) noted that modern flow directions within the

Guiebra do not appear consistent with the modern salinity distribution,

This inconsistency is also evident in Figure 4.3,1, which is based on a

larger and more reliable data base than considered by Ramey (1985), The

most striking evidence is that fluids in Zone B, a facies with low

salinity, lie down-gradient from more saline waters in Zone G, lt is

difficult to explain the origin of fluids presently in Zone B by steady-
state confined flow through Zone C (Figure 4.3.1), One alternative to

steady-state flow, ba_ed on isotopic studies (Sections 4.3,2, 4.3,3, and

4,3,4), is that there has been a significant change in flow directions

within the Culebra dolomite in the last (approximately) 12,000 years, This

is consistent with geologic evidence indicating the transient geologic and

hydrologic setting of the WIPP site (Section 4.4).

4.3,1.2 _ormat!v8 Salt Assemblages of Rust%er Waters--The chemical vari-

ability of Culebra fluids has also been evaluated on the basis of normative

salt assemblages, as summarized by Bodlne et al. (1988), The normative

salt assemblage (salt norm) of 8 given water is the equilibrium assemblage

of salts that would precipitate from the water if it were evaporated to

dryness under standard conditions (25 degrees C, 1 atmosphere pressure),

In this interpretation, the SNORM code (Bodine and Jones, 1986) was applied

by Bodine et al. (1988) to a different data base than that shown in Table
4.13,

The interpretations of the derivation of Gulebra fluids based on hydro-

chemical facies, isotopic data, and physical hydrology are not in all cases

consistent with those based on interpretation of salt norms, Siegel and

Lambert (1988) conclude that the overall hydrologic setting of the Culebra

is transient. Bodine et al. (1988) conclude that the present distribution

of salt norms within the Rustler Formation is, when considered alone,

generally consistent with the modern Culebra flow field. These authors
relax the vertical confinement of the Rl_stler. On the basis of solutes

alone, their interpretation cannot exclude dilution of prlmitive-diagenetic

brines at P-14 and in the low-permeability, halite-rich zones of the

Culebra east of WIPP Zone 3 (for example at P-18) by water that has

infiltrated from the surface and dissolved both halite and anhydrite or

gypsum. With increasing distances from P-18 and P-14, increasing amounts
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of solutes from recharge are interpretod to have mixed with primitive-
connate Culebra solutes,

Based on salt-norm calculations, Bodlne et al, (1988) suggest four end-

member fluid compositions from evaporltio rocks at the WIPP site, These
are:

i, Brines containing alkaline earth (Ca, Mg, Be, Sr, etc) chloride

salts in their normative assemblages, combined with relatively low

CI/Br weight ratios (<300), These brines could arise as primitive-
dlagenetlc fluids, for example when connate waters are involved in

dolomitizatlon, The data base supporting this end member is limited,

2, Dilute alkali-bearing carbonate waters, produced during recharge by
carbonic-acid dissolution of detrltal silicates in the zone of infil-

tration,

3, Dilute sulfate-rlch waters, produced when meteoric waters dissolve

anhydrite and/or gypsum, but little else.

4, Variably saline hallte-rlch fluids or brines, produced when

meteoric waters dissolve both anhydrite/gypsum and halite in the

Rustler and upper Salado Formations,
/

Bodine et al, (1988) conclude that the solutes in most waters in the

Rustler Formation can be produced by mixing of these four end members,

Water produced by dewatering of gypsum is not precluded by the solute

assemblages, However, the stable-lsotope compositions of confined Culebra

and Magenta waters (Section 4.3.2) are characteristically meteoric,

indicating that gypsum dewatering has not played an identifiable role in

their derivation. Bodine et al. (1988) conclude that, if analyzed solutes
from the Culebra at P-18 are representative, the Culebra water from P-18

has the highest proportion of apparent primltlve-diagenetic brine. They

,also suggest that some components of the water from P-14 may be primitive,

if it is assumed that there has been no mixing or contamination. Waters

from the Rustler-Salado contact zone at H-5 and H-6 contain the highest

proportion of the primltive-connate solutes. According to Bodlne et al

(1988), the relative proportion of recharge-type solutes to primitive-
diagenetic solutes within the Culebra increases from the WIPP site towards

the north, west, and south.

The interpretative model of Bodine et al. (1988) relies heavily on the

compositions of Culebra fluids at P-18 and P-14. As noted by Siegel et al.

(1988b), the representative character of samples of Culebra fluids from

P-18 is suspect, i.e., the analyses appear reliable, but may not represent

actual Culebra fluids at this location. Hydrologic considerations also

weigh against the reliability of these data. The Culebra transmissivity at

P-18 (7.5 x I0-ii to 4.3 x 10 .9 m2/s, Table 4.2) is the lowest yet measured

at or near the WIPP site, Therefore, while the Culebra at P-18 intuitively

seems likely to contain connate brine, consistent with the norm-based

interpretation of Bodine et al. (1988), the very fact that the Culebra is
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so low in transmissivity at P-18 permeability makes it extremely difficult

if not impossible to collect a meaningful fluid sample from the hole. In

P-14, the situation is reversed. The Culebra in P-14 is extremely

transmissive (2.3 x 10 -4 m2/s, Table 4.1). The preservation of original

connate or diagenetic fluids in such a permeable region does not seem

possible or consistent with expected rates of fluid flow in the vicinity

(Figure 4.1.28). In addition (Section 4.3.2), the stable-lsotope

composition of Culebra waters from P-14 is meteoric, suggesting that P-14

fluids have not been involved in extensive diagenetic reactions. However,

the analyses of Culebra waters from P-14 do appear reliable, The cause of

the apparent prlmitive-diagenetic component in these fluids is not known.

The salt-norm interpretation also relies heavily on vertical recharge from

the surface to provide fluids for dilution of the interpreted primitive-

diagenetic signature of Culebra fluids, especially south of the WIPP site.

However, the isotopic evidence, discussed in later parts of Section 4.3 and

in Section 4.4, as well as the measured head and transmissivlty distribu-

tions within the Rustler, discussed in Section 4.1, suggest that vertical

recharge to the Culebra from the surface is not currently active at and
near the WIPP site. The Culebra dolomite is confined at and south of the

site, while the Dewey Lake Red Beds, where tented, are effectively

impermeable. Finally, as discussed in Section 4.4, the preservati_,_l of

large amounts of anhydrite in the Tamarisk Member overlying the Culebra,

suggests that vertical infiltration of dilute solutions through the

Tamarisk has been minimal. These relationships do not indicate that there

has been no vertical fluid movement within the Rustler Formation or between

the Dewey Lake and the Rustler, but that such movement is limited, and does

not currently extend from the surface down to the Culebra.

, 4.3.1.3 Saturation Indices and Factor Analysis of Culebra Waters--Satura-

tion indices of several evaporite minerals in analyzed Culebra waters have

been calculated using the code PHRQPITZ (Plummer et al., 1988), and are

summarized in Siegel et ai. (1988a). The variation in halite saturation

index as a function of ionic strength is shown in Figure 4.3.3. Ali fluids

are undersaturated with respect to halite and Na and CI concentrations vary

widely. There is a consistent increase in halite saturation index with

increasing ionic strength.

The variations in calculated gypsum and anhydrite saturation indices with

ionic strength are shown in Figure 4.3.4. The data are internally

consistent and indicate both a general saturation with respect to gypsum

and an increase in anhydrite saturation with increasing ionic strength.

However, with the exception of WIPP-29 (Zone D) ali samples are

undersaturated with respect to anhydrite. As a result, almost ali Culebra

waters are capable of converting into gypsum any anhydrite with which they

might come into contact.

Most calculated dolomite saturation indices for Culebra fluids indicate

saturation or apparent supersaturation (Figure 4.3.5). The relationships

between saturation indices, pH, and calculated pCO 2 suggest, as discussed

in Siegel et al. (1988b), that loss of CO 2 during sample collection may be
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responsible for the apparent supersaturation; other potential sources of

error include use of an inappropriate free energy for dolomite and

analytical error. The wide scatte r in dolomite saturation indices gives

some indication of the apparent effect of degassing on calculations

involving dolomite, The origins of the high original pCO 2 in Culebra

waters is not known, but may include carbonate dissolution and/or microbial

action (see Section 4.3,3).

In addition to the major solutes used in defining hydrochemical facies and

in calculating saturation indices considered thus far, there are consistent

trends in both major-element (Ca, Mg, Na, K, CI, and SO4) and minor-element

(Br, I, Sr) ratios in Culebra fluids. These trends, which are discussed in

more detail in Siegel et al, (1988b) include the following:

i. The Na/el ratios of fluids south of the WIPP site are higher than

would be produced by simple dissolution of halite, suggesting the

importance of dissolution of Na-sillcates at some time in the deriva-
tion of fluids in this area, This is consistent with the norm-based

end member of dilute meteoric alkali-bearing carbonate waters discussed

in Section 4.3,1.1.

2. At WIPP-27 and WIPP-29, the K/Na ratios and Na, K, Mg, CI, and SO 4

concentrations are significantly higher than at other wells in Nash

Draw or west of the site, suggesting that potash refining operations

have significantly contaminated these locations. This is consistent

O with the definition of hydrochemical facies "D" in Section 4.3.1.1.
3. Both ratios and concentrations of several elements are anomalous in

samples collected from P-14, compared to surrounding wells. For

example, concentrations of Ca, Sr, and I are anomalously high at P-14,

and K and SO4, low. The Na/CI, K/Na. and Mg/Ca ratios are somewhat

low, and the CI/Br ratio distinctly low at this well. The "primitive-

diagenetic" salt norm at P-14 is anomalous (Section 4.3.1.!).

4. Regionally, the CI/Br weight ratios are highest in Nash Draw,

intermediate through the center of the WIPP site and to the south, and

lowest at P-14 and H-4.

Examination of the relations between element ratios discussed above

indicate that correlations between elements are not simply linear. For

this reason, the data in Table 4.13 were also examined using Principal

Component Analysis (PCA). The technique is described in detail in Siegel

et al. (1988b). The purposes of PCA are to determine if the fluids come

from a single or continuously-variable population, and to delineate the

different independent ways (factors) by which major and minor elements are
correlated.

The preliminary results of factor analysis of Culebra fluids indicate that,

on a regional scale, the samples are all drawn from a single chemical

population; i.e., their chemistry is controlled by a consistent set of

O The most shown R-mode PCA is dominated
components. important component by
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by Na, K, Mg, Br, and el. Ali solutes except Si02, alkalinity, and pH

exhibit positive correlation with this factor. The second major factor

also includes Na and C1, but is dominated by Ca, HCO3, and Sr. Overall,

the data are interpreted to suggest that the two fluid-compositional

factors describing the variability of Culebra waters represent addition of

solutes by dissolution of halite, gypsum/anhydrite, and carbonates (Siegel
at al., 1988b),

However, because the amount of solute added by halite dissolution is so

large relative to that added by other reactions, i.e,, because halite

solubility is much greater than that of other minerals considered, other

chemical correlations may be masked. For this reason, a second set of PCA

was carried out by Siegel at al. (1988b), using a method designed to be
independent of total dissolved solids and hence halite dissolution, The

primary component determined in this analysis contains two groups of

elements that are inversely correlated, One group cr_:,tainsMg, bicarbonate

alkalinity, and SiO2; the other group contains Na, pH, B, and Li. This

pattern of element association is tentatively interpreted by Siegel et al.
(1988b) to reflect clay diagenesis or silicate hydrolysis. The apparent

uniformity of the compositional factors describing the variability of

Culebra waters does not identify a discrete mechanistic or mineralogical

delineation between the hydrochemical facies defined in Section 4.3.1.1.

4.3.1.4 Estimate_ 0xidation_Reductlon Po_eBt_s of Culebra Waters--Many

of the transuranic elements to be emplaced in the WIPP facility have
multiple valence states. Therefore, given the possible role of the Culebra

dolomite in transport to the accessible environment, it is important to

estimate oxidation potentials (redox potentials, Eh) within the unit.

Available measurements of redox potentials in Culebra waters are described

in detail by Myers et al. (1988), and are summarized in Figure 4.3.6.

Myers et al. (1988) conclude that the calculated potentials summarized in

Figure 4.3.6, based on the data from Pt electr_Jdes and redox pairs involv-

ing N, I, As, and Se, are fairly insensitive to assumptions concerning

activity-concentration relationships, reasonable uncertainties in analyti-

cal data, and errors introduced by uncertainty in field pH. Absolute

potential measurements made with Pt electrodes are not generally considered

highly reliable; they are included here only for purposes of inter-well

comparison. Nonetheless, many of the data are internally inconsistent.

The internally consistent values, indicated in Figure 4.3.6 by the vertical
shaded bars, are interpreted by Myers et al. (1988) to bracket the redox

potentials for the wells in Zone B (H-7, H-8, H-9, and Engle) between +330

and +630 my (or higher). A similar range is indicated for WIPP-26 (Zone C)

in the eastern part of Nash Draw. Data for the nitrogen couple in

hydrochemical facies A and C (Figure 4.3.1), except for WIPP-26, indicate

less oxidizing conditions, with an estimated Eh of less than approximately
+330 my.

Quantitative data are not available from within most of Nash Draw. The

internally consistent data from WIPP-26 indicate a similar range of redox

potential to that at H-7, H-8, and H-9. The platinum-electrode
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measurements in H-7, H-8, H-9 and WIPP-26 (Figure 4,3,6) are higher than

those at most other locations, The apparent range of consistent potentials

in WIPP-25 is largel Lambert and Robinson (1984) note, however, that WIPP-

25 evolved H2S during fluid sampling , suggesting that these results are

suspect, Relative measurements with Pt electrodes (Lambert and Robinson,

1984), also indicate that redox potentials in the Culebra in Nash Draw are

higher than those in the underlying Rustler/Salado contact zone,

Thus, there appear to be consistent variations in redox potential within

the Culebra dolomite, with more reducing conditions to the northeast and

more oxidizing conditions toward the southwest, This regional variation in

the modern oxidation potential plays a significant role in interpretation

of uranium-disequilibrium studies discussed in Section 4,3.4.

4.3.1.5 Miner_lo_y o_ _he Culebra Dolomlte--It has already been noted that

both the composition and density of Culebra fluids vary considerably at and

near the WIPP site. One objective of studies summarized in Siegel et al,

(1988a) was to determine whether or not variations in Culebra mineralogy

correlate with variations in Culebra fluid compositions. Accordingly,

detailed mineralogical studies of Culebra samples from ten different

locations along three east-west traverses have been conducted, and are

described by Sewards st aI._(1988).

Figure 4,3.7 shows a mineralogical cross section of the Culebra dolomite
from Nash Draw towards the east, south of the WIPP site proper, as

interpreted from sampled core (Sewards et ai., 1988). As in any core

study, especially in a locally fractured unit such as the ¢ulebra, it

cannot be demonstrated that the sampled core has been in contact with

flowing groundwater. Mineralogical contents estimated by Lambert (1988)

• during preparation of rubbled material selected for isotopic analysis of
Culebra matrix and veins (Section 4,4,2) differ somewhat from analyses

summarized in Figure 4,3.7. The mineralogy at H-7 and H-10 (Figure 4.3.7)

is probably representative of intact core samples at the WIPP. The

dominant mineral in the selected cores is fairly pure dolomite, comprising

about 85% of the bulk rock (by weight), Minor amounts of gypsum, calcite,

and clay are observed throughout the sampled cores, but their distribution

is heterogeneous both vertically and laterally. Fractures, which are

present in most cores, are most commonly lined with clay and gypsum,

Cypsum (CaSO4.2H20) occurs as both fracture and rug fillings. Available

analyses indicate that it is nearly pure, Both the composition and

textural features suggest that it is secondary in origin. Calcite from the

upper portion of the Culebra in WIPP-29 is also interpreted to be

secondary. Minor amounts of pyrite, magnesite, quartz, and authigenic

feldspar have bean observed in some cores. Finally, a dark optically-

amorphous and X-ray-amorphous material is present in some abundance in

Culabra samples examined, and has been tentatively identified as organic

matter, lt is generally associated with clays, and often occurs in algal

structures or haloes surrounding vugs, the origin of which is attributed to

biological activity.
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In the intact cores examined by Sewards et al, (Z988), 'corrensite, an

ordered mixed-layer illite-smectite clay, is the second most abundant
mineral within the Culebra after dolomite, _n addition to occurring along

fractures, clays are also present in the matrix of ali Culebra samples, and

commonly make up 3 to 5 weight percent of the bulk sample, The dominant

clay minerals are corrensite, illite, chlorite, and a serpentine-like

mineral, tentatively identified as amesite, _.

The recent mineralogical studies in the Culebra indicate that the unit is

vertically and laterally heterogeneous, The dominant variation in Gulebra

fluids, variation in Na and CI (Section 4,3.1,i), is not reflected in the

presence or absence of halite in Culebra core, Dolomite, clays, and gypsum

are ubiquitous, and calcite local in occurrence, Table 4,14 summarizes

potential rock/water reactions that may influence the chemistry of Culebra

waters, With the exception of halite, ali of the minerals involved in

reactions listed in Table 4.14 occur in the Culebra throughout the area at

and near the WIPP site, Halite that has definitely not been introduced

during drilling has not been reliably identified in any Culebra core, With

the exception of halite dissolution, any of the reactions indicated in

Table 4,14 can occur in any of the Culebra hydrochemical facies zones

defined, Examination of potential rock/water reactions affecting fluids

within the Culebra has not yet identified unique or discontinuous

relationships between matrix mineralogy and fluid composition that can be

used to piace additional constraints on either present or past directions
of fluid flow,

In summary, the highly variable fluids within the Culebra dolomite can be
divided into four facies. The distribution of these facies is not

consistent with modern regional flow directions estimated from hydrologic

measurements, if steady-state confined flow is assumed, Zone B, containing

lower-salinity fluids lies down-gradient from Zone C, which contains more

saline waters, An internally consistent interpretation of the variability
of Rustler fluids is possible on the basis of salt norms if large-scale

vertical recharge is assumed in some areas, However, some of the analyses

used in this interpretation do not appear to be representative, and both

isotopic and hydrologic evidence suggest that such vertical fluid movement

is not now operative at and near the WIPP site. The mineralogy of core

samples from the Culebra dolomite is consistent only in its variability.

lt cannot be demonstrated that sampled fluids at a given well have been in

contact with a given piece of core; therefore it cannot be directly

demonstrated that rock/water interactions identified on the basis of a

given core sample control or affect the local fluid composition. The

available data cannot identify any unique relations between Culebra matrix

mineralogy and major-solute or minor-solute compositions of Culebra waters

that can themselves be used to place constraints on either past or present
flow directions within either the Culebra or the Rustler Formation as a

whole. As discussed in Section 4.4,2, however, the isotopic compositions

of some minerals within the Rustler, especially gypsums, can be used to
place constraints on vertical fluid flow.
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Table 4,141 Summary of possible rook-water reactions affecting composl-
riots of Culebra fluids, From Siegel et al, (1988a),

Chemical Process Potential Effect on Culebra Water

, ,,, , , , ,,, , ,,i LL , ,, i ,, " m,, ........ " "_ ,, ..... , , , ,,,,,,, ,,,, , ,, ,,,

Halite Dissolution increase Na, CI, Br, Li; decrease CI/Br;

increase solubility of carbonates and

sulfates up to 3 molal NaC1 and then

decrease solubility causing changes in

Ca, Mg, S04, C03

Precipitation/dissolutlon of decrease/increase Ca, SO4

gypsum

Precipitation/disso\ution of decrease/increase Ca, Mg, CO3
calcite and dolomite

Dolomitization: calcite + Mg decrease Mg/Ca
-> dolomite + Ca

Dedolomitization: dissolution decrease pH, alkalinity/SO4;
of gypsum and dolomite with maintain Mg/Ca molar ration < i

concurrent precipitation of
calcite,

Ion exchange involving Mg, ices of Na, gain of Mg, K by solution

K-rich clays in NaCI brines

Mixing of connate hypersaline increase Mg, Ca, K, Na, CI; decrease

formation water with recharge SO4, CI/Br

water that has dissolved

gypsum,

Incongruent dissolution of increase Mg, K, SO4; decrease Ca, CI/Br

polyhalite

4.3.2 Recen_ Stable-Isotope Studies o_ G_oundw_ters from the Ru_,er

Formation and Youn_er Uni_@

4,3.2.1 The Character of Moder_ Recharge in the Northern Delaware _asin--

As mentioned above, stable-isotope studies do not provide direct infor-

mation concerning the age of groundwater. Rather, they may indicate

whether or not two or more bodies of water were recharged under similar
climatic conditions and whether or not one of the bodies of water is

modern. At the WIPP site, the approach requires both determination of the

isotopic character of modern recharge in the region and determination of
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whether or _not the isotopic character of groundwaters in the Rustler

Formation and younger units is consistent with that of modern precipi-

tation, Recent stable-isotope studies of groundwaters in the northern

Delaware Basin conducted as part of WIPP slte-characterlzation activities

are s_nmarized by Lambert and Harvey (1987),

The present stable-lsotope data base for waters from Carlsbad Caverns

(Lambert and Harvey, 1987), is summarized in Figure 4,3,8, Samples were

collected from active drips or pools in portions of the cavern system well

above the modern water table, Depending on assumptions concernlng seasonal

averaging of fluid compositions during infiltration and possible evapora-

tion within the caverns, these waters may or may not be _epresentatlve of

modern meteoric recharge in the northern Delaware Basin at elevations
similar to that of th_ surface of the WIPP site,

Lambert and Harvey (1987) conclude that, with one possible exception

(sample "OS"), evaporation and rock-water interaction do not play a

significant role in derivation of the waters shown in Figure 4,3,8, This

is because the waters fall in or near the "meteoric field," defined by the

compositional space between the statistical world-wide precipitation trends

calculated by Craig (1961) and hy Epstein et al, (1965, 1970), Therefore,

the isotopic character of the waters (Figure 4,3,8) is interpreted as con-
sistent with that of modern meteoric recharge in the northern Delaware

Basin,

The character of modern precipitation in the northern Delaware Basin also

rests on other analyses, In 1983, waters from Carlsbad Caverns were

essentially the only waters interpreted to represent this recharge, As

shown in Figure 4,3,9, most of the more recent measurements on surficial

waters and some on shallow groundwaters in the vicinity of the WIPP site
and at similar elevations are consistent with measurements on unconfined

waters from the Capitan limestone, Samples from a local storm (August 26,
1980) fall within the Carlsbad Caverns field, as do samples from the Dewey

Lake Red Beds at the James Ranch and Quaternary alluvium at WIPP-15, The

character of the water from the Dewey Lake Red Beds in the James Ranch well

_s consistent with the interpretation that the Dewey Lake is experiencing

modern recharge at this location, The well at the James Ranch (identified

as "ranch well" in Figure 1,2) is close to a locally active dune field

south of the WIPP site; WIPP-15 was drilled specifically to investigate San

Simon Sink (Figure I,i), an active collapse feature over the Capitan

limestone, The measured deuterium/hydrogen ratios of nine water-table

samples from the Ogallala Formation in southeastern New Mexico are con-

sistent with the lighter end of the Carlsbad Caverns field in Figure 4,3,9,

Heavier Ogallala samples also high in tritium, discussed by Lambert (1988),

are consistent with this field, Thus, Lambert and Harvey (1987) base the

isotopic composition range of their field of "demonstrably modern

precipitation" used in discussions below and in later figures in this

section on measurements at several localities, and in several different

geologic units, Additional information, especially concerning both the

deuterium and tritium characteristics of groundwaters in the High Plains of
Texas and the northern Delaware Basin of New Mexico is contained in Lambert

(1988),
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Figure 4,3,8: Available stable-isotope analyses of waters from the uncon-

fined portion of the Capitan limestone in Carlsbad Caverns,

New Mexico, The two-letter identification of individual

samples is fully explained in Table 3 of Lambert and Harvey

(1987), The meteoric field is defined as the area between

the statistical correlation lines of Craig (1961) and

Epstein et al, (1965, 1970), Slightly modified from Figure

e 6 of Lambert and Harvey (1987),
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184



Stable-isotope data from both the travertine deposit in McKittrick Canyon

and a local storm (May 5, 1977) are much lighter than the Carlsbad Caverns

field shown in Figure 4.3.9. The isotopic character of these samples is

interpreted by Lambert and Harvey (1987) to be due to local elevation

effects and point-data variability of individual storms. A similar

elevation-dependent argument is made concerning the deuterium data

available for Rio Hondo and at Carrizozo (see Lambert and Harvey, 1987 for
discussion and detailed sample locations).

Not ali data from stratigraphic units above the Rustler fall in the

Carlsbad Caverns field in Figure 4.3.9. Water from the Dewey Lake Red Beds

at the Pocket well is relatively light. This water has a calculated

minimum radiocarbon age of 14,000 years (Section 4.3.3). The ages or
isolation times of the relatively light waters from the Smith and Fairview

wells are not known. The available stable-isotope results indicate

complexity within the Dewey Lake Red Beds. The James Ranch well appears to
contain "modern" water, and is located near an active dune field. The

Pocket and Fairview wells, which both contain water isotopically distinct

from the Carlsbad Caverns field in Figure 4.3.9, are both located near the
southwestern lobe of Nash Draw_

4.3.2.2 The Hydrology of the WIPP Site and Vicinity Relative to Modern

Recharge--Figure 4.3.10 summarizes the available stable-isotope data for

groundwaters from the Magenta and Culebra dolomites at and near the WIPP
site. In this figure, the i_otopic character of these waters is contrasted

with the Lambert and Harvey (1987) estimate of "demonstrably modern
Delaware Basin recharge at 3,000 - 4,500 feet elevation," discussed above.

The compositionally distinct waters from WIPP-29 and Surprise Spring, both
of which are distinct from the meteoric field (Figure 4.3.8) are discussed

separately below.

There is no overlap between the Culebra/Magenta data near the meteoric

field and the interpreted compositional field representing modern recharge

(Figure 4.3.10). On the basis o_ the consistent compositional distinctions

shown in Figure 4.3.10, Lambert and Harvey (1987) conclude that: I) the

stable-isotope compositions of Culebra and Magenta groundwaterc do not

reflect modern meteoric recharge of the Rustler Formation; 2) there is no

significan_ modern recharge to the Magenta and Culebra dolomites at and

near the WIPP site; and 3) the waters presently contained within the

Magenta and Culebra at and near the WIPP site were recharged under dif-

ferent climatic conditions than those at present. Therefore, at least some

aspects of the hydrology of the Rustler Formation must be transient on some
time scale.

The Rustler Formation is not the only unit in the northern Delaware Basin

that contains older water. There is also significant variability in the

isotopic character of fluids within the Capitan limestone (Figure 4.3.11).

The heavier samples defining the "Carlsbad Caverns" compositional field in

this figure, which is almost identical to the modern recharge field in

Figure 4.3.10, are from the unconfined and partially saturated hydrologic
system within Carlsbad Caverns. The lighter samples are from wells drilled
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into confined regions of the Capitan, The signatures of samples from con-

fined portions of the Capitan limestone fall within the same compositional

field as most Rustler fluids. Based on uranium-dlsequilibrlum studies,

Barr et ai. (1983) estimate the isolation times for the Capitan waters from

the Middleton and Hackberry wells (Figure I.I) as 5.8 x 105 and 1,05 x 106

years, respectively.

Thus, stable-isotope measurements in the Rustler Formation, Dewey Lake Red

Beds, and Capitan limestone are consistent with the conclusion that the

hydrology of the northern Delaware Basin is transient. The fundamental

conclusions of Lambert and Harvey (1987) and Lambert (1988) concerning the

hydrologic setting of the northern Delaware Basin are:

I. The isotopic compositions of waters from unconfined portions of the

Capitan limestone, the Ogallala Formation, and several other unconfined

sampling locations at elevations similar to that of the WIPP site are

representative of modern meteoric recharge within the northern Delaware
Basin.

2. The general isotopic composition of samples from the Culebra and

Magenta dolomites of the Rustler Formation at and near the WIPP site,

as well as of samples from confined portions of the Capitan limestone,

is distinct from that of modern meteoric precipitation within the

northern Delaware Basin.

3. The Culebra and Magenta dolomites _ at and near the WIPP site, in

addition to part of the Dewey Lake Red Beds and confined portions of

the Capitan limestone, were recharged under climatic conditions

different from those effective at the present time.

4. Therefore, the hydrology of the northern Delaware Basin is

transient on some time scale. The stable-isotope technique itself

provides no information concerning the possible times or time gaps

between two interpreted recharge intervals or events, nor does it

necessarily provide information concerning where recharge might have

taken or be taking place. In the specific case of the Rustler

Formation, however, the stable-isotope technique does indicate that

significant modern meteoric recharge to the Culebra or Magenta is not

taking piace at any of the sampled localities.

One site-specific focus of Lambert and Harvey (1987) is the determination

of whether or not southeastern Nash Draw, specifically the area including

hole WIPP-29 and Surprise Spring (Figure i.I), is a major point of

discharge for Rustler fluids flowing across the WIPP site. Lambert and

Harvey (1987) evaluate the question by comparison of the solute and

isotopic characteristics of fluids from h01e WIPP-29 and Surprise Spring

with those of other Rustler fluids. As shown in Figure 4.3.10, the

isotopic signatures of fluids from both WIPP-29 and Surprise Spring are

quite distinct from the meteoric field. Lambert and Harvey (1987)

conclude that the solute characters of WIPP-29 and Surprise Spring waters
are also distinct.
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In general, the modern flow directions within the Culebra'in Nash Draw are

roughly parallel to the axis of Nash Draw (Section 4.1), This suggests

that, if Surprise Spring is to be a major point of Culebra discharge,

fluids must first flow through the region of hole WIPP-29. Rustler ground-

waters have been sampled at both Surprise Spring and WIPP-29. lt is

essentially impossible to derive Surprise Spring waters from evaporation of

WIPP-29 Culebra waters, since the lower chloride content at Surprise Spring

(Figure 4,3.1) indicates major dilution relative to WIPP-29. The same

argument applies to derivation of Surprise Spring waters from Culebra

waters at both H-5 and H-6 at the WIPP site, and at many holes within Nash

Draw itself. Further, as noted by Lambert and Harvey (1987), Surprise

Spring appears to discharge from the Tamarisk Member of the Rustler, rather

than from either the Culebra or Magenta.

In addition, the CI/K (weight) ratios for fluids from holes WIPP-27 and

WIPP-29 are distinctly lower than those of other Rustler fluids both in and

outside Nash Draw, including Surprise Spring (Section 4.3.1.1). Culebra

groundwaters from WIPP-27 and WIPP-29 have CI/K ratios of ten and nine,

respectively, compared to ratios generally from 38 to 73 in holes outside

Nash Draw, and a value of 52 at Surprise Spring. Hole WIPP-27 is downslope

from the tailings ponds of Mississippi Chemical Corporation's potash

refinery in Nash Draw, while WIPP-29 is downslope from the tailings ponds

of the International Minerals and Chemicals refinery (Lambert and Harvey,
1987).

Lambert and Harvey (1987) interpret these relationships and the fact that

the isotopic compositions of waters from WIPP-29 and Surprise Spring are
both distinct from the meteoric field to indicate that:

I. The hydrology of Surprise Spring is essentially isolated and
independent from that of the Culebra at WIPP-29, and is not dominated

by confined Rustler groundwaters from elsewhere. Surprise Spring
discharges from the Tamarisk Member of the Rustler. Nearby exposures

of the Tamarisk serve as a likely recharge area for Tamarisk discharge

at Surprise Spring, and may or may not be contaminated by local potash-

refining operations. The isotopic compositions of groundwaters at both

WIPP-29 and Surprise Spring appear to have been derived from surface-

type water by partial evaporation.

2. Surprise Spring is not at present a significant point of discharge

i for Culebra and/or Magenta fluids flowing across the WIPP site.

3. As indicated by the relatively low CI/K weight ratios in fluids

from WIPP-27 and WIPP-29, local potash refining has a major impact on

Rustler geochemistry and hydrology within Nash Draw (Section 4.3.1.1).

Lambert and Harvey (1987) conclude that the isotopic character of fluids

collected from the Rustler/Salado contact zone (Figure 4.3.13) is strongly
affected by rock-water interaction (isotope shift). The extent of this

effect generally increases with increasing distance from Nash Draw, paral-

leling a general decrease in permeability (Section 4.1) and increase in

Q rock-water ratios.
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The interpretations of Lambert and Harvey (1987) and Lambert (1987b) are
not consistent with some conclusions contained in Chapman (1986), which is

based on review of much of the data contained in the two later reports,

The fundamental disagreement lies in interpretation of the distinctions

between waters from unconfined portions of the Capltan limestone, modern

precipitation, and Rustler waters from at and near the WIPP site. The

logic behind a portion of the disagreement is shown in Figure 4,3,14,

Chapman (1986) concludes that the isotopic character of modern meteoric

recharge in both the northern Delaware Basin and the Roswell Basin is

represented by the weighted mean precipitation for the town of Roswell,

calculated by Hoy and Gross (1982) (Figure 4,3.14), and that meteoric

variability in both areas is closely represented by the trend llne of Craig

(1961). If these assumptions are valid, then it is possible to derive most

of the isotopic compositions of unconfined waters collected within Carlsbad

Caverns by "high-hu_,idity" evaporation (llne B in Figure 4.3,14) of water

representing the calculated Roswell-weighted mean precipitation. Under

this interpretation, the unconfined waters from Carlsbad Caverns would be

secondary, and would not represent modern meteoric precipitation. As

shown, the weighted mean precipitation used by Chapman to derive unconfined

Capitan waters is also distinct from the compositional field defined by
most Rustler, Dewey Lake, and confined Capitan waters. Chapman (1986)
attributes this difference to a "seasonal or amount effect,"

Chapman (1986) also notes that, if only stable-isotope relationships are

considered, the isotopic character of waters from Surprise Spring can be

derived by partial near-surface evaporation of Rustler groundwaters (Line A

in Figure 4.3.14); i.e., that Surprise Spring could be a major point of

discharge for Rustler waters at and near the WIPP site. While this appears

to be theoretically possible on the basis of stable-isotope re_lationships

alone, the solute-composition relationships described in Lambert and Harvey

(1987) and summarized above preclude this possibility,

The disagreement between the interpretations contained in Lambert and

Harvey (1987) and Chapman (1986) concerning the overall nature of the

hydrology in southeastern New Mexico is fundamental, and cannot be resolved

by stable-isotope studies alone. However, these studies do clarify the
differences in opinion. Chapman (1986), in effect assumes that the

hydrology of southeastern New Mexico is at steady state (or, alternatively,

that its response to changing climatic conditions is effectively instan-
taneous). She assumes that the weighted mean precipitation for Roswell and

the statistical correlation of Craig (1961) are significant by themselves,

and demonstrates that it is possible, based on these assumptions, to

generate unconfined waters from Carlsbad Caverns by evaporation. By

Chapman's interpretation, the unconfined Capitan waters do not represent

modern recharge. However, the field of demonstrably modern Delaware Basin

recharge defined by Lambert and Harvey (1987) includes or is consistent

with analyses from several other locations in addition to Carlsbad Caverns.

The weighted mean precipitation used by Chapman to derive unconfined

Capitan waters by evaporation is also distinct from the compositional field

defined by most Rustler, Dewey Lake, and confined Capitan waters. Chapman
(1986) attributes this difference to a "seasonal or amount effect." The
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operation of t'hls effect on Rustler, Dewey Lake, and confined Capitan
waters, as well as Ogallala water from the High Plains Is not explained,

Lambert and Harvey (1987) do not assume that the hydrology of southeastern
New Mexlco is at steady state, They do assume that significant departure

in isotopla signature from the meteoric field defined by the aomposltional
space between the statistical correlations of Craig (1961) and Epstein et

al, (1965, 1970) is required before any recourse to evaporation is

Justified, Unconfined Capitan waters (and others, such as Ogallala fluids

and samples from alluvium at WIPP-15) are interpreted by Lambert and Harvey
(1987) to represent modern meteoric recharge in the northern Delaware

Basln, The demonstrably different isotopic character of most Rustler,
Dewey Lake, and confined Capitan waters from the field they interpret to

represent modern recharge in the northern Delaware Basin is taken to

reflect recharge under conditions distinctly different from those con-

trolling modern recharge, Since steady state is not assumed, no single

weighted mean precipitation is either defined or deemed relevant, The

conclusions of isotopic studies discussed in Sections 4,3,3, 4,3,4, and

4.4,2 are consistent with the interpretation of a transient hydrologic

setting of the Rustler Formation and shallower units at and near the WIPP
site.

4.3.3 Kecen_ !sQtopic Studies w_th Emphasis on Radiocarbon

Studies investigating the applicability of several environmental isotopes

(isotopes generated primarily within the atmosphere), especially radio-

carbon, to the shallow stratigraphic units at the WIPP are summarized by

Lambert (1987a, 1988), Although the emphasis in these studies was on

radiocarbon, tritium, and chlorine-36 were briefly evaluated, No 36CI

above background could be identified, nor could tritium values signifi-

cantly above background be identified except in hole WIPP-27, The high

chlorine background is to be expected in fluids in a hallte-bearing

evaporite section, The tritium at WIPP-27, consistent with the major-

solute composition of Culebra groundwaters from WIPP-27 (Section 4,3,1,i),

is interpreted to be due to contamination by potash-refinlng operations,

Radiocarbon studies indicate that many of the sampled wells have been

contaminated by organic materials during drilling, casing, and/or

hydrologic testing, The successful radiocarbon measurements indicate

isolation times of at least 12,000 to 16,000 years for three Culebra waters

and one Dewey Lake water. Two of the four measurement points lie on nearly

opposite sides of the WIPP site.

The relationship between calculated "percent modern carbon" (PMC) and the

bicarbonate content of most of the fluids analyzed to date, including three

samples from the Rustler/Salado contact zone, is summarized in Figure

4.3.15. PMC is carbon counts relative to 1950 wood. As shown in Figure

4.3.15, there is a strongly linear relationship between PMC and bicar-

bonate. The apparent end members are: a) a O-PMC fluid with a bicarbonate

content of approximately 60 mg/l, i.e., groundwater in equilibrium with

carbonate, assuming bicarbonate is equal to total carbonate; and b) a

IO0-PMC fluid with a bicarbonate content of approximately 300 mg/l.
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If, as is commonly the case in radiocarbon studies, it is assumed that

recharge groundwaters initially containing small ,amounts of atmospherically
dsrlved CO 2 (PMC near I00) equilibrate fairly quickly with carbonate

minerals underground, it is difficult to explain waters in Figure 4,3,15

having greater than approximately 60 mg/l bicarbonate, In other words, one

would expect the slope in Figure 4,3,15 to be negative rather than positive

if this slope reflected increasing equilibration with underground

carbonates with increasing time (decreasing PMC) (Lambert, 1987a), By this

logic, the high-PMC samples in Figure 4,3,15 do not represent modern
infiltration,

Regardless of the origin of hlgh-PMC contents, a linear relationship should
result from evaluation of any two compositional variables for the same

fluids, if the data distribution in Figure 4,3,15 is a result of linear

mixing of two fluid components, This is not the case for the analyzed

fluids since the relationship between 13C fractionation and bicarbonate

(Figure 4,3,16) is statistically random, This result suggests that at

least three fluid components may be involved in mixing to develop the
indicated 13C distribution, In such mixing, unique delineation of the

mixing relationships and the ages or isolation times of the specific

groundwater components involved is most likely impossible (Lambert, 1987a),

The relation between percent modern carbon (PMC) and 13C fractionation for

the samples on which adequate data are presently available is shown in

Figure 4,3,17. The sampled fluids fall into two relatively distinct

groups: a) a small group containing samples with less than approximately
i0 PMC; and b) a larger group with from i0 to greater than 90 PMC. Data

from H-5c and Engle could be included with the Iow-PMC group shown in

Figure 4,53, though, as noted by Lambert (1987a), the statistical correla-
tions within both data groupings are stronger if the four Iow-PMC samples

(H-4b, H-6c, H-9b, and Pocket) are considered as a separate group, Of the

four Iow-PMC samples, all but that from the Pocket well are for fluids from

the Culebra dolomite; the Pocket sample is from the Dewey Lake Red Beds,

The definition of two distinct data groupings (Figure 4.3.17) leads to

identification of three carbon-lsotoplc compositional components apparently

involved in mixing within Rustler, Dewey Lake, and Rustler/Salado fluids.
These are:

I, Dissolved carbon from Permian marine carbonates. Because the

Permian carbonates are more than 200 million years old, this carbon is

no longer measureably radioactive,

2, CO 2 derived from modern organic materials injected in variable

amounts into the sampled holes during drilling and/or casing

activities, Lambert (1987a) found it pointless to attempt dating of
@imost all of these contaminated samples, as discussed below.

3, CO 2 derived from Pleistocene and older organics during recharge.

The location of this recharge cannot be specified on the basis of these

studies. Because of the possible contamination of ali these samples by
small amounts of CO 2 from the modern reservoir, calculated PMC values

196



.2 .......... ( .... -- I ' ' ( "

H.Oe

.3- ®,No. ' 1" "_
]95%OONFIDIINOELIMITg,

H.Sa (_ I FIEPLlaATE /

-4 - /_ Rus'rLeR/SALAO0 _ |i "

WIPP417OULEBRAII WlPP.=o HH
_ WIPP.,, RUSTLER/SALADO

-S " _ ' (_)W,,,.2, oULen,A -

(_) H.4B WIPP.26RUSTLER/SALADO

-7 - _ ATMOBPHERIO WIPP.26OULEBRA(_ (_OO2

"8 --

(_ H.eC

' ' -9 , I I/_.WIPP.27 MAGENTAIi ,i -- --
%;/

0 100 200 300 400

IHO03"Img/l

Figure 4,3.16: Relationship between 13C fractionation and bicarbonate for

analyzed fluids, Figure 4 of Lambert (1987a),

197



i00 ' " ' I 'i ' CO:eDERIVEDFROM 'i' I ' '' '" I ' ' ' I " " '-

L. MODERN ORQANIC, ¢j •
...... -" " _ WlPP._O

.... _ RUSTLER/RALADO
wmp._7 _

_' MAGENT(AO_O_ ,
', WIPP*25 _ WIPP-Rg

WIPP'26 _,,ee_ ,WlPP.29 CULEBRA
g6o/oCONFIDENCELIMITS.

1 REPLICATE MAGENTA _ " WIPP.28

CI RF.1OA RUBTLER/BALADOo 40
I

' WIPP.,, ('_ WIPP R,

! CULEBRAWLE;RA

20 ' -----,, H.6Ce _
r- ........... _"-oc-I •I ;
IPLEISTOCENE, OL.ERORGANICS

0 ' ' I i 4 1 ' I ' ' ' I ' I I I J I a ,_'_U"'_'. I ' ' '
-2_ -20 -16 -12 -8 -4 0 4

_'_ -,r " J
613C (PDB)%o DISSOLVEDCARBON

FROM PERMIANMARINE
CARBONATEROCKS
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"dead" carbon resulting from interaction with Permian car-

bonates, ali samples may contain both CO2 derived from
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of CO2 derived from modern organics. Figure 9 of Lambert
(1987a).
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in the four Iow-PMC samples shown in Figure 4.3.17 must be upper

limits. Conversely, calculated ages or residence times for the fluids
must be lower limits.

Lambert (1987a) applied several different numerical models to the analyzed
groundwaters. The results, summarized in Table 4.15, indicate calculated

isolation times of the sampled waters from any significant component of

atmospherically derived carbon. The ages do not indicate that the fluids.

have been in their present location for the indicated time, simply that

they have been isolated from a near-surface environment for approximately
the time indicated. For the samples on which application of the models of

Tamers (1975), Pearson and Swarzenki (1974), Mook (1976), and Evans et al.

(1979) were generally successful, i.e., the four low-PMC samples (H-4

Culebra, H-6 Culebra, H-9 Culebra, and Pocket Dewey Lake), the results

indicate isolation times of between 10,600 and 25,700 years, depending on

both sample and model used. The different models used vary in the
correction mechanisms assumed to effect fluid interaction with the rock.

Lambert (1988) notes that it is not possible to reliably separate the

effects of natural isotope evolution from effects of contamination for any
data lying off the two-component mixing lines in Figure 4.3.17, i.e.,

within the three-component mixing triangle.

Because of the method it uses in correcting for equilibration between

groundwater and carbonates, and because it involves only a limited number

of empirically-derived inputs, Lambert (1987a) concludes that the model of

Evans et al. (1979) is the available model most applicable in the WIPP
environment. One conclusion arising from the presence of Permian marine

carbonates in the Rustler and use of the model of Evans et al. (1979) is

that any groundwater sample with greater then 50 PMC must either be con-

taminated, or must be assumed to have had very limited exposure to the

carbonates present. Application of the model of Evans et ai. (1979) to the

entire data set results in: a) calculated isolation times of 12,100 to

16,100 years for the four Iow-PMC samples identified in Figure 4.3.17; and

b) physically impossible negative model ages for ali samples on and near

the trend including modern organics in Figure 4.3.17, with the exception of

samples from H-5c (Culebra) and Engle (Culebra). These two samples yield
model ages of 714 and 2,410 years, respectively, but lie within the three-

component mixing triangle shown in Figure 4.3.17.

Based on radiocarbon studies, Lambert (1987a) concludes that:

i. The four interpretable radiocarbon ages on Rustler and Dewey Lake

fluids, i.e., those calculated on minimally contaminated samples using

the model of Evans et al. (1979), indicate that some Culebra and Dewey

Lake fluids present in the vicinity of the WIPP site were isolated from

atmospheric radiocarbon at least 12,000 to 16,000 years ago. The

relatively tight cluster of ages may suggest some type of recharge

episode, rather than a gradient resulting from continuous recharge.

2. Because of there being no consistent directional age gradient in

calculated ages in such old groundwaters, the radiocarbon technique

provides no information, concerning directions or rates of fluid flow

within either the Rustler Formation or the Dewey Lake Red Beds in

applications to date on WIPP groundwaters.
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Table 4.15' Results of application of different interpretative models to

available radiocarbon analyses, including corrections
involving dolomite. Part of Table 4 of Lambert (1987a).

Tamers Pearson and Mook Evans et al.

Locality PMC 613C (1975) Swarzenki (1974) (1976). (1979)

H-4 4.82 -6.7 19300 17300 12000 16100

H-6 9.7 -8.4 13600 12600 10600 12100

H-9 2.22 -2.4 25700 20200 indet. 14900

Pocket 3.67 -3.8 21600 17400 indet. 14000

3. To date, most radiocarbon measurements on Rustler fluids collected

in hydrologic drillholes are invalidated by unknown amounts and types

of organic contamination occurring during and after drilling. Most
fluids have a carbon-isotopic signature apparently reflecting nonre-

solvable three-component mixing among inorganic carbon, organic carbon

from a past period of surficial recharge, and modern organic contamina-

tion introduced during dr111ing. All samples collected may be contami-

nated at some level; therefore, most calculated groundwater ages are
lower limits.

4. Application of several models to calculate radiocarbon ages indi-

cates that the best useable model is that of Evans et al. (1979), which

accounts for both congruent dissolution of carbonates and possible con-

tinuing exhange of radiocarbon between the diluted groundwater solution

and the surrounding country rock.

While the radiocarbon studies described by Lambert (1987a; 1988) were

partially successful and indicate lower-limit isolation times for sampled

fluids at four specific locations, extrapolation of the results must be

done carefully. The results do not' a) mean that the sampled fluids have

been in residence at the sampling sites for the indicated lengths of time;

b) provide any information about where major recharge occurred when it did
take piace: or c) rule out small but indeterminate amounts of modern

vertical recharge to the Rustler and Dewey Lake at the WIPP site. The

available radiocarbon data can be interpreted consistently to mean that

_steady-state" recharge of the Rustler and Dewey Lake is an actively
ongoing process only at locations removed from the WIPP site, and that flow

times from the point(s) of recharge to the sample localities are at least

12,000 to 16,000 years. However, the results mean that surficial recharge

at the WIPP site, if significant at some time in the past, effectively

stopped at the sampled localities at least 12,000 to 16,000 years ago. Two

of the sampling localities, H-4 and H-6 lie close to and on nearly opposite
sides of WIPP Zone 3.
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Lambert (1987a) also concludes that measured 36CI and tritium contents on

O minimally contaminated Rustler fluids at and near the WIPP site cannot be
discriminated from background values. Because of the high chlorine
background in fluids that have been in contact with halite present in the

Rustler and/or in surficial deposits in southeast New Mexico, no measurable

36CI was detected. No tritium content greater than 0,2 tritium units (TU)

was found in any fluid that was demonstrably minimally contaminated, in

contrast to a reasonable "background" level of 3 - 7 TU, The highest
measured tritium content in Culebra water is 6.9 TU from WIPP-27 (Lambert,

1987a). However (Section 4.3.1.1) the Culebra at WIPP-27 is interpreted to

be contaminated by potash-refining operations, on the ground of major-

solute chemistry. Therefore, Lambert (1987a) concludes that there is no

advantage in pursuing either technique further in the Rustler Formation at
the WIPP site.

4.3.4 Uranium-Disequilibrium Studies in the Culebra Dolomite

The radiocarbon studies summarized in Section 4.3.3 indicate that the

recharge age of groundwaters presently in the Culebra dolomite and part of

the Dewey Lake Red Beds at and near the WIPP site is at least 12,000 to

16,000 years. While these results indicate that, independent of flow path,

travel times from recharge to their present location are long, they

indicate nothing about the flow directions or distances involved. The

uranium-disequillbrium technique discussed in this section addresses some

questions which cannot be addressed by radiocarbon or stable-isotope

O techniques, such as apparent directions of fluid flow. The basicprinciples of the uranium-disequilibrium method are discussed in both

Lambert and Carter (1984) and Lambert and Carter (1987),

Interpretations of uranium-disequilibrium data can only be as reliable as

the number and quality of the samples from which the data are derived, and

are also limited by the applicability of the principles involved in the

interpretations. There are two specific constraints to interpretation of

uranium-disequilibrium data at and near the WIPP site. First, data east of

Nash Draw are extremely limited in number, since values are known at only
four locations, H-4, H-5, H-6, and WIPP-30. As a result, there is

considerable uncertainty in both contouring of results and inferred flow

directions east of Nash Draw. Second, as noted by Lambert and Carter

(1987), there is no known trace component of Rustler fluids which reliably

indicates whether or not any sampled groundwater i_ representative with

._ respect to either total uranium content or uranium-disequilibrium "activity
ratio" (A.R.). The activity ratio considered here is in terms of relative

decay rates of the 234U and 238U isotopes, not the ratio of chemical

activities. Two measurement trends have been noted which help evaluate the

extent of approach to steady-state fluid composition during serial sampling

and/or indicate the direction from which the sampled fluid may approach or

bound a representative state for groundwater at the sampling locality.

Uranium is a trace contaminant, at concentrations greater than normal for

evaporitic rocks, in drilling and sampling apparatus, especially casing.

Therefore, total uranium in the sampled fluid generally decreases with

increasing pumping rate and/or total pumping time (Lambert and Carter,

O 1984), the amount of contamination is reduced. Measured total uranium
as
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contents in Culebra waters should represent upper bounds. The measured

234U/238U activity ratio in sampled fluids generally increases with total

pumping volume and rate; i.e., with decreasing contamination from the

casing and/or sampling apparatus (Lambert and Carter, 1984). This is

presumably because the contamination present in sampling apparatus and

casing has an Activity Ratio (A.R.) very near 1.0. Any measured A.R. in a

sampled fluid should thus represent lower bounds.

As noted in Lambert and Carter (1987), interpretation of uranium-

disequilibrium studies involves additional assumptions. During recharge,

an initial A.R. equal to or not much greater than 1.0 (generally 1 - 3) is

assumed to be fixed at the edge of the oxidation zone. There are several

generalized sequences of behavior that can follow infiltration. The

conceptual and numerical model used is essentially that of Osmond and

Cowart (1976). The variability can be simplified by considering the

relationship between A.R. and total uranium in the analyzed fluid. Under

reducing conditions, the total uranium content of the fluids remains low,

and the A.R. normally increases along the direction of fluid flow. This

increase is a result of the preferential leachability of the 234Th

resulting from the alpha decay of 238U within the country rock, relative to

the leachability of 238U (Lambert and Carter, 1984; 1987). Thus, the

combination of low total uranium content and elevated A.R. is interpreted

to reflect flow along a flow path under relatively reducing conditions or

locally "stagnant" flow Conditions, both occurring on a time scale for

which the technique ' is applicable, approximately 2,000,000 years (Lambert

and Carter, 1984). In contrast, a measured groundwater A.R. near 1.0 is

taken to indicate one of three things: I) approach to secular equilibrium

after a lengthy period of radioactive decay; 2) sampling of fluids soon

after recharge; and/or 3) possible "swamping" of a higher A.R. by

dissolution of rock uranium having an A.R. very near 1.0. A strong

correlation of increasing total uranium content of sampled fluids with

decreasing fluid A.R. along an inferred flow path favors the third

interpretation. This can only occur under relatively oxidizing conditions

under which the congruent solubility of uranium is enhanced.

The available data for the 234U/238U A.R.s in Culebra fluids at and near

the WIPP site are summarized in Figure 4.3.18. The figure shows a general
eastward or southeastward increase in A.R.s east of Nash Draw. Contour

lines shown in Figure 4.3.18 are based on the assumption that varia_ Lons in

A.R. are approximately linear between data points. From the resulting

contours, it was inferred by Lambert and Carter (1987) that the most likely

region of recharge for Culebra groundwaters is in or near the upturned edge

of the Rustler units within Nash Draw. This interpretation reflects a

major easterly or southeasterly component of flow from a recharge region

within Nash Draw, assuming that high A.R.s such as measured in the WIPP

site area at H-4, WIPP-30, and H-5 are generated by downgradient flow under

relatively reducing conditions.

The flow directions implied by the contouring in Figure 4.3.18 are not

unique, because of both the limited data east of Nash Draw and uncertain

relationships between flow directions and directions in which A.R.s

increase. All that is certain is that, unless no reaction is taking place,

fluid flow must be at some angle to the lines of constant A.R., but need
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Figure A.3.18" 234U/238U activity ratios in analyzed Culebra fluids.
Figure 3 of Lambert and Carter (1987).
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not be perpendicular to these lines. By analogy, groundwater flow in a

fractured or anisotropic medium need not be perpendicular to potentlometric

contours. If fluid flow is assumed to be perpendicular I to the A.R.

contours in Figure 4.3.18, flow is required to have taken place from

regions of (present) high permeability in Nash Draw towards regions of

(present) low permeabillty'east of Nash Draw, such as the vicinity of H-5.

In addition, there is considerable freedom in the contouring of A.R. values

themselves. An indication of this is shown in Figure 4.3.19. In the

interpretation shown in Figure 4.3.19, the assumption of roughly linear

variation in A.R. between data points is relaxed, and contours are rotated

into a more north-south position. Under this interpretation, since the

flow direction must be inclined to A.R. contours, the present A.R.
distribution would be consistent with flow towards the south or southeast

following recharge, i.e., at a lower angle to both the axis of Nash Draw

and the very loose regional zonatlon of permeability within the Culebra

(Section 4.1) than implied in Figure 4.3.18. However, flow towards the
axis of Nash Draw is not consistent with the data.

While the uranlum-dlsequillbrlum method is not always capable of

identifying the recharge area, it is capable, unlike radiocarbon applied to

Rustler groundwaters, of estimating flow directions following recharge.

The higher-permeability areas within the Rustler Formation in Nash Draw

seem a more likely paleorecharge area than either the surface of the WIPP

site area or the low-permeability areas east of WIPP-30. Therefore, flow

within the Culebra following recharge probably had at least some easterly

component.

Regardless of the estimated fluid-flow,directions following recharge, the

flow times estimated for the buildup to measured A.R.s east of Nash Draw

depend on both the measured or assumed original uranium content of the host

rock and the measured or assumed total uranium content of the groundwater

fluid immediately after recharge. This buildup is a result of a combina-

tion of differential leachability of 234Th and 238U under reducing condi-

tions and radioactive decay. In general, estimated flow times towards a

measured high A.R. are inversely proportional to the initial uranium

content of the groundwater and proportional to the estimated uranium

content of the country rock. For example, Lambert and Carter (1987) found

it impossible to generate calculated A.R.s greater than 3.4 using the mean

present-day U concentration in Culebra core (0 9 x lO'61_)v - and the lowestmeasured U concentration in Culebra fluid (0.134 x g/g) as input.

They interpret this inability to indicate that: (a) the present uranium

concentration of the available Culebra core samples is probably not

representative of the rock controlling A.R. buildup; and (b) the lowest

measured uranium concentration in the fluid phase has been increased by at

least some congruent dissolution.

Lambert and Carter (1987) estimated flow times to H-5, assuming that the

original U content of Culebra fluids was the same as the lower value

measured in fluid from the Rustler/Salado contact in hole WIPP-30 (0.024 x

10 -9 g/g). Calculated travel times are approximately 550,000 and 30,000

years, for an assumed low-uranium and high-uranium Culebra matrix,

respectively. The low-uranium matrix was taken as the average value

204



Figure 4.3.19' Contours of 234U/238U activity ratios in analyzed fluids,

relaxing constraint of linear variation between data

points. Modified from Figure 3 of Lambert and Carter
(1987).
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measured on core (0.9 x 10 -6 g/g), and the hlgh-uranium matrix (9,0 x

10-6 g/g) was assumed, The assumed value is similar to that measured in a

silty zone found within a Permian limestone in Carlsbad Caverns, In the

WIPP site area, local high U contents within Culebra are supported by a

known (but uncored) occurrence of a silty zone in hole P-15, indicated by

geophysical logging to be rich in (uranium + thorium + potassium), A final

A.R.-evolutlon path, assuming the initial uranium content in the fluid was

the same as that measured in Carlsbad rain, 0.01 x 10 -9 g/g, yields

estimated flow times to H-5 of 140,000 and 12,000 years, respectively for

the low-uranium and hlgh-uranium Culebra matrices.

Thus, the minimum estimated times required for ingrowth of 234U to give the

measured high A,R.s at H-5, assuming a uranium-rlch Culebra matrix, are

qualitatively consistent with the estimated minimum recharge ages based on

radiocarbon studies reported in Lambert (1987a), Analyzed Culebra core has

a lower uranium content than assumed in these calculations. Therefore,

flow times from the position of recharge to H-5 were almost certainly much

greater, The measured A.R, of greater than II.0 at H-5 is inconsistent

with any significant modern recharge in this area. A minimum flow time of

'at least several thousand years is required under reducing conditions to

generate such an A.R., regardless of assumptions concerning initial fluid

and rock-matrix properties, location of recharge, and directions of fluid
flow.

The ingrowth of A,R.s cannot b@ considered independently of the total

dissolved uranium in the fluid phase. Figure 4.3.20 indicates a westerly

or northwesterly increase in the amount of uranium in Culebra waters, from

the WIPP site towards Nash Draw. Although there is uncertainty in the

contouring of total uranium contents, the general direction of increase

correlates with a general decrease in A.R. in a similar direction (Figure

4,3.18 or 4.3.19).

It is difficult to explain how any easterly flow of oxidized fluids

involved in significant evaporite dissolution could maintain both high

A.R.s and low total uranium contents measured east of Nash Draw, as would

be required by any interpretation involving steady-state flow directions

consistent with A.R. contouring in either Figure 4.3.18 or 4.3.19. During

such flow, uranium would have to be precipitated within the Culebra

dolomite. No evidence for elevated uranium concentrations has been found

within the Culebra, except in hole P-15; the P-15 occurrence may in fact be
a detrital accumulation. Measured uranium contents of bulk Culebra core

are too low to account for the measured A.R.s.

A logical explanation of the combination of measured A.R.s and total

uranium contents of Culebra groundwaters at and near the WIPP site involves

a change of flow directions, after development or ingrowth of the elevatFi

A.R.s measured east of Nash Draw (Lambert and Carter, 1987). In this

interpretation, an early flow system with at least some component of

easterly flow under reducing conditions, would later be changed, resulting

in some component of westerly flow. The magnitude of the required change

in flow directions within the Culebra is not well defined at present.

Combination of the contours in Figure 4.3.19 and 4.3.20 requires something

like a 60-degree change, assuming recharge occurred in the northern part of
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Figure 4,3.20' Total dissolved uranium content of analyzed fluids. Figure

2 of Lambert and Carter (1987),
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Nash Draw, Combination of the contours in Figure 4.3,18 and Figure 4.3,20,

assuming recharge within the main part of Nash Draw, implies a more marked
"reversal" of flow directions,

Because of the general westward increase in total uranium in the Culebra

groundwaters, the process resulting in a change in flow directions within
the Culebra must include a general westward increase in oxidation

potential, with resulting increase in uranium solubility, The mechanism
for such an increase in oxidation potential, while not well defined at

present, would presumably be related to the continuing exhumation of the
Rustler Formation within Nash Draw (Lambert and Carter, 1987), Consistent

with this interpretation, the redox measurements discussed in Section

4,3.1,4 generally indicate more oxidlzing conditions within the Culebra
south of the WIPP site and.within at'least part of Nash Draw than at the
WIPP site.

Regardless of the detailed interpretation of transient flow directions

within the Culebra, the uranium-disequilibrium studies of Lambert and

Carter (1987) place strong constraints on some aspects of Culebra hydrology
at and near the WIPP, These include the three constraints that:

i. Culebra fluid residence times at or flow times to sampling

localities east of Nash Draw (H-4, H-5, H-6, and WIPP-30) are at least

several thousand years. The shortest calculated residence or flow

times are consistent with minimum groundwater isolation times estimated

in radiocarbon studies (Section 4.3,3).

2. Regardless of the high Culebra head potentials in the area (Figure

4.1.23), no signi'ficant recharge is occurring in the vicinity of H-5.

This conclusion _s indicated by the high A.R. and low total fluid
uranium in this area.

3. A significant amount of evaporite dissolution, under relatively

oxidizing conditions appears to have taken piace in and near Nash Draw,

as indicated by the relatively high dissolved uranium contents in this
area.

4.4 Recent Studies Addressing Near-Surface Geology and Hydrology at and
near the WIPP Site

Considerable emphasis since 1983 has been given to evaluation of near-

surface processes at the WIPP site. The primary objective of this effort

has been evaluation of the potential, for evaporite dissolution within the

Rustler Formation. Regardless of conclusions concerning evaporlte

dissolution within the Ru_tler, studies of near-surface processes and

stratigraphy at the WIPP demonstrate the transient nature of the climate

and near-surface hydrologic setting in southeastern New Mexico. Section

4.4.1' summarizes recent s_udies of the near-surface stratigraphy and

general geologic and hydrologic setting of southeastern New Mexico.

Section 4.4.2 briefly summarizes recent studies concerning the extent of

rock/water interactions and evaporlte dissolution within the Rustler
Formation.
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4,4,1 Recent _tud_es of Nea_,S_rfa_e St_ti_Navhy ,or and near the _!PP

Recent studies of the near-surface stratigraphy at and near the WIPP site

summarized in Baohman (1985) were conducted as part of the evaluation of

possible near-surface evaporite dissolution, The present distribution of

the Gatuna Formation at and near the WIPP site is shown in Figure 4,4,1,

An ash bed relatively high in the Gatuna is between 500,000 and 600,000
years in age (Bachman, 1980), Since the Gatuna is overlain by the

Mescalero caliche, which began to form approximately 500,000 years ago
(Bachman, 1980), Bachman (1985) concludes that the Gatuna is ", . . at

least as old as Middle Pleistocene and may contain some much older

deposits." While preparing the isopachs shown in Figure 4,4.1, Bachman

determined that the Gatuna along Livingston Ridge, on the east side of Nash

Draw (Figure i.i), contains cross-bedded channel deposits and conglomerates

deposited by westward-flowlng streams, The Bachman (1985) interpretation

of the probable courses of streams at and near the WIPP site during Gatuna

time is shown in Figure 4,4.2. Areas near the WIPP site presently overlain

by Gatuna gravels were occupied approximately 600,000 years ago by

moderate-energy Stream channels. Based on comparison of the isopach maps

for the Gatuna (Figure 4,4.1), Triassic rocks (Figure 4,4,3), and the Dewey

Lake Red Beds (Figure 4,4,4), Bachman (1985) concludes that the Gatuna

streams flowed across and eroded both Triassic and Dewey Lake Red Beds

strata. In contrast, the present climate and surface-hydrologic setting at

the WIPP site does not support any moderate-energy streams.

The Mescalero caliche, which overlies the Gatuna, is interpreted by Bachman

(1985) as reflecting a slow process of soil formation on a stable

geomorphic surface, The caliche is well-developed, and, in locations where

the ". , . laminar horizon and the dense plugged horizons within the
" contributes to " . rapid runoff and even tocallche are at the surface, . .

flooding during periods of heavy rainfall" (Bachman, 1985). Radiometric

measurements indicate that the basal and upper portions of the Mescalero

caliche began to form approximately 510,000 and 410,000 years ago;
respectively (Bachman, 1980), The Mescalero surface on which the Mescalero

caliche formed, encompasses the Livingston Ridge surface at and near the

WIPP site (Figure I.I). The widespread occurrence of the Mescalero caliche

indicates relative structural stability of the Livingston Ridge surface
over at least the last 400,000 years,

The Berino soil, a locally distributed paleosol up to approximately I m
thick, is interpreted by Bachman (1985) as a remnant soil sequence that

originally included the older Mescaiero caliche. Local survival of the

Berino, which began to form approximately 350,000 years ago, is interpreted

to require ". , . a long period of tectonic and geomorphic stability within

a limited climatic regime" (Bachman, 1985),

There is widespread evidence that the hydrologic setting of the vicinity of

the WIPP site has changed at least once over the last 600,000 years. The

Gatuna Formation, including moderate-energy stream gravels and conglomer-

ates, was deposited at least 600,000 years ago in a setting which included

actively eroding streams. Since approximately 350,000 years ago, the

Livingston Ridge surface developed on the Mescalero caliche has remained
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Figure 4,4.2: Probable distribution of stream channels and flow directions,

at and near the WIPP site during Gatuna time. Figure ii of

Baehman (1985). The present distribution of the Gatuna For-

mation is indicated by the stippled pattern,
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'Figure 4,4,3: Distribution and thickness of Triassic rocks at and near the

WIPP site. Figure 5 of Bachman (1985).
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relatively stable; i.e., stable enough for local survival of the thin,

350,O00-year-old Berino soil. The time scale of the climatic change
between the Gatuna and Mescalero, however, is more than an order of magni-

tude greater than most groundwater residence, flow, and/or recharge times
discussed in Section 4.3.

There is, however, evidence of local surface-water activity near the WIPP

site, ending some 25,000 years ago (Bachman, 1980; 1985). This evidence

consists of gypsite (calcium sulfate) spring deposits along the east side

of Nash Draw. The fact that these springs are no longer active is

interpreted by Bachman (1985) to indicate that ". . . the groundwater

regime originally responsible for dissolving underground beds of gypsum and

depositing spring deposits is no longer active." Bachman (1985) interprets

the spring activity as ". . . part of a paleokarst system resulting from a

much different [wetter] climatic regime" than the present regime in
southeastern New Mexico. ,

; i

There is limited evidence of regional climatic variability in southeastern

New Mexico on approximately the same time scale as the gypsite springs in

Nash Draw. As noted by Lambert (1987a), ". . . additional evidence for [a]

wetter local climate is given by VanDevender (1980). From studying packrat

middens in Rocky Arroyo, northwest of Carlsbad, New Mexico (about 35 miles

northwest of the [present] study area . . . he determined that a juniper-

oak community was present in the early Holocene (10,500 to I0,000

radiocarbon years ago), where now desert scrub communities exist." The

presence of these middens is taken by Lambert and Harvey (1987) to indicate

that ". . . in the immediate vicinity of the Delaware Basin, a wetter cli-

mate prevailed more than I0,900 years ago; the present desert scrub-plant

communities have been stable in the last 4,000 years." Unfortunately, the

data presented by VanDevender (1980) provide no information concerning

variations in the climate in the area between approximately I0,000 and
4,000 years ago.

There is strong evidence for both climatic and hydrologic changes having

occurred since at least 600,000 years ago in the vicinity of the WIPP site,

and limited evidence for a "wetter" climate than present approximately

i0,000 years ago. Unfortunately, there are broad time gaps in the regional
information that is available. For example, no deposits are known at or

near the WIPP site that are intermediate in age between the Berino soil and

the gypsite springs in Nash Draw (Lambert, 1988).

The stratigraphic and paleoclimatic studies discussed in this section are

not alone in indicating a transient hydrologic setting for the WIPP site

and vicinity. Fluid-density and flow-time relations discussed in Sections

4.1.3.1 and 4.1.3.2, as well as hydrochemical facies discussed in Section

4.3.1 are ali inconsistent with steady-state confined flow. The isotopic
studies discussed in Sections 4.3.2, 4.3.3, and 4.3.4 indicate a transient

hydrologic setting for the Rustler. The time scale of transience is

generally consistent to within less than an order of magnitude with the

time scale of the climatic change indicated by the gypsite springs in Nash

Draw (Bachman, 1980; 1985) and the packrat-midden studies of Van Devender
(1980).
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4.4.2 Recent Studies of Evaporite Dissolution and/or Vertical Fluid

Movement within the Rustler and Younger Formations

4.4.2.1 General GeoloEic Studies--As mentioned above, the Mescalero--

caliche is relatively continuous at and near the WIPP site. Where

continuous, it plays a major role in limiting modern infiltration of

precipitation As noted by Bachman (1973), however, the unit is not

completely continuous, since it is locally pierced by conical structures,

roughly i m or less in diameter, resulting from localized caliche

dissolution by humic acid released by plant roots. The structures

generally do not completely penetrate the caliche (Bachman, 1973). Where

these structures do completely penetrate, local infiltration through the

Mescalero caliche may occur, at least to the depth of plant roots. The

widespread presence of the Mescalero caliche on the Livingston Ridge

surface must be taken to indicate structural stability of the surface, not

to indicate the impossibility of localized infiltration. The widespread

preservation of the caliche does indicate that not enough infiltration on a

regional scale has taken piace since its formation to result in its
wholesale dissolution.

As discussed in Section 4.1.1 and 4.1.3, the measured head relations and

relative transmissivities of members of the Rustler indicate only limited
vertical fluid flow within the Rustler Formation. While there is limited

vertical movement, stratabound or confined flow within the Culebra dolomite

dominates the hydrology of the Rustler Formation at and near the WIPP site.
If, however, vertical flow were to extend from the surface to the Rustler,

through both the Mescalero caliche and the Dewey Lake Red Beds, the

hydrologic setting of the Rustler Formation at and near the WIPP site might

be "karstic." In such a system, vertical fluid movement both from the

surface to the Rustler and within the Rustler might result in formation of

solution channels or cavities. If karstic hydrology dominated within the

Rustler at and near the WIPP site, transport rates to the accessible

environment would be significantly increased (e.g., Chaturvedi and

Channell, 1985). The presence of karstic cavities within the Rustler at

the WIPP site has been proposed by Barrows et al. (1983) to explain

.... apparent gravity patterns in the vicinity of holes WIPP-14 and WIPP-34

(Figure 4.4.1). Two additional structures have been interpreted by some to

indicate the extension of the evaporite-karst behavior within Nash Draw

over the WIPP site itself (see Neill et ai., 1983). The first, a

depression and related breach of the Mescalero caliche at hole WIPP-33, is

interpreted (e.g., Bachman, 1985) as having originated by downward

infiltration from the surface to sulfatic portions of the Forty-niner and

Tamarisk Members of the Rustler in_ediately above and below the Magenta

dolomite. The second is a relatively large but shallow depression in the

SWI/4, SWI/4, Sec.29, T22S, R31E (see Figure 3.2 for general location),

examined directly by Bachman. Bachman (1985) concludes that this structure
is a result of wind erosion.

One approach used in arguing in favor of karstic hydrology in the Rustler

at and near the WIPP (e.g., Barrows, 1982) i_ based on the assumption of an
idealized water budget or water balance, independent of the presence or

absence of specific structures indicating infiltration of surface recharge

to the required depths. In such an approach, values of variables such as
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infiltration, precipitation, and evapotranspiration are assumed to be known

with high precision and accuracy. Any excess of estimated precipitation

over estimated evapotranspiration is then attributed to vertical recharge

from the surface to the Rustler, i.e., to karstic hydrology. As shown by

Hunter (1985), however, the uncertainties in precipitation, infiltration,

evapotranspiratlon and Rustler-discharge data at and near the WIPP site are

so large that water-budget techniques cannot be used either to determine

the amount of recharge or to determine that recharge is occurring. The

detailed water budget described by Hunter (1985) is, in fact, not

inconsistent with the conclusion (Sections 4.3.2, 4.3.3, 4.3.4) that no

recharge is now occurring at and near the WIPP site. The evaluation of the

potential for karst hydrology within the Rustler at and near the WIPP site

must be by means of hydrologic and geochemical studies (see Sections 4.1,

4.3, and 4.4.2), rather than by an idealized water budget. The recent

hydrologic and isotopic studies discussed in Sections 4.1, 4.3, and 4.4.2

place serious constraints on the plausibility of karstlc recharge presently

being active at the WIPP site.

If surface waters are to infiltrate to the level of the Rustler Formation,

they must penetrate the Dewey Lake, after having penetrated both surficial

sands and the Mescalero caliche. The presence of local structures

penetrating the Mescalero indicates that localized infiltration is

possible, although these structures generally do not completely penetrate

the caliche and contain secondary laminar deposits resulting from

infilling. Extensive studies of local surface depressions at and near the

WIPP site led Bachman (1985) to conclude that:

I. Breaches of the Mescalero significantly larger than those

represented by the structures resulting from dissolution by humic acid

are required for more than extremely localized infiltration, i.e., for

development of karstic structures or hydrology in underlying units.

The Mescalero caliche continues underneath the depression in the SW1/4,

SW1/4, Sec.29, T22S, R31E examined at the specific request of the New

Mexico Environmental Evaluation Group (Neill et al., 1983). Therefore,

Bachman (1985) concludes that the depression is a surface structure

resulting from wind erosion.

2. The relatively large breach of the Mescalero beneath the surficial

depression examined by drilling of hole WIPP-33 (Figure 4.4.1) in 1979

(Snyder and McIntyre, 1981) is a result of infiltration, but is unique

at and near the WIPP site. The vicinity of WIPP-33 is the only region
near the WIPP site in which vertical infiltration from the surface to

the Rustler and resulting development of karstic hydrology and
structures in the Rustler is reasonable.

Bachman (1985) does suggest that the gypsite springs along the east side of

Nash Draw are the result of removal of anhydrlte/gypsum from within the

Rustler and development of a local flow system connecting WIPP-33 with the

eastern side of Nash Draw. Either cavernous porosity or very soft clay-

rich debris was encountered in Forty-niner and Tamarisk anhydrites directly

above and below the Magenta dolomite in WIPP-33, but not in either the

Magenta or Culebra dolomites. The depth of burial of the Forty-niner

anhydrite in WIPP-33 is approximately 120 m.
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The apparent WIPP-33 structure within the Rustler is consistent with

interpretations that:

1 Rustler dolomites are nearly the last rock type to be significantly

affected by evaporite dissolution (Snyder, 1985).

2. Because of the relative mechanical weakness of gypsum, the

_'' maintenance of open karstic structures within gypsum is possible only

at relatively shallow depths. Bachman (1987) examines the regional

distribution and impact of the dissolution of anhydrite and gypsum at

relatively shallow depths. Certainly, sulfate dissolution has taken

and is taking place within the Rustler Formation in Nash Draw, as

evidenced by the continuing formation of small caves and sinkholes in

the gypsums/anhydrites of the Tamarisk and Forty-niner Members.

3. The only Rustler carbonate from a water-bearing zone in the region

to have recrystalllzed in response to input of meteoric water is at

WIPP-33 (Lambert, 1988),

There is no consensus concerning the amount of evaporite dissolution within

the Rustler east of Nash Draw. Two schools of thought exist. One

approach, most recently summarized by Snyder (1985) and Lowenstein (1987),

basically assumes an original laterally homogeneous halite distribution

within the Rustler. By this assumption, lateral variability within the

Rustler, especially the presence or absence of halite within the claystone

portions of the unnamed lower member, Tamarisk, and Forty-niner Members, is

due to halite dissolution. A simplified representation of halite

distribution within the Rustler is shown in Figure 1.5. A representative

Cross section showing the variations in thicknesses and lithologies of

individual members of the Rustler is shown in Figure 4.4.5.

As shown in Figure 4.4.5, the progressive east-to-west decrease in halite

in successively lower members of the Rustler is reflected largely in

decreasing thickness of the affected member. The thickness of the Culebra

and Magenta dolomites varies only slightly across the area of the WIPP

site. In fact:, as shown by changes in Rustler thickness between holes

WIPP-25 and BI2(-I (Figure 4.4.6), advanced stages of evaporite dissolution

within the Rue :lcr involve alteration/dlssolutlon of anhydrite and gypsum

rather than dolomites. The interpretations contained in Snyder (1985) and

Lowenstein (1987) maximize both the total amount of halite originally

present within the Rustler Formation and the amount of later dissolution.

The conclusion in the WIPP FEIS (1980) that evaporite dissolution within

the Rustler Formation was not of concern to the WIPP Project was based

largely on extrapolation of vertical dissolution rates required to generate

the depth of Nash Draw in the approximately 600,000 years since deposition

of the Gatuna Formation (Bachman, 1974).

In contrast, Holt and Powers (1984; 1987) conclude on the basis of

sedimentologlcal arguments and structures that many structures within the

Rustler Formation interpreted by authors such as Snyder (1985) and

Lowenstein (1987) as resulting from halite dissolution are a result of

primary depositional variability. By this interpretation, the amount of
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halite later removed from the Rustler by evaporlte dissolution is reduced,

Since extrapolation of the estimated rates of dissolution within Nash Draw

(Bachman, 1974) indicate that there is no need for concern at the WIPP site

over the next I0,000 years, the differing interpretations do not directly

affect the expected reliability of the WIPP facility. 'However, as

discussed in Beauhelm (1987b), primary depositional variability within the

Rustler weakens the present understanding of the correlation between halite

distribution within the Rustler, fracturing, and the transmissivity of the
Culebra dolomite,

The conclusion that some of the gypsum observed within the Rustler is

primary, rather than being due to alteration of preexisting anhydrite, is

part of the interpretation by Holt and Powers (1984; 1987). Thus, little

movement of water outside the Culebra or Magenta members might be required

to account for gypsum observed in the Forty-niner or Tamarisk Members. At

the other extreme, the assumption that infiltration from the surface to the

Rustler is presently operative at the WIPP site, i.e., that karstic

hydrology is important in the Rustler Formation east of Nash Draw or WIPP-

33, requires that alteration within the Rustler and overlying formations

involves surficial waters. At least localized flow through the anhydritic

portions of the Forty-niner and Tamarisk Members is required by this

assumption. Recent isotopic studies summarized by Lambert (1988) place

constraints on the extent to which waters and hydrated minerals within the

Rustler and Dewey Lake Red Beds reflect connate fluids, fluids resulting
from stratabound movement, and fluids involved in vertical infiltration.

4.4.2.2 IsQtoDic Studies--Figure 4.4.7 summarizes 87Sr/86Sr measurements

(Brookins and Lambert, 1988) on sulfates (anhydrites and gypsum) and car-

bonates from several evaporitic zones at the WIPP, as well as the Dewey

Lake Red Beds. The isotopic signatures of samples from both the Nasi Draw

gypsite springs and the Mescalero caliche (see Section 4.4.1) are inter-

preted to represent surficial components; i.e., high 87Sr/86Sr ra_ios

resulting from surficial weathering. At the other extreme, the markedly

different and internally homogeneous isotopic signature of the anhydrites

from throughout the Castile and Salado Formations is interpreted to imply

that there has been no distinguishable input of surficial components to

these rocks. Anhydrites and gypsums from the unnamed lower member,

Tamarisk, and Forty-niner indicate only a very limited input of surficial

material, presumably by solute transport by either vertical or stratabound
flow.

The Magenta dolomite, which is significantly less permeable than the

Culebra in most areas (see Section 4.1.1) is also more similar in 87Sr/86Sr

character to the surrounding anhydrites and gypsums than is the Culebra.

This implies, consistent with conclesions reached in Sections 4.1 and 4.3,

dominantly stratabound fluid flow within the Rustler, with the Culebra

dolomite being predominant. If the apparent surficial component of the

Culebra were a result of vertical infiltration, rather than stratabound

flow of originally surficial waters, the infiltration would be expected to

alter the overlying portions of the Rustler. Instead, there is much less

overlap between 87Sr/87Sr ratios measured in the Magenta, Tamarisk, and

0
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Forty-niner Members with those measured in the Dewey Lake Red Beds than

between the ratios measured in the Culebra and in the Dewey Lake.

Resu_ ontained in Figure 4,4.8 indicate further that the hydrologic

sy_-em , the Dewey Lake Red Beds is significantly distinct from that of
underlying units, With the exception of the Dewey Lake Red Beds, this

figure summarizes the 87Sr/86Sr relationships between coexisting mineral

pairs in evaporitlc host rocks and in gypsum and/or calcite veins in the

same unit, The question is whether these veins are locally derived, or

result from fluid movement over relatively long-distances, The matrix of

the Dewey Lake Red Beds, however, is made up of silicic siltstones and

sandstones, Therefore, carbonates and sulfates are rare in the matrix a%Ld

analyses of Dewey Lake matrix mats_rials are not included in Figure 4,4,8,

The gypsl_ veins within the Dewey Lake probably 'cannot be locally derived,

The strontium-isotopic character of the Dewey Lake gypsum veins (Figure
4,4,8) spans the range from surficial values represented by caliche and

spring deposits in Figure 4,4,7 to isotopic values from underlying units,

Since effectively none of the Dewey Lake veins can be locally derived, the

range in their isotopic character indicates varying degrees of mixing of
surficial waters and waters driven upward from the underlying evaporitic

zones, consistent with modern head relationships discussed in Section
4,1,1,

Without exception, the strontium-isotope characters of coexisting mineral

pairs from veins and host rock in units beneath the Dewey Lake are

statistically identical to each other (Figure 4.4.8), indicating that the

isotopic character of the vein material is controlled by that of the

accompanying host rock, and not by a pervasive hydrologic system

interconnected with veins in the Dewey Lake. This is even true for the one
sample pair from the Culebra. These results indicate that there is little

or no input of surficial materl,al transported by groundwater below the

Dewey Lake Red Beds, even into veins, Ali units below the Dewey Lake Red

Beds considered here are evaporitic, i,e., they contain significant

carbonates and/or sulfates in their matrix. Therefore, the local

derivation of vein carbonates or sulfates is internally consistent,

Figures 4,4.9 and 4,4,10 indicate some constraints in rock-water ratios

during gypsum crystallization or recrystallization in the Rustler and Dewey

Lake, The dashed lines in Figures 4,4.9 and 4,4.10 represent the ranges in
deuterium/hydrogen characteristics of Rustler water and modern surface-

meteoric waters identified by Lambert and Harvey (1987) and Lambert (1988),
At a sufficiently high rock/water ratio, i.e., when ali of the available

water is consumed in gypsum formation, for example during alteration of

preexisting anhydrite, the deuterium _haracteristics of the resulting
gyps_n water of crystallization are constrained to be the same as that of

the water added to the system. Therefore, the dashed fields in Figures

4.4.9 and 4,4,10 also represent the expected isotopic character of

secondary gypsums formed under conditions involving very high rock/water

ratios (Lambert, 1988). At equilibrium with a large excess of water, the

deuterium/hydrogen ratio in gypsum is approximately 20 parts per thousand

less than that of the coexisting water (Lambert, 1988), Therefore, the

fields outlined by solid lines in Figures 4.4,9 and 4.4.10 are decreased

from the fields outlined by dashed lines by 20 per mil and represent the
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expected hydrogen-isotopic character of gypsums crystallized in the

presenae of excess amounts of Rustler-type and modern surfaae-meteorio

waters, respectively,

The relationships shown in Figure 4,4,9 are consistent with crystallization

of all of the analyzed gypsums with varying amounts of Rustler-type water,

with the possible exception of vein material from the Dewey Lake in WIPP-

19, Formation of the Dewey Lake gypsum veins in WIPP-19 apparently
required infiltration of waters with the same isotopic character as those

interpreted by Lambert and Harvey (1987) to represent modern meteoric

precipitation, The character of the gypsum from WIPP-33 indicates

crystallization in the presence of a large excess of Rustier-type water,

but is not consistent with crystallization in the presence of any amount of

modern-type water (Figure 4,4,10), [If it is assumed that the Magenta

dolomite is more porous (permeable) than surrounding zones within the

Rustler at this location, the isotopic variations im the vein gypsums from

hole WIPP-34 are consistent with gypsum crystallization under varying

ratios of rock to Rustler-type water,] The isotopic relationships (Figure

4,4,9) are co_sistent with crystallization of gypsums within the unnamed

lower and Forty-niner members in response to vertical fluid flow upwards

and downwards from the Magenta, assuming increasing effective rock/water

ratio with increasing distance from the Magenta, This interpretation is

also consistent with modern Rustler head relationships shown in Figure
4,1,3.

_lile results sl_own in Figure 4.4.9 _re generally consistent with gypsum

crystallization in equilibrium with varying amounts of Rustler-type waters,
the results in Figure 4.4.10 indicate that this need not be the case for

all samples. In Figure 4,4,10, the dashed field represents expected gypsum

compositions for crystallization using modern surface-meteoric water, at a

very high rock/water ratio, the solid field crystallization in the presence

of greatly excess water. The hydrogen-isotopic relations indicate that it

is impossible to form the gypsum from the Forty-niner Member at WIPP-33
with modern surface-meteoric water, This conclusion is consistent with the

interpretations of Bachman (1980) that the gypsite springs in Nash Draw,

which he believes to be the discharge for the WIPP-33 structure, are not

presently active, The relations shown in Figure 4.4,10 also indicate that
it is not possible to form the gypsum from the Magenta dolomite in WIPP-34

with surface-meteoric waters. The internally consistent interpretation of

vertical variations in rock/water ratios within the Rustler Formation in

WIPP-34, evident in Figure 4,4,9, breaks down if surface-meteoric waters
are assumed to be involved.

The isotopic results summarized by Lambert (1988) indicate that there has

been significant involvement of surficial waters in formation of gypsum
veins within the Dewey Lake Red Beds. These same results indicate that the

hydrologic behavior of the Dewey Lake is largely distinct from that of the

underlying units and that there has been some upward movement of fluids

into the Dewey Lake from the underlying Rustler Formation, consistent with

the modern head relationships discussed in Section 4,1, Isotopic zelations

within secondary gypsums in the Rustler and Dewey Lake are somewhat

ambiguous, In many cases, a given gypsum may have crystallized in

equilibrium with either Rustler-type or modern surficial-meteoric waters,

226



depending onthe rock/water ratio that is assumed to have been effective at

the time of crystallization. The isotopic variability of gypsums from hole
WIPP-34 is, however, best explained by local vertical movement of Rustler-

type waters out of the Magenta dolomite, without the vertical karst channel

system proposed for this locality by Barrows et al. (1983). lt appears

impossible to have crystallized secondary gypsum veins from the Dewey Lake
at hole WIPP-19 without input of modern surface-meteorlc waters. At WIPP-

33, where the best physical evidence exists for vertical fluid movement
from the surface downwards to the Rustler at depth, the isotopic character

of analyzed vein gypsum from the Forty-niner indicates that this movement

and related gypsum crystallization does not involve modern surface-meteoric

water, i.e., that the WIPP-33 structure is essentially no longer active.
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5.0 SUMMARY OF WIPP SITE-CHARACTERIZATION ACTIVITIES, 1983 THROUGH 1987

This section summarizes the present understanding of major aspects of WIPP

site characterization, including some effort to place the WIPP facility in

a regional hydrologic, structural, and geochemical prespective. A general

conceptual model for the geologic behavior of the WIPP site and facility

vicinity is presented in Section 5.1. Later sections describe more

specific inclusions and briefly discuss remaining uncertainties or
limitations. It must not be assumed either that any uncertainty discussed

is significant to performance of the WIPP facility, or that any given
uncertainty could be significantly reduced by further work. It is

ultimately the role of the WIPP performance-assessment activity to
determine which uncertainties are expected to be significant in evaluation

of the short-term and long-term performance of the WIPP facility. The

effort here is to provide as complete a conceptual model as possible for
these decisions.

5.1 General Conceptual Model for the Geologic Behavior of the WIPP Site

and Facility

The overall geologic and hydrologic setting of the WIPP site area has been

transient (not steady-state) since before the beginning of deposition of

the Bell Canyon Formation, approximately 250 million years ago, and will

continue to be transient long after effective closure of the WIPP facility.

Some events, such as crystallization of secondary minerals within the

Salado Formation approximately 200 million years ago and formation of the
Mescalero caliche 400,000 to 500,000 years ago, have taken piace on a very

long time scale relative to WIPP performance assessment, which must

consider only a 10,O00-year time frame. Two types of transient response

have occurred or are occurring at and near the WIPP site within the 10,O00-

year time frame of regulatory interest. These are: a) the continuing

natural response of the geologic and hydrologic systems to the end of the

last pluvial period (period of decreased temperatures and increased

precipitation) in southeast New Mexico; and b) the continuing responses to

, hydrologic, geochemical, and structural transients resulting from WIPP site

characterization and facility construction. The transient responses

induced by the presence of the WIPP underground workings will continue

until reequilibration following effective structural and hydrologic closure

of the facility.

The Bell Canyon Formation, consisting largely of shales, siltstones, and

sandstones, contains the first relatively continuous water-bearing zone

beneath the WIPP facility. In some parts of the northern Delaware Basin,

the unit contains permeable channel sandstones that are targets for

hydrocarbon exploration. Recent studies suggest that the upper Bell Canyon

at tl,e WIPP site does not contain any major channel sandstone. This

decreases the probability of the Bell Canyon serving as a source of fluids

for dissolution of overlying evaporites at the WIPP. These same studies

indicate that the final direction of fluid flow following interconnecticn

of the Bell Canyon, Salado, and Rustler Formations within a drillhole would

be downward into the Bell Canyon, after accounting for density increases in
the fluids due to dissolution of halite within the Salado. lt is assumed

228



here that the measured hydrologic characteristics of the Bell Canyou

Formation are more significant to WIPP performance assessment than those of

underlying units. The head distribution within the upper Bell Canyon near
the WIPP site indicates flow towards the northeast.

Both regional studies and studies within the WIPP facility indicate that
the Castile and Salado Formations, both of which are made up predominantly

of layered anhydrites and halites, should be considered as low-permeability

units that deform regionally in response to gravity. In general,

permeabilities and fluid-flo_ rates in both units are very low and

insensitive to stratigraphy. Formation permeabilities in the Castile and

Salado Formations remote from the WIPP excavations are generally 0.I

microdarcy or less, and the regional water content of Salado halites is up

to 2 weight percent. Exceptions include local brine occurrences in Castile

anhydrites and gas occurrences in the Salado Formation, both of which are

fracture-controlled, can be large in volume, and can be under pressures

high enough to cause fluid flow to ithe surface. No major gas occurrence
within the Salado Formation has been encountered at the WIPP site. In

fact, where it has been possible ito measure far-field brine pressures

within the Salado, the pressures, !permeabilities, and available brine

volumes combine to indicate the potential for only very limited fluid flow

upwards into the overlying Rustler Formation. lt is not certain that the
Castile and Salado Formations are hydrologically saturated regionally.

Pressurized Castile brines, have been encountered in Castile anhydrite in

hole WIPP-12, approximately 1.5 km north of the center of the WIPP site.

Geophysical studies indicate that Castile brines probably are present

beneath a portion of the WIPP waste-emplacement panels, consistent with

earlier assumptions. These brines are stratigraphically 200 m or more

below the WIPP facility horizon and are not of concern except in the case

of human-intrusion breach of the facility.

In the western part of the Delaware Basin, extensive halite dissolution has

apparently taken piace in both the Castile and Salado Formations. However,

much of the variability in structure and internal stratigraphic thicknesses
within the Castile and Salado Formations results from deformation and

original depositional variability, rather than from evaporite dissolution.

Regional or far-field deformation of the Castile and Salado Formations

involves pressure so].ution as a major mechanism, due to the presence of

intergranular fluids, but occurs too slowly to be of future concern to the

WIPP Project. Structures within hole DOE-2 result from deformation rather
than dissolution.

The hydrologic and structural characteristics of the Salado Formation in

the disturbed zone generated by the presence of the WIPP facility are

different than those in the far field. Formation permeability within a

couple of meters of the underground workings at the facility horizon

increases significantly. Near-field deformation of the Salado Formation
involves both the opening of preexisting fractures in anhydrite beneath the

facility horizon (Marker Bed 139) and generation of new fractures in

halite. Fluid contents in the disturbed zone at the facility horizon

decrease in response to facility ventilation and/or deformation. Within a

O few meters of the underground workings, both hydrologic and structural
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behavior of the Salado Formation become essentially those of the far field.

Brine seepage into the WIPP facility includes a significant transient

phase, which will probably last until effective facility closure. The g
results of preliminary hydrologic testing in the Salado Formation adjacent
to the WIPP air-intake shaft indicate extremely low permeabilities, with no

apparent stratigraphic variability. The results also indicate that

development of a disturbed zone around the WIPP shafts is less extensive

than at 'the facility horizon. The extent, characteristics, and importance

of the disturbed-rock zones around the WIPP shafts and at the facility
horizon remain to be determined in detail".

Where not extensively altered, the Rustler Formation should be considered

as a layered unit of anhydrites, siltstones, and halites, containing an

important and variably fractured carbonate unit, the Culebra dolomite. The

Culebra dolomite is the first continuous water-bearing unit above the WIPP

facility and, at the WIPP site, is at least an order of magnitude more

permeable than other members of the Rustler Formation, including the

Magenta dolomite. The transmissivities of Rustler anhydrites at the WIPP
site are too low to measure. As a result, the Culebra dominates fluid flow

within the Rustler Formation at the WIPP site and is the most significant

pathway to the accessible environment from the WIPP facility, except for

direct breach to the surface by human intrusion. The transmissivity of the

Culebra varies by approximately six orders of magnitude in the region

containing the WIPP site. The Culebra transmissivity in the central

portion of the site, including the locations of ali four WIPP shafts, is

low. Higher Culebra transmissivities are found in areas southeast and

northwest of the central part of the site. Fluid flow rates within the

Culebra are very low at the site center and in regions to the east, but

relatively high within Nash Draw. Modern flow in the Culebra is confined

and largely north-south in the area of the WIPP site.

Fluid flow and geochemistry within the Culebra dolomite and shallower units

are in continuing transient response to the marked decrease or cessation of

local recharge at approximately the end of the last pluvial period. Both

bulk chemistry a_d isotopic relations within Culebra fluids are

inconsistent with modern flow directions if steady-state confined flow is

assumed. Because of the relative head potentials within the Rustler

Formation at and near the WIPP site, there must be a small amount of

vertical fluid flow between its members, even though the permeabilities of

Rustler members other than the Culebra dolomite are quite low. Where

measured successfully, the modern head potentials within the Rustler

prevent fluid flow from the surface downward into the Rustler carbonates.

These results do not prohibit either the modern movement of fluids from the

underlying Salado Formation upwards into the Rustler Formation or the

downward movement of Dewey Lake waters into the Rustler Formation during or

even after the cessation of local recharge at the end of the last pluvial

period. They do, however, suggest that recharge from the surface to the

Rustler Formation is not now occurring at the WIPP site. The results of

stable-isotope, radiocarbon, and uranium-disequilibrium studies are also

consistent with the interpretation that there is no measurable modern

recharge to the Culebra dolomite from the surface at and near the WIPP

site. The transient hydrologic response of the Rustler _ormation to the

end of the last pluvial period has involved at least some change in flow
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directions in the Culebra dolomite. Although the modern flow is largely

north-south, the results of uranium-disequilibrium studies suggest that

flow was more easterly during previous recharge.

Within and near Nash Draw, evaporite karst is operative within the Rustler,

as evidenced by the continuing development of small caves and sinkholes in

near-surface anhydrites and gypsums of the Forty-niner and Tamarisk

Members. There is no evidence of karstic hydrology in the Rustler at and

near the WIPP site. However fracturing of some portions of the Culebra

dolomite is sufficient at the site to strongly affect both hydraulic and

transport behavior on the hydropad scale, i.e., over distances of

approximately 30 m. Interpretation of multipad ,interference tests
conducted both north and south of the center of the WIPP site indicates

that this fracturing need not be incorporated into numerical modeling of
the regional-scale hydraulic behavior of the Culebra east of Nash Draw

Similarly, detailed transport calculations indicate that effects due to

fracturing are not significant in regional-scale transport within the

Culebra dolomite at and near the WIPP site, at least as long as the modern

head distribution is not significantly disturbed and the calculated flow

directions and transport properties are representative.

The Dewey Lake Red Beds overlying the Rustler Formation consist largely of

siltstones and claystones, with subordinate sandstones. In tested

locations, the Dewey Lake may be hydrologically unsaturated, but is too low

in permeability for successful hydrologic testing. South of the WIPP site,

near an area where the unit may be receiving modern recharge, sandstones

within the Dewey Lake locally produce potable water. In general, water

O levels within the Lake Red Beds, like those in the Rustler
Dewey underlying

Formation, must be in transient response to the end of the last pluvial

period. Isotopic relations suggest that surficial waters have been

involved in the formation of secondary gypsum veins within the Dewey Lake,

but that the Dewey Lake and Rustler hydrologic systems are largely

separate.

The major near-surface units at the WIPP site are the Gatuna Formation and

Mescalero caliche., The sandstones and stream-channel conglomerates within

the Gatuna indicate that major changes in local climate have occurred over

(at least) the last 600,000 years. The widespread preservation of the

Mescalero caliche indicates not only the relative structural stability of
the Livingston Ridge surface (on which the WIPP surface facilities are

sited) over the last 400,000 years, but also that infiltration over this

same time period has not been sufficient to dissolve a layer of carbonate 1
to 2 m thick.

5.2 Individual Conclusions and Discussions

This Section contains descriptions and discussions of more specific

conclusions concerning geologic chracterization of the WIPP site and

vicinity. In each case, the description of the conclusion is followed by a
brief discussion.

Q
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5.2.1 Conclusions Concerning the Ove[all Geologic and Hydrologic Setting

of the WIPP Site and Vicinity

I. Conclusion: The overall geologic behavior at the WIPP site has been

transient since before the beginning of deposition of the Bell Canyon

_Formation approximately 250 million years ago. Radiometric age dating

indicates that secondary polyhalites in the Salado Formation near the

WIPP facility horizon crystallized approximately 200 million years ago,

some 40 million years after deposition of the Salado. Fractures within

MB139, which are now partially healed, probably formed in response to

rapid unloading at the end of the Cretaceous or in the Tertiary, i.e.,

more than approximately 2 million years ago. The hydrologic setting of

the WIPP site appears to be in transient response to the end of the

last pluvial period.

Discussion: Not ali of the secondary minerals in the Salado have been

dated. The age of magnesite, which appears to play a large role in

controlling the composition of fluid inclusions, has not been determined.

The age of fracturing in MB139 has not been determined directly. However,

given that estimated ages of secondary mineralization and fracturing within

MB139 appear large relative to the regulatory time frame of I0,000 years,

the present estimates are adequate. Understanding of the hydrology of the

WIPP site, especially the Rustler Formation, has been a major focus of

site-characterization activities (see below).

2. Conclusion: There is abundant evidence for climatic and hydrologic

transients at the WIPP site over the time interval of approximately

600,000 to 300,000 years before the present, as well as for long-term

structural stability of the Livingston Ridge surface, on which the WIPP
surface facilities are sited. The Gatuna Formation indicates a much

wetter climate approximately 600,000 years ago, resulting in the

presence of relatively high-energy streams on what is now the

Livingston Ridge surface. The formation of the Mescalero caliche and

Berino soil indicate a relatively drier climate approximately 500,000

and 300,000 years ago. The widespread preservation of the Mescalero

indicates structural stability of the Livingston Ridge surface for

approximately 300,000 years. In addition to structural stability, the

preservation of the Mescalero caliche indicates that the regional

infiltration over approximately the last 500,000 years has been

insufficient to dissolve the existing caliche.

Discussion: The available geologic data do not provide a continuous time-

stratigraphic record over the last 600,000 years. For example, only the

upp_r portion of the Gatuna Formation has been dated; the age of lower

portions of the unit is unknown. No dated deposits younger than the Berino

soil are present at the WIPP site. Regional preservation of the Mescalero

calic_he does not mean that there is no local infiltration of surficial

wat6_s, since local dissolution of caliche due to the action of plant roots

is k_nown; in some pla6es, the resulting structures completely pierce the
Mescalero.

@
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3. Conclusion: There is localized evidence for climatic and hydrologic

changes near the WIPP site on the time scale of 25,000 to 10,500 years

ago. Gypsite springs along the east side of Nash Draw appear to have

been inactive for approximately 25_,000 years. Packrat middens

northwest of Carlsbad indicate a climate approximately I0,000 years _go

significantly cooler and wetter than that approximately 4,000 years

ago.

Discussion' Neither gypsite springs nor packrat middens have been found at

the WIPP site proper. The radiometric age-dating of the gypsite spring

deposits is not internally consistent, although the faunal assemblage in

the deposits is definitely Late Pleistocene irl age. The gypsite springs

and packrat middens provide only a qualitative indication of change in

climate and precipitation. Therefore, they cannot be used as direct input

for transient boundary conditions in numerical modeling of hydrology at the

WIPP site. Little information is available concerning the climate and

hydrology of the northern Delaware Basin between approximately i0,000 and

4,000 years ago.

4. Conclusion: There is abundant evidence that the natural fluid flow and

geochemistry of the Rustler are dominated by confined flow within the
Culebra dolomite at and near the WIPP site, and that flow within the

Culebra is transient on a time scale of approximately i0,000 years or

longer.

The hydrology and geochemistry of the Rustler, and therefore those of

Q ali other units as weil, are recovering from the most recent pluvialinterval in southeastern New Mexico. Factors indicating the overall

transient setting of Rustler hydrology at and near the WIPP' site

include: a) the inconsistency between modern flow directions and

present brine-density distribution within the Culebra dolomite if

steady-state confined flow is assumed; b) the inconsistency between

present hydrochemical facies within Culebra fluids and modern flow

directions if steady-state confined flow is assumed; c) the inconsis-

tency between the isotopic characteristics of Rustler fluids and both

, modern flow directions and surficial recharge to the Rustler at and

near the WIPP site; and d) geologic, isotopic, and hydrologic studies

indicating that vertical fluid movement into and out of the Rustler
Formation is limited.

Because the transmissivities of non-carbonate units within the Rustler

are not zero and different hydraulic heads are known in different
Rustler members, there must be limited vertical fluid flow within the

Rustler Formation. However, the transmissivities of Rustler anhydrites

and the Tamarisk claystone at and near the WIPP site are too low to

measure; therefore vertical fluid flow must be extremely limited.

Discussion: The present isotopic data bases are limited in size.

Therefore, the presence of small structures inconsistent with regional
interpretations is possible. In addition, because of the limited data

base, directions of flow interpreted from uranium-disequilibrium studies

O include considerable uncertainty. The available results indicate that,
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although stratabound flow within the Culebra dolomite dominates at and near

the WIPP site, this is not necessarily true within Nash Draw. Because of

the existence of small caves and sinkholes within Tamarisk and Forty-niner

anhydrites in Nash Draw, there must be a qualitative increase in the

transmissivity of these members somewhere between the WIPP site and Nash

Draw. Avaliable evidence suggests that this change does not take piace
east of WIPP-33.

5. Conclusion: At least three types of man-induced transients at the WIPP

site are known or can be expected. The transients include hydrologic,

geochemical, and structural effects, independent of the emplacement of
waste.

The hydrology of the Rustler Formation at and near the WIPP has been

and will continue to be affected by both hydrologic testing in the area

and the construction and sealing of the WIPP shafts. The hydrologic

behavior of the Salado Formation, both in the WIPP facility itself and

adjacent to the access shafts, has been altered by construction of the

WIPP facility and shafts. This alteration includes development of a

local altered or disturbed rock zone, within which permeability is

significantly increased and a zone of partial saturation has probably

developed. The altered zone, however, is probably less extensive

around lined shafts than at the facility horizon.

In the Rustler Formation, the use of lost-circulation materials during

the drilling of hydrocarbon-exploration holes and hydrologic test holes

not drilled with air has resulted in development of at least local

geochemical transients of unknown magnitude, lateral extent, and

duration. Any far-field radionuclide migration outside the WIPP
facility in the Rustler may _be superimposed on these transients.

Possible geochemical alteration within the Salado Formation due to the

presence of the WIPP facility remains to be examined in detail, with

the exception of effects due to emplacement of TRU wastes. For

example, the long-term geochemical stability of grouting materials used

in both the Rustler and Salado is not yet known.

The construction of the WIPP facility imposes a transient near-field

structural effect on at least nearby portions of the Salado Formation.

At the facility horizon, this effect includes both local opening of

preexisting fractures in MBI39 and formation of fractures in halite.
Transient structural behavior around the WIPP shafts will include the

Rustler Formation and extend to the land surface. However, the limited

information available to date suggests that structural effects around

the WIPP shafts will be less than those at the facility horizon.

Discussion: The effective time scales of the man-induced transients in and

near the WIPP facility are not well known. Transients directly resulting

from the construction of the WIPP facility will last until reequilibration

following the effective hydrologic and structural closure of the facility.

The time scale of hydrologic transients within the Rustler induced by

hydrologic testing is short, maybe decades. The time scale of induced

geochemical transients within the Rustler is not known. Only those

234



transients which might affect the performance of the WIPP facility need be

determined in any more detail than indicated here. Determination of which
transients need be considered is part of the WIPP Performance Assessment

activity.

5.2.2 Conclusions Concerningthe Bell Canyon Formation

I. Conclusion: Calculations completed as part of the WIPP SPDV effort

indicate that the Bell Canyon does not have sufficient brine-carrying

capacity to dissolve halite rapidly enough for halite dissolution
within the Castile and/or Salado Formations as a result of brine-

density flow. Therefore, in regions of the Castile and Salado

reasonably removed from concern regarding stratabound dissolution, such

as the WIPP site, only halite dissolution as a result of diffusional

processes need be considered. Such diffusion proceeds at a rate too

slow to be of concern to the WIPP Project.

Discussion: The conclusions are dependent upon the assumed gradients

within the Bell Canyon and range of Bell Canyon hydraulic properties, both
of which are somewhat uncertain. The SPDV calculations did not result in

total agreement that point-source dissolution was not a feasible mechanism
at the WIPP site. However, =he structure specifically proposed as a result

of point-source dissolution was directly examined by drilling and testing
of hole DOE-2, and was found to result from deformation within the Castile

and Salado Formations, rather than from halite dissolution.

2. Conclusion: Investigations in holes Cabin Baby-I and DOE-2 suggest

indicate that the upper Bell Canyon Formation beneath the WIPP site is

not significantly permeable. Therefore, regardless of the relative
heads, the volumes of fluid flow between the Culebra dolomite and the

upper Bell Canyon would be minor if the two unxts were interconnected

as a result of drilling. These same studies indicate that the final

direction of fluid flow would be downward into the Bell Canyon.

Discussion: Although Cabin Baby-I and DOE-2 lie directly south and north

of the WIPP site center, they provide only two data points. Given the

regional trends of the Ramsey channel sands in the upper Bell Canyon, it is

possible that a narrow sand crosses the center of the site from northeast

to southwest, without having been intersected by either drill hole. The

conclusion concerning directions of fluid flow pertains only to the final

direction of flow, assuming halite saturation of both Bell Canyon and
Culebra fluids as a result of dissolution of Salado halite. The conclusion

does not describe either directions or rates of fluid flow prior to such

saturation. In addition, the conclusion assumes that the fluid-carrying

capacity of the Bell Canyon is sufficient to completely overwhelm any

potential heads within the Salado Formation. This assumption appears

reasonable, given the extremely small volumes of Salado flow intersected in

hydrologic test holes at the WIPP site.
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5.2.3 Cow,clue lone ConserDing the Castl_e add Sa_ado Formations

i. Concluslon: Regional-scale deformation of the Castile and Salado

Formations may well be ongoing at and near the WIPP site in response to

gravity. However, estimation of the time required for formation of the

WIPP-12 anticline indicates that such deformation probably occurs at a

rate too slow to be of concern to the behavior of the WIPP facility.

Fluids play a ma_r role in reglonal-scale deformation of the Castile

and Salado Formations, especially in defermatlon of halites and

anhydrite stringers or laminae. Both estimated deformation rates and

mechanistic considerations are consistent with pressure solution being

a major deformation mechanism on the regional scale. This conclusion

is consistent with greater deformation rates at lower differential

stresses than would be the case for strictly anhydrous deformation.

Inclusion of pressure solution as a deformation mechanism results in

predicted strain rates at the WIPP site which are consistent with
estimated rates elsewhere.

Discussion: Regional-scale deformation in response to gravity is not

constrained to occur at a constant rate. Therefore, deformation rates

averaged over long periods of time may be exceeded during shorter

intervals. For pressure solution to be active, there must be a relatively

continuous fluid film along grain boundaries. While textural evidence of

pressure solution has been noted in core from the WIPP site, the presence

of the required grain-boundary film has not been demonstrated directly.

Although the role of pressure solution in regional-scale deformation is

probable, it is not clear if or when the same mechanism will become

dominant in near-field deformation around the WIPP facility. If it did

become active, it would help accelerate mechanical closure of the facility

by increasing deformation at relatively low differential stresses.

2. Conc!usion: Much of the variability in both total and interval

stratlgraphic thicknesses of the Castile and Salado Formations at and

near the WIPP site is due to syndeposltional and postdepositional

deformation, rather than to evaporlte dissolution. Therefore, any

interpretation of the thicknesses of these units must be done on a

vertical scale involving as much of the Salado and Castile as possible,

rather than on the scale of a single stratigraphic interval.

Similarly, the interpretation must be done on as large a geographic

scale as possible, since horizontal movement, especially of halites, is

involved. Apparent one-hole anomalies are especially suspect.

Discussion: On the regional scale, especially in the western portion of

the Delaware Basin, regional dissolution has apparently removed the halite

from both the Castile and Salado Formations, and the original thickness of

halite is unknown. At the local scale, as demonstrated in hole DOE-2,

dissolution cannot be ruled out without interpretation on a broad

stratigraphic and geographic scale.

3. Conclusion: The basinal structure in hole DOE-2, near the northern

boundary of WIPP Zone 3, extends downwards from MBI24 in the Salado to

the top of Castile Anhydrite I. However, the DOE-2 structure resulted
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from syndepositional and postdepositional deformation, rather than from

halite dissolution, Deformation involved in formation of the DOE-2

structure resulted in displacement of all but 2 m of halite from the

Castile Formation, However, both the Castile anhydrites and the

entire Salado Formation (especially halites) are unusually thick in
this hole. No evidence of dissolution was identified in DOE-2 core.

Discussion: The present understanding of the hydrology and structural

behavior of the Castile and Salado Formations indicates that point-source

dissolution of evaporites requires connection with a major source of

unsaturated water, such as the Capitan limestone. This is not known to

have occurrd within the body of the Delaware Basin, with th_ possible

exception of the emplacement of Castile brines. While the present

hydrologic and structural understanding does not allow prediction of where

either point-source dissolution or a gravitational structure such as that

at DOE-2 might form in the future, the drilling, coring, and hydrologic

testing of DOE-2 demonstrates that no such structure presently exists

within WIPP Zone 3. Calculations indicate that rates of gravitationally

driven deformation are too slow to be of concern to the WIPP facility on

the regulatory time scale.

4. Conclusion: The average far-field permeability of the Salado Forma-

tion, based on testing both from the surface and near the WIPP facility

horizon, is 0.I mlcrodarcy or less, except where fractures locally

contain small or large volumes of gas at elevated pressures. The

stratigraphic variability of far-field permeability within the Salado

is presently unknown, but appears negligible.

Discussion: It is not known for sure that the Salado is hydraulically

saturated in the far-field. Known gas occurrences in drilling from the

surface and within the, WIPP facility indicate that partial saturation may

be present in both the near-field and far-field, at relatively high

confining pressures. The distribution of fracture systems, range of

possible initial gas pressures, and effective fracture permeabilitles in
the far-field Salado remain unknown.

5. Conclusion: Where it has been possible to measure Salado fluid

pressures, calculated heads indicate the potential for limited fluid

flow upwards into the overlying Rustler Formation. Measurements to

date indicate, however, that the amount of fluid available from the

Salado is extremely limited. At least in the case of WIPP-12, the

Salado fluid pressures and calculated heads exceed those in the

underlying Castile brine reservoir. It has not been possible to

determine any discrete source of fluid flow within the Salado Formation

in testing from the surface.

Discussion: The measured Salado fluid pressures indicate only the possible

directions of modern fluid flow. The measured pressures may be relict,

developed under different geologic conditions than those at present, e.g.,

they may have been developed during the last pluvial period. The time

scale on which such pressures or heads might change as part of the

transient overall of the WIPP hydrologic setting to the end of the
response
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last pluvial period is not known, but must be long, given the low regional

permeability of the Salado.

6. Conclusion: Water contents of Salado halites in the far-field appear

to be as much as 2 weight percent, based on geophysical logging,

greater than previously estimated. This does not have any direct

impact on expected fluid flow into the WIPP facility, other than

indicating that fluid volumes available to support long-term fluid flow

may be greater than previously expected.

Discussion: To date, the interpretation of far-field water contents is

based only on geophysical studies. Measurements on core are ongoing.

7. ConclUsion: Consistent with assumptions maintained since brine was

encountered in Castile Anhydrite III in WIPP-12, recent geophysical

studies indicate that Castile brine may be present beneath a portion of

the WIPP waste-emplacement panels. Brine is most likely present

beneath the northern arid northeastern portion of the waste-emplacement

panels, and probably comes close to the southwestern and southeastern

corners of the panels. However, the brines, if presont, are 200 m or

more below the WIPP facility horizon, and are not of concern except in

the event of drilling-induced breach connecting a brine occurrence with

the WIPP facility.

Discussion: Because of the dominant effect of the underlying Bell Canyon

Formation, it is possible that the interpreted brine occurrences within the

Castile are not real, Three-dimensional modeling of the results does not

appear promising in defining the lateral distribution of Castile brines

more accurately. Because of the vertical uncertainty inherent in the

measurements, it is not possible to distinguish between brine occurrence

within Anhydrite III and within Anhydrite II. However, where Castile

brines have been encountered, it has always been present in the uppermost

anhydrite.

8. Conclusion: Both uranium-disequilibrium studies and structural calcu-

lations appear consistent with emplacement of brines into fractured

Castile anhydrites as a result of an episodic pcocess. The process may

involve either local brine movement during deformation and fracturing

of anhydrite in low-pressure locations such as anticlinal crests, or

long-distance fluid movement into preexisting fractures as a result of

episodic hydrologic connection of the Capitan limestone and Castile
Formation.

Discussion: lt is not agreed that deformation or hydrologic connection of

the Capitan limestone and Castile is the relevant episodic process involved

in generation and/or emplacement of Castile brines. Structural studies

indicate that deformation of the Castile Formation is episodic, with

resultant episodic generation and emplacement of briILes. Under these

assumptions, generation of fractures and migration of brines into

anhydrites may occur during the next I0,000 years, but prebably at too low
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a rate to be of concern to the WIPP _roject. Isotopic studies are
interpreted to indicate a residence time for Castile brines sampled at

ERDA-6 and WIPP-12 of more than i00,000 years. While this interpretation

indicates prior hydraulic connectiJn of the Castile anhydrites and the

Capitan limestone, it also indicates that this connection has not been

operative for more than i00,000 years.

9. Conclusion" Both fluid-inclusion and grain-boundary fluids are present

withir the Salado Formation, in addition to loosely-held waters of

hydration in hydrated minerals. The composition of Salado fluid inclu-

sions is apparently controlled by the crystallization of polyhalito and

magnesite. Radiometric age dating of polyhalites indicates that they

are approximately 200 million years old. Therefore, the Salado fluid

inclusiGns appear to be approximately 200 million years old. Fluids

encountered within macroscopic flows into the WIPP facility appear to

be dominantly grain-boundary fluids rather than fluids from fluid

inclusions. The composition of grain boundary fluids within the Salado

is apparently controlled by diagenetic reactions involving crystal-.

lization of Mg-rich layer silicates. Because the kinetics of these

reactions are slow, it is concluded that the residence time of grain-

boundary fluids within the Salado is at least several million years.

The marked vertical variability of fluids near the WIPP facility hori-

zon indicates very limited vertical fluid flow within rbe Salado.

Discussion" Crystallization of magnesite appears to have a major affect on

fluid-inclusion compositions. However, magnesite from samples at the WIPP

has not been dated, lt has not been possible to estimate the residence

time of Salado grain-boundary fluids directly. Radiometric measurements

indicating ages for clay minerals greater than the Permian indicate that

diagenetic or secondary reactions involving Mg have not involved complete

recrystallization.

I0. Conclusion: In the Salado Formation near the WIPP facility, there is

strong coupling of deformation and hydraulic behavior. Within

approximately 2 m of the underground rooms and entryways, fracturing

and probable matrix dilation have led to a marked increase in

permeability, and quite possibly to development of a zone of partial

saturation. The increase in permeability appears to be both time-

dependent and geometry-dependent. Within a few meters of the

undergrour,d workings, however, the hydrologic properties of the Salado

essentially become the same as regional properties.

The time scale on which the WIPP facility will affect the local

hydrology of the Salado Formation, while undetermined at present, is

likely to be extensive, continuing until reequilibration after effec-

tive mechanical closure of the facility. Within the facility, there

is a three-stage generalized flow behavior. Holes are normally dry

when first drilled. Fluid flow then normally rises rapidly to a

maximum flow rate, after which it more slowly decreases to something

approximating steady-state flow, though probably still decreasing.
Porous-medium calculations based on the estimated far-field

permeability indicate that steady-state fluid flow might not be
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reached for more than 5000 years, because of the extremely low

permeabilities; these calculations do not yet include consideration of

facility closure. The observed "stea_y-state" flow is qualitatively
consistent with measured far-field permeabilities. Both measurement

and calculations to date indicate that effective pore pressures within

the Salado have been affected by the presence of the WIPP facility

only within a few meters of the facility.

Discussion: Within the _itered zone around the WIPP facility, the porous-

medium approximation may not be adequate for either flow or transport

modeling. The distances from the underground workings at which this

simplifying assumption becomes valid remain to be determined. At present,

there is not an adequate characterization of the fracturing adjacent to the

WIPP facility to allow realistic modeling of flow and transport behavior

within the alt,_red zone, nor do adequate models exist, The long-term

extent of the altered (fractured) zone around both underground workings and

shafts remains unknown. However, the zone should be larger around

underground workings than around lined shafts. Both the total long-term

brine seepage to be expected from the Salado and the total volume of the

Salado affected by fluid flow depend on the available porosity as a

function of time within the WIPP facility and any altered zone that may be

present. The effects of stress relief e;ound the WIPP facility on both

near-field and far-field hydrology will be examined in detail during the

WIPP operational-demonstration period.

II. Conclusion: Preliminary hydrologic testing adjacent to the WIPP

waste-handling shaft indicates that ali of the tested intervals, which
include claystone and siltstone in the unnamed lower member of the

Rustler and both halites and anhydrites within the Salado, are

extremely low in permeability. While there was evidence of a

hydraulic cone of depression around the shaft, there was no evide_xce

of fracturing or alteration, except at the 850-ft level. At this

level, pressurized fluids were encountered at the liner/rock interface

and flowed into the test hole. Testing extended from approximately 2

m outside the shaft liner to a depth of some I0 m. The results are

consistent with the interpretation that damage effects due to either

blasting of the shaft or deformation around the shaft do not presently

extend more than two meters into the surrounding rock mass.

Discussion: Due to scheduling constraints, only one or two holes was/were

tested at each level. Therefore, these results do not indicate a complete

absence of fracturing, merely that fractures were not intersected by the
one or two holes at each level, except the 850-foot level. To better

determine the presence or absence of fracturing by direct measurement,

arrays of three or more holes would be needed at each level. The results

do not indicate a potential altered zone within 2 m of the liner. Finally,

the waste-handling shaft has been at its present diameter for approximately

four years. The operational phase of the WIPP is expected to extend

approximately 25 years, after which shaft seals must be emplaced success-

fully. The extrapolation of the present results to 25 years may not be
reliable.
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12. Conc!usion: Anhydrite Marker Bed 139, approximately I to 2 m beneath

O the WIPP facility horizon, contains partially healed and filledfractures which predate construction of the WIPP facility and play a

significant _oi_ in both mechanical deformation near the WIPP facility

and tb_ near-field enhancement in permeability. The estimated age of

the fractures is at least two million years. However, the far-field

permeability of MBI39 is not significantly greater than that of the

surrounding halites.

Discussion: Development of any altered zone around the WIPP facility will

be time dependent. Therefore, the boundary between the hydrologic near-

field and far-field regimes will also be time dependent. The rate and

extent to which tile fracture porosity and permeability of MBI39 in the

altered zone near the WIPP facility horizon will be reduced during closure

of the WIPP facility has not yet been demonstrated.

5.2.4 Conclusions Concerning the Rustler Formatlon and Younger Units

i. Conclusion: The available transmissivity data base at and near the

WIPP site suggests that: a) the Culebra dolomite is at ]east one order

of magnitude more trar_smissive than other members of the Rustler at

most locations; and b) except where it is fractured in or near Nash

Draw, the transmissivity of the Magenta dolomite is the same order of

magnitude as that of other members of the Rustler. Consequently,

confined flow within the Culebra dominates the hydrology of the Rustler

Q at and near the WIPP site, and Rustler karst is Not present.
Discussion' The Magenta data base is significantly smaller than tha,_ of

the Culebra. Transmissivities of Rustler claystone/siltstones are very low

but measurable at the Site, except for the Tamarisk claystone, which has

not been successfully tested due to its low transmissivity. The transmis-

sivity of Rustler anhydrites at the Site are too low to measure success-

fully. Somewhere between the WIPP lte and Nash Draw (including WIPP-33),

there muse be a marked increase in the local permeability of Rustler

anhydrites/gypsums. Where they are exposed or relatively near the surface,

i.e., in Nash Draw and at WIPP-33, Rustler anhydrites are capable of

supporting open ca_,ernous porosity. The character and location of this

transition in behavior of the Rustler anhydrites are not known in detail,

but apparently involve decreasing overburden pressure (allowing the gypsums

to maintain open porosity) and specific structures at the locations of both

recharge and discharge.

The WIPP-33 structure is unique at and near the WIPP site, since it

includes the three components necessary but not sufficient for karstic

geology within the Rustler: I) a sufficiently large breach in the

Mescalero caliche and relatively thin Dewey Lake Red Beds; 2) shallow

enough depth to gypsums within the Forty-niner and Tamarisk Members to

allow maintenance of open porosity in gypsums above and below the Magenta;

and 3) a probable local base level at the time the structure was mainly

active, namely the gypsiue springs on the east side of Nash Draw. Both the

deuterium/hydrogen ratios of secondary gypsum from WIPP-33 and approximate

O dating of the gypsite springs within Nash Draw suggest that the WIPP-33
structure is largely inactive at present.
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2. Conclusion: Measurements of relative heads within the Rustler Forma-
L

tion at the WIPP site are not consistent with modern infiltration from

the surface to the Magenta, let alone from the surface to the Culebra.

Therefore, at least at the measured locations, there is no modern

infiltration of surficial waters to Rustler carbonates.

Discussion: The holes _ on which this conclusion is based provide only

limited geographic coverage, and do not include any locations at which the

Dewey Lake Red Beds are known to be hydraulically saturated. Where tested,

the Dewey Lake was too tight for hydraulic testing, and msy be either

completely or partia1.1y saturated. No head or transmissivity information

is available from the Tamarisk Member of the Rustler, due to its

exceedingly low transmisslvity. These results do not rule out vertical

movement of water from either the surface or the Dewey Lake into the

Rustler in areas in which the Dewey Lake is saturated directly above the

Rustler, or in any area in the past if heads in the Dewey Lake were higher
at that time.

3. Conclusion: Culebra transmissivity varies by approximately six orders

of magnitude in the region of the WIPP site and Nash Draw.

Transmissivities generally decrease from west to east across the site

area. For purposes of generalization, the distribution can be divided

into broad areas of relatively low Culebra transmissivity (_< 10 -6

m2/s), in which the porous-medium assumption appears adequate to

describe local hydraulic and transport behavior, and areas of rela-

tively high transmissivity (_> 10 .5 m2/s), in which a dual-porosity

formalism appears adequate to describe local hydraulic and transport

behavior. Both of these zones are represented by several wells. Two

wells (H-3 and H-18) penetrate an apparently thin transition zone, in

which transmissivity varies between 10 -6 and 10 .5 m2/s.

The central portion of the WIPP site, including all four WIPP shafts,

lies within an apparently continuous area of low transmissivity. This

area extends well east of the site, and includes the holes H-I, 2, 4,

5, I0, 12, 14, 15, 16, and 17; WIPP-12, 18, 19, 21, and 22; ERDA-9;

Cabin Baby-l', P-15, 17, and 18, in addition to the WIPP shafts. North

of the WIPP site, measurements at WIPP-30 indicate the presence of a

northern zone of low transmissivity, which may or may not be continuous
with the zone near the site center.

There is a zone of relatively high Culebra transmissivity southeast of

the center ,f the Site, which is indicated both by point measurements

at H-II and DOE-I and by the presence of very low hydraulic gradients

south of WIPP Zone 3. Northwest of the site center, there is a

relatively uniform high-transmissivity zone containing holes WIPP-13,

DOE-2, and H-6. This zone is bounded by low-transmissivity domains to

the north, east, and southeast, and by an even higher-transmissivity

domain to the southwest and west. Within both Nash Draw and the valley

south of the WIPP site containing H-7 and H-9, Culebra transmissivity

is both high and variable.
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Discussion: There are some exceptions to the generalizations listed above.

WIPP-21, which has a low transmlssivity, responds quite rapidly to

activities in the WIPP shafts, indicating that the region containing WIPP-

21 is connected to the shafts by a low-storativity structure, which may
involve fractures. Tests at individual low-transmlssivity wells examine

only a very small area. Neither analytical nor numerical modeling is

capable of identifying a small, discrete high-transmissivity structure

embedded irl a low-transmissivity domain, unless it is close to measured

data points. No evidence for such a discrete structure is known at the

WIPP site. On the other hand, the hydraulic behavior of the Engle well,

which has a high transmissivity, shows no dual-porosity effects. Test
results from the Culebra in Nash Draw have not been examined for dual'

porosity behavior; fracturing may be extensive enough in Nash Draw to make

a dual-porosity formalism unnecessary.

The boundaries of the low-transmissivity zone including WIPP-30 remain

unknown. The interpretation based on the rapid and large response of this

hole to the WIPP-13 pumping test suggests that the high-transmissivity
domain including WIPP-13, DOE-2 and H-6 extends close to WIPP-30.

The boundaries of the high-transmissivity zone south of H-li and DOE-I and

the connection of this zone with the larger high-transmissivity region

containing H-7, H-8, and H-9 have not been determined directly, nor has the

maximum transmissivity within the zone. The presence of the zone south of

H-II and DOE-I is indicated by both analytical and nun_erical modeling of

the H-3 multip_.d interference test, as well as by more recent calibration

of Culebra transmissivities against calculated pre-shaft heads. This zone

will be investigated during 1988 by a multipad interference test to be con-

ducted at the H-II pad. The reason for the relatively high transmissivi-
ties at H-II and DOE-I remains unknown.

4. Conclusion: The estimation error for Culebra transmissivities over

most of the WIPP site (in terms of m2/s) is less than one log unit at

two standard deviations, including estimated uncertainties in field

measurements. The estimation error is generally larger outside Zone 3.

Discussion: The statistical treatment of Culebra transmissivities should

not be overinterpreted, since it does not include specific consideration of

geologic processes. In addition, this treatment assL_es vertical homo-

geneity within the Culebra. Testing at H-14 indicates that transmissivity

may vary by a factor of about 2 across the Culebra at a given locality.

5. Conclusion: Groundwater flow rates within the Culebra vary greatly.

Flow within Nash Draw is relatively rapid; flow in the central portion

of the WIPP site and in regions further east is extremely slow. The
estimated flow time from a position above the center of the WIPP waste-

emplacement panels to the southern boundary of Zone 3, assuming steady-

state distribution of the present heads and transmissivities within the

Culebra, is approximately 1.3,000 years.
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Discussion: Calculated particle-flow rates and integrated travel times are

approximate. The head distribution and flow directions within the Culebra

are not at steady state. The similar Culebra and Magenta heads within Nash

Draw suggest that assumption of confined flow within the Culebra may not be
realistic' in this region. In addition, the calculations assume a uniform

effective porosity of 16%. The effective Culebra porosity probably varies

laterally, suggesting that both flow rates times and flow paths are more
variable than calculated.

6. _onclusion: Single-pad interference testing at the H-3 and U-li hydro-

pads indicates a complex role of fracturing within the Culebra. At

H-3, the system transmissivity is approximately 2 x 10 .6 m2/s, and no

significant directional dependence of hydraulic response has been
measured. However, the data from observation holes on the H-3 pad had

to be interpreted as if the radius of the pumped well extended beyond

the observation holes; i.e., the response of the observation holes to

the beginning and end of pumping was practically instantaneous. At the
H-li pad, the transmissivity is 1.2 to 3.0 x 10 .5 m2/s. However, the

observation holes on the H-li pad responded more slowly during testing

that those on the H-3 pad. The extent or effectiveness of fracturing

is not a simple function of transmissivity

Discussion' The available data are only sufficient for detailed interpre-

tation of interference testing using a dual-porosity formalism, i.e,,

assuming uniform fracture spacing. This limitation is irreduceable, how-

ever, given the limited core recovery within the Culebra. Detailed inter-

pretation of interference testing has been completed only for testing at

the H-3 and H-li hydropads. Interpretation of interference testing at the

H-2, H-4, H-5, H-6, H-7, and H-9 hydropads will be completed in the next

year,

7. Conclusion: Regional-scale simulations indicate that it is not neces-

sary to incorporate a dual-porosity formalism into regional-scale

modeling of Culebra head distributions. This is because the time scale

for pressure equilibration between fracture and matrix for matrix-block

sizes up to the thickness of the Culebra is very short relative to the

time scale required for regional groundwater flow.

Discussion: The pressure effects of a discrete or narrow high-

transmlssivity structure embedded within a low-transmissivity domain remain

to be determined in detail, lt cannot be claimed that any reasonable

amount of drilling or hydrologic testing will completely eliminate the

possibility of a small high-transmissivlty structure being present within
the Culebra dolomite. However, no such structure is known to exist at or
near the WIPP site.

8, Conclusion: Both fractures and matrix play a major role in pad-scale

transport of contaminants within fractured portions of the Culebra

dolomite. At the H-3 pad, the first detected'arrival of conservative

(non-reacting) tracers in a convergent-flow test was strongly
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controlled by fracturing, while tracer behavior both at and after the

O time of peak concentration showed evidence of strong interaction
between fractures and matrix. Storage within the matrix served to

decrease peak concentrations, but also resulted in greater uoncentra-

tions at longer times than expected for fracture transport alone. The
results indicate that matrix storage should play a major role in

regional-scale transport of even conservative contaminants, so long as
' these contaminants have a reasonable diffusion coefficient into the

matrix.

In addition, the results of the conservative-tracer test at the H-3 pad

indicate that the relationship between hydraulic properties and trans-

port properties can be complex, At H-3, no directional dependence of

hydraulic behavior has been measured. In contrast, the time interval

before first detected arrivals of tracers along the two flow paths

investigated differed by a factor of about four.

Discussion: Detailed interpretation of dual-porosity effects in contami-

nant transport within the Culebra is presently completed only for testing

at the H-3 pad. An additional conservative-tracer test will be conducted

during 1988 at the H-II hydropad, along the apparent regional flow path
from the center of the WIPP site to the southern boundary of Zone 3. Any

significaut role of the matrix in contaminant transport within fractured
portions of the Culebra requires that conservative contaminants be able to

diffuse into matrix 51ocks. Interpretation to date of the H-3 test in-

volves superposition of two radial-flow solutions; calculations are ongoing

to investigate the possible effects of matrix anisotropy on transport

O behavior.

9. Conclusion' Calculations indicate that regional-scale contaminant

transport within the Culebra Dolomite can be modeled realistically

using the porous-medium assumption, so long as the Culebra transport

properties and flowpaths used in these calculations are representative,

and at least so long as the existing distribution of head potentials

, within the Culebra is not significantly disturbed. C_iculated times

required for contaminants to break through to the southern boundary of

WIPP Zone 3 following release at any point directly above the WIPP

waste-emplacement panels are only approximately 10% lower if a dual-

porosity formalism is used than if the same release is modeled using

the porous-medium assumption. The completed regional-scale

calculations assume a transmissivity distribution which probably

assigns too high a transmissivity to the region including holes H-li
and DOE- i.

Discussion' Calculations are presently ongoing to investigate the utility
validity of the porous-medium approximation in modeling transport within

the Culebra in the event of a breach involving a Castile brine occurrence.
The assumption that there is effective diffusion from fractures into the

adjacent Culebra matrix is explicit in conclusions based on calculations

completed to date. Results of interference testing support the conclusion
that fluid flow is unrestricted between matrix blocks and fractures, i.e.,

O are no significant or continuous low-permeability skin_ on
that there
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matrix blocks. This has been demonstrated in the conservative-tracer

experiment at the H-3 pad. Effective matrix retardation within the Culebra A

has not yet been demonstrated for some radionuclides making up the WIPP

inventory, but will be demonstrated experimentally in the laboratory during

the WIPP operatlonal-demonstration phase.

I0. Conclusion: The variability in compositions of Culebra groundwaters

allows their subdivision into four hydr0chemical facies. Zone A, east
of the WIPP site, contains saline Na-CI brines. Zone B, south of the

site, contains relatively fresh waters in which Ca and SO4 are the

main solutes. Zone C, which includes the WIPP site and the eastern

part of Nash Draw, contains quite variable fluids. Zone D, within

Nash Draw, shows evidence of contamination from potash refining

operations. The modern distribution of hydrochemical facies within
the Culebra is not consistent with steady-state confined flow within

the Culebra. Therefore, the solute geochemistry of Culebra fluids is

not at steady-state, nor is the overall hydrology of the Culebra.

Discussion: This conclusion assumes the dominance of confined flow within

the Rustler in the vicinity of the WIPP site, consistent with both isotopic

studies and measurements of the modern relative head potentials and
transmissivities of the several members of the Rustler.

Interpretation of normative salts within Rustler fluids is partially

consistent with steady-state flow, if extensive vertical mixing is allowed.

The measured head relationships within the Rustler are inconsistent with
infiltration from the surface. The composition of Culebra waters at P-18

and P-14 play a major role in normative interpretation Culebra waters. The

representative character of groundwater samples from the Culebra from P-14

and P-18 is suspect.

ii. Conclusion: Analyzed Culebra fluids are ali undersaturated with

respect to halite, but approximately saturated with respect to gypsum

and carbonate (dolomite). Ali fluids except that from hole WIPP-29

are undersaturated with respect to anhydrite. Therefore, almost ali

Culebra waters are capable of converting into gypsum any anhydrite

they may contact. Carbonates, sulfates, and clay minerals are

ubiquitous in Culebra core. Halite not introduced during coring has

not been identified reliably. With the exception of halite, ali

analyzed Culebra fluids appear to be in approximate equilibrium with

the host rock. Studies to date have not identified any discrete

variations in Culebra mineralogy that can be used to bound
hydrochemical facies.

Discussion: The dominant reactions controlling the variability of Culebra

fluids appear to be the dissolution of halite and reactions between fluids

and a ubiquitous but variable clay-mineral phase. Both the compositions of

clays and the detailed reactions between _ ays and Culebra remain to be

determined in detail, lt cannot be demonstrated that the mineralogy of
intact core specimens is representative of portions of the Culebra that

have been in significant contact with groundwater.
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12. Conclusion: There appear to be significant lateral variations in the

oxidation state of Culebra waters, Fluids from hydrochemical facies

Zone B, south of the site, appear to be more oxidized than those
within Zones A and C, which include the WIPP site. The available

information from within Nash Draw indicates that the redox potential
at WIPP-26 is similar to that within Zone B. Results at WIPP-25

appear to be problematical, due to evolution of H2S during sampling.

The results indicate generally more oxidizing conditions south and
southwest of the WIPP site than at the site itself.

Discussion: Oxidation states of Culebra fluids are not known in detail,

and arm generally bracketed by the occurrence of one member of a redox

couple at too low a concentration for analysis. The possible effects of

contamination have been evaluated only in hole WIPP-25.

13. Conclusion: Recent stable-isotope studies indicate that the bulk of

the Rustler Formation snd part of the Dewey Lake Red Beds at and near

the WIPP site were last recharged under climatic conditions signifi-

cantly different than those of today. This is consistent with the

interpretations that the overall hydrology of the Rustler Formation is

in transient response to the end of the last pluvial period in south-

eastern New Mexico, and that there is no modern meteoric recharge to
the Rustler Formation at and near the WIPP.

Discussion: The data base on which the interpreted isotopic range of

modern meteoric recharge is based includes measurements from several

different rock types and locations, including the Capitan limestone in

Carlsbad Caverns, alluvium at WIPP-15, the Ogallala Formation in both

southeastern New Mexico and on the High Plains of Texas, and the Dewey Lake

Red Beds near an active dune field. The Dewey Lake, however, appears to

include both modern and older waters. The stable-isotopic signature of ali

analyzed waters from confined portions of the Culebra and Magenta dolomites
are distinct from the defined meteoric field.

The stable-isotope results do not provide any direct information about the

timing of recharge, only about different conditions of recharge. In

addition, the results do not rule out modern recharge to the Rustler at

some location removed from the WIPP site itself. However, the results do

indicate that measurable amounts of recharge are not now occurring at the
WIPP site.

14. Conclusion: Both stable-isotope and compositional characteristics of

Rustler waters at Surprise Spring, in the southwestern portion of Nash

Draw, are dominated by near-surface recharge and discharge, including
partial evaporation. Major dilution would be required to derive the

solute chemistry at Surprise Spring from Culebra waters at WIPP-29,

which is nearby. In addition, Surprise Spring apparently discharges
from the Tamarisk Member of the Rustler, rather than the Culebra.

Therefore, Surprise Spring, does not appear to be a discharge point

for Culebra or Magenta waters crossing the WIPP site.
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Discussion: lt ,is possible that some Rustler waters from the area of the

WIPP site discharge in southern Nash Draw, including Surprise Spring. The

results summarized here, however, suggest that the hydrology and solute

chemistry at Surprise Spring are dominated by local processes and

groundwaters, and that any input of waters from the area of the WIPP site
would not be identifiable, even if present.

15. Conclusion: Use of lost-circulation materials in hydrocarbon-

exploration hole and hydrologic test holes (except those drilled with

air) and metabolism of these materials by introduced and/or natural

organisms within the Rustler makes meaningful radiocarbon measurements

on, Rustler fluids difficult. Ali Rustler and Dewey Lake holes may be
contaminated to some degree. Therefore, estimated periods for which

Rustler or Dewey Lake waters have been isolated from atmospheric

carbon should represent lower bounds.

16. Conclusion: Available radiocarbon measurements indicate isolation

times of three Culebra and one Dewey Lake water from input of

atmospherically generated nuclides for at least 12,000 years. This is

consistent with paleoclimatic studies indicating a wetter climate in

the northern Delaware basin approximately I0,000 years ago. The

results are taken to imply that there has not been significant (i.e.,

detectable) vertical recharge to the Culebra and at least part of the

Dewey Lake near the WIPP site in at least 12,000 years. The results

also indicate, because of the relatively tight clustering of ages,
that recharge may have been a pulse event rather than continuous. At

any rate, the available radiocarbon results do not indicate any

consistent age gradient for waters within the Culebra, and cannot be
used to indicate paleoflow directions.

Discussion: The data base of successful radiocarbon measurements is

extremely limited in size. Extrapolation of these results to the confined

Culebra over the entire Site area may be tenuous, but is consistent with

both the fact that the Culebra is regionally confined and the results of

both stable-isotope uranium-disequilibrium studies. Additional radiocarbon

measurements will be made over the next (approximately) two years.

17. Conclusion: Available uranium-disequilibrium results for Culebra

rocks and groundwaters indicate that there must have been a signifi-

cant distinct change in flow directions within the Culebra on the time

scale of approximately I0,000 years. The paleoflow direction involved

at least some component of easterly flow, in contrast to the modern

flow directions within the Culebra, which are essentially north-south

in the Site area. The change in flow directions has apparently

occurred as a result of the end of Culebra recharge at or near the end

of the last pluvial period. The estimated flow time to the vicinity
of H-5 is at least several thousand years, and flow has occurred under

reducing conditions, regardless of where recharge is interpreted to

have taken piace. Therefore, modern recharge is not occurring at H-5,

regardless of the relatively high Culebra heads in the region. The
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current distribution of total dissolved uranium in analyzed Culebra

groundwaters is qualitatively consistent with regional variations in

the oxidation potential within the unit, with more reducing condltlons
in the area at the WIPP site than south of the site and in at least

part of Nash Draw. The interpretation based on uranium-disequilibri_n

studies is consistent with the distribution of Culebra hydrochemical

facies, stable-isotope studies, and radiocarbon studies in indicating

that the overall hydrologic and geochemical setting of the Rustler is

transient on a time scale of approximately I0,000 years, and is
recovering from the last pluvial period in southeastern New Mexico.

Discussion: The present uranium-disequilibrium data base is extremely

limited in size, especially south of the WIPP site. Therefore, significant
uncertainty remains concerning the constraints imposed by these studies on

both paleo and modern flow directions. However, some change in flow

directions within the Culebra is required by the data.

18. Concluslo_: 87Sr/86Sr studies on both matrix minerals and coexisting
mineral pairs from matrix and veins in the evaporitic units below the

Dewey Lake Red Beds, and on veins and/or matrix materials from the

Dewey Lake, Mescalero caliche, and gypsite springs in Nash Draw

indicate distinct variations in the amounts of high-87Sr/86Sr material

derived from surficial weathering that are involved in the diffnrent

units. The measured strontium-isotopic character of the gypsite
springs and the Mescalero caliche indicate derivation from surficial

components. The character of both matrix minerals and coexistingmineral pairs from matrix and veins in the Castile and Salado

Formations, as well as in Rustler anhydrites and the Magenta dolomite

indicate little or no input of surficial components. The isotopic

oompositions of coexisting mineral pairs from veins and matrices are

statistically identical, indicating that the components of the veins

were locally derived in all units but the Dewey Lake.

There is a broad range of strontium-isotoplc character of vein

minerals from the Dewey Lake, from surficial values to values similar

to those from underlying anhydrites and the Magenta dolomite. Since

sulfates and carbonates are very rare in the matrix of the Dewey Lake,

the broad range in strontium-isotopic character of Dewey Lake vein

gypsums is taken to indicate a mix of surface-type components and

components from the underlying Rustler, Upward flow from the Rustler

Formation is consistent with measured head relationship, The

strontium-isotopic character of analyzed carbonate minerals from the

Culebra shows more overlap with that of vein material from the Dewey

Lake than does the character of either the intervening Rustler

anhydrites or the Magenta dolomite, This is taken to imply that

surficial components in the Culebra probably result from confined flow

following recharge at some location removed from the WIPP site. If

the Culebra near the WIPP site were presently receiving surficial

components by vertical recharge, this recharge would be expected to
have altered the isotopic character of Rustler zones above the
Culebra.

0
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Discussion: The isotopic data base for veins and host-rock minerals in the

Rustler and Dewey Lake is limited in size. It has not yet been possible to

date any of the secondary minerals directly. Therefore the strontium-

isotopic results, while indicating the types of waters involved, do not

provide any direct information concerning the ages of these waters.

J

19. Conclusion: The study of deuterium/hydrogen ratios in vein gypsums in

the Dewey Lake and Rustler indicate that all of the gypsums, with the

possible exception of vein gypsum from the Dewey Lake in WIPP-19, may

have crystallized in the presence of varying amounts of Rustler-type

water, rather than in the presence of water representing modern

meteoric recharge in the region. The hydrogen-lsotope character of

secondary Rustler gypsums in hole WIPP-34 is consistently explained by

Rustler-type fluids moving both upwards and downwards from the Magenta

dolomite into surrouvding members, with increasing rock/water ratios

corresponding to increasing distance from the Magenta, This internal

consistency is lost if crystallization of gypsums from WIPP-34 is

assumed to have taken place in the presence of modern meteoric waters.

fr, fact, it does not appear possible to have cry_tallized vein gypsums

from either the Magenta and Tamarisk in WIPP-34 or from the Forty-

niner in WIPP-33 in the presence of a_ amount of water representing

modern meteoric recharge. Both WIPP-33 and WIPP.34 were drilled to

investigate either geophysical anomalies or structures that might be
the result of Rustler karst. There is no £ndlcation of anomalous

structure at WIPP-34, The WIPP-33 structure is interpreted to be the

result of karst hydrology, but is apparently unique at and near the

WIPP site. The isotopic results suggest, consistent with geologic

interpretations, that the_WIPP-33 structure is no longer significantly
active.
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PREFACE

" The Geological Cha:acterization Report (GCR) for the WIPP site presents,

in one document, a compilation of geologic information available to

August, 1978, which is _udged to be relevant to studies for the WLPP. As

such, commonly available documents are s_mi_arized as apprnpriate while

othor documents may be presented more _ully. In some instances, the

Infocmation presented may be prcllmlnary ce may reelect continuing

studies not yet crxnplete. The Geological Characterization Report

certainly should not be construed as the final word on the WIPP 9eolo.qy.

Furthermore, .--elflc _udgemen_:s of bow the geologic information affects

the WTPP are restricted since the document is Intended as a source of

information. However, ¢ecommendetlor, s may be made on the basis of the

document. The Geological Char_cterlzation Report for the WIPP site is

r|either a Preliminary Safety Arlals,sls Report no..._rral'.Environmental Impact

Statement; these _ocuments, when prepared, should be consulted for

appropriate discusnlon of safety analysis and environmental impact. The

Geo13.qlcal Char,_ctorization Report of thr WIPP site is a unique document

and at this time is not req_ired by ce.qulato_y process.

The Geological Characterization _eport (GCR) for the WIPP has been

created through the efforts of m_ny individuals who are to be

acknowledged for their contributions; little of the material presented,

however, is original materlal created solely for the Geological

Characterization Report. At Sa_dla I_boratories, principal contributors
/

tO tllewriting o_ the GCR a_e, in alGhabetical order: G.E. Barr,

B.H. Butcher, R.G. Dosch, L.R. Hill, S.J. Lambert, D.W. Powers,

S.E. Shaffer, W. Wawerslk, and W.D. We._rt. Bechtel Corporation provided

basic summaries for many chapters; the principal participants were:

D. Dale, C. Farrell, V. Howes, J. Litehlser, D. Roberts, R. Sayer. In

particular, J. Litehlser p_ovided the analysis of seismic risk in

Chapter 5. G.B. Griswold o_ Tecolote Corporation summarized resources in

' Chapter 8. F.H. Dove of NUS summari_ed hydrolo.qy in Chapter 6.
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Editorial and review comments were solicited on a working cow and

received _rom xndependent agencies with personnel _amiliar witl_ thf_

geology o_ southoastern New Mexico, partioula='ly thu New Mexico _urcau of

Mines and Mineral Resources. tm internal review at Sandia Laboratories

of a working copy of the entit'e document also resulted in detailed

cnmments. Those review comments were incorporated as appropriate into

this draft copy. As usual, some of the suggest,tons were not [ol.'owed _or

various reasons. The dra£t copy received review and comment by the WIPP

Panel (Committee on Radioactive Waste Management, National Research

Council) of the National Academy of Science, the Of[ice o_ Nuclear Waste

Isolation (ONWI) and various subcontractors, and by Westinghouse as a

contractor to DOE. Major parts o_ the draft were reviewed by members cE

the Special Projects Branch, USGS. These comments have resulted in some

revision of the final copy, as seemed appropriate. The editors assume

responsibility fOr the contents of this report.

The editors and writers acknowledge the enormous volume of acc1_Julated

data and interpretations which provide the backgrouhd Eor the Geological

Characterization Report_ referencing of authors zs intended to reflect

, this background and to properly attribute material.

The Report is primarily intended for use by those with a technical

backgro1_nd in eacth sciences. However, the text should also be generally

readable without all of thls background by referral to the American

Geological Institute Glossarz of Geology (1974).
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GCR CHAPTER 1

, _ EXECUT'fVE SUMMARY

This Executive Summary presents, in condensed form, geotechnical

information relevant to the Waste Isolation Pilot Plant (WIPP) in

southeastern New Mexico. The presentation of material follows the

Geological Characterization Report (GCR) chapter organization, beginning

with Chapter 2, INTRODUCTION. Figures and a reference list are not

included in the Executive Summary; where desired the reader must examine

the figure and Leference list following each Chapter.

INTRODUCTION (Chapter 2)

The Introduction provides an overview of the purpose of the WIPP, the

purpose of the Geological Characterization Report, the site selection

criteria, the events leading to studies in New Mexico, status of studies,

and the techniques employed during geological characterization.

The purpose of the Waste Isolation Pilot Plant (WIPP) is to demonstrate

the technology for the disposal of the transuranic (TRU) waste resulting

from this nation's past and current defense programs. It is anticipated

that the WIPP will be converted to a repository after successful

demonstration of this technology and assessment of safety" of a repository

for southeastern New Mexico. In addition, the WIPP is to provide a

research facility to examine, on a large scale, the interactions between

bedded salt and high-level radioactive waste. A Department of Energy

(DOE} Task Force (DOE/ER-0004/D, 1978) has recommended that WIPP also _

used to demonstrate surface and subsurface methods of handling, storing

and disposing of up to 1,00C canisters of spent reactor fuel. A decision

on implementing this reconl_.endation has not been made at this time.

If this site is accepted by the DOE, the schedule calls for th_:

initiation o_ facility construction in early 1981_ cumpletion is to be

' late 1985, and the first waste to be accepted in )986. The TRU waste

would be re_dily retrievable for a five to ten year period of initial

r_
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operation. Ali _ for experiments would be retrieved upon c_pletion of

the exp¢.-iments. The conceptual design o£ WIPP facilities is complete.

DOE Ims e_.Jressed an intent to request licensing of the WIPP by the

Nucle0r R_gulatory Commission (NRC), but this issue is not yet resolved.

Interest in disposal of radioactive waste in _eologlc media may be traced

back to a 1957 commlutee report by the National Academy of Sciences -

National Research Council, that recommended guidelines Eor permanent

disposal of radloacti_e waste in geological media. Recommendations fell

into two categories: burial in bedded salt deposits or in deep

sedimentary basins (perhaps 4000 - 5000 m deep).

, Salt became the leading candidate as a disposal medium, and from L957

until *3_e1970's most disposal studies in the U.S. concentrated on bedded

sal_. I._ rho mid-1960's, Oak RIC_e National Laboratories (ORNL)

conc_ucted a successful in situ expe,imental program called "Project Salt

, Vault" in a salt mine near Lyons, kansas. A subsequent plan to establish

a federal repository near Lyons was withdrawn due to both technical and

political objections.

_ubsecplent evaluation of salt basins in the United States by ORNL and the

USGS led in 1974 to fleld Investigations of Permian salt deposits of the

Delaware Basin in southeastern New Mexico to determine if the geologic

setting was adequate for a radioactive waste repository. Permian

evaporite deposits consist of the Castile Formatlonwhlch is interbedded

halite and anhydrite, the Salado Formation which consists principally of

halite and the Rustler Forcation which is mostly anhydrite but contains

hclite, dolomite, and siltstone.

In 1975, the AEC (later Ene_'gy Research and Development Adminlstration

(ERDA) and now Depart_uent oE Energy (DOE)) assigned responsibility for

site evaluation and oonceptual design for this project in New Mexico to

Sandia Laboratories of Albuquerque, New Mexloo. The project in New

Mexloo is now known as the _aste Isolation Pilot Plant (WIPP).

V
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Preliminary site selection criteria were general in nature. (Most areas

are not well e_ough known to allow application of precise criteria.)

After Sandia Laboratories determined in 1975 that the first preliminary

study area originally selected by ORNL was geologically unsuitable, site

selection factors were refined specifically for and applied to the

Delaware Basin in New Mexico to define the pre_ent study area. The major

siting factors employed in southeastern New Mexico are that the

repository salt beds should be: (a) relatively pure; (b) several hundred

feet thlck; (c) between depths of 100t) and 3000 feet; (d) located where

groundwater dissolutioning is relatively limited; (e) at least on_ mile

from boreholes that completely penetrate the eva' 3rite section, (f)

generally located to avoid private land; (g) located where strata ace

relatively flat; and (h) located to minimize conflicts with mineral

resources. Data from hundreds of borehole gegphysical logs and more than

f.ifteen hundred miles of existing seismic reflection lines £rom petroleum

companies were analyzed and considered along with hydrologic data and

available information on natural resources to narrow the area of search.
A relatively restrictive crlteriun was the requirement the repository be.

one mile or mor_ tO the n, _r_-stborehole penetrating the complete

evaporlte section. Existing studies of borehole dissolution indicated

one mile is sufficient, though perhaps not necessary, to ensure

repository integrity.

Geologic studies for the WIPP fall into three different phases:

preliminary site selection activities, geologLcal characterization, and

studies of long-range geologic processes affecting a repository.

PLelim|nary site selection activities are complete LJow_ and geological

characterization is nearing cY,mpletion with this report. Studies of

long-range processes are becoming the focus of geotecnnical programs;

some of these latter studies are already underway. These studies, which

will be oriented toward geologic processes and rat.,s, will mostly be

completed before conversion of the WIPP to a permanent repository for
._

defense waste; these studies plus operation should provide further

refinement to criteria for conversion of t:he WIPP.

q,
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Many standard petroleum and mineral industry techniques have been used to

characterize the WIPP site. Considerable reliance has been placed on the

combination of geophysical techniques corroborated by borehole

information. The geophysical techniques most widely used to characterize

the WIPP site include seismic reelection and resistivity. By summer,

1978, about 75 line miles of new seismic reflection data were obtained

and over 9000 resistivity measurements had been made and analyzed.

Twenty-one boreholes were drilled to evaluate potash, 14 hydrologic test

holes were drilled and four potash holes were converted for hydrologic

studies of the aquifers above the Salado Formation. Ten stratigraphic

test boreholes have been drilled on or around the WIPP site as of early

August, 1978, and two other holes have been drilled well away from the

WI_P site to study dissolution processes. Two of these holes were

drilled through the salt to test deep aquifers and to acquire geologic

data.

Muse of the WIPP geologic studies to date advanced geological

characterization. Geologic studies will continue in order to permit a

better quantification of the rates of geologic processes in and near the

WIPP site and to develop a more thorough understanding of the geologic

phenomena of interest (see Chapter I0).

REGIONAL GEOLOGY (Chapter 3)

Regional Geology provides a broad assessment of the surface and

subsurface _1,vironment of the area within a radius of about 200 miles of

tne proposed WIPP Site. The discussion comprises a synthesis of the

available (]ata pertaining to the physiography and geomorphology,

stratigraphy ano llthclogy, structure, tectonic development and geologic

history of this region. Such information is necessary to understand the

geological processes that need to be understood for assessment of

long-term safety of a repository in the Delaware Basin of southeastern

New Mexico. The paragraphs below present a brief summary of this

information.
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The WIPP site is located within the Pecos Valley sectlon of the southern

Great Plains physiographic province, a b_oad highland belt which slopes

gently eastward from the Rocky Mountains and Basin and Range province to

the Central Lowlands province. The Pecos Valley section itself is

dominated by the Pecos River valley, a long north-south trough from 5 to

30 miles wide and as much as 1,000 feet deep, which exhibits an uneven

rock and alluvlum-covered floor marked by widespread solution subsidence

features resulting from dissolution within the underlying Upper Permian

Ochoan rocks. The section is bordered on the east by the Llano Estacado,

the virtually une_oded fluvlatile plain of the High Plalruq section, and

on the west by the Sacramento and Guadalupc Mountains area of the

Sacramento section.

The principal geomorphic features with bearing on the site area include

the Pecos Rive: drainage system, the Mescalero Plain, karst topography

and wind erosion "blow-outs." The Pecos River system has ,:volved from

the south, cutting h_.adward _hrough the Ogallala sediments to capture

what is now the _ppe: Pecos ind becoming entrenched sometime after the

Middle Pleistocene. The sy_ tem at present receives almost all the

surface and subsurface drainage of tla region; most of its tributaries

are intermittent, due to the contemporary semi-arid climate. Most of the

ground surface east of tie Pecos River valley comprises the Mescalero

Plain, a poorly drained surface covered by gravels, eolian sand and

caliche, which has developed since Early to Middle Pleistocene time. The

surface of the region exhibits karst topography containing superficial

sinkholes, dollnes, solution-subsidence troughs, and related features,

formed as a result of both surface erosion and subsurface solutioning

activity.

The WIPP site lies on a caliche and sand covered drainage divide

separating two major and perhaps still developing solution-erosional

features, Nash Draw on the west and San Simon Swale to the east. This

prevailing erosional patterp is expected to continue in the future, with

most local erosion occurring in the draw and swale areas. The site is

located west Lf the local drainage divide.
I
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The stratigraphic section present in th_ site region includes Precambrian

through TriassJ.c rocks,, overlain by outliers of possible Cretaceous age,

and w_,tc3e_,ipre,,,,,_t/d Late. Tel:tiacy through Holocene sediments

J I ' " , If/

Metase¢_:mentI_S _id granltlc_volcanic igneous materials constitute the_ , _

majority o£ the regional basement, cropping out in isolated areas tD the

west and north. The granitic rocks range in age from about 1,400 million

years in the north to about 1,000 million years in the sc,u_h and are

overlain in places by younger Precanibraln volcanic terrains. The

surface of the PrecF_brian reflects the Late Paleozoic platform and basin

struccural configuration of the area.

The Paleozoic section comprises up to 20,000 feet of Upper Cambrian

sandstones through Upl_.r Permian ovaporite,d and redbeds. The Ordovician,

Silurian and Devonian rocks are primarily carbonates with lesser sands,

shales and cherts which were deposited in shallow, rather calm shelf

areas of broadly subsiding areas of the Tobosa Basin, with some mlnor

influence from uplifted areas such as the ancestral Central Basin

Platform. The Mississippian sequence consists of locally cherty

limestones overlain _J silty and sandy shales, truncated against ad3acent

emerging uplands. Post-Misslssippian orogeny caused uplift, tilting and

erosion, producing a massive section oE Lower Pennsylvanian continental

sediments, interbedded with dark llmestones, pa£ticularly toward the top

of the section. Late in the Pennsylvanian, a basin, basin margin, and

shelf configuration, which endured through the Permian, developed,

resulting in deposition of dark shales, clastics and some limestones and

bloclastlcs forming a series of reefs along the basin mar& ns, and

shallow-water limestones and clastics on the adjacent shelves. Upon

filling oi the basins in the Late Permian, a sequence of evapoL'ttes

totalling 4000-5000 feet in thickness was dep_slted during recurrent

retreats of shallow seas restricted by the enCircling Guadaluplan reefs.

The Castile Formation consists of anyhdrite interlaminated with calcite

and halite overlain by the Salado Formation, which is primarily halite

with lesser elastics, anhydrite and a suite of salt3. The Rustler

Formation overlying the Salado is composed of an,ydrite, gyosum and
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' 1-sser salt with c_L_bonates and elastics. The top of the Paleozoic is

marked by the thin Dewey Lake Redbeds.

The Mesozoic sequence is repcesenced by only the Upper Triassic Dockum

Group of terrigenous redbeds, which in many places are truncated or

removed by ¢roslon, and by scatt¢:ed patches cE Cretaceous limestone and

sandstones.

The lower Cenozoic section is missing from the region due to erosion

and/or non-deposition, and the widespread Late Miocene-Pliocene Ogallala

elastics represent the sarliest deposition of the section. The Ogallala

is capped by a dense, resistant layer of caliche, which probably started

to form during the Late Pliocene. Qu:terna:y doposits occur only locally

and consist of the Middle Pleistocene r.oHolocene t.errace, channel and

playa deposits as well as w$.ndblown sands. _.

The major structural fr_uwork of the region is provided by the

large-scale basins and platforms of late Paleozoic age and by Cenozoic

features primarily associated with Basin and Range tectonics.

The principal late Paleozoic features of the area consisted of the

western extent of the Tobos= and later the Permian B_sln and its border

lands. These el._ments include the Delaware Basin, Central Basin

Platform, Midland Basin, the Northwestern Shelf, Pedernal Uplift, Matador

Arch, Val Verde Basin and Diablo Platform.

The slte is located in the northern Portion o£ the Delaware Basin, a

broad, oval-slmped asymmetrical trough with a northerly trend and

southward plunge and a structura] relief of IQore than 20,000 feet on top

of the Precambrian. Defor:_tlo.. of the basin rocks is mino[, those

furmations older than Late Permian are only gently downwarped.

Deep-seated faults, some reflecting Precambrian faults, Occur in the

basin, as do folds, joint sets, and a number cE _aller, probably

solutionorelated structu.-es originating in the Upper Permian evaporites.

The basin was defined by early Pennsylvanian time, and majo_ structural

t



r

t ..........
i

L

I-6

adjustment oocurred from Late Pennsylvanian to Early Permian time. By

the Late Permian, this episode o_ tectonic activity ended in the basin;

regional eastward tilting occurred later, i:l the Cenozoic.

The Central Basin Plat_orm, a northward-trending feature, separated frc_

the Delaware Basin to its west by a :one of major normal faulting,

represents a broad uplift of Precambrian to Pennsylvanian rocks, within

which move_cent took piace periodically, probably from the Precambrian

until the late Paleozolu when the basin became structurally stable.

North and northwest of the Delaware Basin lies the Northwestern Sheif,

which waa _ll-developed before Permian time and may have originated in

the Early Paleozoic, when it formed the margin of the Tobosa Basin. A
0

number of flexures, arches, and faults which have been Identified on the
/

' shelf had probably ceased tectonic activity in Tertiary time.

The Diablo Platform, forming the southwestern border of t_e Delaware

Basin, experienced primary deformation in the late Paleozoic in the form

ct uplift, folding and faulting. Deformation also occurred he_e during

late Tertiary tune through block faulting and rbUCkling. Recent uplift

along its eastern side suggests continuing tectonic development in the

area. The remainder of the previously listed late Paleozoic structural

elements of the area are only remotely related to the site area.

L_te Tertiary Basin and Range tectonics produced the Sacramento,

Guadalupe and Delaware Mountains bordering the region on the west. The.se

uplifts are generally eastward-tilted fault blocks bordered on the west

by complex normal fault systems formlng short, steep westward slopes and

"--'_ backslopes dipping gertly eastward. Tectonic activity began in this area

during Mississippian to Early Permian time in the _orm of fault systems,

followed by the ma]or Basin and Range tectonics. Small fault scarps in

recent alluvima along the western edge of these ranges, a3 well as some
#
I

; seismic activity, suggest that structuL'al development here may still be
.

taking place.

s
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.. POSt-Precambrlan igneous activity in the region consists of Tertiary

intrusives and Tertiary to Quaternary volcanic terrains located on the

north, west and south of the situ area. Only minor igneous activity, In

the form of dikes and possibly sills, is known to have occurred within

the Delaware Basin,

The closest such igneous feature to the site is a near-vP.rtiaal trachyte

or lamprophyre dike or Series of en echelon dikes trending about N50°E

for perhnps 75 miles into New Mexico from near the Texas-New Mexico

border southwest of Carlsbad Caverns, passing about 9 miles northwest of

the site. Evidence for the dike's existence consists of exposures in two

mines, cuttings from several drill holes, aeromagnetia indications and

surface exposures some 42 miles southwest of the site in the Yeso Hills.

This dike has been dated as told-Tertiary and intrudes onl_" uhe Late

Permian Salado and underlying formations.

The principal Tertiary igneous features of the area beyond the Delaware

e Basin include several intrusive bodies within the Delaware Mountains,
widespread occurrences further south in the Trans-Pecos region and

several areas well to the north, of the basin, in the form of the

eastward-trending E1 Camino del Diablo a_! Railroad Mountain dikes (near

Roswell) and the stocks of the Capitan and Sierra Blanca Mountains.

0uaternary volcanic and related extrusive terrains are present west of

the site region, well wi_.hin the Basin and Range province.

The geologic history of the region is recorded in igneous and

metasedimentary rocks as old as about ).,400 million years which indicate

a complex Precambrian history of mountain-building, igneous events,

metiuaorphism and erosional cycles. Probably before Paleozoic time,

erosion had reduced the area to a nearly level plain.

". The early to middle Paleozoic Era was characterized by generally mild

\ epeirogenlc movements and carbonate deposition interrupted by only minor

clastlc sedimentation. The oldest sediments in the region are the Late

Cambrian rind perhLps Early Ordovician Bliss sandstones. Following Early

! _ : , ,
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- ordovician t_me, a broad sag, the Tobosa Basin, £ormed and began

deepening. Shelf depositions of elastics 0_ntinued, derived partly from

the al_cestral Central Basin Platform, and carbonates deposited in shallow

water_. By Late Ordovician time, the Marathon Ouaohita geosyncline to

the south of t,_e area began subsidi_, but until the Middles

/ Mississippian, only mild tectonic activity continued, with several
I

periods of minor folding and perhaps some faulting, the basin subsldlnp,

the Psdernal landmass to the north emergent and some regional erosion
/

occurring o . ,

F_o_ late in Mississippian time through the Pennsylvanian, regional

tectonic activity acoeleratsd, foldlng up the Central Basin Plat[orr,,

14atador Arch and the Ancestral Rockies, producing massive deposition of
l

clastics. The Tobosa Basin was definitively split into the rapidly
/

subsiding Delaware, Midland and Val Verde Basins. Throughout the

Permian, sedimentation was con,incus in the basins, climaxing in the

development of massive reefs, and, following stabilization in the Late

Permian, in the deposition of a thick sequence of evaporites. By the end

of the period, the area was sllghtly emergent, and a thin sheet of

iedb¢_ds covered the evaporites.

S_.n.-_the close of the Permian, the basin area has been relatively s_.able

ce_tontcaity, and the Mesozoic through Cenozoic eras have been

characterized by erosion, with only relativ,_ly minor deposition of

te;restrial materials, buring the Triassic, a bro_d flood plain sediment

surface developed, _ollowed laP.e _, th_ _eLLod by fluvial cLastic

deposition and formation of a rolling topography. SuPer.line during the

Cretaceous, subme_.gence occurred, and thin limestone and clastics

collected in intermittent, shallow seas. _u:ing the Jurassic and perhaps

as earl t as the Triassic, subsurface dissolution of the Upper PeL'mlan

evaporites began. The close of the Mesozoic was marked by the Laramide

orogeny and uplift of the Rocky Horn,sins, with mild tectonic and igneous

activity to the west and north of the site area. Throughout most of the

Tertiary, erosion dominated, until de.position of the Ogallala late in the

era. Hid to late TertiaLy Basin and Range uplift of the Sacramento and
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" Ouadalupe-Delaware Mountains was accor_panied by regional uplift and

east-southeastward tilting, Upon this gently slopii4g surface the

Miocene-Pllocene Ogallala fa_ deposits accumulated, and a roslstant

caliche cmprook began to form. During Quaternary time, the pr'e'sent"

, landscape has developed through processes o£ surface er, osion and

dissolutioit o_. the Upper Permian evaporites, accompanied by, terrace and

stream valley deposition and eolian activity.

' The regional geology shows that the northern Delaware Basin has been a

part of large structures reacting slowly to tectonic and climatic

processes. About 300 million years of Paleozoic geologic history

indicate a downwarping basin on a grand scale. The last 200 million

years are characterized by slow uplift relative to surroundings resulting

in some erosion and disso_,ution of rocks in the Delawar_ Basin. Dramatic

geologic eventq such as faults and volcanic activity have not occurred in

the northern Delaware Basin where the WIPP slte i|_located. The nearest

events o£ this _.ype are occurring west of the GuaCalupe Mountains about

70 miles southwest of the WIPP site. The reglon&l geology does not

indicate that any dramatic changes in geologic processes or rates have

recently occurred at the WIPP site.

SITE GEOLO_ (Chapter 4}

Much investigative effort has been expendea to define subsurface geologic

condltlon£ at the WIPP site. These studies not only provide detailed

information regarding mining _onditlons at the repository levels, but

also furnish a basis for _n assessment of the level of protection or

safeguard against possible modes of containment failure at the ci'.'e,in

the context cE the long-term luolatlon requirements of rad_.oactJve waste.

Informatic_ for geologic investigations conducted by. the U.S. Geological

Survey and reported in several operPEi.l.ereports b_- that agency, as well

as details cE salt deformation investiqated by other consuttants, have

done much to define the general geologic conditions lr) the vlclnit,.,of

the WIPP site ar,d have been freely utillzed in assembling Chapter 4 of

_, the GCR. DetaIJ.ed site-speclflc exploration technlc;ues include seismic



I

1-12

re_leotions resistivity, gravity and r_agnetio _urveys, borehole

exploration including coring, geophysical logging and hydrologic testing,

and reconnaissance geologic mapping. From data thus obtained a series of

structure contour and isopaah maps were constructed which are presented

and discussed in section 4.3 and 4.4 & continuously cored stratigraphia

t'est hole, ERDA-9, has been drilled to a depth Qf 2,875 feet below ground

sub,ace near the center of the WIPP site anO provides much detail on

geologic prope_ties at and above the WIPP repository levels.

The surface of the WIPP site is a slightly hu_oaky p_-ain sloping gently

southwest at about 50 feet per mile_ elevations ran_e at the site _rom

abou_ 3300 to 3600 feet above sea level. There are no permanent d_ai,age

courses in the site area. Any intermittent runoff drains west into Nash

Draw, _ broad swale of about 150 feet o_ relief leading southwest toward

the pecos River. A declivity mst'king tzm east edge of Nash Draw in the

site area, known as Livingston Ridge, is located about 4 _iles west of

the center of the site. Nash Draw, now partly filled with Pleistocene

sediments, has evolved both by surf cre erosion and by subsurface

dissolution of sa?.t, presumably during wetter intervals in the geologic

past.

Recen_ windblown sand and cav.tly stabilized sand dunes blanket n,ost of

the site area. A bard, resistant duricrust or callche (Mescalero

aaliche) is typically present beneath the 3and blanket and has developed

upon the surface of the underlying Pleistocene fluvial (Gatuna)

deposi_,. The _]uvial deposits are tentatively asslgn_d a Kansan age and

tlm ca]labs formed upon them a Yarmouth {interglacial) age_ that i_, the

caliche formed starting appro_¢imately 500,000 _ears ago. At some [,laces,

the ciliche is fractured and drages into Nash Draw along Livlnj8ton

Rid_._, lJ_dleatlng that some erosion and Cisso; _tion has taken plac._ in

Nash Draw since the caliche was formed, presumably during wetter climatic

intervals associated with llLinoian and Wisconsin _laclation,. Increased

erosion fr_, runoff, should the climate of the region become _._r_ h_a_.d

in tl_e future, would be expected to occur in tr_ existing drainage

collrses, leaving the drainage patcerns relaulvely unaltered.

-,
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.. The proposed WIPP underground storage _acilities are to be placed near

the middle of a 3,600-foot-thick sequence of relatively pure evaportte

strata containing primarily rock salt and anhydrite, lying between depths

o_ about 500 and 4,100 £eet b_neath ground surface. The formation

richest in rock salt, the Salado PoL_nation, is nearly 2,000 feet thick

and contains the relatively pure salt layers in which the two proposed

undeL'ground sto_age levels are to be constructed, at a depth near 2,120

feet for the upper level and near 2,670 feet for the lower. The storage

horizons are well isolated Erum the hydroiog_c environment by adjacent

evaporite strata. A thickness of at least 1,300 £eet of undisturbed

evaporlte rock, prmarily rock salt, overi_es the upper storage horizon

and about an equivalent thickness cE anhydrite and rock salt intervenes

between the lower storage horizon and rh0 next adjacent underlying

non-evaporite for'marion. The salt deposits of the Castile and Salado

Formations at the WIPP site were formed about 225 milllon years ago and

have remained isolated fro¢, dissolution sinc_ about that time.

',_he total tnio_;ness of the sedimentary pile resting on top of Precambrian

basement beneath the WIPP site is about' 18,000 ferc of Ordovician to

Recent strata. Following is a brle_ summery o_ the stratigraphy,

proceeding from the surface down to the basement. Beneath a thin but

persistent veneer of windblown send at the site are sedimen'_.s

representing Pleistoce e, Uppe_ Triassic, and uppermost Pe':mian strata,

ali of which occur above l:he evapocite sequence. Sandstone of the

Pleistocene Gatuna Formation, capped by Mescal,ro caliche also developed

in Pleistocene time, is only a few tens o_ feet thick at the site and is

of interest prlm_ily for the geochronologlc and paleocllmatlc

impllcatlons of its presence, l_etween the Pleiutocene deposits arid the

evaporlte sequence is a 500-foot-thlck succession cE nonmarlne redbeds of

Late Triassic Age (Santa ROsa sandstone) and marine redbeds cE latest

Permian age (Dewey Lake Redbeds). This redbed sequence thins westward

and thickens eastward, having beep beveled westward by several post-Late

Triassic erosional episodes_ the thickness of redbed deposits remaining

above the evaportte sequence is crudely proportional to the degree to

which the underlying sal_ horizons have be.en protected f_om surficial

processes leading to erosion and dissolution.
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At the center o_ the site all but the uppermost 50 feet of the 18,000

_eet of strata are o_ Paleozoic age, the marine Dewey Lake Redbeds being

. the to_ost Paleozoic rooks. The Permian section alone, about 12,800

foet thick, constitutes ove_ two-thirds o_ the sedimentary pile. The

Permian seotio!T is diVided into four series, the three lowest o_ which

(Wol_campian, Leonatdian and Ouadalupian) contain thick aldstio

sequences, and the uppermost of which (Oohoan) iu represented by the

Castile, Salado, Rustler, and Dewey hake (in ascending order).

The Rustler, which lies over the Salado, contains, the largest percentage

of olastio material of the three evaporite formations, yet where its

original thickness of arot_nd 450 feet has been protected Crom salt

dissolution, about 70 percent of the Eormation is composed of evaporite

mlne_als, more than half of which la halides. Beneath the Los Medanos

s'te the RUstler has been leached of moat of its rock salt, with the

result that 310 feet o_ the formation was encountered at ERDA-9 at the

center of the site., This implies that up to 140 feet of rock salt have

been rumored and that the ovarlying strata haue subsided accordingly! it

does riot, however, imply that dissolution and subsidence is _re0ently

active or even that it has recently occurred. The uppermost occurrence

of halite in the Rustler Formation _as encountered at a depth of about

760 feet (about I00 feet above the base of the formation). Between this

level and the tlpper level storage zone of the proposed WIPP facility over

1,300 feet of undisturbed evaporlte rock, primarily Salado rock salt,

inter v_ne.

T_j 2,000-foot thickness of the salt-rich Salado Formation is divided

into three members by _he recognition of a middle member referred to as

the McNutt potash zone, which is the interval within the es]ado that
4

contains all of the potential reserves of potash, or potassium minerals

commercially mined in the Carlsbad district west of the site. The icwost

member of t_e Salado, beneath the McNutt potash member, is the member

that contains the nearly pure halite c_sen for the propose_ facility.

The Castile Formation beneath the Salado contains highly pure beds of

halite but, unlike tho Salado, also contains much massive anhydrite.



e 1-15

The rest of the Permian section beneakh the evaporite sequence, together

with the subjacent Pennsylvanian and possibly Late Mississippian

sections, contain dominantly clastlc rocks that represent deposition

during the time in which the Delawars Basin existed as a distinct

structural entity. Much of these pre-evaporlte, baslnal sediments, which

total about II,000 feet in thickness beneath the site, hav_ been targeted

for petroleum exploration at one point or another in the Delaware Basin

and contain nearly all of the reglon's known potentlal reserve of

hydrocarbons.

The remainder o_ the Paleozolc section (Mississippian down through the

Ordovician) consists of about 3,000 feet of mainly carbonate strata

deposited in shallow-water or shelf .-ondltlons over a period of

long-sustalned crustal stability.

The underlylng crys_alllne basement 13 be!leved to be a granitic terrane,

formed about 1,300 million years ago. The only other igneous rocks that

are known in the site area are known only in the subsurface and occur as

lamprophyre (basaltic) dike rock intruded into evaporite beds along a

slngle northeast dike trend that approaches no closer than about 9 miles

northwest of the center of tb_ proposed WIPP site. t

With cegard to subsurface geologic structure at the site, all of the

Permian an_ older str3ta exhibit a gentle, regional homoclinal dip to the

east or southeast, reflecting the presence of the Delaware Basin tectonic

structure. No surface faulting is known. A general summary and

assessment of structure in the site area was provided by C.L. Jones in an

open-file report issued by the U.S. G_o!ogical Survey in 1973. Jones

slated,

"The structure of the Los Medanos area is baslcally slmple and the

rocks ate, for the most part, only sllghtly deformed. Nevertheless,

the rocks have been tilted, wa. ped, eroded, and subroded, (ed. note:

subjected to subsurface removal by dissolution), and discrete
structural features can be recognized. These include: (I)

structural features of regional extent related to Permian
sedimentation, (2) Intraformatlonal folds of llmlteu extent relateds
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tO =down-the-dip" movement of salt under the tnfluenc:e of gravity
and weight of overburden and (3) subsidence folds related to warping
and settling of rocks to conform with the general shape and
topography of the surface of salt in areas of subrosion...

"On the basis of available geological informationr the salt deposits
of Los Medar,_os area seem in many ways to constitute a suitable
receptacle for use in a pilot-plant repository for radioactive
wastes. The deposits have thick seams of ro_k salt at moderate
depths, they have a substantial cover of well-consolidated rocks,

and they have escaped almost completely undamaged long periods of
erosion. The deposits are only slightly structurally deformed, and
they are located in an area that has had a long history of tectonic
stab._,llty."

/

Information developed in the succeeding five years of investigations do

not significantly alter that assessment relative to the structural and

tectonic conditions present at the Los Medanos site. Based on

exploration accomplished to date, a series of structure co'_tour and

isopach maps are presented for rocks ranging in age from D_vonlan to

• Pleistocene. This and othur information indicate that active tectonic

faulting and warping of rocks in the site vicinity seems to have predated

Permian evapoEite depositionl certain minor faulting within the thick

Permian section appears to have occurred contemporaneously with

sedimentation and may be ascribed to compaction. Deformation related to

salt flowage has occurred primarily in the Castile Formation beneath the

Salado, and l:as locally modified thz regional easterly gradient to 80 to

I00 feet per mile at the lev_l of the storage horizons near the base of

the Salado. Areas in the vicinity of rh- site in which artesian brine

reservomzs have been encountered are associated with thickened salt

sections and salt-flow anticlines in the Castile, but no such major

structural features are recognizable within the limits of the WIPP

storage facility on any of the Salado horizons contoured. The site

appears to be. in a slight structural saddle, a conaltion considered to be

favorable for site selection. Dissolution of bedded salt at the site has

been restricted to horizons within the Rustler Formation; there is no

evidence that the resi_Iting settlement produced any significant

O
i' 0

/!
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structural irregularities or collapse features in the overlying strata

within the area of the Los Medanos site. _nvestigatlons are continuing

to further define the extent to which salt deformation in the Castile may

have affected the stTuctural configuration within the lower part of the

Salado where excavation of the remote handling (RH) and contact handling

(CH) levels is presently planned. These investigations will permit a

more detailed assessment of the optlmm_ layout, design and construction

method of the storage facility.

The geologic history of the Los Medanos slt_ may be organized into three

main phases occurring subsequent to the original establis_dent of a

granitic basement intrusive complex between about one billion and 1.4

billion years ago, forming t,u cratonic crust beneath the site. The first

phase, of at least 500 million years duration, was a time of uplift and

erosion of all pre-exlsting Precambrian sedimentary and metamorphic rocks

which may have once been deposited or formed in the site area, eventually

exposing _he deep-seated igneous rocks.

The second phase, which corresponds to the Paleozoic Era, was

characterized by an almost continuous marine submergence lasting about

225 million years, wherein shelf and shallow basin sediments slowly

accumulated. It culminated in a comparatively rapid acc,_ulation of over

13,000 feet of Permian sediment within a relatively bri,_f period lasting

50 to 55 million years, toward the end of which time thick evaporite

beds, mainly rock salt, were deposited. This rapid Permian deposition

was presaged in Late Mississippian time by tectonic activity that

differentially upwarped elements of the craton, suc_i as the Central Basin

Platform, thereby defining the Delaware Basin as a tectonic feature for

the first time. During Pennsylvanian time, repea_;ed marginal faulting

caused periodic uplift of borderrng platforms ant| some warping within the

basin. By early Permian time, this tectonic activity apparently died out

as basin subsidence and sedimentation accelerated. Eventually the

Permian sea became shallow and briny, at first characterized by uxtensive

: _eef development, but eventually in Ochoan time by a vast brine flat in
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which thick evaporlte deposits formed, burying the earlier reef masses.

The flnal event of the long, nearly continuous accumulation of marine

sediment of the second phase was deposition of a blanket of marine or

brackish tidal flat redbeds over the evaporite strata.

Upllft and subaerJal conditions next occurred at the site in the third

and flnal phase, and persisted some 225 milllon years to the present,

with the exception of a brief marine inundat.ion in about the mlddle of

that span of time. Periods of terrestrial dleposltlon alternated wf b.h

erosional episodes, so that a series of nonmarlne deposits separated by

angular uncon_ormlcles blanket the evaporite beds at the site. These

angular unconformities represent intervals during which the salt beds at

the WIPP site were tilted and subjected to potential dissolution. At

least fOUr erosional episodes separated by deposltlona! intervals are

recognized: (i) Early Triassic time in which the Dewey Lake Redbeds were

tilted and eroded to a slight angular unconformity before deposition oE

the Upper Triassic Dockum Group; (2) Jurassic-Early Cretaceous time in

which the Dockum Group was tilced and eroded to a wedge before marine

inundation in Washitan time (latest Early Cretaceous) T (3) a Late

Cretaceous through mid-Tertiary erosional interval when the region was

again tilted and the Triassic Dockum Group of sediments was bevelled for

a s(-_ond tim_.l and (4) a post-Ogallala (post-Pliocene) uplift and erosion

in early Pleistocene time, prior to deposition of the (Kansan?) Gatuna

Formation took place. Subsequent to deposition of the Gatuna, there

probably were intervals corresponding to the later II_inoisian and

Wisconsin glaciations during which accelerated eL'osion in these wetter

times occurred in the area of the WIPP site.

Each period of tilting, which accompanied renewed erosion as outlined

a_h<_v._, afforded an opportunity for salt flow by plastic deformation along

the imposed gradient and salt deformation as the salt impinged against

reef abutments o: responded to uneven, differential sediment loading or

erosional unloading_ therefore there may have been several episodes of

salt deformation of this type. To the extent that some "deep

dish, elution" features are recognized today in salt at depths of several



thousand feet below the surface, it seems likely that subsurface

dissolution of salt could have been initiated at comparable depths

beneath the surface as soon as Early Triassic time. It is t'easonable to

assume that epJ,sodes of active dissolution occurred during the Jurassic

. and Late Cretaceous-mid Tertiary erosional intervals, as weil as during

the several pluvial periods corresponding to Pleistocene g!.acial stages.

Any attempt at reconstructing past history of salt _Issolution in the Los

Medanos area as an approach tc predlcting the future cour,Je of salt

erosion must contend with the likelihood of the existence of times of

greatly accelerated dissolution of salt in the geologic past interspersed

with intervals of much lesser activity. The evidence available today

Jndlcates little if any change in erosion rates at the WIPP site in the

recent geologic past. Detailed mapping studies are underway which will

Contribut_ _.to information on dissolution rates at various times in the

geologic history of the site.

The discussion of the site geology defines the present conditions of the

site which must be known to establish the WIPP. These conditions relate

Q mostly to physical characteristics such as thickness, depth, extent,

purity, and structure of the evaporites (as well as some of the

. surco'-nding beds). In addltion, baseline conditions regarding the

processes of dissolution and erosion as they affect the immediate site

have been determined. Thus the baseline geological conditions at the
I

site are presented so that judgement of the site relative to the present

criteria may be undertaken and so that continuing studies will focus on

geologic processes important to assessment of repository safety.

The site geomorphology indicates tectonic stability at the site for the

last 500,000 years or more. The local stratigraphy is continuous with

the regional stratigrephy. Local minor structures exist within the

evaporite beds, but no severe displacements or brine or gas have been

encountered. Potential repository zones at depths of 2730-2620 feet and

2176-2074 feet have been chosen on the combined basis of purity, depth,

thickness, mutual separation, and depth below the Potash zone. J
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SEISMOLOGY (Chapter 5)

Regional seismicity of the Los Medanos site is discussed in two separate

time intervals suggested by the type and quality of information available

, for each inter-al. These intervals are before 1962 (non-lnstrumental)

and from 1962 to the present (InstrL,nental).

Before 1962 almost all data on earthquakes within 300 kilometers of the

site are based on collection, cataloging, and consideration of

non-lnstrumental reports. These data indicate that twenty earthquakes

with maximum reported intensities between III and VIII on the Modified

Mercalli Scale have occurred within a 300 kil_,eter radius of the s4.te

region from 1923 to 1960. There have been no earthquakes of eplcentral

intensity V or greater within about 200 kilometers of the site in thls

period. The closest reported shocks are two intensity IV ovents at

Carlsbad in 1923 and 1949. The strongest reported earthquake to occur

within 300 kilometers is the intensity VIII Valentine, Texas event of

lugust 16, 1931 at a distance u£ approximately 210 kilc_ete_s.

Between 1962 and 1972 inclusive, a general instrumental _ucvey o£ the

site region shows 38 earthquakes with magnitudes ranging fro_ 1.2 to 4.6

(Richter scale). The seismicity pattern of these instrumentally lo=ated

events _s very similar to pre-.instrumental data except that a numbeL of

earthquakes occur on the Central Basin Platform in the lat_,'_data set.

The closest reported shock between 1962 and 1972 was a magnitude 2.8

event on July 26, 1972 about 40 kilometers northwest of the site. The

largest event In this period is the magnitude 4.6 earthquake almost 300

kilometers to the southwest.

Three tnvestlgatlons of a more loca1 and temporally restricted nature

have impact on the r,os Medanos site. Thes_ involve earthquakes recorded

at a seismographic station Installed near the site itself, events

recorded at an array of seismographic stations installed on the Central

Basin Platform near Kermlt, Texas, and three oarthquakes recorded

reglonally and found to have occurred near the site.
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At the begirni],g of April, Iq7_ a vertlcal, single-comoonent,

continuously _ecording seismograph station (with letter designation CT,N)

was installed very neac the site. During the latest available reporting

period, April, 1974 to October, 1977, 291 events identifiable as local

and regional earthquakes have been recorded and locations for 75 of. the

291 events have been obtained. The seismicity pattern suggested is very

similar to that of the genera_ 1962-1972 instrumental survey.

Approximately one-half of all located events in the Cr.N data set occur on!

the Central Basin Platform while most of the rest. occur to the we_t and

southwest of the site in the Rio Grande Rift Zone. There is also a

scattering of earthquakes in the High Plains physiographic province of

tho site. Inc._uded is a magnitude 3,6 ev'ent on November 28, 1974 at

about 40 kil_eters to the northwest, Which was close to the July 26,

1972 earthquake mentioned above.

InstrL_aental studies show earthquake activity in the Central Basin

Platform au a higheL level than expected. Primarily for this reason, the

Kermit, Texas seismographic station array was established in late 1975 to

more closely monitor this activity. During the latest available

reporting period for this array (November, !975 to July, 1977}, 407 local

events have been detected and £35 located with arrz_y data. Of the

located events 56 were in the interior oE the array while the rest hav_

been peripheral to it. Earthquakes with magnitudes calculated both using

Kermit array data and regional seismographic station and CLN data show

that Kermlt magnitudes are almost one unit higher. This inconsistency

remains unresolved at this time.

As a result oE general survey and specialized seismic inntcumental

studies in the Los Medan_s site region theL'e is little doubt tr.at the

Central Basin Platform has been sei._mlce_11yactive slnc_ _t least

mid-1964, and that during this time it has been the most active seismic

ar_a within 300 kilometers of the site in terms of ntmlber of events. The

basic conclusion _rom all instrumental data is that seismic activity is

equally li_<ely to occur anywhere along the Central Basin Platform

structure without particular regard to small scale structural details
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' ' "' such as pre-Permian buried faults. Attempts have been made to relate
•

"_:. this seismicity to secondary oil operations in the area.recovery

' Although bo_h spatial and temporal coincidences of Central Basin Platform

seismicity with secondar/ recovery projects are highly suggestive of a

close relationship, this has not been satisfactorily es'_abllshed at this

:.., time.

' ..'.* OuL.stLons of the tectonism and sei_tc activity very near or at the site

at. ._= great interest. For this reason the most important seismic events

": instr_entally recorded are those closest to tL_e sitez 3uly 26, 1972,
t

/ and Novembzr 28, 1974, magnitudes 2.8 and 3.6, respectively; and a later

' shock on January 28, 1978, with only preliminary data yet available. If

these events are an indication of normal background seismicity in the

, immediate site area, they might cause a re-evaluation of previous

estimates of seismic risk at the Los Medanos site (Sanford and Toppozad.a,

1974). At the time of the first two events rockfalls and surface ground• .

..... cracking were reported at the National Potash CompanyEddy Co. Mine. To

see if mine collapse at, this ,'.ine was responsio).e Eor both events, an

• . analysis was run to see if both epicenters could be made coincidc.nt with

each other. Such a coi_cJ.dence would be a strong indication of a rock

"' fall origin for _oth events. At this time the best available analysis

t

....:..f, Indicates that these s_all events did not both occur at the Eddy Co. Hine
and thus they cannot both have been caused by a very localized

" "_" non-tectonic source there The third shock ts located, in a very!

r
' ' I preliminary fashion, north of the station an estLmatod 17 km.
4_

Using ali the information developed _bove un regional seismicity and some

." additional simple assumptions about regional tectonism a preliminary

' analysis of risk from vibratory ground motion at the surface is derived
• _'

't '/ In a way useful to seismic design characterization at the site during its

":':. active phase o_ development and use. The results of this analysis are

that the 1000 year acceleration fs less than or equal to 0.06 g and the

10,0O0-year acceleration Is tess th_n or equal to 0.1 g for ali models

•"-..-- tried. Probabilities at which higher acceleration levels occur depend

',':" almost exclusively on the assunption: made about the seismic potential of

-_," the immediate site area.>
4;. t

. ,_". '.., ..... ._.: ......... _'_,, .,, .,., , . " ...... __.. . . . ._-.,
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Zn addition to its use to determine risk as a function of v_.bratory
L.

":_. ground mot/on level, regional seismicity is also considered as an

indicator of lo_ger-term tectonic processes. Natural regional sei_mtcity

should t>_ _nslstent with the geologic indicators of tec_onic processes

' unless the tectonic setting is changing. Reglonal stre,s patterns, as

Implled by focal mechanism solutions _or reglonal earthquakes and in site

x, measurements, and regional tectonim, as implied by earthquake recurrence

statistics, are both considered. Although other explanations cannot be

precluded, it seems that the most reasonable InterFretatlon of the

seismic implications to tectonism at this time are: (I) Observed

geologic and seismic data are in general agre_e:It in the Rio Grande rift

zone to the west and southwest of the site where the largest historic

earthquakes within 300 kilometers oE the site have occurred. Future

• significant earthquakes can be expected there. (2) The current level of
'.,

sei_ic activity on the Central Basin Platform is probably related to

_luld In3ectlon fo_ secondary recovery o_ o11. (3) The lack of geologlc

indications of naturat recent tectonic activity for the High Plalns
0

province of the site can probably be reconciled wltb the seismic data by

assuming a maximum magnitude limlt of the earthquakes that have occurred

here.

The importance o_ seismicity info:aation over the immediate future is to

• provide a data base £or design of facilities for the operational time o_

the WIPP. Seismicity information also serves as an indicator of the

tectonic situation in assessing the WIPP site for a repository.

HYDROLOGY (Chapter 6}
• . .,.

Chapter 6 contains an assessment of su._face, and groundwater resources in

and surrounding the proposed WIPP site and a status report of current

hydrogeologlc investigations in the local site area. The water resource• .,

assessment incorporates the published results of regional and local
a

hydrologlc studies supported by universities and sta'te and federal

agencies since the late 1930's. Present Studies of the proposed site and
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adjacent a_ea are di_ect_,_ toward a mere quantitative evaluation of the

salt dissolution procesa, the hydrogeologlc [_rameters affecting

groundwater movement, and the major elements oi surface and groundwater

" quality &_ related to water resource use and local ecology. The

collection of hydrologic data is projected '_o continue [or several years

to provide slte-speclflc InEormatlon Eor a detailed safety analysis cE

the WIPP. Because of the re1=tiuP_hip to hydrologlc processes,

dissolution activity is also summarized wlth_n this chapter.

The only major stream near the site is the Paros River which flows

southeasterly through Carlsbad. At its closest point, the river is

approximately 14 miles southwest of _.he WIPP site. Several reservoirs,

located on the Paros upstream of th_:site, regulate river flow. The

maximum rocorded flood on the Peco_ River occurred on August 23, 1966,

with a discharge of 120,000 cea and a maxlmtn water surface elevatlon

near Malaga of approximately 293F, leer. The minimum surface elevation of

the site is sn,_rethan 310 feet r_bove this historic flood level.

Climatological records show that mean annual precipitation at the site is

approximately 12 inches per yez_r. The maximun daily precipitation

recorded at Carlsbad was 5.12 inches in August 1916, and rho maximum

daily snow[all was I0 Inche_ in December 1923. Winter storms in ._.hearea

occur as a result of fronts r,_oving_rom the west while summer storms,

generally the most severe, o_cur as thunderstorms [rom moist air moving

., northwest from the GuZf of r,texico.

Surface drainage patterns at rh- site are undeveloped. Infiltration

rates are high because of the sandy, gravelly soils that cover the

region. Howe:,er, the nearest :.Iroundwateris mo_e than 50 feet below the

land surface. Aided by the low relative humidity (typically 36% during

daylight hours} and high mean &_nua'. temperature (61°F), most

in[iltcation escapes the soil tt..'ob_h evaporation and trarasptratton.

Important aquifers oi the region include the San Andrea Formation, a

ma_or source _or irrigation waters in the Ros_ell Basin and other a£eas

_..-. ,_• °,
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. to the north and northwest of the site region. Potable water is present

in the Capitan aquifer southwest of the community of Carlsbad and _s the

primary source of municipal water in the local area. Other important

aquifers of the region Include the Ogallala Formation to the east of the

proposed site, and unconsolidated alluvium along the Pecos River.

Groundwater within the Delaware Basin is preQknlnantly of pooL" quality

with total dissolved solids concentrations typically in excess of 3,000

ppm. The only large quantities oi potable groundwater are found in

aquifers west of and along th,: Pecos River. To the west, the formations

of the bas_ n crop out, and the soluble salts have been leached from the

Ochoan evaporites. From recharge areas west of the Pecos River,

groundwater in the Delaware Basin ,_oves eastward. From the site area,

water in hydrologic units above the salt moves generally southwest to the

Pecos. These shallow units, or those cut by tJT_ Pecos Ri_.er, discharge

to the river, either directly or to alluvium of the river channel.

Although a local hydraulic connection between th_ river and the Capitan

aquifer may occvr near Carlsbad, groundwater flow in the reef formation

is severely restricted near the Eddy-Lea County lille. Groundwater in

i'ormations older than the Capitan is not directly affected by the river,

is present under confined conditions, and flows eastward. The aquifer of

most significance to the proposed site in these older formations is the

Bell Canyon Formation.

s""

Water-bearing strata in the local site area at elevations above the

J proposed repository include the Santa ._'--SdSandstone and the Culebra and

M_genta members of the Rustler Formation. Hydrologic units below the

repository elevation include the Bell Canyon Formation of the Delaware

Mo_mtaln Group. Hydrologic test results to date show the average head

elevations of the potentlometric surfaces from these aquifers are 3200

feet for the Santa Rosa Sandstone, 3150 feet for the composite Rustler

Formation, and 3350 feet for the Delaware Mountain Group (equivalent

"fresh-water" elevation). The thic_ halite beds of the Salado Formation

are isolated from circulating groundwaters by confining layers of low

hydraulic conductivity, directly above _nd below the salt formation.
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" In the vicinity o_ the propose_ site, potable gcounc_ater is not present,
L

except in _o11, isolated, nea.r-surface perched pockets. Thus, it would

appear that the proposed _epository is favorably sltuatud In ,'elation to

groundwater circ_ation and occur-.ence. Detailed investigatto_s of

groundwater hydrolc<jy at the proposed site have been conducted and are

continuing. The data will provide a basis icl mo_e quantitative

determinations rr, garding the continued i_olation of the proposed

repository from groundwater circulation.

A shallow salt dissolution zone occurs in Nash Draw at the contact

between the Salado and Rustler Formations. The dissolution area ranges

in width f.:_q 2 to I0 mlles and has a length of approximately 30 miles.

The brine solution flows southwesterly and d.'scharges into the Pecos

River at r.lalagaBend. The average rate of vertical dissolution has been

estim:_ted to be between 0.33 and 0.5 feet per 1,000 years, and the

average rate for lateral dissolution has been estimated to be between 6

and 8 miles per million years. Dissorution of salt at the top of the

Salado o_Turs about 2 miles west of the center of the site. Eastward

across the site salt is prebent in the Rustler at progresslvely higher

levels, indicating that the s_It has not been dissolved out of the

Rustler anJ that the Salado has not been attac_ed by dissolution.

Future measurements obtained from the hydrologic test programs and

ahaly_es of the test data will be used to refine bounding calculations,

such as estimates of groundwater travel times, and to provide a more

detailed description of the physical system and system dynamics. The use

of computer models as predictive tools fs expected to be closely

coordinated wlth timely observations from an esr .bllshed monitoring

network. The predictive results and the real time measurements will aid

in the continued assessment of repository isolation from dissolution and

groundwater circulation. The retardation of radlolso_opes within the

hydrologic s_stem :hapter 9.3), when collpled with the hydrologic model,
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- will allow realistic calculations of radioisotope transport for

- postttlated failure scenaric_.

j

GEOCHEMISTRY (Chapter 7)

Chapter 7 of this WIPP Geological Characterization Report discusses

geochemical properties of geologic materlals from Southeastern New

Mexico. Geochemistry includes accounts of mineralogy and petrology of

evaporites and the associated non-evaporites, volatile constituents o_

the Salado Formation, fluid Inclusions in evaporite minerals, ground

water chemistry, and age-datlng of evaporites and ground waters.

Megascoplc, microscopic and x-ray diffraction examination of the Permian

(Ochoan) evaDorlte section showed the three most comnon minerals of the

Salado Formation to be halite, anhydrite and polyhalite. Xn addition,

there are the potassic and magneslc minerals sylvite, kainlte, kieserlte,

langbeinite, loewelte and bloedite in the McNutt Potash Zone cE t_

Salado Formation. Marker beds throughout the Salado Formatlon (mostly

O anhydrite and polyhalite} occur at intervals of a few tens of meters, are
,.

' on the order of I0 to I00 c_ thick, and are laterally traceable in core

holes adjacent to the center of this investigation. The McNutt Potash

Zone varies laterally in mineralogy, and contains "clay partings"

typically at the top of each individual ore zone. Silicate minerals in

the Salado Formation are quartz, illite, feldspar, chlorite, talc,

serpentine, and several varieties of expandable clay, including saponite,

llllte-saponlte and chlorite-saponite. In rock salt, the contribution of

silicates is 0.004 to 2.5 weight percent in the lower part cE the Salado

(>2400 ft. depth in ERDA No. 9), 0.009 to 5 weight percent in the middle

Salack) (2000 - 2400 ft. de._th), and 0.003 to 21% in the McNutt Potash

Zone (above 1,650 ft. depth).

Petrographic textures reveal that sigr.ificant portions of the evaporites

have preserved their original deposftional textures, indicating no
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post-depositiona! recrystallization or other sorts of alteration. Other

portions have undergone extensive recrystallization to non-primary

evaporite minerals such as sylvite and polyhalite, which do not

precipitate _rom sea water in normal evaporation. Textures of bedded

anhydrite in the Castile Formation below the Salad0 Formation show a

finely laminated arrangement of evaporite and detrital materials in

alternating laminae, implying an original deposltlonat form.

Petrographic relationships o: minerals in the Mc_utt Potash Zone show

that at no time were tnese minerals in equilibrium with a solution only

of sodium chloride, also precluding the possibility of large incurslora

of surface-derlved water in the geologic past.

Amounts and compositions of volatile constituents in the evaporite

minerals were determined by heating rock samples to 600°C, recording

mass loss, and in some cases analyzin_ the effluent in a gas

chromatograph/mass spectr_neter. Except for samples rich in hydrous

minerals (Dolyha!ites, clay partings, potash zones), the vast majority of

rock s&It contains less than 0.5 weight percent total volatiles.

The most abundant volatile constituent in that 0.5% or less is water.

Next most abundant is nitrogen, fr_llowed by CO2. Traces of

hydrocarbons and £1uorides from drilling operations were detected as

contaminants in the core.

In addition to fluid inclusions in halite, (see below), the minerals
,

thought to be sources of volatiles in the Salado Formation include clays

and polyhalite, and traces of gypsum, magnesite, carnallite, celostite,

glauconite, and kainite. The typical volatile content in Salado salt is

3 to 30 times less than that in the Hutchinson (Kansas} rock salt. An

additional contributor to the less than 0.5 total weig4t percent may be

traces of hydrated iron oxides, which account icr the red-orange to

red-violet colors in some accumulations of polyhalite, sylvite,

carnallite and halite in the evapori_e section.

$
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Fluid inclusions have been studied in core samples from nineteen horizons

above and below the levels of the proposed repository in Salado salt

beds. The techniques used include mainly petrography, freezi_.g stage,

heating stage, crushing stage and decrepitation tests. The purpose was

to determine those inclusion paL'ameters that might be pertinent to an

understanding of the origin and geclogical history of these s_lt beds.

Four general types of inclusions were found in these sample_, type A -

extreme].y abundant but minute primary liquid inclusions, with or without

a tiny vacuum bubble, outlining primary growth features_ type. B - much

larger liquid Inclusions, trapped during several stages cf

recrystallization of the primary salt, some with a small vacuum bubble

' and/or unidentified daughte_ crystals_ type C- scarce large liquid

inclusions with large and variable gas bubbles under pressure, presumably

from fracturin@ and refilling of type E inclus¢ons; and type D - empty

(i.e., gas) inclusions, found principally along grain bo,lndaries, that

have leaked and hence bare lost their liquid contents.

I

The total weight percent of liquid as fluiu inclusions in t,_ese 19

samples, as measured, ranged from 0.I to 1.7%, mostly as type B

inclusio;ts; the amount of l.quid in these same samples irl situ was

larger, since many of the largest inc?usions, that are the ma_or

contributors tc the total percentage and the intergranular fluids, have

bee_ drained during the boring and sample preparation. Tne temperatures

at which these inclusions were trapped were generally in the range of

2_45_C. The brinus in them are never simple saturated NaC! solutlons,

or even NaCI-KC1 nolutions; freezir.g temperatures indicate that they must

contain considerable am_,Jnts of other ions such as Mg and Ca.

When the host crystal is uniaxially stressed, the geometries of the

inclusion walls show visible changes within several minutes, possibly due

to solution and redeposition, as well as deformation. Internal

. fracturlng of the inclu_'_on walls, but generally without leakage, occurs

on freezing.

: .
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" T.he distribution of prima_y type A inclusions provides evidence that they

have not moved visibly (i.e., less than a few micro_eters at most) in

that fraction o£ the 225 million years between original deposition and

the present that these samples have been in the small but finite

norm bl-geothermal gradi ent.

_ubsu_face samples of water from various rock types in the Delaware Basin

of Southeastern New Mexico and West Texas have been analyzed for their

solute .uontents &hd 180/160 and D/H ratios. Saturated brines (total

dissol'ed solids greater than 300,000 mg/l) were found in one well in the

Bell Canyon Formation, two wells in the Castile and in potash mine seeps

_n the Salado. A=cordlng to CI/Br ratios (between 430 and 900), all the

waters t._ve derived their dominant solute (NaCI) fro(, nearby rocks.

Potash mine seeps and saline Capitan waters contain solutes corresponding

to common primar y evapor ite miner al assemblages, (halite-anhydr ite-

kainlte-carnallite-bischofite) _ndica=Ive of simple uptake of dissolved

solids. Bell Canyon and Morrow brines contain less magnesium but more

calcium than primary evapo_Ite assemblages, and have participated in ion W

exchange reactions. Stable isotope measuzPments indicate that Santa

Rcsa_ Rustler and Capitan watezs are meteoric, while Saiado, Bell Canyon,

Morrow _nd one of the Castile waters (ERDA No. 6) have undergone episodes

of low-temperature isotopic exchange with oxygen- and hydrogen-bearlng

,_Inerals. Isotopic.ally the Carlsbad Caverns hydrologic systum Is unique

to the Guadalupe Mountains, unrelated to the Delaware Basin as a whole.

The ERD% No. 6 occurrence of saturated NaCI-Na2SO 4 brine and

H_S-rlci_,gas (55% CO2, 28% H2S , 15% CH4, 1.5% N2 and 0.5%

C2H5 by weight) in the Castile represents a blogenlcallj,-produced

sulfide-sulfate disequilibrium. The brine's Na2SO 4 content may have

arisen by rock/fluid ion exchange involving a replacement of magnesium by

sodium in the solution. None of the saline groundwaters were found to be

original evaporite mother-liquors or products of partial evaporation.

Rb-Sr geochronologic study of the bedded salt deposits from the Salado

Formation has been undertaken to age data the last episode of evaporite
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crystallization or recrystallization, and to test their feasibility for

alkali and alkaline earth retention.

Whole rock samples (i.e., water soluble plus insoluble material) are

typically unsuited for Rb-Sr isochron work due to tlm low Rb/Sr ratio;

however, several of these samples do indicate the R (i.e.,o

87SE/86Sr at T=O) value to be about 0.708, thus indicating that large

amounts Of brine, typically enriched in 87Sr, have not been generated

in the sample area since evaDorlte formation some 235 + I0 m.y. ago.

The water soluble fraction of evaporite samples yields an apparent

isochron date of 206 m.y. with R - 0.7084 while clay minerals (lesso

than two micron size) yield 325 m.y. with R - 0.7123. A composite ofo

the water soluble fractions and clay minerals yields a date of 204 m.y.

with R - 0.7137. This 204 m.y. date is Interpret?d as a minimum dateo

due to the high R value; but it does suffice to indicate that theo

evaporlt_-clay mineral assemblages apparently have remj_ined closed to

wlcbspread alkali-alkaline earth migration since about tna _ime the

evaporites were formed.

Regional exploration of bedded salt Eor a radioactive waste repository iri

the Delaware Basin included boreholes into the evaporites an_ associated

rocks. One such hole, ERDA No. 6, encountered an accumulation of

saturated NaCI-Na2S04 brine accompanled h..fB2S-rich gas. This

fluid and fluids from other boreholes elsewhere in the area have been

characterized geochemically according to solute oontent_ 180/160 and

D/R ratios a,d natural actinlde content. Deviations from the equilibrium

234U/238U activity ratio (a) of I°0 were found in all water samples.

These deviations are used to affirm the isolation of ERDA No. 6 and to

establish bounds on the age of the ERDA No. 6 fluid.

A mathematical model for the age of ERDA ;_o. 6 water intrusion was

formulated in terms of the following variables: initial a -value ( O_O)

of the brine precursor waters, zero order kinetic rate constants of

leaching of 234Th and 238U from the rocks, and degree of leaching of

, i
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234Th fr_ the rocks. The model allows calculation of u-values of

brines as a function o_ time, leach rate and u O. Various c_mbinatlons

of u0's , leach fractions and leach rates indicate that the leach Late

must be. low. IE no leaching is assuned and the s0 is the highest

know;; u from the nearby Capitan Reef (u0 - 5.2 at present), the fluid

is older than 880,000 years. ERDA No. 6 brine has undergune more

profound rock/fluid interactions, reelected in its solutes and stabJe

isotopes, compared with younger meteoric Capitan waters.
i

d

The geochemistry of the proposed WIPP site shows that tl_e mineralogy of

most of the rock salt is relatively simple. The evaporites have been

recrystalllzed, resulting in some mineral assemblages different frc_

those precipitated from original, sea-water-_ike solutions at one time

present in the Delaware Basin. The 1ast episode of such

recrystallization took piace more than 204 mi.ilion years ago. The

recrystallization resulted in evaporlte mineral assemblages which

apparently have reached thermodynamic equilibrium. The nature,

distribution, geochronology and composition of fluid inclusions, clay

minerals, and isolated accumulations of aqueous solutions in the

evaporites show no evidence of movement of surface-derived water through

the WIPP evaporites (at depths greater than 1000 feet) since their

deposition in the Permian Period.

RESOURCES (Chapter 8)

Potagh _alts aLnd natural gas are the two resources of economic

significance under the WIPP site. Other minerals present are halite

(salt), gypsy, and callche, but deposits of similar (if not better)

quality exist in the surrounding areas. Other economic minerals and

elements, includlrlg lithima, urania, sulfur and metalliferous deposits,

could exist in a geologic setting llke that of the WIPP, but none appears

to be present.

Potassium salts occur in a variety cE mineral tyFes, but only sylvlte

(KCI) and langbeinite (K2Mg2(SO4) 3) are mined in the Carlsbad

L
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- Potash Mining District., which is the largest dome_:o source of potash,

accounting for approximately 801 of U.S. production. The U.S. is a net

importer of potass/c £ertilizers. The U.S. Bureau of Mines has judged

_hat a langbeinite depo£it located in the northeast quadrant of the WIPP

site could be profitably mined using today's technology at the current

market price for the refined product. The deposit extends beyond the.

bounds of the _,_PP site, but about 49 millic01 tons of langbeinite

_veragin_ on the order of 9_ K20 , lie inside the WIPP withdrawal area.

Several deposits of sylvlte are present, but none meet today's economic

conditions_ to meet them would require the market price for refined

sylvite to increase from $43 to $52 or more per ton.

Natural gas accompanied with some _Istillate and oil with associated gas

are being produced from various beds in the Delaware Basin. One
I

particular formation, the MOrrO_ Of Pennsylvanian age, is a consistent

producer in thi_ region, and the exploration risk ("_:ildcatting") is

justlfiable in much of the western half of the site. About 3'1billion

O cubic feet of natural by about 0.5 million barrels of
gas acco_pani ed

distillate are estimated to be economically recoverable from b_neath the

WIPP site.

_he studies also included estimation of total resources under the site,

not just the resources that could be consideced economic today. The U.S.

Geological Survey estimates that there are 353.3 million tons of sylvit?

and langbeinitm mineralization under the WIPP site of sufficient quality

to require competitive bidding for mineral rights. The WIPP sit_

_ccounts for about _ of the potash resources that the USGS believes to

be present in the Carlsbad area. Langbeinite is probably the most

significant mineral resource under the WIPP site. Zt is a specialized

agricultural fertilizer tha_. finds its use on crops that need potassi_

b_It cannot toler&te additional c.h__urine. Langbeinite adds potassiu_n but

is a sul_ate. Southeast New Mexico is the only economic source for this

particular mineral in the fr_e world. Langbeinite equivalent is produced

from pot_ssit.m _nd magnesi_ sulfates from brine lakes. A report is in

.)reparation for DOE which will estimate the fraction of the Cartsbad

district's langbeinlte rescarces within the WIgP site.

0-

i p'
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The New Mexloo Bureau of Mines and Mineral Resources studied a large area

surrounding the site area, and in J.ts Judgement the total hydrocarbon

resource in that area is 37.5 million barrels of crude oil, 490 billlon

cubic feet of natural gas, and 7.33 million barrels of dlstillate. While

theae are large quantities, they represent only about lt of the

hydrocarbon reuources Eor southeast :_ew Mexico.

SPECIAL STOOIES OY REPOSITORY ROCKS (Chapter 9)

Speclal studies are being conducted to address issues of particular

Inuerest because the site is being evaluated for the isolation of

radioactive wastes. Rocks fr(x, the WIPP site were tested in four broad

areas: (I) petrography (2) physical properties (density, moisture

content, resistivity), (3) thermo-mechanical properties (quasl-statlc and

creep parameters), and 4) radionuclide sorption. Because of a scarcity

of core, only those tests deemed necessary for early design were

conducted. Te_tlng at specified t,_nperature and creep rates is

continuing.

Physical properties representative of rock salt found in the WIPP

horizorLs are summarized in the followlng table:

Average Valu_e" (Range)

Density 2.18 grams/cre3

Porosity 0.5 percent (0.I-0.8)

Moisture Loss to 300°C 0.4 weight per runt (0-1.0)

Resistivity 58,100 ohm-meters (4,900-230,000}

Ga_ Per aeability <0.05 x 10-6 darcy

Compressional Wave 4.5 km/ser (4.42-4.62)

Velocity

Thermal Conductivity 5.75 w/m°K

tExcept for moisture loss, values are given at 25°C
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• P,ock salt properties are both tin:e and temperature dependent; as a

• result, mechanical propertles must be generated at a specific loadlr,g

rate and temperature. Parameters def_.nlng the mechanical behavior at

different load conditions must be inferred wJth considerable caution and

with proper regard for the time depende.t nature of the material.

Quasl-statlc experiments were carried out at particular loading c_4t_.:,

e.g. 30 psl/mln.

Quasl-st_t!c pEopertles of WIPP Rock Salt at 23 oa

, Unconfined Strength 2,450 to 3,700 psl

Secant Modulus 2 X I06 psi

Principal Strain Ratio 0.25-0.35

Strain at failure:

confining pressure strain _t failure

0 psi 2.5-6.0%

O 500 psi 17-20%

3,000 psi > 20t

Tensile Strength 220 psi

Initial Yield Stress (o_ - o3) _ 100 psi

Preliminary Creep Properties

Steady State Creep Ratz ( _ )

At 23°C_ (U l - O 3)'1000psi _ - 10 "10 sec -1

At IJ0°C: (Oi- _3 )'2000PSI _ - 10 -7 sec -1

" Results ana,%yzed to date indicate that WIPP salt may undergo both

transie._t and steady-state c_eep. However the latter ia a tentative

observation as cccur_ence of steady-state creep is uncoa_on. Indeed, £f

steady state creep occurs under loading conditions expected in th_ WIPP,
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design calculations should consider creep in detail. This most likely

, will be of concern if elevated temperatures are involved, Although

present considerations oi steady-state creep are incomplete, it appears

that steady-state creep rates range from 10 "10 to 10 -7 /ser. The

• transient crop results indicate that pressure, principal stress

difference and temperatures a_e strongly coupled, Furthermore, o¢ these

,, thr3e, temperature appears to have the most drmnatic e_feot on the creep

_,, rate.

Data from petrographic and physical propertics _tudle_ show the WIPP
t the

_" horizon rock salt has low moisture content (less than 0,51), is

"_._. essentially impermeable (less than 5 x 10 -8 darcy) and has a high

'._" thermal conductivity (about 5.75 watts/ro°K). These properties, along

L .' 4' with the studies o_ fabric and fracture, indicate that this rock salt is

!: " ideally suited frets a physical standpoint _or 'the storage of heat

• ' producing radioactive wastes.
....4 t'I,_.'

It has been shown that rock salt can experience large crer_ strains
,

_ , (greater than 25t) prior to loss of load bearing capacity. Gradual creep
\..

is an acceptable feature in the design o_ underground openings in rock

'" .: salt as it allows the structure to close without a reduction in bearing
• .,,.. l

,y, strength, As Ions as allowances for creep are incorporated into design

"' and the shape of the opening does not create large shear stresses, the

--_ WIPP rock salt can be expected to sustain stable openings.

"_, A survey of the potential of geological media fro_ the vlcli_ity of thei

_.. WIPP site in southeastern New Mexico eor retardation of radionuclide

" migration in an aqueous carrier was conducted. The survey included the

' measurement of sorption coefficients (Kd) for twelve radionuclides

" between three natural water slmulants and ten samples frcm_ various

"_ geological strata
_'.

i.
. ,

• .: The nuclides included 137Cs, 85Sr, 131i, 99Tc, 125Sb, 144Ce, 152Eu,#

, '!',' 153Gd, 106Ru, 243Am, 244Cm, and 238pu. The compositions uf the• .

,. slmulant solutions were those expected of water in contact with halite

!

f t'¢-

[

, ., , ._ ' ," -. ,, ,, _ 1 .. .. ., :" _... ,..' _ . ... -_ ......
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" deposits in the arec, and in a typical groundwater found in the Delaware

Basin• The geologtoal samples were obtained from potential aquifers

, above and below the proposed repository ho=izons and from bedded salt

deposits in the repository horizons.

, In brine solutions, Tc and I were not signtficanr, ly adsorbed by any of

'_ the minerals and Cs and Sr showed minimal adsorption (Kd's < 1)• The
I'
, ian_hanide and actinide Kd's were typically > 10 3 and Ru and Sb Kd's

varied in the range of 25 to in the groundwater simuiant, To>10 3

',. and I showed the same behavior, but the Kd's of the other, nuclides were ,'
I'j

, generally higher,

\
Some initial paramettlc studies involving [:fl,trace organic constitu-.nts

.
In the slmulant solutlons, and radionuclide concentrations we-e carried

". i," out. Differences In the observed Kd's can result from varying one or

more o£ these solution parameters.

The WIPP site rocks, including rock salt, show an affinity for.

:adlonuclide sorption (Fd > 0). Even small values of Kd (0<Kd_l)

are effective in retarding the movement of radionuclides in groundwaters.

' " lt is not anticipated that results of these special studies will be

pivotal in site selection; rather, they are being performed to provide

additional confidence in .geologic isolat._on in bedded salt•

0

... CONTINUING StUD!ES (Chapter I0)

Although much detailed information has been reported here as a result of

site selection and characterization, there remain a number of programs

' which have not o:_e to oompl,et_on, or in some cases, have not begun.

These pending programs are aimed at refining and supplementing

,. information gathered to increase the confidence to be placed .n factors

relating to site selection. Furthermore, some kinds of infor;,ation

remain to be gathered to support laboratory and In-situ experiments and

' ,. long-term safety assessment.

..... ...... / , _ / ,
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' In regional geology, paleoclJmatlc studies based on detailed geologic

mapping, geomorphology studies, mlcrofossils, and age-datlng are planned

.. to provide a history of past climatic changes and to help assess the

possible effects of future changes. Tectonlc studies, involving

examination of LANDSAT photos and accompanying field evaluation,

first-order levelling surveys, and seismic monitoring of structural /

featuL'es adjacent to the Dela,';J'eBasin will continue to provide an

account of the dynamic forces which might affect the Basin.

Continulrg studies in site geology are aimed at expal_ding the details of

site characterization for the im/rpose of refining site-speclflc safety

assessment modeling scenarios for the repositc,ry. Geologic mapping is

being undertaken to establish the local geomo;phologic stability. High

'_ resolution aercmagnetic surveys will be implemented to provide, greater&

: confidence that possible geologic anomalies such as breccia pipes and

igneous d_kes have been identified and may bo examined and sampled in

detail.

Seismological studies will contin;_ to document and evaluate the

seismicity of the _'egiun due to various s6urces (mining, sncondary

hydrocarbon recovery, tectonic activity). The data will assure the

appropriate seismic risk has been assumed in facility design and will

further the safety assessment in general.

Hydrological studies will cOntinue to expand the area around the site for

which the groundwater behavior is characteri_ed. In addition to

hydrologic monitoring points near site center and periphery, a system of

points will be established in nearby Nash Draw to evaluate the
e

,.,, relationships among groundwater movement, evaporite dissolution and

_' resulting subsidence. Also, investigations of "breccia pipes" will be

- undertaken to improve our understanding o£ why, how and when these

features developed. The hydrologic monitoring system will provide the

basis for development of a reglon_l groundwater model to be used in

safet_ assessment, and will be evaluated as a monitoring tool for
,_

repository-induced changes in the groundwat._r system.

|
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., Continuing studies in geochemistry are designed to support other

investigations (such as the ,examination o_ dissolution products), provide

, detailed characterization of geologic materials to be used in in-situ and

, labordtory _xpe¢imental programs (such as waste-rock interactions) and to

contribute towards our understanding cE the nature cE Ochoan evaporites

in general. These studies include mineralogy, petrology, volatile and

fluld inclusion analyses, major, minor and trace element analyses in

rocks and fluids, age-dating, stable isotopes, and examination of

dlke-evaporite interactions as a partial analogue of waste-evaporite

interactions •

There are mK)continuing studies cE resources planned at the WIPP site.

Continuing special studies o£ rock properties include long-term creep

analyses in various temperature regimes, micromechanics of rock

deformation, migration of volatiles, and mechanistic studies of

radionuclide sorption on rocks. Some of these special studies are

designed to provide an understanding about differences in mineralogy,

grain size, volatile content and rock fabric which are to be found at

different In-sltu test horizons. The physical properties of the various

horizons will be examined with these variations in mind. Non-salt

horizons, which may be significant in the development of' refined models

for calculation o_ repository effects, will also be tested.

Continuing studies of radionuclide sorption include measurements of

dynamic sorption from fluids flowing th/ough columns of WIPP rooks Jn

laboratory environments. In addition, parametric studies will continue

to determine changes in sorption which accompany changes in minera]ogy,

pH, oxidation state, radionuclide concentration, and concentrations of

organic contaminants. The rates at which sorption takes place and the d'

- differences between the processes of sorption and desorption will be

inves tigat ed.
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GCR CHAPTER 2

INTRODUCTION

v

The purpose of this chapter is to pL'ovlde introductory information

concerning the function of the WIPP and to discuss the site selection
,

criteria and factors affecting the criteria; the criteria and factors are

specific to the WIPP and to tP.e Delaware Basin of southeastern New

Hexico. In addition, some of the site exploration techniques are briefly

mentioned here as background to further discussion of geological

char acter izat Ion.

2.1 THE PURPOSE OF WIPP

The purpose of the WIPP should be understood clcaEl_ ds it i_ uistlnc_

from that of several other projects for the dls_osa¢ of radioactive

waste. The WIPP will+ demonstrate disposal tech,ology fo_ the transuranic

(TRU} waste resulting grom this nation's defense programs of over 30

years. After a pe-lod (5-10 years) of limited (pilot) operation lt is

anticipated that the WIPP wiil be converted to a full-scal_ repository

for permanent disposal of defense TRU ;taste. Secondly, the WI_P is to

provide a research facility to examlr, e, on a large scale, the

interactions" between bedded salt ar,d high-level radioactive waste. These

tntsractions will involve physical and chemical phenomena _esulttng frc_l

_.hermal an_ radiation fluxes. A DOE Task Force (DOE/ER-OOO4/D, 1978) ,las

:ecommended that WIPP also be used to demonstrate surface and subsurface

l._ethodsof handling, src[ing and di._posing of up to 1,000 canisters of

spent reactor fuel; however, a decls,on on this recommendation has not '

been maOe at this time.

If _.he site is accepted by the DOE, the schedule calls for the Initiation

/" of f_cllity construction in 1981; completion fs to be about 1985, and the

first waste to be accepted in 1986. The conceptual design of facilitles

is complete.. The Draft Envlror,uental Impact Statement and this

Geological Characterxzatlon Report for DOE are presently schoduled for

c_pletion in late 197_. DOE has expressed an intent to request

|
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licensing of tho WIPP by the Nuclear Regulatory Cc_mlssion (NRC}, but

this policy is presently under discussion between the DOE and Congress.

2.2 PURPOSE OF GEOLOGICAL CHARACTERIZATION REPORT (GCR)

The purpose of the :GCR is tc provide an account of the known _._otechnical -,
, .... 7.'..... ,,°

information considered relevant to site selection (see Section 2.3: Eor

the proposed WIPP site. The GCR presents backcround information as well

as informatlo, re_arding factors related to selection criteria; for the

most Dar_, specific judgements regarding the suitability of the site are

not made. Those Judgements and _ec_nunendations are the function of other

processes and documents. The GCR is neither a Preliminary Safety

Analysls Report nor an Environmental Impact Statement; these documentsu

when prepareJ, s_uld be consulted for appropriate discussion of safety

analysis and environmental impact. The GCR is intended as a source

document on t;_e geology of the WIPP site for individuals, groups, or

agencies seeking basic information. 'Dh,,refort,,rather extensive

reference lists of reports at',.'] documents are provided at the end of

c_aDters for the reader who may desire extended detail concerning

_articullr geotechnlcal su_ojects discusse_ in this report. The GCR ls

not intended to present primary source material, and the instances o£

reporting original data or information in this document have been limited.

2.3 SITE SELECTION

Within thls document, "site selection" primarily refers to the activities

whereby the Los Medanos (or other} area is evaluated, on geotechnical

...........to'whether " ....grounds, _as it is an acceptable location for the WIPP.

"Preliminary site selection" may be used here or elsewhere as a

description of the activities which result in selecting a site for

characterization; the characterization of such a site establishes

technical grounds for the more specific site loc,_tlon of _he WIPP. "Site

selection" has also been described as thFt action which results when all

tech,_ical aspects of establishing a repository site have been satisfied.

, For ':he WIPP studies, this latter action ls termed "site conflcmation=_

o.
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the criteria for "site confirmation," vhlch means conversion to a

repository, will in part be developed t_ou_h operation of the WIFP as a

demonstration facility. Because of unforeseen geological occurrences or

enhanced understanding of geological processes, final satisfaction

regardin_ the geological r.ultability of the site for a repository may not

develop until significant portions of the underground workings are

explored and studies oF geological p,:ocesses finished, Site selection

here refers to the position that most, if not all, of the extant

geological characteristics are favorable to the WIPP_ the rates of some

geological processes may require further examination to reduce that

uncertainty with regard to specific detailed effects on a repository.

Site selection for the WIPP is not to be interpreted as a guarantee that

a repository will be established.

;..3.1 .History of WIPP Site Selection Effort

._he sequence of events which has culminated in the WIPP site selection

activities in the Delaware Basin of southeast New Mexico began in .!955 .
: _hen._the Atomic Energy Commission (AEC) requested the National Academy of

Scienc_ (NAS) to examine the issue oi purmanent disposal of radioactive

wastes. The Academy's Committee on Waste Managemel,t issued a report

,NAS/NRC Report, in 1957 in ",hlch thelr stated, P__c_,_$_f_._Yab_d_

___" Th_s recommendation initiated several _ears of research,

directed by Oak Ridge National Laboratory (ORNL)_ on the phenomena

associated _Ith disposal of radioactive waste _n salt. In 1961. (NAS/NRC

Meeting Minutes, December, 1961}, the NAS waste management committee
I

r_C__.i._posl_i_. _._,..e of sazt bedsFordis_sal coment,_g
that "Experisnce both in the field and in the laboratory on the disposal

of wastes in sal_ Pave been very productive and well conceived; plans for

. the future are very promising." Pierce and Rich (_962)'_l:eported cn salt,
-

deposi_:in.,theJJnited. Scates.._hat might he. su:table for disposal of
• . . .... ' .- _ ........ : .,_-.-_. _._'_

ra_ioactivewa_tes. _elM_-e:Basini._am _:_. t.heseiatea

discussed. The ORNL research was expanded to include a large-scale field

program in which simulated waste (irradiated fuel elements), supplemented

i
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by electzic heaters, was placed in salt beds for observation of the

"re.oultlr|gphenomena. This experiment, called Project Salt Va,lt

(Bradshaw and McClaln, 1971), was conducted in an existing salt mine at

:Lyons, Kansas, from 1963 to 1967. Results from this program were

favorabl_., and no unaccoptabie phenomena occurred which would rule out

salt as a repository medi_. The NAS co,nmlttee again reviewed and

endorsed the NAS position regarding disposal in salt (NAS/NRC Report,

1966). In June, 1970, the Lyons site was tentatively selected by the AEC

as the location tor a radioactive waste repository. The concept and

location were _)nditionally e,,dorsed by the NAS committee In November,

7970 (NAS/NRC, 1970). _,Conceptual desigcMfor a facility accommodating

both,transuran_c (TRU) and high-level waste (HLW) was completed in 1971.

burLng 197i, as plans for the repository proceeded, two technlca_

problems arose. The first Involved the presence ,:

:"----_. __;_ There was concern that

not all these holes could be adequately plugged and that not all such

dr._.llholes w_re on record and identified. This prospect meant thac

borehole dissolutioning and eventual breaching of the repository could

be ruled out. The se._nd .concern related to the__. _.:,
not

being carried on by the American Salt Mining company_J.

.__,_lle,_._a_.__C-_l__ _._,_ ._t_/1[_:_ The,, revelation that

_az_le.,:volumes o_ water were unaccountably "lost" in the hydraulic

fracturing and solution mining wa,_ regarded as illustrating a mechanism

threatening to the repository site. Thic site was opposed by the

Director of the Kansas Geologic Survey and poiitlcal opposition within

the state increased. S_.early 1972,' the proposal for a re[osltory at

Lyons w&s...abandon_;al1_.'amuch, expanded search for 'a suitable repository.L,4 , .. _ , i ,

_lt_e.':Oas."_ommenced. Other potential sites in the state were identified

.. by thr Kansas Geologi','al Survey, and the United States Geclogical Survey

(USGS) examined potential salt sites in other areas of the Ul:ited States.

After a r__T_e'_ea_ch'£0r"a suitable repository site (pierce and

Rich, 1962; Anderson et al., 1973; Bachman and Johnson, 1973; Hire and
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" _l_an', 1973; Jones et al., 1973; Myttor., 1973; Ekren et al., 1974), the
B

/U_',GSand OI_L_Lselected the Permian Basin in ";ew Mexico as best satisfying

thu._t site selection guidelln_s. Four locations within tnls area were

, examir_ed _.nmore detail (Brokaw et al, 1972; Jones et al, 19731 Jones,

1974a; JOnes, 1974b}, and,:a location in the Los Medanos area, about 30

miles elast nf Carlsbad, New Mexico, was chosen for exploratory work. One

of the most restrictive site selection criteria, primarily becP,qse of the

/ Lyons experience, was avoldanc_, of drill holes penetrating through the

salt within two miles of the repository bcl:der: This criterion causedtITe potential site to be shifted twice within the Los Medanos area as

oil/gas wells were drilled in the vicinity. The eventual site selected
I

by ORNL was located on the Eddy-Lea county line, 30 miles due east of

Carlsbad, New Me_Ico.

Field investigations bega_at this site in M_rch, 1974, with the drilling

of core holes AEC 7 (3,918 feet deep) and AEC 8 (3,028 feet deep) at the
/

northeast and southwest corners of the I I/2 by 2 mile rectangular site.

The data frc_m these holes was considered satisfactory by ORNL, but

further work at the site was suspended in May, 1974. This suspension was

due in part to a shift in AEC waste management emphasis to retrievable

surface storage facilities (RSS_) and in part to a reluctance at the

commission level to ask for land withdrawal to set aside the necessary

area for the repository and its protective "buffet" zones.

Sandia received program funding to continue field investigations in

southeastern New Mexico on March 31, 1975. Geologic investigations

res_ed at the ORNL site in May, J[975. Extensive review sessions with

ORNL and the USGS covered' past" effbrts_ in Slte selectlon." Studles

conducted by the USGS and ORNL cons'_Itants°on 'regional geology,

seismicity, hydrology and solutioning of salt were re-evaluated. Sandia
|_,s

concurred that the northern Delaware Basin seemed appropriate for siting

a waste repository.

In the opinions of both ORNL and USGS, the two core holes, AEC 7 and 8,

, indicated acceptable subsurface geology at the ORNL site. The first
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Sandia task, therefore, was to confirm this by additional drilling and

geophysical investigations. Core hole ERDA 6 was initiated in May, 1975,

. at the northwest corner of the ORNL site. ERDA 6 encountered unexpt_cted

subsurface geology. Formation contacts were much higher than

anticipated, and salt and anhydrite beds exhlblt._d severe distortion with

dips up to 75 degrees. Sections of the upper Castile Formation were

missing, and the fractured anhydrite encountered at a depth of 2710 feet

contained a pocket of pressurized brine. The unpredictability of the

detailed geology at this site was not compatible with Sandia requirements

for the pilot plant; therefore, site selection activities we:e expanded.

Reconsideration of site selection guidelines in light of the results of

continuing studies and explora£1on in southeast New Mexico led to the

adoptlon of additlonal guidelines and some modification of the original

guidelines. Evaluation of oil company seismic and dri111ng data and _he

resultant structural contours on the Castile Formation confirmed

deformation of Castile salt beds in a band about five miles wide

paralleling the Capltan Reef front. Since this deformation and the

' distortion of the geologic units encountered in EKDA 6 was believed due

tO gravlty-lnduced buckling of salt beds abutting against the Capltan

Reef, an additional site selsction factor was established requiring a

site area to be at least six miles from the reef front.

The proximity of boreholes penb..aclng the salt formations, another site

selection criterion, was re-evaluated during this period. Analytical

studies cna field research conducted for ORNL after the ;lens Kansas,

borehole problems allowed a more quantitative _udg._ment (Snow and Chang,

1975; Walters, 1975). [._nthe Los Medanos area, a requirement to separate,

the _eposlto[y from boreholes pen..*tratlng through the salt by one mi1_

seemed quite conservative and was adopted. This buffer would assure more

_than a quarter million years of isolation ,using very cons_rvative flow,_

assumptions. While improved borehole plugging and study of the

" consequences of an unplugged hole may make such holes acceptable even

closer to th8.repository, neither has yet been demonstrated.

_J

J
0

\ °
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" The New Mexico portion of the Doiawar_ Basi. was re-examined by both the

USGS and Sandia in late 1975. ,iOn'November 14s 1975, the USGS ieccm_ended

an_alea "abo'u_ seven mtlea southwest of the ORNL site ¢o= furthep: _

',Sdia hadi.ndent seleotedthe a eaasshowing
{r , .... ,

the mos _. promise for a repositoPy Site. _;onsiderabie geologic data were

available in this region from oil/gas wells r,nd _rom shallow drill holes

used to explore for potash. In a regional study, the USGS found that.

initial dissolution of Salado salt, the forma_lon of interest, was

suf flolently distant from the p:oposed site that dissolution would pose

little, iE any, threat to the WIPP. The three-square mile repository

coU1 d be _.___[,_:_:l_'_.'aE_'''':" _""'" ................. i,.,,_._. _.__.,.,_,,..._._l!l___l_)_,_l_..._._,t!:.'' " _ '" ,t

(fee) land and less than throb soctlons of state land were present in the

potential withdrawal ares_ A stratig_'aphic core hole, ERDA 9, wa_

started in parallel with geophysical studies o_ the a_ea. ERDA 9,

drilled in the center of the area under study, revealed the expecteG

geology and indicated the desired flat bedding (dips are abou _.75

e oE the salt beds found to be
feet/mile) Physical properties weree

satisfactory; beds at depths of about 2100 and 2600 feet were selected as

appropriate _or TRU and heat-generating wastes respectively.

Consequently, an extensive program of site evaluation and labor_tory

investigation was begun and is continuing as o_ the date of this report

(August, 1928). Sufficient information has now been developed to allo_

the site to be adequately characterized for situ selection purposes.

2.3.2 General location andLLand Requirements 0 f WIPP Fac_

Figure 2-I shows tim general location of the Los Medanos site within the

regional geog_aphlc setting. The nearest town is Loving, New Mexico,

(popui_tion about II00) 18 miles west-southwest of the site. Carlsbad,

New Mexico, (population about 25,000} is 26 miles west ot the site, and

•, Carlsbad Caverns National Park is about 40 miles to the southwe:_t.

- , Figure 2-2 is a diagram of the _PP site showing proposed land use

controls around the limits of the underground facilities (Zone II).
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. Engineering studies had indicated that approximately 3 square miles were

desired for ultimate deveJoFoent of Underground facilities at the WZPP

sites necessitating the restriction of land use within an equivalent area

of land at ground surface. Administr_tive control uf additional land

(Table 2-1) Will also be required beyond the boundary oi the excavated

area to protect the repositorys a mile-wide restricted zone around the

repository in whiche for the present, no underground mining, excavation,

or through-going boreholes will be considered (Zone III); and an

additional mile-wide buffer zone in which limited (i.e. subject to

control and regulation by DOE) underground mining and deep drilling will

be allowed (Zone IV). "Hydrofractng" and other injection methods of

hydrocarbon recovery, and any kind o_ solution mLning_ _'outd be

prohibited. This zonation is shown in Figure 2-2w (which also indicates

the corresponding total acreage of restricted land needed for the _IPP

site). On the surface, only the plant site itsel£ (Zone I) will exclude

land access.,.
e

I

The irregular pattern of the outer boundary ot the WIPP site/(Figure 2-2)

originated fr£xn a desire to conform to the Bureau of Land Hanagement's /v
(BI24) land subdivision system and to exclude private land and producing,.

wells_ The WIPP program plan calls for the entire area within this
_11 IJ ---

boundary to be brought under cent=el of the DOE. ____

2.3.3 General Considerations and Requirements of Undergroun____d

Storage Facilities for Radtcacttve Waste

Neglecting consideratlcn of surface restrictions and land use conflicts

for the purposes of this reFort, geocechnical siting requirements for an

- mi ned byl

, ._W.' :'i'_':r'= _. "_L,__, _-,,'_...... _" '-_ -, ,.. _ .. , _- ' ,',;';¢_,,"J:_.*,._tW_ll_ '.V

_t___l,__i_ elm Si tOCy_:,,,and"3) ,.t I_i,.,lev e1',.O_ .tILl
, . .... .. _.... _ , ,_......,,,p_,_., .._,._._:_u,:,;_,,...'_,,......,.._y_:_,jlr

.,..

e
,.,......_ _ .........

"j . , - . .
, ..,- .,
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a"uran= desired,agal.st ailure of ........- containment. Whxle WIPP is

anticipated to be _a repository for _efense transuranic waste, Sandia was

also requested to consider possible future options for high-lev_.l waste

in its site select,on studies of bedded salt in the Delaware Basin. FoL

WIPP, the desired goal is complete isolation of waste with negligible

consequence in the event of contei_uent failure for the total dJratlon of

time in which the radioactxvlty of the waste could constitute a potential

hazard to the biosphere ac humans in general.

These unprecedented long storage requirements, which embrace a small but

significant interval _,.._ geologic time, call for a careful

characte_izatlc.n of l_._q-term hydrologic, geologic and climatic

processes, _x>ter,tlally_reflecting stability and survival of the

underground facility, I_,order that appropriate sluing criteria may be

specified. These und o_:her considerations in the long-term ;nanagement of

radioactive wastes have !be3n definea and discussed in ORNL reports by

_'g_ra and Jacobe..:(1972)wi_re they identify geologic"pr(_esses"'r'elevant t_ J_

waste dispose, and discuss the suitability of various geologic media for

_adioactive waste_ storage,, Claiborne and Gera (1974) describe and._

evai'uat;"'_;en'tiai mechanJ,sms of ¢ontair, ment f.il,;;;"'and of hydrologic_
• _, , .+._ _,_.*_.c_ ,./o_., _, _,. . _ .............. , .... •

_release of contaminants,.:fr_0_ the bedded salt deposits in the southeastern

New Mexico area. .frm ccnclusions ,_r,d recommendation o£ these studies,

which are not repeated here, have been utilized as o.uidelines in

formulatinq _iting c_i-.eria employed in the selection of candidate site

locations in the Delaware Basin area o_ southeastern Ne_ Mexico.

l(egarding the overall danger of contamination frccn properly sited

underground waste storage facilities, however, it is appropriate for

pro_er perspective to repeet the observation of Claiborne and Gera (1974,

_._) t_at
_the".con(,i*.lons required fc_a serious :elease of activity _o the

biosphere from a r_;x_s.itory in bedded salt tend to approach the
"" bizarre and have considerably less credi._ility , nan the 'maximum

" _._edible accident' assumed l:or nuclear power plant safety analyses."• ,,.
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" 2.3.4 Initial Screening Criteria =and Selection oF the Original (ORNL_..

Site in the Delaware _asin

, Preliminary site sczeening studies _or an undorground waste isol_tion

stor-ge facility in the Delaware Be_in w,_re initiated jointly in 1972 by

ORNL and _tbe USGS for the AEC. Guidelines developed at that time were

mostly contained in the .ORNL report =by Ge['a and Oacobs (1972), and in

ORNL-TM-4219_ w hlch, however, did not address conditions in the

southeastern New Mexico a_ea specifically. Geologic information was

assembled by uhe USGS for use in evaluating the suitability of var4ous

d.-eas lr the Delaware Basin for disposal of radioactive wastes; this

information appeared in open-file form in the report b_:B¢okaw, et al.

(1972). Additional data by Bach in, et al. (1972) appeared as an ORNL

report.

Large-scale (Stage Z) site screening criteria (ORNL-TM-4219) wewe

developed and were employed in an initial selection of a site at t_m

Lea-" Jdy County boundary, about 7 mi!cs northeast of the present WTPP

site. In addition to rho usual geologic standards .some technical

criteria which were applied by O_lL were as follows (Griswold, 1977,

p.12) : i

,t,,.._. ' ., ,. t..-. e,, ...... . L ' ....... i, _ -., .., • . ..... ,....... . ',.*.,_., . ........ , -. . "_

into the n:iaware, or deeFer formations.

m ,i, -_. Ulm,, ," ,_-,_ - , ,_ _ ....... ,7"

The max._mu_ depth indicated was solely a mine engineering criterion

dictated by the viscous .Claw pote_,tial of salt. at pressures exerted by

the litbostatic loading and at temperatures impos_._dby the expected

geothermal 9raai_.nt coupled with the maximum thermal flux of the stored

wastel the minimum depth was that considered adequate to insure against

. disinterment by erosion.
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.i
/ Figure 2-3 shows th,q resutts o_ this initial screening process. A

_" ." two-mile radius _rom deep wells proved to be the, most restrictive,

.. criterion;, on the gtgure the shaded areas indicate land, more than two

. miles'from deep wells, also satisfying _he d0pth an,t miners: resource

exclusion criteria. The site initially selected by this method is alsow I

indicated.

i

" Cores from AEC Nos. 7 and 8 intercepted leasable grades of potash; ERDA

"_' No. 6 cores did not. However, at ERDA No. 6, evidence of complex

•. /, evaporite structure and the encounter of e,n artesian glow o£ brine were

'" sufficient evidence that this ori3inal site was unsuitable and that more

' information would be needed to define additional criteria to be used in
/ ,

#t0

/' selection of auceptable alternate sites.

.,. 2.3.5 Rite Selection and EvalUation Criteria for the Los Medanos Site

''= When the initial Delmware Basin repository study area was shown to be
, ,

..-,.J-* unacceptable, Sandia undertook the task of locating a s_tisfactory site

1 in the New Mexico portion of the Del-ware Basin. By. late 1975 a more

comp14te''_d_standlr.g of the geology o_ the basin and of potential

', Ee/)osltory-failure mechanisms pe=mltted a reformulation of siting

crlteriaand slte selection factors. These criteria and [actors were

' developed rather specifically for the Delaware _asln in southeastern New

.. Mexico, and are neither generic criteria for bedded salt no_itgeneric

criteria for all rock typos.

, Some of the specific studies contributing to this effort include the/

/

, followlng: Clalborne and Gera 119741 considered potential failure modes
I _'" ?"...."'.'_.q'_"'"'r""...... •..........
' of bedded salt containment in the Delaware Basin; ,_chman and 3olmso_
.

v.. ¢,__.._,. _,_,._.,.,.,.,.,:.... _..... _.... .:,......... .......... ..) ...... ,_.
_. De'_awa_e Basin in particular; JQcI_m!:',IL925)discussed potash deposits; and

Fomtml:-_1974) and Ne_:l!mrland, Sewell cna A_soclates (1975) investigated
.._ . .•

h_drocarboi'_ _esources. Reports on. dlSaolutloni,_g associated with

u@.p_Lu_ged'15_JloT'es"ISnow and Chang, 1975_ WaLters, 1975; Fader, 19731
, "' _. ,,_ t.'_,.,*,. _,-, ...... , ,,., . ,, .

, " _ / I, I ., : . "
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, r ,, , , ._f

' were _Iso available. Theseleotlon o_ additional alternate mites made in
,'4

' Novelaber, 197_t utilized this In_ormatioi1: Two factors which received

careful attention because of the experience gained in locating and

,giting factors were formulated to eliminate fro_l further consideration

areas of pousible sovere _tructural deformation or complexity of the salt
/l/ .,.* _......, ,.

'. beds. Geologic evidence (3ones, 1973) Indicated the tendency fo_'_ _

front. Substantial salt deformation resulting in dlsplaceme:it and

,' _ractl:ring ct: anyhd_lt_ beds wan encountered in FJ_DA-6. Stcuctural

contouring oi the Castile Formation, based on Petroleum drilling and

Accordingly', a belt with a width o_ stx miles basinward from ti_eCapitan

reef was eliminated from eligible areas. This also served to avoid any

_/ possible dissolution hazards which might be associated with the reef.

The extent of deep drilling, resulting fro(. hydrocarbon explorP_ton in

the Delaware Basin, indicated that a aaz.'.ful evalua¢ion o_ tns =squired

separation _rom boreholes be performed. Desirable regxons could be

excluded from consideration l_ this factor was unduly restr_ctive. T_,e

_1e._._eparat_dis_. esLablished after the Lyons, I(ansas.

experiences, was"=t_li,"i'ed to one mile based on s_udles b_ Snow and Chang

... (197.5), Nalter_ (1975), and Fad,:.c (1973). These studxeg lmpL'ovod

prospects for assuring plugging cE boreholes_ and tile hydrologic

condxtions expected in the acceptable po_'tions of the Delawa_._ Basin ali

indicate that a one-mile bu_er zone is amply conoe_va+.tve ,'_gatnst

potential boroh0Ze dissolution (Griswold, 1977, p. 12). Figure 2-4 shows
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areas that are more than one mile From borehuleo penetrating into the

DelaWare Mountain Group. Avoiding these boreholes Would also result in

avoiding existing oll or g_s _ields.

' In addition to the salt anticline and borehole resttict_o.s already '

-' mantle|led as assuming a primary role in narrowing the choice of

' aocoptabl_ sites, several ct, her aspects @roved to be significant for the

, northern portion of the Delaware Basin. Proximity to the dissolution

front at the top of the 8alado Fonration and the existence of local

solution features were prime considerations.

Although open joints, fractures or faults are not expected to occur in

salt, intrusions in the form o_ igneous dikes which pass through the salt

beds are known to exist locally in the Delaware Basin. The proximity of

such a feature migltt be cause _or rejection of a site for geologic,

hydrologic and engineering reasons. Shown in Figure 2-5 are areas where

undesirable structure, such as salt deformation, brine-flow anti_lines,

or dike trends, are known or prest_ed to occur; the dike trend is

magnetically expressed and is defined by m_gnetic survey methods.

Caneidat;i"i'tO;ii'., UlOi " ocaed i, aee ,-"affordingodequate lo.-te• " , t

against encroachment :o_ sa/'6"dls,olutlon; '_'_Surface dissolution
/

was ass_ned to be related to downward percolation of meteoric water and

removal through Nash Draw and the Pecos drainage system. In addition,

. evidence of possible dissolution in salt over the Capitan reef aquifer is

known in such places as San Simon Sink. Dissolution fronts, o_

boundaries at which salt has been or is being dissolved from the

enclosing rock material, had been recognized at various horizons in the

ev_porite sequence o_ the Delaware Basin. _ates of dlssolutiorlwer_
• .. *" ' ,','sT_"_'_."_,_'_'-r_ ,'_"""_Tr_b'*r'*_" iii .... . . , , , .. . .... ,,' '_ "',,. , ,_._r_ _, .

es_, mated by aacPJlan (19"_), and"l_mgevity o1_ Salado salt was dlagrammedj

_ Jones (1973, _IgU_e 7). These oSservations were translated znto

appropriate avoidance criteria. _,,_Ol'ut:'t'0n_o['"sa]tin the Rustier

Formation' was not considered to be a signiEicant hazard to a repository

_.7_ted in the Ic,,¢erpart oi t_|O Salado_ however, areas that exhibi4_

exte_slve salt dissolution at the top of the Salado would be rejected.

, °
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. For conservatism, sites that would be in, or within a mile of, areas of

_. known dissolution at the top fJ_ ,'_eSalado were considered lezs

' desirable. Figure 2-6 disptays areas where dissolution at the top of

Salado was indicated to occtlr, based on studies current at that time.

The 10terception of commercial grades of potash by holes AEC-7 and AEC-8

and the known occurrences of potash nearby highlighted the necessity o1_

evaluating the potential of this resource to assess possible _esource

conflict. Areas of potash mineralization meeting minimum grade and

thickness criteria, termed the "potash enclave" by Aguilar et al. (1976),

t would be avoided to the extent possible by the three square mile core of

the site. Regarding posslole conflict with hydrocarbon reserves, the

avoidance of deep drill holes automatically insures that a potential site

would not be located over an existing oil or gas field. To minimize the

possibility of siting over areas having favorable potential for discovery

of additional hydrocarbon reserves, ell and gas trends in the subsurface

beneath a possible site location would be considered in siting the

repository. The locations of such trends are shown in Figure 2-7,

,.,.. , , ..... _ ...., . ..._, ..

f_l_11_ "_ the extent pc.ssible to expedite site exploration and

lane w_tncrawa¢. _.__.._alg_S_m_LLc_oe:,,a_,me_._Iy zones L ant ¢,
• a4

tO the extent feasible'.

2.3.6 Site Selection: Criteria and Factors

Two principal stages are involved tn establlsnlng a nuclear waste

repository. The first stage, outlined mainly in the previous section

(2.3.5), involves prellminary site selection of the most desirable site

from among the potentially acceptable study areas. Thlc selection is

based on application of criteria and selection fat cots to the existing

knowledge and general reconnaissanc_ information avJilable for the

areas. Specific and detailed studies are not Conducterl at this stage.

The second stage i_. to determine the characteristics and processes

affecting a site or sites sufflciently well to ,flow confirmation of a

..,

M_l_lh-_'_" _--ai-I'- -'_" ............. ,d..A',_- 7"_---,: ..... , ..................... _. _-_ , _7 ..... __-_---_*--._'--_---_--"_'_"_-- ....... _ ..... JI

• [
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site for a repository, lt is possible that this detailed study Will

_-eveal that some factors are less than ideal. It is unlikely (and

unnecessary) that a site will be ideal with respect to all selection

factors. Similarly_ it is unnecessary and, indeed, impossible to prove

that the "best" sxte has been selected. The extent of Jnvestigation iJl

" stage two Is such that all prospective sites cannot be examined in this

detail. Rather i_ is sufficient to establish that an adequate, safe, and

acceptable site has been Identltied. This knuwledge requires that

potential failure modes and hazards be recognized and that siting factors

take them into consideration.

For the kqPP, the facility demonst:ation and additional studies of

processes .%hd underground geology will lead to further development of

criteria for a repository and subsequent assessment of the safety of the

WIPP site as a repository. THUS, at Least for WIPP, it is necessary to

, refine criteria, through operation and continued study, sufficient for

confirmat.ton as a repository.

For site selection of the Los Medanos site the following criteria and the

factors which address those criteria are listea. In most cases, tlle "|

nature of the factor desired can be indicated but not quantitatively i

_ spectfied a__oriori since the acceptable combinations of factors under the

multiple barrier concept is so large. Many of the desired factors are

_ust that - desired. They are sufficiQnt but may not be necessary for

long-ter= cepository safety. The general relationship of factors to WIPP

studies Is indicated by referring to _rincipal chapters containing

informatzon about particular factors.

',_.eotogyCriterioni' The_ -__'_ ........

the waste poses a significant tmz._rd to

Theg logy mustalso rmlt

.,' L
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Factors: _,- Must permit access for transportatton._,

Effect on inducing salt flow during ex_avation must be

conside:ed. Surface water £1ow and. future inunu_tion

must be P.valuated. (See 3.2, 4.2)

_"- "l_ep0sttory horizons should be deeper than 1000 '

I[eet tO assure erosion and consequences of surf lc:ta1

phenomena are not a major concern, r.epch )f suitable

horizons will not exceed 3000 feet rc J.im=t rate of

salt deformation around the excavation3. (:;ee 3.3,

4.3, 9.2)

"" Thickness Totai" "thiCkness"'0_" the-'s;i t: 'da_0osi ts ,_

ahould be Several hundred feet to buffer thermal and i_
#

effects,._ The ' desired thickness for the
A

re'p0sit0ry bed = _0 feet or raore to mitigate the

thermal and mechanical effects at non-halite units.

(See 4.3.2: 9.2)

Later al Extent :_- The distance to structural or

dissolution boundaries must be adequate to provide £o¢

:.future siteitntegrity:o:_ For the Los Hedanos area a_ t
distance of five miles to the Capftan reef and one

mile to regional Salado dissolution have been

established. (See 3.3, 4.3, 6.3)

_LLt_0iogy-_Purity of the sal*t beds is des/rattle to

_reduce the brine content of the salt; Pending";" turther

investigations, three percant brine is established as

a destrab]e upper limit for the heat-producing waste

horizon. Additional geochemical interact.ions must be

considered if sicjntficant chemical oi' minera[ogical

impurities are present. (See 4.3, 7.2, 7.3, 7.4, 7.5,

7.6)

rat/_lraphy - Continuity of beds, character of._

_.inter-bedding and nature of beds over- and underlying

sa _ are important const3erations in construction

o£ the facility and in assessment of possible failure

scenarios. (See 3.3, 3.4, 4.3, 4.4}
• _
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,S_ructur, e - Relatively flat bedding '( < 3°) is

" _esira_le for operational purposes. _teep anticlines

and majo_ faults are to be avoided. (See 3.4, 4.41

i_Erosion;.- While the depth factor reduces concern for _.:_
_.

erosion I£ is desirable to avoid 2eatures which Would _
',_ .......

tend to localize and/or accelerate erosion. (See

3.2.3, 3.6, 4.2, 4.5, 6.2)

Bydcology Criterions Th_ __ _" ;.. ' .,,. . _:-Yp_u_'_,,._
li_l/7;_,_Ma'm'_'_'l_ _tlb,,,_ :J :-*_'-_* *_:..:..,'-;_-_'[='_._6;,;_.__J

• ,r _ _, : • .

w_Lle the waste poses a sig'nificaz_t hazard to man.

Accidental penetrations should not result In undue hazards

to mankind.

Factors: _Surface Woter _- Present and future run-off patterns,

flooding potential, e_c., should not endang_.r the

penetrations into the repository whil._ these openings

are unpluggeo. (See 6.2)

Aquifers - F_r WI"P, the over- and t_derlylng aqLifers

represent a secondary barrier if _he salt _s

breached. Consequently low perE_.abillcy and.

transmlsslvit¥ are desirable bdt not mandatory.

Accurate knowledge of aquifer parameters is important
/

tO construct_on, decommissioning and realistic

calculation of the consequences ot failure scenarios.

(See 6.3 _

Dissolution,- Regional and/or local dis3olution must

not breach the repository while the wastes reprsaentla

• ' _!gnificant hazard to man. While there are various

suggestions for the time a _eposlrory should remain

Isolated from the biosphere, 250,C00 years (ten

half-lives o_ 239pu) Is one period which may be

sufficient for evaluating the WIPP site. (See 6.3.6)

Gubsidence - Subsidepce due to _issolution of salt
¢_

will be avoided when the supsid,.,nceadversely affects

the repository beds or unduly _.-celerates the rate of
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, dissolution to the j_pardy of long-term integrity of

the repository. (See 6.3.6, I0.6)
....

l_.'drolo_IcTransport- For the WIPP, this is a

secondary _actoc which must be evaluated to allow

quantitative calculations of the consequences of

farlous failure scenarios. &low transport of isotopes

is acceptable if r._re critical factors ha-e been

satisfied. (See 6.3, 9.3. i0.6)

_llmatio F1uctuatxons - Possible p]uvial cy_les must

,.be considered when estimating the effects of the above

factors. (See 3.6, 4.5, Chapter 6, I0.3)

Han-_.ade Penetrations - The effect of drill-holes and

mining operations on the site selection must bed

evaluaced in considerations of dissolution.

Tectonic 5tabili:y Criterion: ; ___l_'_.4___j_ ' :'

__'___whi_e the wastes represent a
signi£icant hazard to man and should not require extreme

precautions during the operational period of the repository.

,, Factors: _e_Lsmic Activity - The frequency and magnitude of
seismic activity impacts facility design and safety of

operation. Low levels of s?Ismicity are desirable but

facility design can accommodate higher levels as

well. (See Chapt¢- 5, I0.5)

/ Faulting,'Fracturln? - While open faults, fractures or

_oints are not expected in salt, the more brittle

' units within and surrounding the salt may support such

features which can enhance dissolution and hydrologic

transport. Majo¢ faults and pronou-._ed linear

structural trends stmuld be avoided. (See 3.4, 4.4)

_Salt Flow/Antlclines- Major deforratlon of salt beds

by flow can fracture brittle rock and create porosity

for brine accumulatlons. Major anticlines resulting

from salt flow should De avoided or evaluated to check

on brine p_esence and anhydrite fracturing. (see 4.4)

" _apirlsm- An extreme result of salt flow, this
t

feature wil_ be avoided for WIPP siting. (See 4.4)

',l........, '.
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Regionai stab!zlty - Areas of pronounced reglonal..

. uplift or subsidence should be avoided since such

behavior makes anticipation of future dissolution,

erosion and salt flow more uncertain, (See 3.4, 4.4,

10.3.2)

Igneous Activity - Areas of active or recent volcanism

.. or igneous intrusion qhould be avoided to minimize'

these hazards to the rupository. (See 3.5)

".!:Geothermal Gradient - Abnormally high geothermal

gradients should be avoided, to allow construction in

salt at 3000 feet. High gradients may also be

indicative o¢ recent igneous or tectonic activity,

(Sec 4.4.1)

Physico-chemical Compatibility: The repository medium must not

interact with the waste in ways which create unacceptable

operati_al or long term hazards.

Factor_:_",.'_lu'Id Content - The repository bed containing highj_,_ ,, , ,., :-

level waste should not contain _lore than three percent

brine. The limit for TRU waste has not been

estab:|shed, but the same value used .or HLW is

acceptable. (See 7.5, 10.7.8)
/,

_.;_bec_al .Properties-No major natural thermal barriers

should exist closer than 20 feet to avoid undesirable

temperature rises. (See 4.3, 9.2.3)

MechanicalProperties - The medium must safely support

excavat'_on of openings even while thermally loadeO.

t, Clay seams and zones of unusual structural weakness
s

,., should be avoided in selection of the repository

horizon. (See 9.2.4)

cal Properties/_4ineralogy - Beds of unusual
,, !' ;. .i ....

composition and/or containing minerals with bound

water should not occur within 20 Eeet of the waste

horizon. This will lessen the uncertainties with

_ regard to thermally driven geochemical interactions.

(See 4.3, 7.2, 7.3, 7.4, 7.5)

i
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_._o_,_r'.,_.,: ,_', ',.-,r"5,_'_", _', _ ' _ '_

.,,Radiation Effects -"While no unacceptably deleterious

effects are postulated, these phenomena are best

quantified in halite and thus the purer rock salt beds

are desired for high- level waste. (See 9.3)

Permeabillty _ Salt has very low permeability and only
. im_-_"....

the inter-beds and surrounding media are considered

for siting with respect to this factor. Low

permeability is desirable, but quantitative limits

' need not be specif_.ed for site selection. (Salt

.,- permeability to gases may be important in establishing

waste acceptance cci ter la. ) (See 9.2.3)

_i.NuO'iide.. .,M°b|ltt_r't-,,,, _ This is a secondary factor in

:slting since confinement by the salt and isolation

from water is the basic isolation premise. Ion

sorption must be determined to allow quantification of

safety analyses and to indicate whether engineered

barriers (clay) would be beneficial. (See 9.3)
_-._..._,_._,_P-_- .,,..._.... ..,,, , ,. . ,

Economic/Social Compatibility Criterion - _____ __b_-'?:i--- _- i_
a _'_ "' te

'lml.... _ , ,, mm, , -- / _ mnnl - , ....

Factors: Natural Resources- Unavoidableconflict of the
T- /"

repository with actual or potential resources will be

minimized to the extent possible. (See Chapter B)

Man-made'Penetrations,,;- Bor.eholes o= shafts which

penetrate through the salt into underlyin9 aquifers

shall be"avoidod within one milu of the-'repository.

Existing mining activity, unrelated to the repository,

should not be present w_thXn two miles of the

repository. Future, controlled mining, will be

allowable exp to one mile f_o_ the _epository. Futu[e

studies may permit still closer mining and drilling if

properly controlled. (See 2.3, Chapter 4)
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e Transportation - Transportation should be capable of

ready development. Avoidance o_ population centers by

transportation routes is not a _actor in WIPP siting.

(Not addressed in GCR)

Accessibility - The site should be readily accessible

for transportation and utilities. (Not specifically

addressed in GCR1 see Chapter 2 figures)

specifically addressed in GCR_ see Chapter 2 and B

_igures)

po_puiation Density - Proximity to population centers

and rural habitats will be considered in siting. Low

population density in the _.mmediate site area kS

desirable. (Not addressed in GCR)

Fa:ological Effects - Major impacts on ecology due to

construction and operation should not occur.

Archaeological and hiStorical features of significance

should be preserved. (Not addressed in GCR)

Sociolc_ic_l Impacts - Demographic and economic

effects should not result in unacceptable sociological

impacts. (Not addressed in GCR)

One may _. _having thP. greatest impact _s
-- -- '-- ..... _' ., -_%--:.ifollc_vs:

_ &voidance of land within one mile o_ any boring through the Ochoan

evaporites and into the Delaware or deeper fcrmattons.

Sa_t"_ofhigh Purity at a depth between I000 and 3,000 ft.

, .

_voidance of areas where dissolution had advanced to the top of
_,_',.,,.,,,)<,_,,, , _ .,._.,. , . ,.. . .......

5_lado or deeper levels, by establishing a distance o_ one mile or

- _aurP from dissolution fronts at the top o_ Salado.
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Avoidance Of possible salt defomation in a belt 6 'miles wide
I

. basinward from the Capitan reef.

,Avoidance of pronounc-a.d known anticlinal structures.

J

' Avoidance of known oil and gas trends.
i

' Avoidance of the known potash enclave above the repository and

minimizing' conflict with the known enclave in the buffer zone.

..Minimize existing potash lease/rights in Zones I and XI.
t

Minimize state and private land in Zones I ,through IV.

These criteria were applied to all areas within the Delaware Besin in New

Mexico. Figure 2-8 illustrates result of application of the expanded set

of criteria. Two alternate sites survived the constraints imposed by the

site selection criteria.
o

2.3.7 Preferred Preliminary Site Selection

' ""'_ ........... _......"_'_"'_ ............................. "_............. Delaware:: .....&_Since,onlFt_ alt:ernlite sites in the Hey Mexico part o_ 't:he

_JBasin withstoOd.the ,st Of revised .Stage II"si'.t_in;<l;:;i'teri'a'',the'

selection of a preferred site was fairly 9tralghtforward.

Alternate I, now known as the Los Medanos site, appeared to be the

preferred site. _lternat(r¢'XX was consideredless des[cable beeause_£t: ......
t'_ ,.jo..III_ ,_.*.4'',,,._.,_,N_.._,I.'_.,'/_',_,',,._/_.Pl..... ,,,_,.._",_,_.,_4,u,_,. ,_.,.... _,.., :. ,y,._

WaS rest_ioted._nsize_the acceptable salt zones were deeper, _nd the

high-purity salt lying between the Cowden anhydrite (in the lower Salado

Formation) and the Castile was thought to be absent. The top of the

Salado was about 800 feet deep at Los Hedanos versus 1500 feet at

Alternate II. Other factors that favored the selection were:

Structural interpretation oE what seismic data was then available to

Sandia indicated the Los Medanos site wottld be in a synclinal area

unfavorable for oil and gas acccumulation.
t
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Similarly, if the site were in a synclinee 9oopressured brine

reservoirs would be less llke!y.

/ The Alternate II area lay adjacent to the Double X and Triple X

shallow oil fields where water flooding for secondary recovery could

Occur.

/

No seismic exploration data whatsoever was available to Sandia on the

Alternate II area, and only pattie1 coverage at Los Medanos.

Sandia Laboratories selected the Los Medanos alternate as the best

candidate area in early December, 1975. Figure 2-9 illustrates how the

siting criteria apply to the Los Medanos site.

Geological cha_acterlz_tlon activities were then expanded to focus on

,' obtaining subsurface data at the Los Medanos site. A descriptive su_Jnary

of these programs is given in Section 2.5.

2.4 STATUS OF STUDIES

In review, geologic studies for the WIPP fall naturally into three

different phases: preliminary site selection activities, geological

chacacterlzatlon, and studies of long-rang_ geologic processes affecting

a repository. Prelimxnary site selection activities are complete now;

those consisted primarily of national and regional studies over the past

fifteen yc_rs.._nd resulted in selection of the WIPP study area for

,,' geological cr_recterlzation. The work of 9eologlcal characterization
s

:, should be considered to have begun with the drilling of ERDA 9 and the

' , initiation of seismic reflection work on the site. That geologlcal

' chacacterlzatlon, which is primarily oriented to provide specific data
(,

, concerning the present geology of the site, will be virtually co_nplete in

1978 when this Geological Characterization Report is 5ubmltted to DOEl

much basic Jnformatlon ha8 been gathered indicating no major tecnnlcal

, ' problems with the site as it is n_! underst'_od. Studies of long-term

, ,
i

,0 ' ' I_ f" Q
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processes which might aEfeota repository o_ have an effect on safety

analyses will be the major geotechnioal activity lc= tl_ WIPP pro._ot

after 1978, although home of theuo activities are already underway.

l These _tudies will concern the age of atgnlEicant features l_d the _'ates

and processes which produce those f_a_.ures. Tho information so gained

will be useful in increasing the confidence in evaluation of the sa._ety

of a teposito_y when a decision is ;.e0essary rugarding conversion of the

WIPP to a _eposttory.

2,5 EXPLORATION TECHNIQUES

Much o_ the geologies! characterization of the WIPP study area is done

' using exploration geophysics and boroholes. About 75 line miles of new

seismic reflection data and 9000 resistivity measurements were collected

and 47 drillholes completed to support WIPP geolo_;i0al charactorization

to date (August, ,1978). For oonvenicnce, the boreholes are listed in

,'. Table 2-2 according to primary objective. Twelve geologic exploratory

• holes (two by ORNL an,] ten by Sandia r.absl have been urilled to date in

' support of this program (Table 2-2A); three hole_ were drilled at the old

, study area, two are located off the WIPP site, and seven were drilled on

the W_PP site. ERDA 9 is located at the center of the present s_udy area

(FJ_lure 2-10). These boreholes were extensively logged, cored', and

drill-stem tested in the eva_'orite section. The cores form t._e basis for

several continuing laboratory studies that are important to ac

understanding of the physical and chemical phemomena associated with the

WIPP and contribute to general knowledge about the fo_._ation of

evaporites. Two of the exploratory boreh_l_o ....,,_. been dr _.,led well

outside the immediate site to obtain dissolution ano paleoclimate dc: _0

.. Twenty-one holes (Table 2-2B) were drilled in conforma, ce with industry

standards to obtain core £rom the potaRh zones to sue_Lz_qent more than 30

existing industry holes for evaluation of pota_.9 resources within the

WIPP study area by the USGS and the U.S. Bure_ of Hines tFJgure 2-11).

When that evaluation is complete, others may use the core fur studies of

Potash ore formation. Fourteen hydrologic holes (Table 2-2C_ have been

. drilled and four potash holes converted _o hydrologic monitoring to

|
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provide a total o_ eighteen holes now dedicated to hydrologic studies.

Hydrolo<jlc tests of the gell Canyon Formation underlying the evaporites

have also been conducted in two of the exploratory boreholes, one

. northeast and one south of the site. Except for ERDA 9, none ct the

boreholes within Zones I, II, or III penetrate as deep as the repository

horizons. Future hole_ wi]_ sample repository horizons within these

, zones, ,*

Seismic rP.flect_on d_ta available _rc_ PetroLe_,_ companies and 26 Line

miles initially obtained strictly _or the study area (Figure 2-12), were

collected using standard techniques _or the petroleum industry. The data
r

are excellent for interpreting deeper structure, but ate not as useful

/ for showing re_Zec:ors in the upper 3000 feet. In 1977, about 48 line

miles of new data (Figure 2-13) Were collected using shorter spacings for

I' geophones, higher Erequencies _rom vtbroseis units, and higher rates cE

data sampling. Thes_ data _how much improved reflections from, and

better resolutlon in, the shallow section of interest. Resistivity has

also been extensively used as a charac_erlzatlon tool. Field tests

in_licated that resistivity could detect certain types of solution

featuresl more than 9,000 measurements have boen taken in the study area

to search for such _eatures (Figure 2-14). Add_tlonal measurements of

resistivity using expander arrays have been made to study resistivity

changes with c_pth ar,d to help interpret the detailed mea3urements

(Figure 2-15). Analy._is of geophysical data for the geological

characterization was nearly complete by Summer, 1978. One resistivity

anomaly was drilled to determine the cause of the anomaly and

consequencus, if any, for the WIPP. This anomaly did not result from

dissolution phenomena. Further detailed geophysical investigation of the

site, using techniques prevlo,mly described for better resolution of

shallow horizons, is now underway (Summer, 1978) for the primary purpose

o_ providing detailed engineering information.

A variety of studies to continue geological characterization and.

. contribute to long-range assessments are under way. Studies directed

/ . primarily towa,d geochemL3try include water chemistry and stable isotope
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studies of surface and subsurface water of the Delaware Basinp fluid

inclusion studies of the evapo_ite beds! chemical and mlneralo_Io effects

of an igneous intrusion into the evaporite sectionp Rb/Sr dating of

potash creel and sorptive capaoi_ies of evaiJorites and associated rooks

for various n_dionuclide3, The dissolution hiqtory for the area and the

local paleoclim_te are being investigated through analysis of a core

taken from a sink in nearby San Simon Swale. t, ieid in_estigations of the

olimatlc history and stability of the pecos River drainage are beginning,

and oaliohe studies will festaa slgnifioant part of this effort. Studies

of LANDSAT images will conclude in 1979. In addition, the firRt 200 km

of the first-order level line from Carlsbad to Bl paso, Texas, has been

resurveyed to examine _egional tectonic movements associated with the

West Texas salt flats graben and trans-Peoos volcanic area. A

". first-order level line has also been established _rom Carlsbad east to

the WIPP site through Hash Draw _or future asses_er, t of tectonic,

/ erosion, solutiontng, and subsidence phenomena. Further assessment of

basin tectonics m_y be derived through measurements of in situ stress.

These long-range studies will continue until _uf_ioient data are

available to permit reasonable and confident assessment of the risks

involved in herin9 a repository tn bedded salt in southeastern New

Mexico. These studies, plus the successful operation o_ the WIPP as a

demonRtratton facility, are essential for the deve.'..opment o: oriter".a for

' the conversion of the WIPP to a repository.

2.6 SUY.HARY

Bedded salt has been a leading candidate asa rock type _or the storage

of radioactive waste; a combination of technical factors has led to the

examination of the Delaware Basin in southeastern New Mexico as a

location _or the WIPP. Through preliminary site selection and partial

site characterization of an early site near the WIPP, site selection

criteria and factors which are rather specific to southeastern New Mexico

were refined, and a new preliminary sits was selected. Chapter 2

contains the description of the criteria and factors used in this process

" as an introduction to the geological characterization of the WIP[.t_ite
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" whioh is presented in the _ollowing ohaptets, Th_ geologioal technlgues

used In the oharaocetizatlon o_ the HItD site are a combination o_

well-tested oo,Jvuntlonaltechniques supported by state o_ the art tool_.

Multiple, supporting teuhnlques are used where appropriate, ContJhuJng

geological studies will increase thr,data base _or assessment o_ the WIPP

as a repository and allow re£inement o_ criteria fo_ conve_sion to a

repository.

t
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TABUI_ 2-2

_. Ol_ObOOIC _J_PL_RATOR_ llO_S

(Pigu_e 2-10)

Designation booation Dat___e

.. AEC 7 21/32/31 3/74 C_L St_tigraphic--Old Site
8 22/31/11 4/74, 6/76 ORNr. 3tratigraphic--Old Site

Sandia--Deep Hydrology--Old Site
' ERD& 6 21/31/35 6/?5 Strat_grapllic--Oid Site

ERDA 9 22/31/20 4/76 Stratigrap_lio--WIPP Site

F.J_A 10. 23/30/34 8/77 Deep Dissolution--Off Site
WIPP 11 22/31/9 2/7q Stcattgcaphlc---WlPP Site
WIPP 13 22/31/17 7/78 Sitar/graphic--WiPP Site
WIPP 15, 23/35/18 3/78 Faleocllmate--O_f Site

WIPP 18 22/31/20 _/78 3ttat_graphic--WlPP Site
WIPP 19 22/31/20 4/78 Stratlg_aphic---WIPP Site

WIPP 21 22/31/20 5/78 Stratig:aphlc--WIPP Site

WIPP 22 22/31/20 5/78 Stratigraphic--WIPP Site

* nok shown on Fi_uce 2-10

B. ERDA POTASH HOLES

(Figure 2-11)

Deslgnation Ixx:ati_..._.__ Dat___e

pi 22t31t_9 8176 Q
P2 22/31/21 8/76

P3 22/31/20 8/76
P4 22/31/28 8/76
P5 22/31/17 9/76

P6 22/31/30 9/76
P7 23/31/5 _/76
P8 23/31/t 9/76

Pl0 22/31/_6 9/76

PI1 22/31/23 9/76

P12 22/30/24 9/76
PI3 22/31/18 9/76

Pl4 22/30/24 9/76
Pl5 22/31/21 8/76

P16 23/31/5 9/75

Pl7 23/31/4 10/75
Pl8 22/31/26 10/76

P19 _/31/23 10/76
P20 22/31/14 10/76
P21 ' 22/31/15 10/76

' I



TABM_ 2-2 (Continued)

C. IPIDnOLOCtICT_ Itor_s
(Bee FAgure 6.3-5)

i

bes_gnation booation Dat__....e

HL 22/31/29 5/'/6 Rustler, Top Balado Hydro
H2a 22/31/29 2/77 Magenta
112b 22/31/29 2/77 CUl_b=a
H2o 22/31/29 2/77 Top Salado
I]3 22/31/29 7/76 Rustler, _v_p Salado tlydro
H4a* 22/31/5 5/78 Magen_

H4b* 22/31/5 5/78 C_leh Ea
H4o* 22/31/5 4/78 Top 8alado

HBa* 22/31/15 6/78 Hagenta
HSb* 22/31/15 6/78 Culebra

HSc* 22/31/15 5/78 Top Sa,_ado

H6a. 22/31/18 7/78 Magenta

_{6b. 22/31/18 6/78 Culeb_a
H6c* 22/31/18 6/78 Top 8alado

* Holes being drilled at time o_ report
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GCR C_PT_R 3

REO IONAL G_JLOGY

3,1 INTRODUCTION

This chapter considers the physiography and geomorphology, stratig_aphy

and lithology, structure and tectonics, igneous activity, and geologic

history of the southeast New Mexico-west Texas area within a radius of

about 200 miles ot_ the proposed '4IPP site. Th_ information presented in

the discussion beloW has been derived f_c_m previously available published

and unpublished sources, including well-known reference texts, U.S,

geological Survey publications and open-file reports, Roswell Geological

Society and New Mexico State Bureau of Mines and Mineral Resources

materials, journal articles, and reports prepared unde_ contract to

Sandia Labs. A study of LANDSAT imagery was also conducted to examine

lineaments as well as physiographic' and structural featurem.

Section 3.2 presents a general description of the physiographic

di,ttsions, illustrated in Figure 3.2-1, which lie within approximately

200 miles o_ the site, followed by a more detailed study of the o_igin

and develoI_ent of those geomorphic features having significance to the

sit_ _.;nd by a consideraPion of relati','e erosion rases estimated for the

future In the arcs surrounding the site.

Section 3.3 summarizes the major rock types and stratigraph_c

nomenclature by which the Procambria_. basomont and ov_rlYing sedimentary

section are characterized within an area _oughly bounded by the

Sacramento Mountains on the r_orthwest, and by Texas' Midland and Val

Verde basins on the south and _outheast. Generalized cross sections,

depicting the entire stratlgraphic section p_esent in the area (Figure

3.3-2) and a study of Permian cee_ relationships (Figure 3.3-4) as well

as correlations of the precamb_ian cocks, (Figure 3.3-1) and Permian

section (Figure 3.3-3) supplement ttm discussion.

!

f_
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8action 3,4 describes the major structural elements comprising the

' southeast New M.xloo-west Texas region and summarizes the history ot!

their tectonic development, The £eatures discussed include the major

subsurface bastnu and platEormu cE Late Paleozoic origin, which tog(tther

have produced the essential structural Eramewor_ cE the are_, and

large-scale Cenozoic Eeatures, which generally possess surftcial

structural expression, as well as the more important smalle_ structures

ooourrlng within the boundaries oE these elements. The structures

considered in this section are dtsp%ayed in Figure 3.4-1, and a basemeat

contour structure map (Figure 3.4-2) demonstrates the banio structural

conEtguration of the region.

The major occurrences of Igneo'_s activity within the site region are

described in Seotlon 3.5. As demonstrated in Figure 3.5-L, this igneous

activity has be_n generally llmtted to the area west and south ot the

proposed WIPP site, in the form of Tertiary lntruslve bodies and volcanlu

terrains. The igneous feature nearest to the site, a northeast-trendlng

dlke located about nine miles northwest of the site, i_ discussed

separately in thls section and is illustrated In Figure 3.5-2.

Section 3.6 presents a synthesis of the ma_or events which have aEtected

the site region, as these have been determined from lithologic and

structural d_ta available in the area. A schematic vlsualizatlon o_ the

regional geologic history, as correlated wlth the geologic tlme scale, iu

provided in Ftau_e 3.6-1.

3.2 REGIONAL PHYSIOGRAPHY AND GEOMORPHOLOGY

Figure 3.2-I presents the major physiographic unlta wi_ich enco_a_a the

southeast Hew Mexlco-west Texas region. The dlscusslon below includes a

general description of the physloqraphlc se_tlons, as defined bj Fenneman

(1931), which lle within a radius of dbout 200 miles of the proposed WIPP

site. ThLs Is followed by a more detailed description of the d_velopment

of the major nearer site landforms.

/
#/
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3.2.1 _ographic Setting

The proposed WIPP site is located within the eastern part of the Pecos

Valley section of the southern Great Plains physiographic province. The

Great Plains physiographic province comprises a broad highland belt

sloping gradually east_ard from the Rocky _4ountalns and Basin and Range

province to the Central Lowlands province. The Great Plains province in

turn represents the western extent of the Interior Plains ma_or

physiographic division (Fenneman, 1931).

Pecos Valley Physlo_raphlc Section The Peso= V=11ey secelon consists of

the Pecos and upper Car,adlan valleys, which together form a long

/ north-south trough carved from what was once part of the High Plains
/

section on the east, but whose axis now lies 500 to 1,000 feet below the

High Plains surface -- the Llano Estacado. The Guadalupe and Sacramento

mountains of the Basin and Range physiographic province flank the Pecoa

Valley section to the west.

e The of the Pecos Valley section va:ies from flat 91alns and
topography

lowlands to rugged canyon lands. Except where covered by alluvimu_ much

of the land surface has an uneven rock floor, which results from the

erosion of the m_detately resistant limestones, sandstones, shales and

gypsum to form scarps, cuescas, terraces, side canyons and some mesas of

llmlted extent. The valleys of the Pecos River in the vicir_it_ o_ the

Delaware Basin exhibit a characteristic lowland topography marked Dy

' widespread solution-subsidence features, which have resulted frOm

dissolution within the Upper Permian Ochoan rocks (see the karst

topography discussion below).

The land surface genecal!y slopes g_ntly eastward, reflecting the

attitude of the underlying rock strata. The average elovatlons within

the section range from over 6,000 feet above sea level in Phe northwest

_nd about 5,000 fe_t in the north to 4,000 feet on the east and 2,000

feet to the south (Fenneman, 1931).
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The Paros Valley section is drained primarily by the _ecos R'_ver which
f

lies slightly to the west of the center of the Pecos trough and flows in

a southeast to southward direction through most of the length of thr.

section. The extrome northeastern portion of the section is also _rained

by _ short segment oE the genera_.ly eastward-flowing Canadian River.

Owing to the. desert character of the _rea, most of the tributaries of

those major streams flow only inter'mittently, and some creeks drain into

local depreusions, where the ware- evaporates or percolates into the

under lyinq r.ediments.

The Canadian River ims cut much ,more deeply into the _ur_.ou,_ding lanc

than l-_,s the Pecos River, thereb}/ producing r a m,jch greate_ relief in the

far nothern portion of the sect_.on than is present to the soLth.

The northern p_rtion of the Pecos Rivor, north of Roswell, has cut a

valley In places as deep _s 1,000 feet below the surrounding land surface

and from 5 to 30 _tles wide. The central portion of the river, from

about 50 miles north of Roswell _o near the New Mexico-Texas border,

_lows throuq._ an alluvial valley of c_parable width but much reduced

relieff and is underlain by as much as 250 feet of alluvium nea_

Carlsbad. Th( southern part of the Pecos, just north or: the Edwards

Plateau, flows across an alluvial plain, called the Toyah Basin, which is

similar to that further north and comprises most of the west Texas

portion of the Pecos Valley section (Fennem._n, 1931). The genesis and

development of the Pocos River system aro dtscusued in Section 3.2.2,

below.

The lnnediate valley of th¢ Pecos River ts bor0el;ed on the east by almost

continuous bluffs, beyond which the eastward-dipping _ock strata lie at

or near the surface for a dtstar;ce o£ severa_ miles. & sloping

alluvium-mantled plain extend_ eastward £r_, th_.s rocky belt to the

westward face of the Llano Estacado (Fenn_.mano 1931).
..

High Plains Fhystographic Section East of the Pecos Valley section lies

the High Plains section of the Great Plains physiographic prov_nce,
#
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extending from South Dakota on the north to near the Rio Grande (river)

in T_xas. The High Plainz are remnants of a former great fluviatile

plain, which stretched fro_ the mo.retains on the west to the Central

Lowlands on the east. The portion of the High Plains east of the Peccs

valley is known as the Llano Estacado and comprises approximately 20,000

mi2 of almost completely flat plain, which has undergone very little

dissection. Northward, the land is more dissected, ana the original flat

surface is still preserved only along stream divides.

The High Plains originated tl_rough deposition of the Late Tertiary

Ogallala Formation, resulting in more than 500 feet of silts with lesser

gr&vels and sand. The deposits were laid down in alluvial fans by

overloaded streams flowing eastward from the Rocky Mountain area over an

irregular erosional surface. By the end of the time of formation of the

Ogallala, the High Plains surface was probably continous across the area

uf the present Pecos River drainage to the back slope of the Sacramento

Mountains (Bachman, 1976) (also see Section 3.6.5). In many areas, the

nearly flat surface which r_sulted was later cemented by a hard caliche

layer. The almost perfect preservation of the orginal topography in the

Llano Estacado area is due to a combination of the porous nature of the

sediments, the p_oLection afforded by the caliche, and the relatively

arid climate of the region (Fenneman, 1931).

The few, generally insignificant topographic features present In the High

Plains section consist ,mainly of depressions derived from a variety of

criglns, such as dissolution with subsidence, blowout activity, buffalo

wallowing Or dif£erential compaction o_ the Tertiary sedime,ts. Pending

of water occurs in these depressions following rain storms, and a few

maintain p_rmanent pools (Thornbury, 1965). Sand dunes also occur in

scattered locations throughout the section, generally fringing the

leeward sides of streams (Fenneman, 1931).

Edwards Plateau Physlogcaphi c Sect_....ionThe Llano Estacaau merges

southward into th_ Edwards P)ateau section of the Great Plains province

by the gradua.= thinning and dlsappea=ance of the Ogal[ala Formation. It

m
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comprises a wedge-shaped portion of west Texas, and t_en extends across

the Rio Grande into Hexico. The Edwards Pl_teau is bounded on ali sides

by an escarpment, except for two sJaall areas, where it merqes with the

Llano Estacado on the northwest and where it ter,nlnates against the

mountdir'._of the Mexican Highlands on the west. The northern edge of the

plateau, bounding the Central Texas Sectlon, is fo[med Dy an eroded and

deeply notched southward-retreating escarpment, and the southern boundary

is marked by a line of faulting and local folds, which produces an

escarpment up to 1,000 feet high (Fenneman, 1931).

The Edwa1'ds Plateau ranges in elevation from 3,000 feet on the north at

its border with the Llano Estacado and 4,000 feet at the foot of the

mountains on the west to 2,200 feet along its southern margin and 1,000

feet at the southeast corner.

The surface of the Edwards Plateau is underlair_ by a single resistant

layer of limestone dipping gently to the south and east, which has

encouraged the development of rather flat-lying terrain and bold

escar_ents. In the eastern part of the plateau, where rainfall is

greatest, the plateau is narrow and highly cut by the dissection moving W

inward from the margins. West of the 100rh meridian, the plateau becomes

a d_ier, broad area covered by a plain much li_e the Llano Estacado. The

wide, shallow valleys that have formed in this part of the section

generally carry runoff only during rain storms. However, the Pecos River

and Rio Grande have cut canyons across the section as deep as 1,000

feet. And on all sides where escarpments exist, the dissected edg3s

carry outflowing streams.

Other surface features on the plateau are limited and generally

restricte_ to erosion or dissolution-type structures. Some shallow

sinkholes exist in areas where dissolution of the underlying limestone

has caused a collapse of the land surface (Fenneman, 1931).

Sacramento PhysiogrL_hlc Section West of the Pecos section lies the

Sacramento section of the Basin and Range physiographic province,

o
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comprising a narrow, north-south stri9 approximately 300 miles long and

less than 70 miles wide (Fenneman, 1931). The section is bordered on the

west and south by the Rio Grande depression (Thornbury, 1965) and Mexican

' Highlands and on the east by the Great Plains province. The northeastern

boundary of the Sacramento section is formed by the eastwald escarpment

of the Glocleta mesa, an intricately carved divide Of horizontal strata.

Farther south, the Capitan escarpment marks the bour,dary of the two

provinces along the soutl_ast side of the Guadalupe Mountains and is

exposed for a distance of some 45 miles between Carlsbad and El Capitan

Peak (Thurnbury, 1_65).

Topographically, _he section is characterized by two major basinal art.as,

called bo]sons, located at the north and south ends of the section, and

by a series of intervening mountain ranges (Thornbury, 1965).

The Estancia Valley, or Sandoval Bolson, forms the central feature of the

north part of the section, and is bordered on the east by the Glorieta

Mesa and Pedernal Hills, on the west by the Sandia and Manzano Mountains,

O and on the south by the elevated Chupadera Mesa. The Estancia Valley,
primarily composed of a grou9 o_ salt basins and dunes CE ICW hills, _as

thu site of an extensive lake during Pleistocene time (Thornbury, 1965),

which is naw reduced to sever&l s_all salt lakes.

Southeastward from the Estancia Valley and Pedernal Hills lie a series of

mountain ranges, many of which are bordered cn the west by bold .-carps

and on the. east by gently dipping slopes extending toward the Pesos

Valley. Siezra B_anca, the highest of the mountain ranges, reaches an

_levatior. of approximately 12,000 feet above sea level. The other ranges

attain maximum elevations of from 8,000 to I0,000 feet (Fenneman, 1931).

/

At the south end of the Sacramento section iu a second large bolson known

as the Salt Basin, situated west of the Guadalupe and Delaware Mocntains

and east of the SLew'ra Diablo or Diablo Plateau. The Salt Basin is

large down-faulted block with an average floor elevation of about 3,600

feet above sea level. The floor lies some 800 _eet below the basin rim
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(Tnornbury, 1965). The basin oo_'ers an area approximately 150 miles long

and from 8 to 20 miles wide, riaing on both north and south ends to merge

into rocky plateaus (I_enneman, 1931). The floor of the basin is cowred

' almost entirely by unconsolidated Cenozoic sediments, with rocky outcrops

limited primarily to the margins of the basin (Thornbury, 1965). The

LANDSAT color Composite of this vicinity shows tha_ the surface sediments

;.re sandy, with a series of salt lakes present in the center of the Salt

Basin. Evidence of two Pleistocene lake phases in tim basin have been

described by King [1948), but their time of _ormation during the

Pleistocene is u,certaiP.

Muxi=an FLi_hi_nd Physi.ographic.. Section west and south of the Sacramento

section lies the vast Mexican Hichland section of the Basin and Range

physiographic province. This secticn extends southeastward from Nevada
%

and the Colorado Plateau far into Mexico, wh._re it has its maximL=n

development. The eastern boundary in New Mexio is unclear but is defined

as extending east of the Rio :rande to about longitude 106ew, where

alternating basins and ranges give way to the faulted and s_u_ing

plateaus of the Sacramento section (Fenneman, 1_31).

The Mexican Highland section consists of almost eguai areas of mountains

and plains or basins. In the eastern portion of the s_ction, the

mountains gencrally trend north-south, while in the west they trend

northwestward. Of the intermountain area, about half is bolson, and the

' rest drains or slopes toward the ma]or rivers, such as the Rio Grande.

The following discussion considers fur.ther only the large-scale featu,'es

within the easte_'n part of the section.

The Mexico Highlands mountain ranges of Texas and New Mexico can be.

grouped into three or more north-south lines from I0 to 50 miles apart

and are dominantly Great Basin type, in common with those of the western

half of the section. Faulting and related deformation as well as

volcanic activity have formed t_ese ranges since Late Tertiary times.

u&



3-9

Between the eastern mountain ranges lie generally continuous,

flat-floored troughs separated by d£_ides into bolsons or drainage basins

(Fenneman, 1931). The two major basins here are the Rueco and Tularosa,

on the north, which together mark the eastern boL'der of the s_cL.on in

New Mexico and Texas. They form a trough about 30 to _.0 miles wide and

125 miles long, 1nterrupted at the Texas border by a low divide

separating the two basins. These basins are g_abens in general

configuration, bordered on both east and west by fault-bounded mountain

ranges. The floors of the basins are relatively flat and slope southward

from an elevation of about 4,500 feet at the north end of the Tularosa

Basin to 3,500 feet at the south end of the Hueco Basin. The Tularo_a

Basin exhibits centripetal drainage marked by a[royo_ end a great salt

marsh flanked _'. the gypsum dunus of White Sands monmaent.

The northern end of _he Tul._rosa Basin is bordered by Chupader_ Mesa

averaging 7,000 feet elevation and underlain by gon_.ly eastward-dipping

Permian strata, which have been dissected almost to maturity (Fenneman,

1931).

3.2.2 Major Geomo-phic Features in the Site Vicinlty The geomorphlc

development of the major land forms whlch constitute the near-slte

setting are discussed in this section. These features include the Pecc

River drainage syste._, the Mescalero Plain and associated deposits, karst

topo3raphy and blowouts. In goneral, these geomorphic features as

considered below are located within the Peco_ Valley physiographic

section.

Pecos Rive- Drainage Syste._ The Pecos River, 20 miles west o_. the site

_s the only major, perennial sire,ira in the Eddy and Lea Counties arca of

southeastern New Mexico. lt receives al=ost all of th _ surface draine_e

in thlJ regzon and a large parL of the subsurface drainage. The Pecos

originates in the southern Rocky Mountains of no:th-central New Mexico

3hd flowr, south _nd southeastwerd to join the Rio Grande in west Texas

(Kottlowski, et al., 1965). 'f':,e dimensions of the contemporary river

va:.ley are stated above in Section 3.2.1 under the Pecos Valley section.
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According to King (1948), the Pecos River aFuarently had its origin to

the south, in the Edwards Plateau, as a short tllbutary cE the Rio Grande

River. As tl_ Pecos worked its way northward, eroding the Ogallala

sediments in the process, it captured th_ westward-flowlng streams cE the

, present upper Pecos valley, thereby reversing their drainage direction.

This stream piracy was facilitated by the ,mderiying poorly resistant

Permian rocks (T._Jrnbucy, 1965).

Bachman (1973, 1974) has expressed the opinion, in accordance with Lee

(1925) and Morgan (1942), that the present course of the pecos was

_ormed, at least in part, through the coalesenc¢ cE trains of solution

' sinks (see Karat Topography below, for discussion of solutlon-slnk

d_velo_ment). Bachman cites as evidence for _this theory many places

along the couEse of the river in southeast New H_xlco where the river

EoZ1ows broad meanders, although the floodplain as a whole is unusually

narrow or nonexistent, as well as locations adjacent to the Pecos where

•. Intermlttant tributaries follow seimc_..rtular _llapse v311eys. Bac_uan

concludes that the river became entrenched in it: present position by a

co_bination of this solution-_ubaidence, heaOward cutting, and piracy.

The age of entrenchment of the Pecos River i-, somewhat uncertain.

Thornbury (1965) has state¢1 that the age of the piracy which constituted

part of the entrenchment process is rather definitely dated as

post-Pliocene and xs assumed to have taken place In th_.., early

•_'. Pleistocene. Bachman (1974) has stated tha _. it is not possible to

precisely date the entrenchment of the ancestral Peas R_.ver in southern

New Mexico. But Bachmdn has observed (1976) that the Pecos entrenched

it.qelf near tta present channel along the toes of pediments east of the
• - ,_

Sacramento Mountains sometime after middle P3eistocene, which would place

the establishment of the present course at a later date.

Since entrenchment,, the river has carved a valley in whLch a variety o(

subsidence features have devc.'.oped through dissolution processes which

: ', are probably .qtill activ_ in the valley today.
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Meacalero Plain East of the pecos River to about longitude !04ow lies

an extensive, gently sloping pediment surface knr_n as the Meecalero

: Plain (Thornbury, 1965), which extends from the vicinity of FOrt Sumner

/ in northern New Mexico t.o south ce the Mexico-Texas border (Bachman,

1974). The surface of the plain rlses eastward from about 150 feet above
i the Pecos River to as much as 400 feet above the river at the base of the

i Llano Estacado (Bacnman, 1973; Kelley, 1971). The average elevations
range from about 3,800 to 4,100 feet above sea level in northwestern Lea

County near Mescalero Ridg,.• to about 3,100 feet in southe&atern Eddy

COUnty, south of Big Sinks (Bachman, 1973).
i

Although termed a "plain', the area Includes many low mesas, bluffs and

wide draws. Locally the surface has been dissected by int_Lmlttent

streams, but in general the area is poorly drained and contains nt_erous

plays pans and m_aller sinks (Brokaw, et al., 1972; Kelley, 1971). The

surface of the plain is covered widely with gravels and sands, often

cemented with callche. As much as 5 to 10 f_et, and locally more, of

these materials are exposed along the edges of the long irregular mesas
I

of the area (Kelley, 1971).

The Mescalero Plain is very obvious on LANDSAT imagery. The surfac_

materials of the plain are generally darker in color _nd exhibit more

vegetation and higher moisture content than sandy areas.

The Mescaleto Plain probably formed during a period of tectonic stability

after deposition of the Gatuna Formation in the Early to Middle

Pleistocene and has been modified both during and after its formation by

solution-subsldence features, discussed below (Bachman, 1976}. The

widely distributed gravel deposits have probably been derived from

erosion of the Ogallala Formation in t._eLlano Estacado, to the east

(Kelley. 1971). The development and disuribut:ion of caliche and sand
t

dune deposits, both of which overlle extensive portions of the

pre-caliche Mescaloro surface in southeast New Mexico, are discussed

separately in the following paragraphs.
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I) Mescalero Callche

The deposits of the Mescalero Plain are generally covered by the

calcareous, cemented remnant of an extensive soil profile known as the

Mescalero caliche (see Section 3.3.4). The caliche forms a resistant

caprock which averages 3 to 5 feet thick and is generally less than I0

feet thick. It consists of a basal earthy to firm, nodular calcareous

deposit and an upper well-cemented laminar caprock (Bact¢lan, 1976). I_

places, the caliche has weathered to a ledge that overhangs less

resls_ant deposits. The callcne is generally thin; it is locally absent

over the solution depressions of the plain, and in areas of collapse may

be nearly vertical. Caliche may also be locally absent due to erosion on

nondepositlon. Becau_e of the generally uniform coverinq by the

erosion-resistant caliche, it is probable that there irregular surfaces

result from subsurface solutioning and subs,dence of the underlying

• sediments, primarily after the callche caprock formed.

Although the gene.Jis of t_ Mescalero caliche is uncer_aln, it is thought

to be a process depfndent upon climatic cor.dltions involving certain

ranges of both temperature and ralnfal_, in which carbonate movement is

produced within the soll profile, resulting in th_ reworkil4g and

cementing of the soll constituents into a c_hes_ve, calcareous mass.

This callche formed durlng a period of stable, semiarid climatic

conditions which have been tentatively correlated with the Yarmouthlan

Interglacial stage of the middle Pleistocene (Sachman, 1974, 1976).

p'

2) Eolian Sand

Eolian sand' covers much of the Mescalero Plain in southeastern New Mexico

and is known Iccally as the Mescalero san(] (Vine, 1963). This sand

generally forms two distinct types oL deposits - sheetllke stretches of

surficial sand, which vary in thickness from about 5 tc 15 feet (Bar,man,

1973; VJne, 1963), anu dunes, having a maximum _hickness of about 60 feet

(Hendrickson & Jones, 1952).

&
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The eolian sand deposits of the Hescalero Plain have probably been

"' derived _rom a widespread source of Eine-gralned sediments. Bacl'uoan

(1974) suggests that most of this sand originated from the ogallala

Formatlon, although local source.su such as blowout, o, have also been a

source of some dune materials. There is lltle evidence to indicate that

much sand has been derived froa the Pecos River (Bachman, 1973, 1974,

1976).

Except where the sand is stabilized by vegetation, it Is continually

blown about to form transverse dune ridges and barchan dune areas

separated by b,oad flats. The orientation of the dune ridges ts not

uniform throughout the area, with the long dimension of the ridges

apparently reflecting the dxrection of the strongest prevailing winds at

the time of their formation (Vine, 1963) (also see Section 3.6.5).

/_t least two periods of .,olian se_d emplacement have occurred sxnce the

formation o_ the Mescalero Plain In Pleistocene time and are evidenced in

some .r_aces by two dlsLinct layers of sand. The lo_.er depoult consists

of a s_miconsolidated somewhat clayey sand, as much as ].5 feet thick,

overlain by as _uch as 20 to 25 feet of loose surflcial sand forming the

contemporary sheet and dune formations (Bachman, 1976).

Karst _OlX>graohy The land surface in southeastern New Mexico locally

exhibits a ka_st topography, characterized by gecmorphic features such as

sinkholes, linear depressions (called solution-subsidence troughs by

Olive, 195"/), domes (including one kn¢_n "breccia pipe'), "castiles" and

collapsed outliers (AnderSon, 1978). Many of there features show up on

LANDSAT imagery as ponds and other water-filled depressions concentrated

particularlyinear aoswell and also between the P_cos River and Mescalero

Ridge. These features have resulted from the dissolution of salts and

other soluble materials within the upl_r Permian Ochoan Series (see

Section 3.3.2), particularly in the Rustler and the _;pper Salado. The

" water required for the dissolution process _s come into contact with the.

soluble materials either by surface exposure, following erosional removal

of tim protective mantle of younger sediments such as the Ogallala'and

4
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call,he, or at d_pth, by mean_ of the downward percolation of local

surface water or by _ntact by means of fracture systems between the

0choan rocks and undnrlying regional aquifers, which h_ve been exposed

along basin margins by the Cenozolo regional uplift, tilting and

erosion. These solution processes have been followed by collapse of the

Insoluble strata into the voids left behind by the dissolution (Bachman,

1974),

Devel_lent of karat features may have occurred in routheastern New

Mexico as early as Triassic or J_rasslc time, when the area was above sea

level m_d probably undergoing e>:tenslve erosloi_ which exposed the soluble

materials. Bachman (1976| surml.sed that some dissolution of Permian

salt_ zuld gypsum probably took place in the w_.stern part of the Delaware

Basin dt_rlnq Jurassic time, before resuhmergence in the Cretaceous.

Extensive reglonal erosion also took place during the early Tertiary,

presumably _ith accompanying renewed dissolution activity, although no

sedlmentary records of that period are preserved today. The earllest and

most widespread b_sls for relative dating of solutlon-collapse features

In the area is the Moscalero callche, of M_ddle Pleistocene time. If, as _

is generally believed the cailche was derived frc_ a soll profile, it

could not have formed on the irregular and, in places, very steep slopes

of today. Additionally, the fracturlng and slumping of the Mescalero

callche along the widely occurring depressions nf the area indlcatcs

collapse after Mescalero time. S_me cf the ma_or collapse features here,

such as Nash Draw, Clayton Bas..n and Crow Flats, exhlr_It evidence of

several intervals of dissolution and subsidence activity. For example,

Crow Flats, a large feature 15 miles east of Artesla, contains evidence

for at least 3 Luch episodes, ranging in time from after Triassic and

before Pleistocene Gatuna oeposltion, during or after Gatuna time and

after HescaJcro time (Bac.%man, 1976}. Notwithstanding this evidence of

ions term d_ssolutlon history, Anderson (1978) believes that many of the

deep-seated dlssolutlon features formed du_ing the most recent and most

extensive period of _alt removal following the Cenozoic erosion and

exposure of the evaporites. Much of this actlv_ty is suggested to have

occurred during the past few million years.; dissolution has apparently

progressed _rom west to east and _rom south to m_crth ocross the Delaware

• Basin.

.., 0
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1) Principal Types of Solut_.__if,n - Subsidence,.Features

a) Sinkholes

Sinkholes form a category of features represented by thin or missing

sections of hatite in the Castile or by surflclal depressions, Thin or

missing halite In the Castile may be determined on the basis of borenol=.

geophysical logs (see Anderson, 1978); the data may not assuredly

represent dissolution at depth. Sinkholes designated on the basis "3fone

borehole should also be viewed with caution, Similar data might be

obtained in an area with some salt deformation, For the purposes of

building a working hypothesis of deep dissolution, Anderson (1978) took

these data as possible indications of deep dissolution.

i Many of the sinkholes present in the northern Delaware Basin area

I developed as deep-seated features originating in the Castile Formation.

These sinks are often expressed as thin or missing sections of the

"Halite I" and "Halite II" salt of the Castile, and to a lesser eytent of

smaller salt beds above these units, and resulting structura¢ depression

of the overlying stratigr_phic units. At least _00 deep-seated sinks are

estimated to exist presently in the New Mexico portion of the bar.in.

Around the margin of the basin, a number of these deep-seated sinks

appear to be associated with anticlinal structures in the salu; in the

mid-ba3in arp._, these sinks occur as both isolated features and in

_ssociatton with salt anticlines (Anderson, 1978). In addition to these

deep-seated features, there are many sinks present in the area which are

associated with active near-surface dis,;olution, such as those along the

Pecos River and in Nash Draw (Anderson, 1978).

Compound sinkholes, resultzng from coalescing collapse ainks, are common

along the Pecos River valley south or" Roswell. Many of these sinks have

collapsed within historic time (BacPman, 1974). As discussed above,

Bachman (1974) has suggested that t,he course of the Pecos River southward

from Carlsbad tO near the New Mexico-Texas border lles within a ma_or

belt of such eeqlapZe sinks. Bachman has also described similar
e
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developments alQ_g the east _de of the Pecos River southeast of

Carlsbad, where a linear scarp is believed to have formed as the result

of a collapse structure which is now occupied by the river,

b) Dolin_._,,,,, ,

Dollnes ace very common features in southeastern New Mexico, forming on

limestone bedrock and caliche surfaces. Dollnes are d,:fined as

relatively shallow solution slnk_ that develop on the surface beneath the

sell mantle without physically disturbing the underlying Locks or bl.lng

underlain by subsurface solutior cavities (Bachman, 1974).

c) :.':olution-Su_ sidencu Trcu,]hs

Narrow, linear, g_.neraJly noL'theast-trendtng depressions that vaLy in

width from a few hundre! feet to a mile and in length Lrom one-half mile

to l0 miles tn southeastern New Mexico have been termed

solution-subsidence trcwCl_s by Olive (1957), who proposes that these

troughs result f¢om the subsidence of near-surface material which fills

voids dissolved by water flowing in undergrc_'md channels. According to

Thocnbury (1965), these troughs e._e particularly common west of the Pecos

in areas underlail_ by the Castile Por1_ation and extend eastward, parallel

_o the reg!otlal dip as a r_sult of dissolution along eastward-trending

Joint systems that parallel the regional dlp.

Bachman and Jormson (1973) also describe linear features occurring in

areas generally underlain by the Ogallala, to the north and northeast of

the site, and suggest that at least some of these depressions may be the

result of alternate leaching and wind deflation (Oudson, 1950_ Price,

1958). These features appear on LANDSAT imagery as alternatzng lineal

strips of vegetation and white to gray soil, t_ending NW-SE. They are

most prominent north of Hobbs, north of San Simon Sink, and at scattered
11

locations on the Mescalero Plain. The leaching may have been pEoduced by

the chemical action of plant growth on the caliche surface between

longitudinal sand dunes where small amounts of ground wate_ were able to

e
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collect during periods of eolian quiescence; later periods of eolian

actlv_tty removed these leached sediments from _tween the dunes. The

swale= left bohind by this leac_/ng activity mark the location of former

longitudinal dune fields which h,we been displaced or removed by

continued eolt_1 activity. The effect of these linear features has been

to provide depressions in which surf.ace runo_'f collects and serves as

sources of ground water recharge. Solutioning and erosion alo:_g these

lineaments ma,y have also opened conduits to _,he subsurface and

contributed to a more rapid dissolu-.ion P" the underlying soluble rocks

(Bachman a,_d Johnson, 1¢73).

d) Breccia Pipes an_ Dames

Various domal structures, having diameters of from several ht,_-dred to

several thousand Zeet, occur in southeastern New Mexico, particularly

along and east of the Pecos River, and are associated with areas of

relatively recent surface salt dissolution (Anderson, 1978). Altl_ugh

they have been termed "breccia pipes," those features have no

relationship whatsoever to volcanic activity. Many cf the do_es hdve

O been breached by erosion to reveal brecciat_d ;ores of stratigr_pnically

displaced Gatuna, Pustler, and Triassic oeds. These features are also

characterized by doming-related deformation of rocks as young as the

Mescalero caltche (Vi;re,1960). The depth to which these breccia pipes

extend is not known; one pipe is _ _own to reach as deep as the McNutt

member of the Salado Formation, es evidenced by underg.-ound exposures in

the Mississlppi Chemical Company potash mine (Grlswold, 1977);

Anderson (1978) hypothesized that breccia pipes originate from the

dissolution of salt at depth b-j,waters circulating along _._tersectlng

jolnt sets in adjacent brittle rocks. Subsequent collapse of Insolubles

into the cavlty forms a rubble breccxa chimney, which sometimes

penetrates to the ground surface. The only known breccia pipe (located

in the His_tssippt Chemical Corporation mine in Hash DrPw) ts observed to

be well-cemented by fine-grained material with ix_ perceptible open

space. There is no evidence of removal o_ soluble material from tl_

d
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i

evaporites adjacent to the feature in the mine. This particular feature

is expressed at the surface by a dome with . collapsed center. _he

doming oE this brecclated core takes place at a later time. Vine (1960)

has suggested three possible mechanisms for this later defotmatlon: the

erosion of the rocP surrounding the core of the sink; the upward flow of

salt Into the sink; an increase in volume of rcck as anhydrite is altered

to _pj_sum In the brecciated uoreo Anderson (1978) expressed the opinion

that the doming has been produced by re_i3nal near-surface dissolution

removing the salt from around the pipes and producing a sagging of the

beds e.round the pipes. As a result of the doming process, the rock

strata surrounding the dome at the surface generally dip away from the

bL'eccia pipe core (Vine, 1960). Undorground, in the Mississippi Chemical

mine, beds adjacent to the brecci'= pipe dip down toward the breccia pipe

at about 10-20 ° .

The age of the breccia pipe formation in this area has not been

deter_,_ined. Mescalero calich'.', of Middle Pleistocene age, is present on

the flanks of breccia pipes ,a_d lying at steeper angles than those at

which the caliche probably originally formed. This may indicate that the

breccia pipes are younger than the Mid-Plelstocene. Zt Is also posslble, W

however, that the breccia pipes precate the caliche and that later

subsurface removal of salt by disso|ution pressured,greater amounts of

downdrop away from the moL'e resistant breccia pipes, resultlng in the

slope_ present toda)'. {Continuing studies of these features are

addressed in Chapter I0.)
i

Despite the fact that the breccia pipes which have been recognized are

generally expressed topographically as domes, it has been sL_rmlsed that

others may have no su=ficiaL exl.ress_on and have therefore gone

undetected to the prr:sent time. Geophysical exploration has been used to
,,

ex-k,lorefor pipes without surfic'.al expression. Electrical resistivity

surveys have shown thau the breccia core of the know_ pipe has a much

lower resis_ivlty than does the surrounding undisti_rbed strata (Elliot,

1976). Continuity of seismic reflections are lost.when similar
•

geomoEphic features are crossed by survey lines (Griswold, 1977).
4
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e) Collapsed Outllers end "Castiles"

Outllers of the Rustler Formation, separated from the main outcrop area

through erosional processes, as described by Anderson (1978), are

circular to elongate or irregular collapse features consi_tlng mostly of

the Culebra dolomite. They occur where the salt has been completely

dissolved from the evaporites.

Limestone buttes, calle_ Castlles, occur west and south of the collapsed

outllera, primarily in Texas, in the lower part of the Castile Formation

outcrop area. These features consist of blogonic calcite which has

replaced the gypsum or anhydrite of the Castile Formation, and some

exhibit collapse structures with brecclaued cores. These buttes are

similar in size and d_strlbutlon to t|_ collapsed outliers (Anderson,

1978).

2) Major Neat-Site Features

Major geomorphlc features which hav_ formed in the area of the proposed

WIPP site as a result of sinkhole fo_ation and related

solution-subsldence mechanisms include Nash Draw and S,_n Simon Swale (see

Figure 2-I for their location and topographic configuratlons). These

features and their specific d6velo[_ent are dlscussed separately, below.

L

a) Nash Draw

Approximately 5 miles northwest of the p:oposed WIPP site is a prominent

geomorphic feature, known as NAsh Draw, which Vin_ (1960) described as "a

sinuous depression about _ mi_es wide and 18 miles long." Its surface

structural expression is sim1.1ar to that of a breached antlcline plunsing

gently northward, with the older Rustler Formation exposed in its center

and the younger Dewey Lake redbeds and Santa Rosa 5,_ndstone exposed along

its flanks. However, well records in rh._ area indicate that the bedrock

underlying the draw exhibits a gentle hcxaocllnal configuration.

Accordirujly, Nash D_aw has been Identifled as an undrained physiographlc
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depression, which has probably developed as a result of regional and

differential dissolution o._ the anhydrite, gypsum and _alite beds of the

Rustier and upper Salado Formations (Vinc, 1963j.

Ac.-ording to Vine (1963), dissolution on top of the massive sult in the

SaladD has produced a rather uniform lowering of the land surface in Mash

Draw, but its surflctal structural features have been produced and

greatly modified by differential solution of the more solu0ble portions oi

the Rustler Formation. While the bedrock in the northern part of Hash

Draw ts' generally covered by eolian sand, caliche and alluvJum, the

central and southern portions of the draw contain ex.tx_surcs of Rustler

that has been highly deformed primarily as a result of large-scale

collapse following solution of the Rustler and Salado. This dissolution

activity has also produced numerous individual sinkholes in Hash Draw,

which vary In configuration from circular features a few tens or hundreds

of feet across to irregular or arcuate features up to more than a mile

across. Many of the larg_ depressions in the area of Hash Draw,

includln_ the basin at its southwestern extent which contains Salt L3ke,

have probably formed through the coalescing of several _aller solu.io.

depress,one or sinks. Some such places, where several depre.qsions tend

to llne up may also indicate the. location of subterranean cavernous water

courses (Vine, 1963).

The age of the earllest solution activity that produced Hash Draw is

uncertain. It is thought that some of the deeD-seated solution in the

Delawa;e Basin area had occurred by the middle part of the Mesozlc, but

that a substantial amount of thls process has taken place since the Late

Tertiary regional tilting of thi_ area. Within Hash Draw, the formation

of a large number of the individual solution features has resulted In the

deformation of rock units as young as the Pluistocene Mescalero callche,

which Indlcates that Quaternary dissolution of the Salado and Rustler

Formations is of primar_v importance in the geomorphlc history of Mash

Draw. Assuming that this disturbed caliche originally lay at an

elevation corresponding t( hhat of the adjacent Mescalero Plain, then at

least I00 to 150 feet of local warping and depressxon has occurLed In

d
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Hash Draw Within relatively recent time (Vine, 1963). Bacl_an (1974)

eJtlmated that at one place in Nash Draw a surface loweclnq of

approximately 180 feet, almost wholly the result uf solutioning and

subsidence, has occurred iri the past 600,000 years.

bl San Simon Swale

San Simon Swale is one of a series of large deep-dissolution depressions

filled with Cenozoic sediments, lying above the inner margin of the

Capitan ree_ along the eastern side of the Delaware Basin (Anderson,

1978). Situated approximately 20 miles east of the proposed WIPP site,

San Simon Swale terms a southeasterly-trend ing depression approximately

25 miles long and from 2 to 6 miles in width. Much of the surface of the

{ swale ts at present _:vered by eolian sand, which masks the relief. Of
i

particular interest within San Simon Swale is a compound collapse feature
I

|
I called San Simon Sink, whzch occuples an area about 2 miles long and 1

; mile wide at the southeastern end of the swale (Bachman and Johnson,

i 1973).

I San Simon Swale originated from a combination of surface stream erosion
!

and solution-suDsldence (Bachman _ Johnson, 1973). Duzing th_

Pleistocene, a major tributary of the Pecos River is thought to have

flowed southeastward through what is now San Simon Swale to join the

Pecos in western Texas. Th_ initial course of this tributary was

determined as lt eroded its way through the callche caprock of the

Ogallala Formation (Bacl%man and Johnson, 1973). The dissolution and

subsequent removal of these beds resulted in the formation of numerous

slnkholes, some of which ooalesc_.d to form, at least in part, the

depression now known as San Simon Swale (Bachman and Johnson, 1973). The

swale has been lowered at least 180 to 200 feet belo_ its original

surface, in view of l_ke deposits in the sink encountere_ during

preliminary WIPP 3tudies. Current drilling operations reveal a thickness

of over 600 feet of post-Ogallala sediments underlying the present floor

of the swale.

a
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Within San Simon Swale, the San SL_on Sink formed as a secondary collapse

s%ructure, probably during the Pleistocene. _u_erous ring fractures

around the sink indicate that it has l_ad a long hlntory oE succees,ve

collapse events since its initial formation (Bechman and Johnson, 1973).

The most recent of these events is reported to have occurred in the

"030's (Nicholson and Clebsch, 1961). lt is therefore assumed that salt

dissolution in the undeLlying formation is continuing here and it is

thought by some that the resulting brine is being carried in a

southeasterly direction toward Texas (Bachman and Johncon, 1973).

On the basis of written communlcaCion fro_ C.L. Jones of the U.S.

Geological Survey, Bac_m,n (1973) r-ported that over 500 feet of Cenozoic

sediments have thus far bsen deposited in San Simon Sink. NIcholson and

Clebsch (1961) have estimated that alluvium is presently being deposited

in the sink at a rate of about 1 foot in 5 years. Recently acquired core

(WIPP 15) £rom San Simon Sink has been analyzed in a prPl imlnary way

(Anderson, 1978) showing about 545 _eet of fill on top of Triassic

sediments. Dates on the fill have not yet been obtained.

Blowouts Some of the basins which are present in southeastern New Mexico

have been formed by processes other than the previously described

mechanisms of dlssolutloo and collapse. The most conspicuous of these

basins in the aL'ea o_ t_ proposed WIPP site are named Williams Sink,

L,'guna Gatuna and Laguna Plata, all of which are sltuatt.d appcoxlmately

15 miles to the north oF. the site.

These features, termed blowouts, have formed through the r-moral of loose

sand deposits by wind erosion. During the rainy season, many of the

depressions whlcll have resulted a:e partially filled with water. The

floors of the blowouts are mant!ed with clay and saline deposits, and

many blowouts are surrounded by eolian sand. Dune f_-[ds commonly

dev_lop along the northeastern and eastern leeward margins of ther,e

depressions (3achman, 1974).

4
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3.2.3 Erosion Rate- Si9niflcanre of Geomorph_c Developments to Site

This section provides a short rev.t.ew cE the degree to which the major

surface and subsurface processes discussed in the previous _ection _,ave

al[erred the larJd surface in the vicinity of the site and discusses to

what _.xtent these activities may be predictive of future 9eomorph|c

modifications in this area.

The resistant Mescalero caliche covers mort of the land surface in the

vtcinit_ of the site and underlies the site itself. Where present, the

caliche provides an indication that no significal,t erosion of the surface

in these areas has occurrod since the formation of the caltche iii

_id-Pleist_cene time.

The major areas of relief which have developed since this t Lme have

probably been produced to a large extent from subsurface d_solution and

subsidence. The two major features of significance to the site,

originating _rom these processes, are Hash Dra_ and San Simon Swale. In

Hash Draw the surface has been lowered at least 100 feet by dissolution,

and locally as much as 180 feet, within approximately the past half

millio|| years. Bachman (197_) also cited one location within the draw

where the lowering of the ground surface appears to h,ve exceeeded the

rate of ualt removal, indicating a 'urface _K_sion of about 4_ _eet in

addition to solution activitZes. San Simon Swale, a product of surface

erosion as well as _olution-substdence, lies at it_ lowest point some 180

to 200 £oet belc_e the surrounding lund surface (Claibotne and Gera,

1974), and may have undergone a total subsidence of about 75C fe¢.t. No

age .has yet been obtained from the sedtmenta obtained during recent

drilling. (See Chapter 10, Continuing Studies.)

Wind erosion has produced other depressions in the area, with a res,Jitant

buildup of material in the same vicinity. However, these feature8 are

- generally of only minor dimensions an_ are local in extent (Claibc_ne _nd

Gera, i974).

I.
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These observations should not be considered as constants for rates of

erosion which would hold true for the future. But in ptovldlng • general

_ndication of the surface modification in the vicinity of the WIPP site,

they d_ indicate the pattern of continuing geomor,._hicdevelopment Of the

area. Variations in climatic c_ndltions give rise to variations in rates

. of denudation and also in rates _f subsurface dissolution. The nature of

the ground surface is also of major importance in terms of its

.. vulnerability to erosional processes.

The site is located west of and near a drainage divide between Nash Draw

• and San Simon Swale, where ii"appears that very Little dissolution or

surface e_oslon has occurred since Early Pleistocene time, as evidenced

by the relatively undisturbed nature of the Mescalero calle.he there,

which has also served as a protective layer for the underlying soluble

rock units. Contouring 3tudies, roe, indicate that this area has been a

draina9._ divide _etween San SI_ Swale and Nash Draw at least since

Mid-Plelstocene tlme (Bac'hman, 1976). Although erosion here has been

._inimal under the present semiarid cltmatLc conditions, if more humid

conditions s_ould develop in the future, an accelerated erosion of the

callche is reasor_able to expect. However, with increased rainfall, it is

also expected that Nash Draw and San Simon Swale will be exposed to more

: erosive stress, since most of the runoff _,ill pr'jbably f,ow out of the

inmedlate area along these depressicns.

.1.3 REGIONA_ STRATIGR_PHY AND LITHOLOGY

3.3.1 Precambrl_p Rock..._.ss

Metc.zediments and granitic igneous materials consititute the majority of

the basement rock of the southeast New Mexico - west Texas region. These

Precambrian rocks crop out in only a L:e_.:loralltles, in the western part

of the region, sl,cb as the Nigger Ed Canyon area of the Sacramento

Mountains {Pray, 1954), in the core of the Paj_rito Mountain dome

" {Kelley, 1971) and In the Bent Dome, east ef Tularosa (Dach_an, 1960).

Data on the Precambrian underlying the Delaware Basin and further east
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and south aoross the Central Basin Platform into Southwest Texas have

, been obtained prin_ipaliy through oil cozpany L'ecorda; hundreds of wells

' have been drilled in this area, particularly on the Central Basin+

Platform. Little data are available frol the basin areas, where most

wells penetrate only to the Upper and Niddle Paleozoio seotions.

The configuration oX the Precambrian basement surface refleots the late

Paleozoic structural Eramework of the region (uee Figure 3.4-2). The

surface is deepest along the northern axial portzon o5 the C,elaware

I_stn, where it reaohes a depth of about 20,000 feet below sea level.

The basement suL'fac-e [lses to the east, north and west o_ the Delaware

Basin. On the northeast, into Otero and Chaves Counties, the b&soment

rises fairly uniformly to _orP than 4,000 feet above sea level; on the

east, the surface rises rapidly on the Central Basi_ Platform to

ele_'_tions of between -5,000 and -4,000 feet (Cohee, et al., 1962; Foste,"

and Stipp, 1961). Well data suggest that a number of post-Precambrian

- faults break the profile of the basemont surface throughout the region.\
A notable example oE this occurs along t_e west margin o_ the up/if ted

Central Basin Plattorm, wh_.re a vertical offset of perhaps mote than

5,000 feet Is present along the south portion of a large normal fault

. system.

The Prec_mbrzan sections which have been examined display a complex

asuociatlon of _etasedtme,t_ry, sedimentary, metavolcanic, volcanic and

plutonic rock types, suggesting a history, of repeated orogenic activity

interspersed with erosional episodes. I_uehlberger, et al. (1967) have

classified the Precambrian rocks o_ thz ¢egion into a numbe_ o_ tel'fanes

of various age and lithology. A modified version of tileir geological

map, F_gute 3.3-1, presents the distribution o_ the m4_or Precambrian

- rock types o5 the area.

Outcrops of prob_oly Late Precambrian age slightly metamorphosed

siltstones, shales and flne-gralned quartz sandstone with associated

intruslve sills are found in the vicinity r_f Niqger Ed Canyon in the

Sacramento Mountains. The majority o[ the sills are diabase, and some

,. " are markedly porphyritic (Pray, 1954, 1961._.
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In the subsurface, similar Precambrian diabase and inc,piently

metamorphosed elastics, including quartzite, siltstone and impure

limestone, comprise a broad band which extends from southern Otero County

northward for over 200 miles to southeastern Guadalupe Country.

Muehlberge:, et al. (1967) have termed these rocks the DeBaca terrane.

In tns Franklin Mountains at the extreme western tip of Texas, these

metasediments attain a known thickness oE almost 4,000 feet (Harbour,

1960). The rocks are underlain, at least in part, by rhyolites of the

Panhandle volcanio terrane, discussed below, and are overlain in the

Franklin Mountains by up to 1,000 feet o£ rhyolite (Harbour, 1960) dated

at 906 million years.

To the east of the Sacramento Mountains on the Northwestern Shelf, an

approxM_ately 2-square-mile outcrop of Precambrian rock is exposed in the

core of Pajarlto Mountain dome. These rocks, radlometrlaally dated as

1,270 mill_on years old, consist of hornblende, syenite, hornblende

syenite gneiss, and some diabase, locally intruded by leucocratlc syenite

and hornblende syenite pegmatite (Kelley, 1971). Granitics apparently

underlie most of the south-central parts of New Mexico and large areas in

Eddy and Lea Counties (Foster & Stlpp, 1961), extending at least as far

west as the Guadalupe Mountains as well as south and southeastward into

Texas (Flown 1954: Muehlberger et al. 1967). These rocks, named the

Chores granitic terrane, are largely granite, granodiorite,

composltionally equivalent gneiss and lesser amounts of metasedlmentary

and metaianeous rocks. Granite comprises about 80 p<rcent of the samples

studied. Foliation in these rocks is generally faint, but is enhanced by

some shearing (Muehlberger et al., 1967). Wassorberg et al. (1962) dated

the granitics in this area as between 1,250 and 1,400 _llion years in

the north and as young ,_s 1,090 million years to the south. These

granitics appear to predate the sedlmentary Precambrlan rocks to the west

(Foster & Stlpp, 1961).

Younger volcanlcs, whici_ appear to have been oxtruded and deposited as a

relatively thin layer above the granltlcs, are present in at least parts

of Chaves, Lea, Roosevelt, Curry and Quay counties as well as near the

/

l
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south border of New Mexico west of the Brokeof_ Mountains and eastward in

. the Texas Panhandle (Foster & Stipp, 1961; Muehlberger, 1967). These

rocks, tnown as the Panhandle voloanics, are primarily rhyolitic flows

and turfs alxl Wroclastics with subordinate trachytic and andesit_c

types, The _)loanics are mostly unde_ormed and unmetamorphosed. Rb-Sr

dating of these rocks yields an average age of 1,140 + 50 million years

(Muehlberger et al., 1967).

Gabbro and diabase or basalt, c-_monly showing intergranular ophitio to

suDophitic textures, underlies parts of RooseVelt and southern CurLy

Counties and extends eastward into Texas. These ro_ks, termed the

Swisher diabasic terrane, intrude the volcanics, and, although their age

is uncertain, are considered Precambrian (Muehlberger et al., 1967!

Fldwn, 1954). According to Flawn (1954, 1956), these rocks appear to be

a great stratiform body occupying a aajor besement syncline, although no

large positive gravity or magnetic anomaly is present over this region.

Clasttcs of Lake Precambrian age crop out near Van Horn, Texas. These

deposits are part of an alluvial fan which is overlain by the Bliss

O sandstone (McGowan and Groat, 1971). Elsewhere, including the Guadalupe

Mountains, these rocks have been studied through well cuttings.

3.3.2 Paleozoic Rocks

Cambr ian Rocks

Very little is known about tl_e existence or nature of any Cambrian

sediments underlying the Delaware and Val Verde Basins area of southeast

New Mexico-west Texas, p_L't'ij because the great thickness of the

overlying section in this region and partly because the belief that the

Ordovician Ellenburger is the deepeat potential reservoic formation has

discouraged deeper drilling _Vertrees et al., 1959).

i.
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Bas_l Paleozoic clastlcs were n=_ed the Bliss Sandstone by Richardson

(1904) for expoqures in the Franklin Mountains. Tnoy range in tl,ickness

from 0 feet to the north to about 375 feet toward the south. The Bliss

unconformably overlleG the Precambrian and in most places is conformably

overlain by the E1 Paba Group (Had'es, 1964}. According to Harbour

(1960), the Bliss is probably a beach or near-sho_e deposit of the sea in

which the overlying El Paso Limestone accumulated.

Irt its type locality and in most areas east of longitude 107ow, the

Bliss generally consists of over 90t sandstone that is thin-bedded and

Jointed° Subordinate, thin interbeds of slltstone or shale and rare thin

beds of sandy limestone or dolomite are present° Dark siltstone grains,

cemented by glauconlte and hematite, combine to produce a dark color

(Hayes, 197_; Harbour, 1972)o

In the Sacramento Mountains of southeastern New Mexico, the Bliss

Sandstone is exposed in the vicinity of Nigger Rd Canyon. A I0°

angular unconfoL'mity sep&_ates it from th. = underlying Precambrian. The

Bliss in this area contains 110 feet of quartz sandstone, minor dolomlttc

sandstone, sandy dolomite, bruwn-weathering sandstone interbeds in the

upper third of the section. Abundant glauconite is present in so_le of

the strata. In general, this section is slr, ilar to that at the type

localit_ near El Paso (Pray 1954, 1961). Farther southeast in the

subsurface at the Guadalupe Mountair_s area, the Bliss consists of le3s

than 30 feet of light gray to whlte, poorly sorted, coarse-grainea quartz

sandstone at the ba3e and top, separated by gray, fine-to-median g.-ained,

sandy dolomite (Hayes, 1964).

Most investigators consider the Bliss Sandstone to be diachronous,

ranging in age from Late Camorian througn Early Ordovician, becoming

younger from west to east, as determined from faunal evidel=ce and

lithologic correlations (Hayes, 1975). The Bliss of the Sacramento

Mountain area has been dated as Cambrian by the Residue Research

Laboratory of Midland (Ros,_ell Geological Society, 1953). However,

Flower (1953) has indicated that the formation is time-tLansgre.sive and

• _ ___ - ,,,, , .....
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contains both Late Cambrian and Early Ordovician fauna i:JNew .-.-.xico

(Harbour, ]972). The evidence indicates that in its easternmost

localities, the entire Bliss is of Early Ordovician age (Hayes, 1975).

Hayes reported in 1964 that it is very likely that the Bliss in the

subsu=face of the Guadalupe Mountains area is entirely Ordovician.

Foster (1974} also considers that the Bliss uodiments of the southeastern

New Mexico Delaware Basin area probably correlates only wltn the

Ordovician part of the unit as defined in Texas.

Ordovician Rocks The Lower Ordovician section is composed mainly of

carbonates deposi_.._din a shallow sea with a relatively calm shel2

environment (see Figure 3.3-2). In _904 Richardson named exposures in

the Franklin Mountains the E1 Pa_o Limestone (Hayes, 1975). Cloud and

Barnes (1948) named exposures in western and central Texas the

Ellenburger Group, and this name is omamonly applied to subsurface rocks

in the PermiLJl Basin. Some workers have subdivided these L'ocks in'_o

formational groupings that are recogn ;:able over much of the region. For

discussion of nomenclature a_;d detailed s_.ratigraphy, refer to Hayes

(19"/5).

@
Where the E1 Paso crops o:it in the SecLamento Mountains escarpment, it is

compc_ed o£ up to &bout 420 feet of light-to-ol%ve-gray, very £ine-to

medium,t-grained doi_mite. Thin to medium beds predominate, chert llodules

occur sporadically, and inteL'beds o_ dolomitlc 3uarcz sandstone are

co_on toward t_m base, deriveo from erosion of rocks to _he e&st. In

the Sacramento Mountain area, at least, the El Paso appeaL's to be either

time-trensitional wlth the Bliss Sandstone or separated from it by a

mino[ d.sconformity (Pray, 1961). To the southeast, in _he subsurface of

the Gt:adalupe Mountains, the E1 Paso ccxnprises from 520 to 550 feet of

gray, fine-to medium-g_ained, cryst=lline, siliuuous dol(_._itewith sc_ae

sand near tim base and top and so_._.lignt-colored aphanitic chert.

Eastwar_ in the belaware Basin over 700 fe('t of E1 Paso or Ellenburger

has beell encouhtered. In the kew _xico portion of the basin, the

formation ls almost entirely a light-gray to gray crystalline dolomite

with _.aall amounts of sandstone; much chert is present in some localities

.#
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near th_ top of the section (Haigler, 1962). South and southeastward in

the west Texas Delaware-Val Verde Basin area, the E31enburger reaches a

maximum thickness of at least 1,600 feet and is composed almost entirely

of limestone and _olomite (Vertrees et al., 1959). Its llmestones are

llght-gray and dominantly subllthograpnic, becoming purer upwar_; the

dolomltes range from coarse-grained pale rocks, generally near the bottom

to finer-grained, more brightly colcred ones above (Cloud and Barnes,

1946).

Middle Ordovician sediments comprising the Simgson Group are recognized

in the subsurface from the Guadalupe Mountains area through the Delaware

Basin and east in'.oTexas. The Simpson thins rapidly to the west at an

average rate of about I0 feet peL mile (Hayes, ]964), wedging out near

Artesla, New Mexico. To _he north, it extends to the latitude of Roswell

and elsewhere is truncated by uro.qlonal u_iconformitles. Where the

Simpson, Or equivalent, is encotlntered within the New Mexico portion of

the Delaware Basin, it r&nges i_, thickness from less than 200 feet to

1,850 feet in southern Lea County (Nicholson & Clebsch, 1961). In the

basin, the Simpson consists of 3 main layers of limestone, alternating O

with thinner green, brown and black, shale, black shale with rounded

quartz grain inclusions, and sandstone (Haigler, 1962). Towards the

south and southeast_ the formatloL_ thickens considerably, reaching a

maximum of at least 2,250 feet before _edging out in the Mdrathon

_1ounta_ns region. Shaly facies predo_In_t _.towards the south. In the

Delaware-Val Verde region, the sandstone.._and some of the carbonate

members are potential oil and gas reservoirs (Vertrees et al., 195._).

In the subsurface of the Permian Basin, the Simpson is overlain

conformably by carbonates of the Montoy., Group, assigned to the Middle

and Late Ordovlcian by Hayes (1975). At the type locality in the

Franklin Mountains, the Montoya ranges in thickness from about )40 to 250

feet, averaging about _00 to 225 feet, and consists of a lower olive gray

to dark gray cliff-forming dolomite with a thin, very coarse-gralned

quartz sandstone at the base and an upper, lighter colored cherty and

finer-grained, slope-formlng dolomite. The top of the group is marked by

L
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a zone of bedded chert (Bachman and Myers, 1969). Rastward in the north

part of the Delaware Basin, the Montoya ranges from about 280 to _40 feet

in thlcknes_ and consists of medlum-to dark-gray dolomite with minor

amounts of dark gray l_mestone and chert (Ralgler, 1962). Where it

" occurs Mn the. Central _asin Plat£orm, the Montoya is a cherty limestone

about 150 feet thick. To the south, the Montoya is composed of prlmarily

chert and dolomite, reaching a maximum thickness of 600 feet (Vertcees et

al., 1959).

The uppermost rocks of Ordovician age in the area consist of a generally

light-gray, thin-bedded do_omJte _tn scene marl. It had been included by

Dacron (1917, 1928) as the lower part of the Fusselman, but having been
" I

recognized by Kelley and Silver (1952) as Ordovician, it was removed from

the Fusselman and renamed the Cutter Formation. Pray (1954) called it

the Valmont, where he encountered it in the Sacramento Mountains. Now,

howevec, these beds have been e_tablisned as the Cutter Member of the

Montoya Dolomite (Harbour, 1972| Bachman and Myers, 1969).

Silurian Rocks The Silurian of the southeast New Mexico - west Texas

areas consists of the Fusselman limestone and the carbonates and shales

of an "Upper Silurian" unit, both o_ whichwere deposited ill a broad\

\\ subsiding area named the Tobosa B_sin

The Fusselman rests unconformably on the Late Ordovician Montoya and

ranges in thic'(ness from 0 to 1,000 feet in part of southern New Mexico

and west Texas, and thins westward and northward into an erosional wedge

(Hayes, 1975). It is composed of a massively-bel0ded, clean,

light-colored dolomite and :ocally limestone. The limestone facies is

dominant to the southeast; a thicker dolomite facies is dominant co the

north and west. The Fusselman has been dated as Middle Silurian and

possibly also Early Silurian in age (McGlasson, 1968; Hayes, 1975; _ray

1958).

/
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In the Sacr&_ento Mountain area, the sequence ov_rlying the Montoya has

been divided by Pray (1953, 1954, 1961) into two units. The lower

member, which he termed the Valmont, is composed mostly of light gray,

ve:y _Inely textured 6olomite ranging in thiakne.s from 150 to 225 f_et.

The upper part of the sequence in the Sacramento area, recognized by Pray

(1954) as Silurian, comprises a medium to finely crystalline, light to

medium qray_ cherty dolomite not exceeding 100 feet. As identified in

the subsurface of the C;uadalupe aountains, the Fusselman ranges from 580

_eet to about 710 feet of white to light gray, coarse to medium

crystalline dolomite, which contrasts sharply with the darker,

flne-grained underlying Montoya (Hayes, 1964). In the Delaware Basin,

the Fusselman is a light-colored dolomite containing abundant chert and

two thick limestone intervals, lt reaches its maximum thickness in

southern Lea Country. Eastward across the Central Basin Platform, the

Fusselz_ i_ is represented by a coarse-gralned crystalline glauconltic

limestone and do_omlte I$0 to 200 feet thick (Nicholson & Clebsch, 1961).

The subsurface unit informally called the "Upper Silurian" consists of a

shaly facies to the southeast and much thicker carbonate facies to the

north and west. The unit is more restricted ,really than Is the i-

,. underlying Fusselman, pinching out northward and westward across

north-central Eddy and Lea Counties. The carbonate facies predominates

in the New Mexico portion of the.Delaware Basin and includes both

limestones and dolomites, reaching over 1,500 feet |.n thickness
..

..

....--- (McGlas.qon, 1969). On the Central Basin Platform, it consists of 180

£eet of green, gray, and black shales Interbedded with dense limestone_

' (Nicholson & Clebsch, 1961). Southward into %'exas, the shaly facies is

composed of bright green to dark brown shales and white to brown

calcilutites wlt.1 a maximum thickness of 300 feet (M-_G_:Isson,1968).

Devonian Rocks Lower to Middle Devonian ro:ks are knuwn only from

subsurface exploration, and only in the southeascern corner of Lqa

County, New Mexico. Called the "Devonlan" rock unit by McGlasson (1965),

these rocks are more restricted in area than the "Upper Silurian _ and

range in thickness from zero to 1,000 feec _n the vicinity of Crane
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@
County, Texas. The unit is composed prmari_y of chert in the southwest,

grading northeastward into dark sillceous mlcr|te and light-colored

calcarenite. After deposition, the unit underwent considerable

dlagenetic alteration.

In the western part of the region, along the Sacramento Mountain

escarpment, e fmit dated as upper Middle Devonian, the Onate, has been

recognized (Pray, 1954, 1961). lt consists largely of dark gray to olive

gray, very fine-gralned dolomite mlxod with coarse silt to very flne

quartz sand, with minor shale, increasing to the south. Small, irregular

chert or sillcifled dolomite nodules several inches Ions are distinctive

lithologic features of the upper part of the formation in the central and

northern parts of the escarpment. To the west the Onate forms beds

generally less than 1 foot thick and rarely thicker th._n 2 feet hdt fs as

much as 60 feet thick in the central escarpment area, t._.Inningnorthward

and southward.

Upper Devonian rocks in the subsurface of the southeast New Mexico area
&

-A constitute the Woodford shale, portions of which are also variously known

as the Percha shale and Canutil[o Formation. These rocks are described

/ by McGlasson (1968) as extending from eastern Chaves and southern
/

Roosevelt Counties in New Mexico, southward and eastward through western

Texas and ranging in thickness from zero to approximately 700 feet near

the southeast corner of Lea County, with an average of 200 feet elsewhere

(Vertrees et al., 1959). The Woodford is a dark brown to Ilack, fissile,

bituminous, spore-bearing shale which becomes arenaceous northward and

contains black chert to the south and west (McGlasson, 1968).
L

- Across the Central Basin Platform, the rocks correlative to the Woodford

in age consist of interbedded, calcareous chert and siliceous limestone,

, reaching a maximt_n thi:kness of 980 feet (Nic_K)Ison & Clebsch, 1961).

We3tward in the northern Delaware Basin, the unit decreases to less than

i about 200 feet thick and ts an organic pyritic shale. En the Guadalupe

I Mountaln area, the unit comprises less than I00 feet of dark gray,

locally silty shale, with a few feet of dark or medium gray chert at It_
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base (Hayes, 1964). At the northwestern limit of the unit in the

Sacramento Mountai,_s, the low_r Upper Devonian aeation has been called

the Sly Gap Formation and consists of up to 50 feet of calcareous,

yellow-gray to dark gray shale with Irregular nodular limestone becoming

predominant upward. This unit is absent in the south half of the

escarpment, where the Uppez Devonian is represented by a dark gray
I
/

/ noncalcareous shale, considered equivalent of the Percha shale and

recognized southward as the Woodford (Pray, 1954).

The Woodford anu equivalent units are transgressive and lle unconformably

on an erosional surface formed on the rocks of the older Devonian section

through the Orck)viclan Montoyz. Group. According to McGlasson (1968), the

upper portion of the Woodford deposition probably was deposited in Early

Mississippian time. At its upper limit, the Wcodford is conformably

overlaln b_° limestones and sandstones of the Early Mississippian.

Mississippian Rocks Mississippian rocks throughout most of the southeast

New Mexico-west Texas area consist of limestones overlain b)'shales,

which together attain a maximu_ thickness of some 2,400 feet, truncated

by eroslor_al unconformities (Vertrees et al., 1959). Rocks of definite

Mississippian age appear to be absent across the Central Basin Platform

(Nicholson & Chelbsch, 1961).

The Lower Mississippian Kinderhookian-Osagian series is represented in

southeast: New Mexico and west Texas by a limestone unlt (Roswell Geol.

Soc. 1958). lt is 365 feet thick in the Guadalupe Mot:ntalns and 220 to

320 feet in the northern Delaware Ba.-in, thickening to the southeast and

thinning to the west (Halgler, 1961). The llme_tone is light gray to

brown, finely crystalline and conm%on]y cherty, with a basal dark gray

organlc-rlch shale unit. ','helimestone partially grades to shale

southeastward from the northern margin of the Delaware Basin (Brokaw et

al., 1972; Halgler, 1962). The northwestern face of the Sacramento

Mountains contains exposed units of equivalent age, but d,_tailed

correlation with the foregoing surface data from the rest of the are_ is
unreliable (Halgler, 1962). The Kinderhookian here is represented by up
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to 60 feet of Caballero limestone and calcareous shales. The overlying

. Osagian series Lake Valley Formation, which attains a thickness of about

400 feet in the northern and central Sacramento Mountains, is composed of

6 members whose domlna,tt lithology is limestone containing various

amounts of chert and argillaceous and biohermal materials (Pray, 1954).

The Upper Mississippian rocks in the sub._.ur_aceof southeast New Mexico,

apart rF.orethe Sacramer.to area, consist of b.'ack, brcwn and gray shale

/ much of which is silty, variously named tl_e Barnett, Chester or Merameo

(Brokaw et al., 1972; Haigler, 1962). Near the north and west edges of

the Delaware Basin, and in the Guadalupe Mountains, gray limestone beds

occur at the top of the Mississippian shale, with some interspersed thin

sandsto,,e beds. To the east and south, in the central portion of the

Delaware Basin, the unit consists of between 250 and 320 feet of

pri_.ar!ly a black argillaceous shale with a dark g_ay to black calcareous

shale of shaly limestone comprising approximately the lower i00 feet of

section (Haigler, 1962). Equivalent age rocks in the western part of the

region have been defined as the Rancheria and He_as Formations of

Meramacian and Cheste_ian age, respectively. The _ancheria, whose type

locality is north of E1 Paso, Tc&as, closely resembles the Lower

Mississippian limestones of the southeast New Mexico aLea. (For detailed

description, refer to Harbour, 1972). The Rancheria is up to 400 feet

thick in the Franklin Mountains and 300 feet at the south end of the

-. Sacramento Mountains, thinning northward, and is composed of gray

argilL_c_.ous and silty thin-bedded limestone w_th minor shales and

massi_e cr_.noidal llm_stone strata. Its basal cootact is at, angular

unconformity wit_ the underlying Lake Valley and Caballero. The Helms,

of latest Mississippian age, which reaches a maxlm_, of 230 faet in the

,, Franklin Mountains and only 60 feet northward in the Sacramento

Mountains, consists of thin-bedded, argillaceous limestone and yellow to

gray calcareous interbedded shales wi'h lesser limestones {Harbour, 1972;

' Pray, i_54).

/

. / \
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Pennsylv_=njan Rocks Post-Mississippian orogeny uplifted and tilted much

. of the sou_tneast New Mexlco-west Texas basi=tal areas, eroding the exposed

teaks and, upon subsequent Pennsylvanian deposition, producing a major

angular unc_onformlty called the Springer hiatus (McGlasson, 1968).

Relatively ,rapid, almost continual deposition in most of the region

resulted in a thick Pennsylvanian carbonate section, with large volumes

of terrigenous clastics in some places. The Pennsylvanian in places Is

thicker than the entire unoerlying Paleozoic section (Pray, 1954). Total

thickness of the Pennsylvanian section varies from about 3,000 feet in

the Sacramento Mountains, near 2,500 feet in the northern Delaware Basin,

and between I,650 and 2,700 feet in southern Lea County along the Central

Basin Platform.

The rocks of Pe=_nsylvanian age were derived from a variety of different

sources and deposited in increasingly active structural settings. As a

result, the lithology of the section is highly variable, both

horizontally and vertically, and correlations on the basis of mappable

rock units are difficult to make (Pray, 1961; Oriel et al., 1967).

, Although a variety!/of schemes have thus been utilized to subdivide the

' Pennsylvanian section of the area, the following discussion employs the

common usage of Mo[;ro_ln t_rough Virgilian stages as . framework for

consideration of the dominant llthologles and several formations

identified in this region.

I) Morrowan Series Of the stages present in New .4.exico,the basal

Pennsylvanian Morrowan rocks occupy the smallest area and contain, in the

central and northern portions of the #laware Basin, the largest

, proportion of clastlu material. These rocks, which mark the initiation

of a major transgression climaxing in the Virgilian, attain a thickness

o= ab-.ut 1,250 feet in the Permian Basin area and wedge out northward in

southeast New Mexico (Meyer, 1968). The Morrowan rocks in New Mexico

consist largely of limestone and shaly limestone; fine-grained sediments

predominate (Bachman, _g75).
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In the Sacramento Mountains, at the northwest extent of the area, the

basal Pennsylvanian strata were deposlved on a surface of at lea_t 100

feet of local relief, the lowest parts of which were filled with coarse

sandstone or cobble conglome¢ 'res derived from Mississlppiar. cherts. The.

percentage of shales and dark limestones increase upwards into the

Atokan. These rocks have been called the basal part of the Gobbler

formation by Pray (1954). South.vard across the Guadalupe Hountains aLea

of the Northwest Shelfp the Morrowan _onsists of frf.= 230 to over 400

feet of fine to coarse-grained, poorly s:or_ed, locally conglcmeratlc

quartz sandstone, mottled medium gray oolitic limestone a,d medl_, to

dark gray shale, which resemble the Zo_er Gobbler as well a_ the voqk.s of

central to northern New Mexico, caJled tla_.Sandia Formation (Hayes,

1964). Fine-grai._._d detrltal ser]iments trend southeasterly from the

Pedernal [Jplift into tl_ewestern Delaware Basin. Within the Delaware

Basin, the Morrowan is composed primarily of brown to gray ar-illaceous
{

\ limestones and gray quartzose sandstones with dark gray to black shale.

'\ Across the Central Basin Platform into Texas, the basal Pennsylvanian

unit is a black _halo (Nicholson & Clebsch, 1961; Bachman, 1975).

e
21 Atukan SHrtes The Early-Middle Pennsylvanian rocks, assigned to _he

Atokan or Derryan Stage, consist of daLK-colored sandstones, shales arid

limestones, which attain a maximum thickness of about 1,000 _eet. These

rocks were deposited over the entire area, wit;_ _he exception of the

Pedornal gpllft to the north (Meyer, 1968).

Interbedded shales and dar_ limestone constitute the top of the 200 to

500 foot 3ection o_ the lower Pe=nsylvanlan Atokan deposition to the

northwest in the Sacramento Mountains (Pray, 1954)o Southward into th_

northern Dela_are Basin, the unit consists of gray to brown al,d black,

fine-grained to dense limestone and chert and dark gray to black shale

with minor sandstone. In the southern Delaware an_l Val Verde Basins

region, the Atokan rocks consist mainly of sandstoneu zu_d shales in the

lower part and carbonate rocks Jn the upper part, _eaching about 1,000

feet in thickness (retirees et al., 1959). The top of the Atokan section

is transitional r and is placed at the change from dominantly terrigencus.

" det_ital cocks below to predomlnantly carbon._tes above (Bachr_an, 1975)



3-38

t

,'. 3) Desmoihesi._. Series Uppe_-Middle Penns.]Ivanlan Desmolnes_an ro_ks

" are predominantly carbonates, and attain a maximum thickness of about

1,000 feet in tl_, Delaware and Luoero Basins and in northwestern New

Mexico (Baonman, 1975). Sedimentation dur|ncj this time was primarily

'influenced by reel_ and adjacent shelf and baslnal deposition within the

areas of the Permian Basin and Orogrande Basin to the west. Also kno#n

as tne Strrwn, the unit is the only readily identifiable Pennsylvanian

_ook found widespread over the southeast New Mexico-west Texas area

, (Vertrees et al., 1959).

The Den_oinesian rooks of the Sacramento Mountain area constitute up to

" 1,000 feet of contr.astin.q Eaoies: a shelf limestone or ree_, cons._.stlng

almost entirely of cherty calcilutites, and a deltaic facies of equal

thloknes3 but smaller lateral _xtent, composed of quartz sandstones,

subcjralNackes, shales and mlnor limestones (Pray, 1954)o Southward and

eastward, in t._e _ermian Basin area, tl_e Desmolnesian strata wets

deposited in a variety of env.4ronments from back-reef lagoon, to reef, to

dee,. marine basin - a spect ruff_wnich lasted f¢om this time through most

of the PeL',_i_n(Meyer, 1968). Witnln the Delaware Basin, these rocks are

typically dark brown, flne-grai_ed cherty limestones, rise lower part of

which may contain Interbeds of _]ray shale and gr_y to white,

medluJa-gralned angular _lu_rtz sandstone IHeyer, 1966). Reef facies of

the Desmolnenlan a!_o exte0d south and eastw.:o into the Val Verde

Basin. The limestones cE the Demnoinesien within both the Delaware and

. . Val Verde Basins are known for their numerous stratlclraphlc traps, and
I

have been attractive [or ell and _as explor_tlon (Vertrees et al.,

1959). Desmoinesian llmescones also occur across the Central Basln

Platform into Texa_.

4) Hissourlan Series The Missourian rocks of the late Lower
e

Pennsylvania Jt ao. constitute up to ],0U_ feet O_ mostly claztic

sediments, such as interbedaed n_kose and arko_c sandstone_ :_ well as

; mud_tone and limestone, deposited in envlronme_ts similar to those of

Del_molnesian Lime (Meyer, 1968; 8ach_an, 19751.

#
,,
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On the northwest, as much as 500 feet ct thin-bedded, argillaceous

limestone and shale of the Missourian overlie the shel_ limestone and

deltaic deposits o_ the Desmotnesian. Host of these rocks re_lect

basins1 deposition, but locally there was cyolic deposition in turbulent

shallow watPrs (Pray, 1954). To the southw Missourian rocks are

identi_ied generally only in tlm deeper parts o_ the Perl, ian Basin area.

Within the New Mexi,.-o portion of the I_elaware Basin, the Missourian rocks

consist uf dark gray shales and li.mest_nes, quartz sandstone, and so_e

chert, ranging in thickness Erom zero to 1,250 _eet (Meyer, 1966_.

Toward the Val Verde Basin near th_ Texas-New Mexico border and _across

the Central Basin Platform, the u-,it 9redes into a dark gray,

non-_ossiltferous ohale (Vertrees et al., 1959). The absence of datable

_ateriais in this unit has made its correlation as Upper Pennsylvani,_n

difficult to verify.

' 5) Virgiltan Series The uppermost Pennsylvania section is similar to

that o_ the Misso_rian but contains, tn addition to carbonates, some

contlnent_l shales, coarser clastics and evaporites.

Over most of the area to the northwest, algal ree_s t_p to 100 feet thick

formed. The Vlro.ilian deposition 9fades Upwards into more uniformly

bedded, llght-colored limestone with xnterbedded shale and minor

sandstones. _tt the top of the section, red shales and limestone

.t" conglc_erates repeat cyclically with nonred shales and massive nodular
limestone, indicating fluctuations in depth and gradual transition to

flnal emergence of the northwestern area. The Upper Pennsylvanian unxts

of this area were named the Holder Formation by Pray (195g). Within the

Permian Basin proper, over 1,000 feet of Virgllt_n limestones and shales

were concurrently deposited. Southward over the Northwestvtn She'.f and

oasterr, aide o1_ the Central Basin Platform and northeastward of the

Horseshoe Atoll, the ser_es is represented by limestone. Toward the

Castern shelf, l_ho unit consists oi both mudstone and limestone with sc_e

Interbedded sand (Oriel et al., 1967). Reefs formed along _ho northern

margin or' the Delrware Basin (Meyer, 1968), tvhtte within the basin up to

1,C00 eeet of brown to ta'n, fine-graxned lxmestono, black to brown shalo

- and white, _ne-to coar3c_-grained subanqular quartz sandstone were

t.

,.

/ :
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deposited (Heyer, 1966). Southward in the deeper pact of the basin, dark

" non_ossili_erous shale, similar to the und_rlylng Hlasourlane cPntinued

to be deposited.

Permian Rooks. In many pal ks o_ the southeast New Mexic_o areas the lower

- boundary ol_ the Permian is di_ficulC to determine except on the basi_ cE

Eusilinids, because the Permian ro_ks are ul_derlatn by ltthologically

similar Pennsylvanian rooks. In the Delaware and Val Verde Basins, the

boundary is located b_low several hu.dred feet cE dark gray mudstone

unit. No lithologic basis o_ recognizing the boundary is apparent on the

Northwestern ShelE, along the east margin oi the Central Basin Platform,

or in the area o_ the Horseshoe Atoll (in the northern Midland Basin).

Only in the structurally positive areas where Pennsylvanian rocks 9re

.-. missing, as in many locations on the Central Basin Platform, is the base

o_ the Permian clear. In other places, such as the Sierra Diablo, an

angular uinoon_ormity _eparates the Permian E_cn underlying t:n_t3. Ages

o_ basitl co_ks to the ba_e of the Permian cr_J usually assigned through

fusilinlds interpretation but it ,s sc_etlme_ dlfEicult because of the

scarcity of Eossils (Oriel et al., 1967). Tns thickness of the Permian

sedimen_.s equals or exceeds the total thickness cE the underlying

Paleozoic systems. Details are presented in the discussions of each

ue_'i_s below. Figure 3.3-2 pro_.ideq a schematic i)lustration of the

subsurface distribution and felt.tire thicknesses of thu Permian.

Host of the major structural elements that influenced Permian

sedlmentatton in the area were well developed lat_ in Pennsylvanian to

vr.ry early in the Permian; thus, marked dl_ferencea in lithology occu,

from the Northwestern shelE region, through the Delaware Basin and across

the Ce tral Basin Platform into the Midland Basin, and the _tratlgraphlc

nc_nenclature differs rrom piace to place. In general, the units of the

basins contain a much higher propurtlon of clantlcs than do the ad_acel_t

shelf areas, and chs basin carbonates are much less dolomltized thap are

tl_e shel¢ cerbonates. The rock units along the basin margins are

pact_ally dolomitized, and c_ontain less clastics t'h_nequivalent shel_

, units, in common practice, the d_[ferent [acleF ot the region have been

_- _ i iii IUC --- -- , _mmmmi_mm-'_.. , . ...........

,/
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related to each c_.her by time-stratl_._._,:_'aphic units. The p-ovincial series
f

names used in New Mexico and Texas ,,_'L':;, from oldest to youngest, the
t

Wolfoamptan, Leonardian, Gum".Alupian and Oohoan (Oriel et al., 1967).

Figure 3.3-3 pre.ants a summary and correlation of the major Permiarl

formations of the region which are discussed below.

2) _'_olfoam2,ianSeries The Wol_campian series consists primarily of

limestones and dolomites. A few reefs a_e present on the uhelves; dark

gra_' shales, sanostoneo, and congl_erates are present in the basins.

The bastnal sediments f_f the 9elaware, Midland and Val Verde were

probably deposited under stagnant, reducing, deep-water conditions, while

the limestone on the Northwestern and Eastern shelf and Central Basin

Platform we_e deposited in rolatlvely shallow and welt-aerated wa_er.

The series thickens southward from generally less than 1,000 feet over

th_ shelf areas and 1,500 feet in the subsurface of the Guadalupe

Mountains area of the Northwestern 8hell, to s_mewhat less than 5,000

feet in t_,_ M_dland Basin, 7,500 feet in the central Delaware Basin, and

over 15,000 feet southward in the eastern half of the Val Verde Basin

(Oriel et al., 1967). The name Hueco limestone has been applied to the

rocks of the basal Permian in the region; however, some workers pi'afsr to
restrict this term to the Northwestern shelf and northernmost Delaware

Basin (Hayes, 1964).

On the Northwestern Shelf, tl_e Wolfcamplan is subdivided Into two cherty

limestoRe units separated by interbedded limestones and red, green and

gray mudstones, which thicken northward and become sandy. Along the

shelf margln._, medium to dark-gray mudstonu layers intertong_e with the

limestone (Oriel et al., 1967).

Within the northern Delaware Basin, the Wolfcamp consists of about equal
r-

parts of gray, black or brown shale and fine, crys=alline, rarely cherty,

brown !i_.astone with a few thin beds of mlcaceous and calcareous

s_nd]t_ "e (llayes, 1964). Southward, in the deeper pa:ts of the basin, it

consists prlmaril'_ of dark shale wltn Drown sand and some coarser

clast_cs. Here the absenc_ of index fossils precludes satisfactory lower

)

\
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time boundary deteetlon. Withln the Delaware Basin, both the sandstone

and carbonate facies have been recognized as potential oil and gas

reservoirs. Southward, in the Val Verde Basin, sa.dstones Interbedded

within the shales of the Wolfoampl-n are established as a commercial gas

reservoir (Vertrees et ai., 1959).

[

i Eadtward, over the Central Basin Platform, the Wo/fcamplan consists

chiefly of limestone with a basal unit o_ as much as 440 feet of red and

greet, shale and conglo|nerate (Nicho_son & Clebsch, 1961). The

Wolfcampian within the Midland Basin ks similar to that of the Delaware

Basin, except for the presence of an udimet zone of dark argillaceous,

iilocally cherty limestone and Intarbedded dark mudstone. The lower
part

o£' the suction consists of dark mudstone with thin units of fine-grained,

argillaceo,*s sandstone an4 fossillferous limestone, which increase in

thickness north and %_st along the basin periphery (Oriel et al., 1967).

2) Leonatdlan Series The Leonardlan series of the Lower Permian iv.

represented by a highly variable group of tacles consisting of limestone

and dolomite, with mudstones, sandstones and some chert. Clastics are

dominant in the lower parts of the basins, while calcareous deposits

dominate the margin and nhelf areas. The s_rles was deposited under g

mostly marine conditions, but some stra=a formed in restricted or

marginal environments. The Leonardian rocks are over 4,000 feet thick in

two north-trendlng belts along the east and west margins of the Delaware

Basin and in rh: south-central part of the Midland Basin. In the Val

Verde 3asln, thicknesses average 2,00J to 3,000 feet. On the shelf north

and west of the D_laware Basin along the oil-producing Abc reef trend,

thickneszes are over 3,500 feet. On the Eastern Shelf, tim. Leonardian is

less than 2,000 feet. Minimum thicknesses 4.n the area are about 800 feet

(Vertrees et al., 1959; Oriel et al., 1967) .

\

The Bone Spr_ng Limestone represent.1 the. basin facies cf the Leonardian

in the.Delaware Basin and northwest end of the Val Verde Basin, and

consists of a dominantly dark-gray, thin-bedded, argillaceou3 llmestone,

a gray to buff, very tine-gralned sanJstone in three separate zones, and
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a black shale with some chert nodules and beds. The ba.Je _ a sandstone

member which may be Wolfcampianr and the top is placed aDove a black

shale wlth dark jra_ li_,estone. Deep water conditions with poor

circulation probably characterized these basin set_inTs (Oriel et al.,

1967).

Eastward, in the Midland Basin, the Leonardian rockg h_:ve been assigned

to formations different from those In tP.eDelaware, but the fock types,

dominantly black shales and limestones, are similar. The section--known

as the upper Wichita Group, the [:.iearFork Group and the lower i_art of

the Pease River Group at the top--cot_sists of mudstone with lesser

sandstone and limee.tone at the base, two fine-grained sandstone members

divided by dark calc¢,reous mudstone and a muddy limestone, that may be

time-correlative with two of the three sandstone layers of the BoneJ

Sprlrg. Above this zone, limestone and dolomite predominate, with lenses

of mudstone and sandstone_ the top of the unit is primarily carbonate.

At tim marglns of the basins, thes3 basin units grade laterally into

O limestones. Around the perimeter of the Delaware Basin, the lo'aet part
of the Bone Spring Limestone grades into thick-bedded gray limestone

"- overlapping unconformably on the Hueco Limestone {King, IS65). T°._e

•,iddle and upper part of _he Bone Spring grades into the shelf-margin

dolo_.ite of the Victorio Peak, which is correlative with the Yeso cE the

shelf. The Victorio Peak is a light-gray, thlck-bedded fosui_iferous

llmestone cont_.In_ng some chert and gandstone and made up of small,

discontinuous or patch reefs and a limestone bank. Unconformably

overlying the Victorio Peak of Leonardian to Guadaluplan age, is the

Cutoff shale consisting of as much as 150 feet of a thin-bedoed, platy

gray to black limestone, black siliceous or sandy mudstone, and

th_n-bedde{J, flne-grained sandstone (Hayes, 1964). In the Midland Basin,

rye unit grades laterally north and westward into almost pure limestone

and dolomite along the peripheries of the Central Basin PlatfoLm and

Northern Shelf (Oriel el al., 1967).

I_
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Away from the Delaware Basin onto the shelves and Central Basin Platform

a_as, the Leonardian serte_ grades laterally from the Bone Spring and

. Victorlo Peak a into light-colored dolomite, almost 3,000 feet thick,

with a few sandstone units. The lower portion of the dolomite has been

called the Wichita Group on the Central Basin Platform arld the Abo

Formation in central eastern New Mexico, which grades northward into red

mudstone, sandstone and anhydrite. The Yeso overlies the At<> in central

eastern New Mexico, and consists of medium to light gray, fine-

crystalline dolomite with lesser sandstones and siltstones (I{ayes,

1964). Somewhat below the middle of the Leonardian shelf dolomite on the

Central Basin Platform, is a thin but extensive sandstone bca called the

Tubb, Fullerton or DrinKard, which serves as a regional marker. The name

"Clear Fork Group m is sometimes applied to the section of dolomite
_.

.- encompassing this bed on the Central Basin Platform, and is roughly

age-equivalent with the Yeso. The upper limzt of the Leonardian on the

shelves is formed by a unit consisting of two sandstone layers separated

by dolomite. On the northwest shelf, this unit is called the Glorleta_

on the Central Basin PlatEorm, it is called the San Angelo :,lrielet al.,

1967; King, 1948; Hayes, 1964).

3) Guadalupian Series

The Guadalupian Series in the southeastern New Mexico region encompasses

tacee distinct depositional settings, closely related to structural

elements: clastlc sedimentation in the Delaware Basin and on t_e Eastern

t'helf, carbonate reefs along the margins, and mixed carbonate and

evapo_ite deposition on platforms and shelves other than the Fastern

Shelf. The s_ties is over 5,500 feet thick in the Delaware Basin, and

gradually thins n_rthward on the Northwestern Shelf to less than 3,000

feet. It thins southeastwa:d from less than 2,000 feet to l,aC0 feet at

the south end of the Central Basin Platform. Maxlmum thicknesses In the

Midland and Val Verde Basins are about 3,500 feet (Oriel et al., 1967).

a) Basin Facies

The basin Lacies of the Guadalupian, known as the nelaware Mountair.

Group, is composeo mainly of light gray, uery flne-grained sandstone and
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siltstone separated by gray shale and a few thin light gray to gray

limestone and uolomlte members with minor evaporites, indicatlnu frequent

relative sea level changes. The Delaware Mountain sandstones produce oil

and gas and are important exploration objectlvrs (Vertrees et al.,

1959). The Group has been subdivided into three formations from oldest

to youngest--the Brushy Canyon, the Cher_y Canyon, and Bell Canyon--t ach

of which are up to 1,000 feet in thickness. The Brushy Canyon differs

from t_e upper two formations in that its sandstones are coarser grained

with minimal mnounts of sediments other than sanrl3tone, and its

structurai features are indlcative of deposition in agitated water.

Harms (1974) discusses the Brushy Canyon and proposes density currents as

the origin of the formation rathc: than turbidity currents. This

formation terminates northward against the Bone Spring flexure at the

basin margin. The Cherry Canyon and Bell Canyon are fine-gralned

sandstone to slltstone and very finely laminated. The sandstone tongue

of the Cherry Canyon di._conformably overlies the Cutoff Snnle as a

shelfward extens/on of the lower fourth of the Cherry Canyon Formation.

Along the reef facies area, the tongue averages 200 to 300 feet thick

/' and, where described _n Last Chance Car.yon of the Guadalupe Mountains,

consists of moderately rt_.taz_t, indistinctively bedded, _rayist_-orange,

- very fine-grained, well-sortr | quartz sandctone with scattered chert

nodules and :ilicifled megafossIis. The upper 25 to 30 feet of the urlit

is transitional shelfward into an overlying dolomite tongue of the San

, Andres Limestone (Hayes, 1964) (Also see Figure 3.3-3). The upper Cherry

Canyon and the Bell Canyon <:fade into reef facies at the margin of the

basin.

b) Reef Facies

The Guadalupian reef facles consists of the Goat Seep Dolomite an,] the

over'lying Capitan Limestone. A generalized crnss-section through the

reef facies: Figure 3.5-4, dem_mtrates the relationship- = between the

various Guadal ,pian units along the reef margins.

i
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Gradationally overlyinq the sandstone tongue oE the Cherry Canyon

Formation is the Goat Seep Dolomite. The Goat Seep was a reef, which

• grew primarily upward and formed a barrier around a considerable portion

of the western slde o£ the Delaware Basin. King (1948) originally

extended the name Goat Seep to include the shelfward-zying thin-bedded
i

limestones and intecbedded _andstones, but Newall et al., (1953)

restricted the formation to the massive "reef and referee[ talus facies"

of the basin margin, a desl0nation maintained by llayes (1964). The

lowerportion of the Goa_ Seep is thick-bedded, and the upper portion ira

massive light gray, flne-crystalllne to sacohuroidal, in places very

porous, doloml te.

The overlying Capi_an Limestone is a light colored, fossillferous and

vuggy limestone and breccia which reaches a maximum vertical thickness of

about 2,000 feet in McKittrlck Canyon of the Guadalup_ Mountains, and is

at least 6 times as broad az thick, reaching a width of from I0 to 14

miles along the Northwestern Shelf. lt apparently formed primarily by

oblique or horizontal basinward growth (Newetl, et al., 1972_ Hayes,

1964; Hiss, 1975). The Capitan virtually encircles the Delaware Basin.

It extends from the west side of the Guadalupe Mountalns northwaL'd and

eastward as a bold escarpment which gradually descends to the hills in

the vicinity of Carlsbad, where it is overlain by youngeL" rocks (Dunham,
l

1972). The buri_ reef front trends northeastward to eastward from there

across the Eddy-Lea Ccunty line, turns _Juthward to parallel the length

of the Central Basin Platform, and then turns west and crops out in the

Glass Mountains (Hiss, 1976; Kelley, 1971). The Capltan grades laterally

basinward into the Bell Canyon Formation and possibly into the lowerm, st

beds of the Castile; onto the Northwestern Shelf the Capitan grades

laterally into the Seven Rivers, Yates, and Tar.sill Formations of the

Artes_a Group (Hayes, 1964) (Also see Figure 3.3-3).

Tn_ limits of the Capltan described by Crandall (1929) and Lan3 (1937)

have been used by most of the more recent workers, including King (1948),

Adams and Frenzell (1950), Newell, et al., (1957), Hayes (1964), and

Felley (1971) _nd are followed in this report. For a different

Intezpretation, see Ounham (1972).
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• 'Hayes 119641 recognizes two units as comprising the _.apltanLimestone, a

massive member and a breccia member, which grade into each other both

laterally and vertlcally. The 1*assive member forms nearly vertical,
',

• m_ooth-weathering cliffs and ranges in thickness from about 250 to 270

feet averaging 400 feet along its Gu_dalupe Mountains portion. This

membec is composed primarily of light to yellowish gray, flne-textured,

fossiliferous limestone with virtually no discernible bedding planes.

Isolated aggregates of coarsely crystalline calcite are common, and some

dolomite, sandstone dikes, and isolated sandstone pockets occur.

Solution and recrysta111zatlon, weathering, and the very small size of

- the fossils have made the organic content difficult to recognize in the

field. Newell, et al., 11953), however, have identified 115 species of

fossils within the formation, including £uuulinids, sponges, corals,

crinoids, bryozoans, brachiopods, and mollusks; in total volume,

stromatolltes are probably mo=t important in the construction of this

rock unit (llayes, 1964).

The breccia member, which gen-.rally forms more easily eroded uneven

slopes, consists of thick beds dipping basinward at 20 to 30 degrees or

O more on the west side of the Delaware Basin. Most of this member is
composed of microbrecci= derived from the massive member and from the

Artesia Group and also contains coarse, angular cobbles and boulders of

limestone and dolomite from theso sources. The breccia attains a maximum

vertical thickl_ess oE about 1,750 feet and averages 1,250 feet and as

such comprises about two-thirds of the bulk of the Capltan (Hayes, 1964}.

Although it has been geaerally agreed that the Capitan Formation

represents a "geo)ogic reef," (a thick, laterally restricted mass of pure

or largely pure carbonate, according to Dunham, 1972), invustigatots of

the CapJ tan have over the years proposed different interpretations as to

its genes_s and environment of formation.

Crandall et al. 119291 published the barrier reef hypothesis, accotdin_

to which reef-building, sediment-binding organzsms grew practically at

sea level on a reef which developed rapldly enough, despite erosion, to
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maintain a near.ly vertical front, overriding its own debris. Newell, et

ai., (1953) concurred with Crandail, b_sed on their detailed petrological

work on the reef constituents, and a number of recent investigators, such

as Hayes (1964), Boyd (1955), Adams (1944), and Adams and Rhodes (1960)

have generally followed this interpretation.

A second alternative was advocated by King (1948) and named by Dunham

(1972) the "uninterrupted slope hypothesis, m King used it to explain his

findings in the southern Guadalupe Mountains which seemed to indicate

''" facies change due to change in slope as the shelf descended to the

Delaware Basin. Dunham (1972) pointed out, however, that King studied

only portions of the structure. Bad he gone farther northwestward, his

findings would have corLoborated Lang (1937), who proposed a third

hypothesis, that of the marginal mound.

...." According to the marginal mound alternative, supported elaborately by

Dunham (1972), organisms produced c=LDonate particulate sedzment upon a

broad topographic high which was at different times a sandy shoal or an

island bordered by sand and mu_ flats. The sediment was cemented during

the island stages of development. Achaue- (1969) has advocated a

somewhat similar view that the Caoitan represents an ancestral organic

bank, rather than a cl_sslcal harrier reef.

c) Back-Reef G: Shelf Facies

The thick massively-bedded limestones along the margins of the basins

grad_ shelfward into thin-bedded dolomites. On the Northwestern and

Eastern Shelves and southward along t_e Central Basin Platform, the

Guadalupian includes the San Andres Limestone and overlying Artesla Group

(also identified eastward on the Central Basin Platform as the Whitehorse

// Group by Nlcholson and Clebsch, 1931). This group includes from base to

top the Grayburg, Queen, Seven Rive_q, Yates and TansJll Formations

(Hayes, 1964). Tnese shelf units are also recognized in the Midland

Basin area. There is' some disagreement as to whether the Lower

C,uadalupian there is missing or greatly resembles the upper Leonardian

(_endrickson & Jones, 1952; Oriel et al., 1967).
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In the western part of the Delaware basin, parallel to the reef front,
facies encountered in a shelfward direction arez 1) dolomitized coquin

and -'alcarenite, 2) pisolites, 3) fine-grained dolomite, 4) evaporites,

,, and 5) terrlgenous red detritus (Newell et al., 1953). This general

/ succession of facies is also described by Dunham (1972) in the ,'Icinlty

of the Capltan Escarpment. Hayes (1964) presents a comprehensive

discussion of the Guadaluplan shelf rocks.

The San Andres is partly tlme-cor_'elatlve with the baslnal Brushy Canyon;

at its base it may be upper Leonardian, and at its top .4t interflngers

with the base of the Cherry Canyon. The San Andres iu mainly dolo_it¢

with mlnoc llmestone near its base and some chert, sandstone and reddish

mudstone (Oriel et al., 1967_ Kelley, 1971). lt extends shelfward much

farther than the Artecla Group before grading into evaporites and

detrital materials. The San Andzes thins eastward acro-s the Midland

Basin, and detrlual and evaporlte contents increase progressively to the

-' east.

The Artesla Group ranges in thickness from about 880 feet to over 1,500

fe.*t. In the shelf and Central Basin Platform areas, lt is aeparated

from the underlying San And:es by an unconformity, according to Nicholson

and Clebsch (1961). T_ basal Grayburg and Queen Formations are

time-correlative with the marginal Goat Seep Reef and bas|nal Cherry

Canyon Formation. To the south, they consist of dolomites and sandstone;

they grade northward Into gypsum, mudstones and dolomite (Kelley, 1971).

The Queen Formation is distinguished from the underlying Grayburg by its

much gr'eater abundance uf clastics and red mudstones. The Seven R_.vers,

Yates and Tansill Formations are all correlative with the Capitan

Limestone at the margin, and with the Bell Canyon in the Delaware Basin.

To the south, they all resemble the lower two formations of the Group,

except for the presence of gypsum and limestone in the Yates. Toward the

north, gypsum and &nhydrite increase Jn the Tansill, and siltstone and

dolomite increase in both the Yates and Tansill.
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Ochoan Ser ies

The Late Permian Ochoan sert_s consists primarily of evaporites thdt were

deposited during recurrent retreats of a shallow sea restricted by the

Ouadaluplan reefs. The lower three formations in the series, the

Castile, Salado and Rustler, comprise what is perhaps the thickest and

mort extensive evapoLite rock sequence in North America (Oriel et aL.

1967). They a_e overlain by the Dewey Lake Redbeds, which may be either

Permian or Triassic in age. Within the Ochoan, halite is dominant on the

shelf nortn of the Delaware Basin, wltere the Salado Formation makes up

the bulk of the unltl total thickness of salt is greatest, however, in

the Delaware Basin, but the presence of the Castile Formation in the

basin reduces the proportion of halite there. The proportion of

carbonates to other rock types Incrcases southwestward and southward, and

the proportion of detrltal rocks increases eastward and northeastward

(Oriel et al., 1967). The total thickness of ths Ochoan ranges _.rom

sllghtly more than 5,000 feet in the center of the Delaware Basin and

4,000 feet in a north trending belt through the basin, to about 1,500

feet in the Midland Basin and 1,000 feet on the shelves. Zrregular

thinning occurs near the basin margins as a result of eros_.on and

• leaching of the more soluble beds (Oriel et al., Iq67; Nlchol_,on &

Clebsch, 1961).

Thr Castile Formation is contlned to the [_,laware Basin and was deposited

upon the B_II Canyon, in "apparent conformity," according to Kelluy

_._971), but unconformably, according to Nicholson and Clebsch (1961), and

5s laterally bounded by the Capltan limestone reef. The Castlle Ls

general'y of uni£orm thickness, up to about 2,000 feet, throughout the

basin. The formation consists primarily of massive anhydrite, limestone

Interlamlnated wlth anhydrite, and halite in b._ds as tnlck as several

hundred feet (Vine, 1963). In the lower to middle portion of the

sequence, banded light gray anhydrite is Interlamlnated with brown

bltuml,ous limestone on a scale of millimeters. _o ve_'y extensive

layers of fairly pure halite averag!nj 200 tc, 359 feet thick persist

. throughout the nor.them Delaware Basin. Several m_aller tongues of

. halite are also present through the unit. Towards the basin margins, th_

I i

• I /
f / / ' ,'
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Castile thins abruptly. The hasal part of the banded portinn grades

reefward into laminated limestone and the upper part into massiveI

' anhydrite. The top of the Castile is light-gray massive anhydrite,
I

grading into the basal part of the overlying _alado by wedging of thin

anhydrite tongues northeastl _rd into salt (Oones, 1954; Brokaw et al.,

1972).

4

,' The Salado Formation extends from the DelaWare B_sin area beyond the

. limits of the Castile and across mo_t of the Permian basin, incltldi_g the

Midlard Basin, the Northwestern Shelf and the Central Basin Pl_tform.

The _omplete Salado I_ present only in the subsurface of this area, and

is represented at the surface only oy a solution residue. Its thickness

varies b_oause of leaching, but it is generally up to 2,000 feet near the

northern Delaware Basin, thinning northward over the Capitan reef to 700

to 1,200 feet and thinner farther north and east. In the shelf _nd
4

platform areas, it rest_ unconformabll on the Artesia, or Whltohorse,

GrOup (Brokaw et al., 197Z; Nicholson & Clebsch, 1961).

The Salado is mainly halite, some of which is argtllaoequs, red

mudstones, sanJstone, siltstone, abundant anhydrite and a suite of salts

in_ludlng polyhalite, kieserite, glauberite, sylvite, carnallite,

.. l_Igbelnite, kainite and luoni_e. Beds locally rich In sylvite, KCI, and

other solubl_ potassium minerals constitute valuable potash ores (Vine,

1963). The principle litholoqlc materials occ1_r in cyclic sequences 2 to

30 feet thick consisting of a detrital layer, a relatively thin sulfate

Layer chiefly composed of anh;Orite and polyhalite, and a thicker halite

zone, overlain by a mixed halite-dt.trital layer, ali with grada'ional

contacts. The potash ores occur near the middle of th_ formation in

irregularly lentlculaL to tabular bodies (Brokaw et ai., 1972; Oriel et

"" al., 1967). The upper part of the Salado is locaill" characterized by a

leached zone from which the halite has been removed, and is largely

:J_oonsolldated _eddish-gray to brown silt and clay with varying amounts

of brecciated gray or red gypsum (Vine, 1963).
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The Rustler Formation ranges in thtr'mesa frc_n 90 to about 400 feet, and

overlies the Salads in the Permian B:.sln area. In the central part ct

the Permian Basin, the Rustler conformably overlies the Salads, but in

other places, as along the west and north lnargtna of the Delaware Basin,

it t[uncates the Salads by a marked unoJnformity (J. A. Adams, 1944;

Ni,_holson and Clebsch, 1901). lr= outcrop, the Rustler appears as

calcareous sanda_ol:e, fine grained dolomites and gypsum. The subsurface

Rustier consists primarily of anhydrite or gypsum and subordinate salt,

with lesser amounts of dolomite, limestone, siltstone and sandstone.

Within the Delaware Basin, the limestone and dolomite increase to the

south and southeast.

Vine (1963) has described the Rustler in the northern part of the

Delaware Basin. Here, the lower part of th_ Rustler consists of over 100

feet of siltstone and very fine-grained sandstone with intorbeds of

gypsum or anhydrite. Next above is the Culebra dolomite, about 30 feet

of uniformly mlcrocystalline gray dolomite or dolomitic limestone with

numerous small, generally unconnecto_J, nearly spherical cavities.

Ocerlytng the Culebra is the Tamarisk member, about 115 feet of anhydrite

with local gypsum and a 5 foot thick ell,stone bed some 20 feet from its

base. The Magumta member, above the Tamarisk, consists of about 20 feet

of thin, wavy, lenticular laminae of dolomite and anhydrite (or gypsum).

The uppermost member of the formation is the Forty-niner, consisting of

, Up to 65 feet of anhydrite (or oroken gypsum in outcrops) with a bed of

massive siltstone neal the base. According to Jones et al., (1960), the

siltatone represents insoluble resldue from a bed of halite present in

the attbsurface to the east.

The top of the Rustler has been placed at the top of the first persistent

anhydrite bed penetrated by oil and gas tests and provides a clear marker

for structural correlations (Oriel et al., 1967).

Overlying the Rustler in apparent conformable relatlonship is a sequence

of redbeds, up to about 600 feet tiiLck,which represents deposition o_

terrigenous material,- in shallow water remaining in the basin areas over
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the older evaporate sequenoe (Mercer ; Orr, 1977; Oriel etal,, 1967).

On the basis of physioal stratigraphy, the unit ha_ been traditionally

assigned a Permian aqe (Orlel et al., 1967). No fossils have been

foond, Although several names (e.g. the Pierce Canyon) have been

proposed for this unit, the term Dewey Lake Red'._ds, as defined in west

' Texas (Page and Adams, 1940), i_ genora£1y 'Jsed throughout the area

(NJ.cholson & Clebschs 1961_.

The Dewey Lake consists of a series of micaceous, orange to red sandy

siltstones, sandstones and some mudstone. Gypsum commonly forms cement,

secondary crystals and veins. The lower 10 feet of the sequence contains

a widely dlstrlbut¢:] zone of coarse, frosted quartz grains.

The top of the redbed unit is marked by an erosion surface, upon which

younger units were deposited with a slight angular discordance. In sclnt_

places, the Dew_ y Lake has been removed by later erosion, and rocks of

Cretaceous or Cenozoic age rust on the Rustler or Salado (Oriel et al.,

1967).

' 3.3.3 Mesozoic Rocks

Triassic Rocks Unconformably overlying the rocks of Late Permian age is

the Upper Triassic Dockum Group of red beds, composed ct up to 1,500 feet

of moderate-reddish-brown to yellow-.brown conglcm-ratic sandstones,

siltstones and shales (Brokaw et al., 1972). The sediments of this 9roup

,, , display characteristics of rapid deposition _'ro_ a local source, in their

/ poorly rounded sand grains and mlcaceous minor constituents. This group

has been subdivided into two formations, the Santa Rosa Sandstone and

overlying Chinle Formation; however, because of poor exposures and

llthologlc similarltIPs between the sandstones oi the two units, the

distinction cannot be made throughout the entire southeast New Mexico

area (Nicholson & Clebsch, 1961).

i
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The Santa Rosa is a _lne-to-ooarse-9ralned sandstone, generally ccd but

cont.aining white, gray, and greenish to Javende_ sands and some minor

reddish-bl:own mudstones and conglomerate. The Unit is commonly

cccosn-stratified and ranges In thickness from about 140 to over 300 feet

(Kelley, 1971; Nioholson & Clebsch, 1961).

The upper portion of the Dockum Group, the Chinle Formation, ranges in

thickness _rom zero to almost 1,300 fsc.t, thicke._t to the east, near the

Texas-New Mexico bordecc, and entirely absent in the west, wh,:re it has

been removed by post-Mesozoic erosion. The Chlnle is a reddish-brown tot

gl:eenish-gi'ay shaly mudstone with tnterbedded lenses of conglomerate _hdt

' thin, gray to reddtsh-h:_wn sandstone and siltston_ (Mecce_ & Orc, 1977;

Nicholson B Clebsch, 1961).

, Jurassic Rocks No record of Jurassic deposition has been shown to exist

in the southeast New Mexico region.

Cretaceous Rocks Kelley (1971) described three formations, identitled as

Cretaceous, which crop out to the north and northwest, in the Sierra
I

Blanco and Capitan area, named the Dakota Sm_dstone, Man,co: Shale and

/ Mesaverde formation. The Dakota is comprised of up to 150 feet of

sandstone, conglomerate, and beach shale. The overlying Monroe is up to

700 feet of dark shales, slltstone and local thin sandstone and

limestone. The Mesaverde Formation comprises from 500 to 1,500 feet of

llght-colored to maroon coarse clastlcs and mudstones, and coal. These

deposits reflect subsidence of the area during the C_etaceous to a

shallow marine and floodplain environment. An outlier of Cretaceous

rocks is also present on the crest of Lh.-Sacramento Mountains. Here, a

pebb!e-bearin9 quartz sandstone 150 _eet thick is o-?rlaln by a shale

containing Lossils of late Early to early Lato Cretaceous age (Pray &

Allen, 1956) .

/
Further south on the Northwestern Shelf, there are 'no Qeflnlte Cretaceous

age outcrops, but solution cavities on the surface of the Castile

,-' southeast of _he Guadalupe Mountains contain pebbles of limestone and
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sandctone with fossils of early Washita age. A _ several places along the

top of the Ree_ Escarpment, low areas on the ridge and Joints in the

Permian Tansill formation contain conglomeratic quartz sandstone _hich

, closely _esembles the Cretaceous deposits lr, the Sacamento Mountains

(Hayes, 1964).

To the southeast, in the Lea County area, only several e::posures of

' Cretaceous rocks are known, k gravel pit east o_ Eunloe contains large

slump blocks, up to 5 feet thick and 20 feet 1cng, of massive, highly

fosstliferous, white to buff sandstone containing some sand and shaly

partll4gs along the bedding planes (Ntcholson and Clebsch, 1961! Ash and

Clebsct_, 1961). Tr. °* rock and the Comanche limestone of Early Cretaceous

age are strikingly similar, Ao are believed by Ash ard Clebsch (1961) to

be equivalent. Another outcrop of Cretaceous rocks _t North Lake

consists of dark gray siltstone and thin Interbedded stringers of light

brown crystalline to light gray, fine-grained limestone. According to

fossil and lithologlc similarities, the cocks at North Lake are

correlated with the Early Cret&cec_s Tucu_carl shale (Ash & Clebsch,

1961). In the subsurface of Lea County, 5 feet or more of yellow, blue,

or gray clay or shale encountered by drilling and consistent with the

description of the rock at North Lake constitute the major evidence for

the subsuEface p[esence of C:etaceous outliers in the area. Based i

some 8,000 water-well logs and seismic shotholes, Ash and Clebsch (1961)

have determined tilat in the subsurface Cretaceous rocks are generally

continuous in the northeastern portion of Lea County, but further west

and south, only scattered, discontinuous occurrences have been

/ encountered.

Rocks of Cretaceous age were deposited over the southeast New Mexico area

but have been almost entirely removed by erosion. Now only scattered

patches or reworked _ockets Of limestone and sandstones of probable Early

and :4id-Cretaueous age are present in the area; Cretaceous rocks have

also been identified here In the subsurface through drilling (Bachman,

1935; Hayes, 1964; Nicholson and Clebsch, 1961).
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3.3.4 Cenozoic _ocks

' Tertiary Rocks. Following Cretaceous deposition, widespread uplift and

erosion occurred throug_tlt the region, and the earliest Cenozoic

deposits for which there is record, the Ogallala, were deposltied in Late

Tertiary Miocene to Pliocene time.

'J,'he Ogallala Formation underlles the High Plains of eastern New Mexico

anu west Texas, Although there are no confirmed remnants of the OgalLaia

West of easternmost Eddy County, isolated gravels to the west in the

Pecos Valley and Guadalupe Mountains have been Interpreted as belonging

to this formation (Merc-r and Orr, 1977). Thu Ogallala was deposited on

an irregular, broadly sloping pedLment or cof,plex alluvial [an surface by

southeastward flowing streams under rapidly changing conditions (Bachman,

1976).

The Ogallala in the region is up to 400 feet thick (Bachman, 1976) and

conszsts of a yellowlsh-gray seml-consolidated, flne-to medi,_-gralned,

calcarous sand c_)ntaining some silt, clay, and gravel. In many places, a

basal gravel deposited' within stream beds is also encountered. Some beds

of _ll consolidated sillca-cemented conglon_eratic sandstone fto_ one to
iI

/ three feet thick also occur within the formation. As a result of

Intertonguing, lensing and pinching out of the beds caused by the varying

depositlonal conditions there are no consistent marker beds within the

Ogalalla (Nicholson and Clebsch, 1961; Bachman, 1973).

The OgalLala is c;_pped by a dense layer of brecciated and pisolltic

callche ranging _n thickness from a few feet to as much as 60 feet. At

the surface it is a well indurated calcium c_[bonate, but below the

surface, it becomes softer and mote porous end grad._s into the underlying

sands. This capping was formed in post-Ogallala time and before the

extensive Pleistocene erosion of the area, probably during the Late

PLiocene. The :aliche acztm_ulated within the zone of izluviation of a

pedocal "climax soil," which developed on the deposltional surface of the

e
ow,
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Ogallala (Nicholson and Clebsch, 1961; Bachman, 1976). !Pedogenic

caliche formation in southern New Mexico is described in detail by Gile,

et al., (1966).)

Quaternary Rocks Following Pliocene time, erosion removed much of the

Ogallala as well as some of the older materials, and stream systems

/ became entre-=hed. Periodic deposition a13o occurred in the southeastern

New Mexico area during the PJeistocene and Holocene, leaving behind the

Gatuna Form.-tion, caliche, terrace, channel and playa deposits and

windblown sand.

/

The Gatuna, of Pleistocene age, unconformably overlie0_ rocks as old as

Permian9 and Triassic and consists of up to several hundre0 feet of

reddish-brown friable sandstone, siltstone and cherty and siliceous

conglomerate, but locally also includes gypsum, gray shale and

claystone. Remnants of the formation are discontinuous and may have been

deposited in local depressions such as stream chan_mls and solution

subsidence areas (Bachman, 1973_ Vine, 1963).

Unconformably above the Gatuna and older deposits througho._t southeastern

New Mexico, t_re formed a fairly continuous mantle of caliche called the

Mescalero. It is a sandy light gray to white deposit composed uf a lower

nodular calcareous zone and upper derJse laminar caprock and ranges in

thickness from 3 to i0 feet. According to Bachman (1973), the caliche is

the remnant of an extensive soll profile.

/

f'

//

Late Pleistocene to Holocene terrace and channel deposits are preserved

in the western part cf the azea, partzcularly along the Pecos River and

the Guadalupe Mountains crea. Channel deposits consist of silt and sand

to boulder3. Within the Guadalupe Mountains area, deposits are generally

limestone cobbles and bc.ulders. Three terraces are commonly recognized

in the area: the Blackdom, Orchard Park and Lakewood. The Blackdom and

Orchard Fark have be.en dated as Pleistocene while the Lakewood may be of

- Holocene: age. The deposits of the Blackdom terrace are generally coarser

"" than those of the younger terraces, but the two Pleistocene terraces are

o
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similar In compusltion, consisting of llmestone-porphyry conglomerates

capped by callche. %'he younger Lakewcod terrace contains river

conglomerates and pond, marsh, and lake silts (Bachman, 1973_ Hendrlckson

and Jones, 1952).

Playa and shallow lake de_<_sits are present in the area in many small

shallo_ depressions, partlc:91arly east of the Pecos River. In most of

these depressions, lakes formed after heavy rLLnOff and evaporated

rapidly, but some contaln generally perennial lakes, the largest of which

is Laguna Grande de la Sal, in Rash Draw. The playa deposits consist of

ailuvit_n, reworked eolian sands, silt and clay. Around some of the

suanding l_kes, gypsum, carbonate minerals, and some hallte have been

deposited. These deposits date from the Late Pleistocene to Holocene

time (Hendrickson and Jones, 1952, Vine, 1963).

Windblown sands mantle much of the surface east of the Pecos River for 20

to 30 miles eastward to the Mescalero r.dge and south to the Texas

border. The sand is very erratic in both thickness and distribution, and

appears to be fairly uniform, flne-grained light brown to pale

reddish-brown quartz. Many of the grains are rounded and frosted. Some

of the sand rests in coppice dune fields where the sand is as thick as 25

feet. Most of the sand has been stabllzed by mesquite, bunchgrass and

other vegetation.

3.4 REGIONAL STRUCTL_E AND TECTONICS

The ma_r cectonlc structures of the region _.:e displayed In Figure

3.4-i. Mo_t ,_f _h_ ]_rge-scale :lements that provide the structural

framework of the area were developed In the Late Paleozoic, principally

from Late Pennsylvanlaun to Early Permian time. These include the

Delaware Basin, the Central Basin Platform, the Midland Basll, and the
..

Northwestern Shelf of the western extent of the Permian Basin, the

Pedernal Uplift, the Matador Arch, the Val Verde Basin, and the Diablo

Platform, as well as _econdary features such as the Huapache Monocline

and Artesia-Vacuu_T. A£cn and the northeast-trendlng buckles and smaller
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fold s" stems believed to be expressions of basement faulting. Middle to

Late Tertiary Basin and Range-related doming and faultlng produced the

remainder of the major tectonic features in the area, including the

Guadalupe, Delaware, lhd Sacramento Mountains, and associated

west-boundlng faults, as well as a gentle regional east to southeastward

tilt which affected the entire region t,_der consideration.

The WIPP site lies near the western margin of the region of the Western

Interior known as the Permian Basin, which comprises a series of

sedimentary basins in which haJite and associated salts acctunulated

during Permian time and where Permian rocks have reached their maximum

development. The region extends about 520 miles from the Amarillo uplift

," on the north to the Marathon thrust belt on the so':th and some 300 miles

westward, from west-central Texas to the Diablo Platfor_ and the present

Sacramento and Guadalupe Mountains (Hills, 1963}.

_, The formation of a deposltional basin in the west Texas-_uutheast t;ew

O began following Lower Ordovician Canadian time, when a broad
Mexico area

sag, named the Tobosa B_sin by Galley (1958), develo[-_d. Several peri3ds

of minor folding and perhaps E:ome faulting occurred in the Tobosa Basin

area prior to Pennsylvanian time. There was some erosion, but a genezal

tectonic stability prevailed _ntll the Late Mississippian to Late

Pennsylvanian-Early Permian time. Tectonic activity accelerated i,_the

area coincident with the Marathon disturbance, and the sag was split into

two rapidly subsiding basins--Midland to the east, and Delaware on the

west--by the final uplift of the _.dlan ridge, the Central Basin Platform

(Fostez, 1974). Continuing basin and Platform development occurred

throughout the Permian Basin through Permian tim_. Stabilization of the

basins followed, during which time evaporites were deposited. Since

Permian time, the Permian Salt Basin has been relatively stable

tectonically (Bachman & Johnson, 1973); thus, the large structural

features of the Permian Basin are reflected only indirectly in the
b

Mesozoic and C?nozoic rocks (Nicholson & Clebsch, 1961).
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The structure of each of the major tectonic units of the Permian Basin in

the site region is described below, followed by discussion of the larger

secondary features and younger Tertiary Basin and Range-related

• Structures.

3.4.1. Delaware Basin

The site is located within the northern portion of the Delaware _asin,

which, during most of Permian time, was a deep-water embayment extending

into what is now southeastern New Mexico and western Texas. The Delaware

Basin is a broad, oval-shaped ass_etrical trough with a northerly trend

and southward plunge, as reflected on the top of the Precambrian (Figure

3.4-2). Its axis lies in central Lea County, New Mexico, roughly

.... paralleling the Central Basin Platform. The eastern slope of the trough

rises rapidly to the platform, while the western slope is much gentler

(Figure 3.3-.2). The basin comprises an area of about 12,000 ml 2 and

measures roughly 75 to I00 miles east to west and 135 to 160 miles north

to south. The Delaware Basin is nearly surrounded by the large

horseshoe-shaped Capitan limestone that extends frt m Carlsbad on the

northwest and opens to the south in Texas, between the Davis and Glass

Mountains. However, the structural boundaries of the basin encompass a

larger area to the north, beyond the Capltan reef front, into which the

older and deeper lying basin sediments (e.g. the Delaware Mountain Group

.. and Bone Spring) extend. The Delaware Basin represents the area of

maximum subsidence of the Permian Basin, with more than 20,000 feet of

structural relief, on the Precambrian (See Figure 3.4-2), and it is also

here thau the Permian section is thickest, with some 13,000 feet of

Permian strata present in southeast New Mexico (Oriel, et al., 1967)

Regional structural deformation of the Delaware Basa- rocks is relatively

minor. The sediments older than Late Permian are gently downwarped as a

result of concurrent basinal development. The Late Permian Ochoan rocks

and Triassic rocks do not reflect this basinwide warping_ their major

structural feature is the regional eastward slope (Brokaw, et al., 1922).

t
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There ar_ no known active faults within the northern Delaware Basin study

area of the WIPP site. Deep-seated faults, which may be partly of

tectonic origin, do occur within the older sediments of the Dela._are

Basin. Some of these faults probably originated from the rapid

Pennsylvanlan-Early Permian subsidence of the basin, during which

widespread block faulting occurred within the basin (Adams, 1965).

Others are pre-Permian and basement structures which are reflected in the

overlying beds. An example of this type of Intrabasln feature is the

Bell Lake fault, recogniz_.d by Haigler (1962, 1972), which has a

displacement of about 500 feet in the Precambrian. The structure iu

reflected upwards through the Pennsylvanian Section and Foster's (1974)

map. It shows as a north-south high with closure on the south. Closure

is also indicated on the Bone Springs map. Whether this structural

ra,presentation results from continued movement of the Bell Lake fault

system up to that tkme or is only an effect of compaction is not kngwn

(Foster: 1974). A complex series of faults with several thousand feet of

offset marks the boundary between the Delaware Basin and Central Basin

Platform. These faults were involved in the development of the basin and

are considered to have been inactive after Permian time. They are

discussed in more detail in the. fol3e._ing section.

Two sets of joints, with strikes to the northwest and ncrtheast, hay%

been recognized within the basin. The northeasterly set appears to be

better developed and penetrates the lower anhydrite of the Castile

Formation along the western margin of the basin, where the formation is

exposed. Th%s set also controlled the emplacement of replacement

limestone within the evaporites (Andersoa, 1978).

Other structures within the Delaware Basin include flexures, som_ of

which formed during Early to Mid-Permlan baslnal downwarping and

deposition of the Bone Spring and Delaware Mountain Groups (Pzay, 1954),

"_" and minor scattered folding of the younger beds (U.S. Bureau of Mines,

1977). Evldence of anticlinal structures as well as an unusual type of

f_acturing and microfolding within the /astile anhydrite has been cited

by Anderson and Powers (1978) and Anderson, et al., (1972), as evidence

F



• .

3-62

of salt movement. C. L. Jones (unpub.) has described a deformation zone

encircling the inner margin of the ba=in and extending inward about 5

miles, as well as a number of similar structures in chs interior of thu

basin, which, according to Anderson and powers (1978), may be salt

anticlines. These features may have formed as a result of dlfEerenttal

stress from unloading related to salt dissolution (Anderson, 1978).

Scattered small domes, various collapse structures due to salt and/or

gypsum dissolution (including domal structures with collap_ed centers,

known colloquially as breccia pipes), l_mestone buttes (C¢_stiles),

collapsed outlier_, and deep-seated sinks can be found it, the evaporite

sections (Vine, 7960; %nderson, 1978). Stipp (1954) also identified

brecciation in the beds of the Wolfcampian and Leonardian rocks, which he

attributed to adjustment in the basin in response to sedimentation and

structural forces.

The tectonic development of the Delaware Basin, as reflected in the

structures discussed in this section, may be sumuuarized ag follows. The

Delaware Basin was defined by early Pennsylvanian time and major

structural hdjustment took place in Late Pennsylvanian to Early Permian

time. Regional subsidence in conjunction with broad arching, folding,

and faulting occurred until Late Permian time, when the basin's history

as an active structural feature ended (Brokaw, et al., 1972). Regional

uplift and deposition of continental zed beds in Trlasszc time wa_

followed by continued emergent conditions, resulting in erosion or

nondeposition. Mid-Cenozolc to Late Cenozoic regional eastward tilting

of the basin much later shifted the deepest part of the B_sin to its

present position close to and paralleling the Central Basin Platform

(Stipp, 1954). Since then, the only structural developments in the basin

have been related to hydration and solutioning of the Late Paleozoic

sediments.

3.4.2 Central Basin Platform

The Central Basin Platform is a subsurface _eature (see Figure 3.3-2)

which represents an ancient broad uplift of Precambrian and Cambrian to
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. Pennsylvanian rocks separating the Delaware and Midland Basins at the

southern e_ctreme of the Permian Basin in southeastern New Mexico and

southwest Texao. The platform extends in a north-northwest trend for

about 200 miles to the south flank of the Matador ArOl% (Bachman and
e

Johnson, 1973). The Central Basin Platform may repzesent a zone of

structural weakness along whloh movements to<_k place periodically at

least into Late Paleozoic time. Dis@lacement wlthln and along the

margins of the platform appears to have been along large, hlgh-angle

normal or reverse fa_1.ts, which trend north to northwest anu break Early

Permian and older rocks; all faults predate the salt deposits of the

adjacent basins (Bachman and Johnson, 1973). According to HiLls (1970),

these faults may have been InvoJved in considerable lateral a_ well as

vertical movement.

The piatform itself is a horst. In tie structurally higher parts of the

platform id._ntified by Foster (1974) as the Hobbs and Eul_ice blocks, the

Pr_:cambrian su,'face is from 4,000 to 7,000 feet below sea Igvel, while

the adjacent Monument-Jal block stands at 6,500 to 11,500 feet below sea

level. The fault system separating the Hobbs and Eunice blocks from the

Monument-Jal block has a displacement of about 1,000 feet in the north to

possibly 4,0C0 feet west of Eunlce. The f_ult bounding the Monument-Jal

block extends about 50 miles southward, _.to Texas, with an Infer red

displacement of 1,500 feet at the north to over 6,000 feet west of Jal.

The aeromagnetlc map of the Carlsbad area (U.S.G.S., 1973) provides

fairly good definition of the trend of the major features of the Central

Basin Platform (Foster, 1974).

The maximum structural relief east-west between the Central Basin

Platform and the Delaware Basin is remarkably un_form, at about 9,000

feet (Foster, 1974). Complex fault systems form the bnundary betwee.

these two structural units. Hills (1970) indicated a fault in

approxlmately this location and termed it the West Platform fault.

According to Haigler (1962), this fault system has a relief about

equivalent to that of the Huapache m.onocllne bordering the west side of

the Delaware Basin.

i

\
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<
, The Central Basin Platform has been more intensely d0formed than has the

/ " Delaware Bt,sin or shelf areas (Brokaw, et al., 1972). The tectonic

development of the Central BaLin Platform ma_, have begun in Prec_bc_an

time, and it appears to have been a high during Early Ordovician tlne.

The platform was unstable during i,_te Devonian time buc was generally an

area of stability th_ughout', early to Mid-Paleozoic time. In latest

Mississippian or early Pennsylvanian timee the area was deformed to an

elevated etnergent fold belt, trending no_th-northwest. &fret submergencP.

,' and deposition in Middle and part of Late Pennsylvanian time, rene_.,,4

orogeny furthe[ elevated the area and sharp_ned, compressed, and fruited

the fold3 (Hills, 1963). The compl_.x fault system bordering the pL,itform

1 on the west formed either In Late Pennsylvanian or EaL'Iy Permian time,
according to Halgler (1962), and contributed as weil to the struc:ural

development of the Delaware B_sln. Cla_borne and Gera (1974) also

b identify the subsurface fatjlts outlying the Central Basin Platform as no

/' y_Junger than Permian age, since the Pe_mlan and younger beds in the area
J

are unfaulted. Over the faulted platforms, the sedlmentary formations

were broadly arched, and concurrently eroded, in |,laces to the

Precambrian basement. Subsidence followed, and upper Wo)fcamp_an-
I

/ through Guadalupian-age carbonates were deposited on the roots "" che

, earlier mountain ranges. Since filling of tt_eM_dland and Delaware

Basins in Late Permian tlmes the platform has beer, structurally stable
I

(Brokaw, et al., 1972). Recent seismic activity there is being studied

to determine its relationship to secondary ell recovery operations (see

Section 5.). The Central Basin Platfor._ is probably not naturally active

at the present time, in view of the lack of fault scarps to match the

' seismic activity (Sanford, 1978).

3.4.3 Midland Basin

.. The Midland Basin, situated to Lh.a east cP the Cent:al Basin Platform, Is

s_milar in most respects to th_ D-laware Basin but shallower, having

experienced lest structural development. The Midlahd Basin e:ttends some

200 miles along a north to northwest tregd to the Matador Arch vicinity,

Its shape is much more symmetric ti_n is the Delaware Basin, and its

t
s .......
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relief ,_.s only 4,000 to 5,000 feet. Extensive major faulting occurred

, beEore the deposition of Late Permian salt in the southern part of the

basin and on its west flank in proximity to the Central Basin Platform

(aachman _ Johnson, 1973_. As is the case with the Delaware Basin,

general tectonic stability has prevailed in the Midland Basin since

Permian time,

3.4.4 Matador Arch

The Matador A_ch is a narrow east-west trendtng Paleozoic highland of

irregular relief and outline underlain by Precambrian granitic rocks,

The uplift extends for some 300 miles across the permian Basin, from west

of Wlchi_a Falls, continuing westward, north of Lubbock and entering New
l

. Mexico in southern Roosevelt County. ItS western llr_td are uncertain,

hut so_e have supposed a connection with the Capltan Mountains to the

west, by way of the intrusive igneous Railroad Mountain and Camlno del

oiablo dikes that parallel the trend of the Matador arch in eastern _;ew

Mexico (Stlpp, 1960). The Matador Arch provides structural division

between t:he Delaware and M_dland Sae,ns to the south and the Hardeman,

Palo Duro, and Tucumcari Basins in the northern part of the Permian Basin.

The Precambrian structural framework of the Matador Arch it_elf is

probably not a continuous ridge, but a series of prominences which may be

the roots of a chain of islands or hills existent du:i;ig precambrian and

Early Paleozoic times. The only large tectonic structures on the Matador

Arch consist of strong [aults an,l folds that trend obliquely across the

uplift _n a northwest direction (Eardley, 1962). These f&ults are

present only on the southern flank of the arch, near its western

extremity and break only the Precambrian basement rocks (Bachman and

Johnson, 1973). The history of '-hemajor tectonic development and

activity of the Matador can thug be considered to have ended by early

Peleozoic time.
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3.4.5 Pederr',el Opli.ft,,

The Pedernal Uplift represents a southward extension of thu Rocky

Mountains in seuth-central NeW HPxiao about midway between the Rio Grande

and Paces Rivers. The boundaries o_ the uplift are not very well defined

but in general trend north-south from the eantern side of the Sacramento

Mountains in Crete County, apparently continuously to northern Torrance

County (Eardley, 1962). The uplift is named for Pedernal Hountain in

Torrance County, which is considered to be a remnant and the southeL'nmost

exposure of the Ancestral Rockies.

Together With the .,ecmlan Basin, the Pede_nal landmass strongly

influenced the deposltlonal and structural patterns of the region. The

Pedernal Uplift appears to have been a wide and not particularly emergent

area connecting southward with the Diablo Uplift, and oxlsted, according

to Thompson (1942), and Pray (1961), from Early Pennsylvanian time until

well after the beginning of Permian time. Within the confines of the

Uplift, red shales, sandstones, variegated shales, and limestones of

Permian age rest dlrectly on igneous and metamorphlo rocks of Precambrian

age (Eardley, 1962). In structure, the uplift may have been a broad

upwarp in some places and fault-bounded blocks in others. The uplift was

probably sharpest on the west wltl_ the possible exception of the

southeastern edge a/cng the buried Huapacho zone (Kelley, 1971).

There is Rome disagreement as to the time o_ Initlnl uplift of the

Pedernal. According to Stlpp (1960), the uplift apparently rose in Late

M_.ssisslpplan or _arly Pennsylvanian concurrently with the Central Basin

Platform, and was subsequently eroded down to its Precambrian core.

K(lley (1971) states that the Pedernal began its rise in Late

Pennsylvanian time. According to Baohman (1975), the earliest indication

of Ancestral Rocky Mountain building In New Mexico occurred during the

Middle Pennsylvanian Desmoineslan time but the Ancestral Rocky

Mountaln-Podernal Uplift activity accelerated and was extended southward

into New Mexico during Late Pennsylvanian Missourian time, and the uplift

reached its maximum in New Mexico during the Virgillan, with accompanying

,
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ma3or faulting ocour=ing along the west side o£ the pedernal Upi.ift.

Acceleration of uplift continJed through Wolfoampian time, denuding the

rocks well into the Precambrian core. Some broad arching and erosion had

taken place before the basal Artesia was deposited, followed by renewed

rise during and followinq Salado deposition. Post-Triassic to pre-Dakota

time saw renewed rise of the Ped_nal Uplift. Structural development

ended with a slight uplift and tilting o_ the Pedetnal towards the north

during Late Jurassic to Early Cretaceous time (Kelley, 1971).

3.4.6 Diablo Platform

The Diablo Platform is a northwest-trending, structurally positive area

southwest of the Delaware Basin, extending southeastward from the

Cotnudas Mountains at the New Mexico-Texas border and terminating with

the Harathon Uplift area and ouachita tectonic belt to the southeast.

The platform is a horst with an average elevation o_ 1,200 meters above

sea level and ts bounded on the ear, t, south, and west by grabens. At its

northern extent and closest approach to the site, the platform is

bordered on the east by the Salt Flat graben (Barker, et al., 1977).

(See Figure 3.4-1).

The Diablo Platform experienced primary deformation in Late Pennsylvanian

or Early Permian time, but topographic relief and the presence of coarse

, detritus favor EaL'ly Permian for the major portion of th_ activity.

Deformation consisted of uplift, foldlng, and faulting° The uplift was

greater on the south than t,_e north, in the Carrizo Mountain-Van Horn

area, where subsequent erosion exposed Precamb_ian rocks. Faulting is

also known to have occurred in post-Pet_ian rocks along the northeast

margin of the platfoLm° The Late Ceno_oiu Basin and Range activity

affected the Diablo platform through prominent block faulting and

" buckling,, Major movement in this area was on notthwest-ttendlng faults

along the rmrtheast margin of the Diablo Platform. Late Cenozoic

regional uplift con, urrently affected the platform (oriel, et al.,

1967). Oliver (1977) reports several centlmetets o_ relative uplif_, of

the eastern Diablo Plateau and western Salt Basin betweeh i934 and 1958.

I
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Releveling cE this _iret-orde_ line by the Hational Geodetic Survey in

1977 for the WIPP indicates only millimeters of relative uplift during

the period 1934-1958 and about 5 centimeters of downwarping _rom

/" 1958-1977 relative to the 1958 line, P.'rther studies of this area are

indicated in Chapter 10.

', 3,4,7 Val,.Verde.Basin

/
/

The Val Verde Basin was a deep Eacly Permian depositional basin at the

southwestern extent of the Permian Basin area. The Val Verde Basin

tren_3 east-southeast towards the Delaware BaSin, adjacent to the north

cim of the Ouachita tectonic belt,

The Val Verde aasln attained its major structural definition in Late

Paleozoic time. The southeastern part of the south margin of the trough

may have been established early in Pennsylvanian time. During
L

UpPoc-Middle Pennsylvp-nlan Desmoineslan time, the Val Verde area was a

fairly stable foreland. But near the beginning of Permian time, the Val

Verde trough was abruptly deepened and its north side irregularly

steepened opposite the Marathon salient of the south rimming structur.al

belt. Large-scale faulting believed to _e of Pennsylvanian age has been

recognized, through drililng, along the north flank o_ the trough;

sagging along these zones of weakness during the Early Permian dee_,,nlng

of the trough is probable, according to Vinson (1959), Hest_r and Holland

(1959) and Oriel et al., (1967). The large-scale rapid downwarplng that

occurred in earliest Permian time caused Permian rc,_ks to accumulate here

to a ttllckness exceeding 17,000 feet, the greatest accu-nulatlon o_

Per_dan Looks to be found in the Permian Basin. By the Mid-Permlan there

was a marked decrease in deformatlc.n, and a shelf formed across part of

the area. Permian rocks here were later warped, possibly in Early

Triass_o time and erode_ (oriel et al., 1967).

/

'

/
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3.4.8 Huapac.he Flexure

/ The Huapaoho Flexure is a long, narrow, northwest-trending monoclinalY

structure along the eastern slope of the Ouadalupe Mountains on the west

border of the Delaware Basin. The monoaline extends fro_ parallel to the

Ouadalupe Ridge antiuline on the south, northward across the Capitan Reef

escarpment, where it is offset co the west. Similar offset occurs

. farther north as it crosses the folds along the shelf margin. The

monocline terminates at the north end of the Guadalupe uplift.

The Huapache flexure is marked by tonal and textured diEferences on

LANDSAT imagery. On the southwest side of the mapped flexure Zine, the

terrain is more dissected, has more vegetation, and from the viszble

shadows apgears to be topographically much hiqher than the area to the

northeast.

The width of the flexure ranges from 0.5 to 2.5 miles. The Precambrian

scructural relief ranges from 300 to 400 f_et in the north to as m_lch as

1,000 feet in the south, jost north of Guadalupe Ridge. In the Delaware

Basin, the structural relief on the _recambrlan along the monocline is

/ from 300 to 600 feet. The maxlmum dip along the flexure is about 15
t

degrees to the east, and above and below the structure, dips are from 3

to 5 degrees (Kelley, 1971).

Although the Huapache structure has the configuration of a monocline at

the surface, there is ovidence that it overlies a thrust fault or series

o£ faults in the Precambrian basement and Paleozoic sedimentary section,

arld _<) represents the draping of sediments over a fault or fault zone

., (Stipp, 19601 Hayes, 19641. HaigleL' (!962) interpreted the results of

drilling as indicating a displacement of as much as 5,400 feet along dn

underlying fault.

l%ccording to Claiborne and Gera (1974/, the age of inception of the

Huapache WaS Pennsylvanlaol according to Halgler (1962), it was late

Pennsylvanian to Permian, contributing to the final structural

/
/
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development of tim Delaware Basin. Hayes (1964) has indicated that the

Huapache thrust faulting mubt have been post-Mississjpplan in age, since

' Mlssisoippian rocks show no lithologic change across the zone bt_t are

vertically displaced as much as 4,000 to 6,000 feet, wlth a much h_gher

Penltsylvanian section east of the zone (also see Meyer, 1966). According

to Hayes, the zone was apparently intermittently active throuqh all or

most of _ennsylvanlan time, into Early Permian. The Guadaluplan San

Andrea Limestone, however, is not ru@tured; thus, the faulting must have

beon pre-Guadaluplan. A,_ordlng to Kelley (1971), too, movement ceased

in neonardlan time. Since then, deposition of sediments above the [suit

trace has produued the low eastward-dlpplng flexure configuration exposed

today. Although no major activity has ocdurred here since the

Mid-Permian, Hayes (1964) believes that inasmuch as the monocllne afLects

/ rocks of Late Guadalupian age, it appears that minor post-Guadalupian,
/

probably Tertiary, movement has taken place along the old z_.leof

weakness.

3.4.9 The Northwestern Shelf

North and ncrthwestward of the Delaware Basin is a large platform area.

/ Some investigators have taken the southward front of the platform to be

delineated by the Capltan Reef Escarpment. Here the dips of the beds

average about 20° to the southeast (Hendrickson & Jones, 1952).

The Northwestern Shelf was well developed before the onset of Permian

time, as shown by the abundance of shelf limestones, including numerous

reefs of Virgillan age, along its present trend. This tectonic element

may have originated in early P_leozolc time, when it formed the margin of

the early Tobosa Basin CGa_ley, 1958, Oriel, et al., 1967%.

A n_zmber of flexures, arches, and buried faglt systems have been

identified in this area, several of the largest and best known of which

', are discussed below. The consensus is that tectonic activity along the

individual structures had ceased in Tertiary' time, and since then, only

broad regional monocllnal flexing has occurred. Other than hlinor
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surficial effects du .'0 solution and hydration of evaporates, the entire

southern part of the _helf appears to have been stable in Quaternary time

(Brokaw, et al., 1972).

Fold..____ssA belt from 6 tO 9 miles wide of sharply flexured folds lies just

back of the Capitan Reef front, extending In long arcs convex to the west

and parallel to the shel_ margin for a distance of about 65 miles

eastward to the Central Basin Platform. These symmetrical and parallel

folds termed the Carlsbad folds by Kelley (1971), average about 1.5 miles

apart from crest to crest and have an a_erage fold amplitude of about 100

feet (Motts, 1972). Kelley (1971) describes their shape as "dom_cal

uplifts," circular to elliptical, with average dimensions of 1.5 by 3

miles. These folds are partly expressed in the present topography.

Shelf domes, consisting of biohermal cores covered by shelf beds, are

superimposed on the folds, which suggests to Motts (1972) that the folds

may have been topographically positive features during the time of

Capitan Reef. Brokaw, et al., (1972) dates these foldJ as of early

Tertiary or perhaps older dge. Acc_)rding to Hayes (1964), they are

O pressed to be Laramide in aqe, since they post date the Permian rocks

and antedate the development of Carlsbad Cavern in early and middle

Tertiary.

Another ar_uate fold belt, called the Waterhole Anticlinorlum, is present

about 12 miles west of Carlsbad and extends for about 20 miles with a

width of 1 to 2 miles. The feature consists of a narrow, closely spaced

set of 3 synclines alternating with 3 anticlines. Structural relief on

the folds is from 200 to 400 feet. The axes of thr anticlines are

sharper than those of the synclines, and locally, their axial planes

appear to be faults (Kelley, 1971). Like the Carlsbad folds, this system

has been dated as early Tertiary or older (Brokaw et al., 1972).

The Cenozoic folds that parallel the reef escarpment on its northwe3t may

be indirectly tela_ed to the Dlder _one Spring Monocline, which formed a

broad southeast-dipping fold along the basinward edge of the Victo_io

Peak Limestone in the Late Leonardian-Early Guadalupian time. The
,.

i°
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- monocline is exposed only in the s_uth end of the Guadalupe Mountains in

Texas but is presumed to continue northeastward into New Mexico, forming

the southeast flank of the 15 to 20 mile-wide Bone Springs Arch. The

arch was virtually buried in Brushy Canyon time, but near the end of san
v

Andres time the flexure was rejuvenated and produced an accentuated

northwest margin for the Delaware Basin. This had a great effect on

, later Permian deposition and may have controlled the position of the

Capltan limestone (Hayes, 1964).

Nu_nerous other local fold structures have been identified on the shelf

area, a good number of which are described by Kelley (1971), by Motus

(1972), and by Hayes (1964). Many of these folds have north to

northwesterly curving axes and s'-ructural closure of up to i00 feet or'

more. According to Motts (1972), the size of some of these features,

such as the McKittrick anticline and adjacent Dark Canyon syncline, as

well as their D3ssible influence upon the orientdtion of the Capitan

reef, suggests that they may reflect deeper flexures o_ faults in the

basement. Sc,_e of these features have been dated." _otts (1972) has found

evidence that the McKittrick anticline and Dark Canyon syncline were a iv
topographic hiJh and low, respectively, during Guadalupian time.

Faults The most prominent area of fault-like structures on the shelf

north of the Delaware Basin }s the zone of straight northeast-trending

shears extending from several miles north of Artesia n_;th#_.,..twardtoward

the Sacramento Uplift and Capitan Mountains. The major structures of

this group, such as the Y-O, Six-Mile Hill, and Border Hills BucKles, are

exposed for from 35 to 80 miles along strike and spaced at distances of 8

to 20 miles. Movement along these features has involved folding,

faulting alorg strike, and overthrusting, and along the gtrike of these

buckles the nature of deformation may change markedly c':er a short

' distance. These features are visible on LANDSAT imagery to varying

degrees. The Border Hills Buckle appears as a very o_vious scarp and

adjacent depression which is visible along its entire length, whereas

there are no obvious scarps or depressions along the mapped trace of the

Six-Mile Hill Buckle, although so_e stream offsets ar_ aligned along its

O

!
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trend, and the Y-O fault is marked only by portions of 3 streams which

follow the fault llne a short distance. Evidence exists that movement on

these zones was initiated In Carboniferous or earlier times and may have

been basically right lateral (Brokaw et al., 1972 and Kelleya 1971).

Kelley (1971) has described two faults, named the H_rrera and Carlsbad,

fronting the reef escarpment 32 kilometers and 16 kilometers southwest of

Carlsbad and _aving "late Tertiary with possible Quarternary movement."

However, many other geologists who have investigated the area are not

convinced that the linear fe,_tures seen cn aerial photos are actually

faults. (Claiborne and Gets, 197_).

Artesia-Vacuum Trend The Artesia-Vacuum trend is a long, low,

east-trending arch in Permian rocks, which extends eastward from a little

south of the town of Artesia, in Eddy County, New Mexico, for a distance

of about 75 miles, roughly paralleling the Carlsbad folds. The trend

represents slightl_ warped Permian strata in an eastward-plunging

anticline (Stipp, 1960). The arch i_ almost completely covered by

post-Permian beds, except for a short stretch near Chalk Bluff Draw where

. the plunging south limb is seen dipping southeastward at about 4

degrees. This feature has been dated as either Early Permian or

pre-Permian, and, according to Brokaw et al. (1972), is largely oL wholly

the product of differential compaction OVer the Abc real of Early Permian
/

age.

3.4.10 Sac_mnento Mountains

The Sacramento Mountains oonstitu:_ an uplift area to the west of the

Northwestern Shelf and form the local eastern border of the Basin and

Range province. The uplift extends for a distance of over 45 miles in a

north to slightly northeast direction, and most of the structures within

the range also exhibit a northerly t.-end. The overall structure of the

Sacramento Mountains is a tilted fault block, with a regional dip to the

east of about 1 degree. The eastern flank of the mountains is character-

ized by its simple, _ndeformed eastward dip of I00 to 140 ft/mi. Gre_ter

0-

.,,'
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upllft along the central crestal zone has produced dips of several

degrees in the strata on the north and south ends of the range. The

Sacramento uplift is separated from the Tularosa Basin on the west by one

or more normal faults involving several thousand feet of displacement

(St/pp, 1960).

The Sacramento Mountains have developed through several _erlods of

tectonlc activity, probably beginning in Late Pennsylvanian and early

Wolfcampian time. Pre-Permlan strata of the range are deformed by!

folding and faulting during this time, and many of the internal

structures of the Sacramento Mountains formed then. Some further

deformation occ.lrred during Mesozoic or. early Cenozoic time (Pray,

1959) .Cretaceous strata, strongly folded and faulted and intruded by

dikes and sills, occur extensively in the northern Sacramento Mountains,

" especially between the towns of Capltan and Carrizozo. Here the

structure suggests a depressed syncllnal block greatly affected by

.: igneous activity (Stipp, 1960).

Late Cenozoic Basin and Range faulting, which produced uplift and

tilting, gave the Sacramento Mountains their present configuration. The

dominant location of this activity has been the large fault zone at the

western base of the uplift in the Tularosa Basin, and the uplift appears
to be still in progress (Pray, 1959).

3.4.11 Guadalupe-Delaware Mountains Uplift

;

' The Guadalupe-Delaware Uplift is a gently northeastward-tilting fault

block extending northwestward for some li0 miles, from the Diablo

Platform area near Van Horn, Texas, to east of Pinon, New Mexico. In New

Mexico, the western boundary of the uplift is a great fault scarp

produced by a system of nearly en echelon, normal faults of Late Cenozoic

age, along which the displacement ranges from 2,000 to 4,000 feet

(Kelley, 1971; Hayes, 1964). The eastern ma=g_.n is £ormed largely by

erosional conformance to the Late Paleozlc to T_rtlaEy Huapache

Monor'ine, and the soJtheast margin of the range coincides with the Reef

°
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Escarpment, whlcl,, according to Hayes (1964) may have resulted partly

from Cenozoic rejuvenation of the Late Paleozoic Bone £?rlng Men: cllne.

Using the Huapache Monocline as the east boundary, the uplift is about 11, ,

miles wide in its southern part, tapering northward to about 3 miles

(Kelley, 1971). The Guadalupe Mountalns 11e within the Sacr_3ento

section of the 5asln and Range province and are structurally pact of the

Northwestern Shelf (Brokaw, et al., 1972}°

In cross section, the mountains have a cuesta-like or asymmetric profile,

with the fault scarp forming a short, steep w_stern slope and a backs!ope

dipping gently eastward at generally less than 30 or about 200 ft/mi.

The beds usually dip more steeply than the land surface, thus exposing

progressively younger rocks to the east and southeast (Hendrlckson &

Jones, 1952).

The principal strl,ctur&l elements within the Guadalupe Mountains area
0

have been described in detail by Hayes (1964), Boyd (1958), and King

(1948}. These include the Huapache and Bone Springs Flexures and the

folds which parallel the Reef Escarpment (refer to Section 3.4.8). The

only faults along the eastern periphery of the uplift, paralleling the

reef, are short normal faults o_ very small displacement, which probably

originated as tension joints (Hayes, 1964). The major faulting in the

area is located to the west of the Guadalupe Mountains Uplift, where many

closely spaced faults trend north to northwest. Hayes (1964) describes

those in the New Mexico portion of the area in three groups: those along

the Guadalupe Mo_tntalns scarp north of Stone Canyon, those par_llel to

the Shat_uck Valley scarp south of Stone Canyon, and those ._n and north

of the 5rokeoff Mountains. Along the Guadalupe Escarpment are numerous,

c_osely spaced, hlgh-angle normal faults paralleling the scarp and

generally downthrown on the west. From high on the scarp westward into

Big Dog Canyon, the faults decrease in dip to as low as 60 degrees and

increase in displacement from rarely over I00 feet on the east to about

800 feet in the canyon, low cn the scarp. The faults south of Stone

Canyon are separated from those to the north by an unfaulted monocline

some 1 1/2 miles wide. Most of the displacement on the scarp here is

I

/
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along a largs fault high on the scarp having a displacement of as much as

B00 feet, and an arcuarte trace convex to the east; adjacent to its trace

ale a hi-,bet of small strike faults (Hayes, 1964; see also King, 1948!

Boyd, 1958). West of the Guadalupe Mountains is a graben area occupied

by a complex north-notthwestwata trending zone of Late Cenozoic faults in

and adjacent to the Btokeoff Mountains. Most of the faults are high

angle and normal and are downthrown to the east, except for several in

the north that form gtabens and hoists. Strdtlgraphlc displacements here

range from a few feet to about 600 feet (Hayes, 1964).

i

Evidence has been presented by King (1948) that tectonic deformation was

occurring in the southern Guadalupe area before Middle Permian time and

produced the Bone Spring Flexure, which possibly governed the location of

the Delaware Basin. Ha£es (1964) describes a fault zone in the Guadalupe

Mountains that may have trended southeastward into the western edge of

the D31awate Basin and may have been active d%xlng Mississippian to Early

Permian time. Like the Sacramento Uplift, though, the Guadalupe-Delawate

Mountains are primarily a Late Cen-zolc structural feature, uplifted and

tilted eastward by the Basi_ and Ran_e tectonic actlvity.

King (1948) dated most of the major normal faulting of the Guadalupe

Mountains area as Late Pliocene to Early Pleistocene. He did note,

however, that some L'enewed movement along pte-e_.istent faults probably

took place in the Early Pleistocene, as evidenced by Oisseution of

probabl.- early Pleistocene deposits due to change i:% as_ level. But he

found no evidence for younger movements in the Delaware or G,Jadalupe

Mount ai ns.

There is evidence, though, that develo[m, ent of the upl_t may still be

continuing at a reduced rate today. Kelley (1971) repo_ts that durlng

his work a small scarp in the alluvial fans along the northeastern end of

the Guadalupe Fault Scarp, in T20S, RI7E was found, indicating some

, slight Holocene uplift. More recent fleld Investigations in the Salt

Basin graben region adjacent to the Guadalupe Mountains in Texas have

identified over I00 Quaternary-age normal, en echelan, and discontinuous
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' fault scnr,ps luldphotollneaments with dlsplacments of as much as 18 feet,

whlci_ appear to be controlled by preexisting structural zones of

weakness. The orientation of the scarps, the proximity of _ecurrin9

seismic activity, and the youthfulness of o_fset surfaces suggest hhat

these scarps have a tectonic origin and are maintained by inte_mlttent

activity which is in some places younger than 1,000 years old and

probably continuing (Goetz, 1977). Such data would thus indicate some

ongoing Holocene structural development of the eastern extent of the

Basin and Range elements in the Southeast New Mexico west-Texas region.

3.5 REGIONAL IGNEOUS ACTIVITY

Large-scale post-Precambrian igneous aatlvlty in the southeast New

Mexico-west Texas area consists _i Early to mld-Tertlary intrusive bodies

and Tertiary to Quaternary volcanic terrains located well to the north,

west, and south of the site area. Figure 3.5-1 presents the reg_nnal

di_tribu_.ion of known igneous features. Within the no£thern Delaware

Basin, c_11y minor igneous activity, in the form of one or more Tertiary

dikes and possibly associated sills, is known to have occurred. This

section discusses the igneouz feauure._ knOwn to exist within about I00

•iles of the WIPP site and considers in particular detail the near-site

Intruslv_s within the northern Delaware Basin.

9.5.1 Near-sAte Activity

The odtcrops of igneous dike-related maLcrial nearest to the WIPP site

. ar_ located about 42 _iles southwest of the site, in the Yeso Hills.

Subsurface samples of intrusive igneous rock within about 9 miles of t_ie

site have also ueen obtained from drill holes and from two underground

potash mining ov_ratlons, located some I0 m_les apart in the Saladc

Formation. Aeromagnetic investigations have also indicated the presence
..

of magnetically responsive, perhaps igneous, materials in this area.

Whether all these occurrences represent parts of one dlke or en _nchelon

31kes, they together produze a v-ry linear trend striking approximately

N50° E for a distance in excess of 75 miles. This trend extends _rom a
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point near the Texas-New Mexico border southeast of CarlsLad Caverns at

least to the northeasterly most well _ntercept_ some 30 miles northeast

_ ' OE the 81te (Eillot, IS76b; Clalborne anO Germ, 1974), The location c,f

the intercepts and magnetic indications And the dike trace they suggest

aEe plotted on Figure 3.5-2.

The outcrops in the _eso Hiltd consist of rectilinear patches of

rust-colored, earthy material studded with occasional sharp, small

fragments of a dark_ fine-gralned igneous roc_ that represent the surface

. expression of three parallel, en enohelon dikes within the outcroppin_

Castile gypsum. The dikes trend east northeast and vary in width up to

about 20 feet 41hd in length up to about one-half mile (Pratt, 1954).

These outcrops are separated by a distance of about 27 miles from the

nearest subsurface dike intercepts or definite magnetic response a_ong

strike to the. northeast.

"_ Intercepts of _ntruslve igneous material have been reported from at least

9 drill holes within the northern Delaware Basin along the trend

indicated above (See Table 3.5-Z). Those intercepts have generally been

multiple in each well or drill hole. For instance, the Stanollnd U.S.

Duncan #I is reported to have 8 intercepts which range in depth of

location from 470 to 13,300 feet. Several p_trolet_e exploration

geologists have interpreted the occurrences to represent a serleE of

sill-like intrusions (Elliot, 1976b), a theory _hich may be supported b_

magnetic d_t_ discussed below.

Dike exposures have also been observed in the underground workings oE the

International Minerals and Chemical Corporation mine, located

approximately 9-I/2 miles northwest of the proposed WIPP site, and in the

Hobbs P_.snt mine eE the Kerr-McGee Ch_¢ical Corporation, some 10-1/2

miles north of the site (See Table 3.5-I). The dike exposures in these

nines are intruded into the (Jpper Permian Salads Formatlon. These

Intrusives are nearly veL'tic.-Iand u._ually only a few inches to a feet

thick, but thicken to approximately 15 feet wide at their widest observed

point, in the Kerr McGee mine. No dJsplace_nent exists between _he salt
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• beds on tl_ two sides of the dike and, in one of the mines, the end of

the dike can be observed (ClaiDorne & Gets, 1974), lndicatin9 a

discontznuous, segmented character,

Airborne magnctio surveys of the region, performed by the U.8. Geological

Survey, have been utilized to help determine the position of Lhe dike

material and its geno_lc relationship to the Fu_rounding _.ook strata.

These surveys show magnetic indications of a dike-like structure

extending southwestwmrd fzo_ a point approximately 30 miles northeast cE

the WIPP site to near the Pesos River. The width of the magnetic anomaly

so indicated varies from several miles at its bp.se, at a depth of about

12,000 to 13,000 feet, near the Precambrian basement to a v_ry thin trace

at its upper extremity near the ground surface. Elliot (.1.q76b) noted

that an aeromagnet,c response indicating such an apparent ,_lngle, broad

anomaly may be produced by a series of dikes which have a broad base and

pinch out vertically. The _eature under consideratio_ may thus repretent

_a multiplicity of en echelon dlk._s forming a s_/arm, which rise generally

• vertically from the basement and _,inoh out in an upward direction

(Elllot, 1976b)". AccoLding to th[_ interpretation, one of these dikes
extends upward above the other dikes, penetrating units as young as the

Sala@o Formation, and is encountered in the outcrops and subsurface

Interce)ts. The multiple showings _'rom one drill hole are, according to

this interpretation, thought to represent small sill-like projections

which extend outward horizontally fr¢m the maln vertical dike source.

The dike or series of dike-related features indicated by the above lines

of evidence has a similar appearance, .:omposition, and structure wherever

it has been encountered in the subsurface. The dike rock is a

medium-gray to grayish-black, fine-grained porphyritic material

identified as lamprophyre by Jones (1973). The groundmass oi the rock

consists of orthoclase with accessory biotite, which is partially altered

to vermicuZite, and minor amounts of ilmenite, apatlte, anatase and
t

pyrite. The rock also contains corroded andeslne Phenoc_ysts and

- pseudomorphs of slder_e and antigorite after pyroxene. Amy_dules as

large as 2 tm_ in diameter, filled with halite, siderite, calcite, and

natrollte are disp(¢sed through the dike rock.

|

/ ° ,
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Nearly vertical and subhorlzontaZ tlssurea a_e present throughout the

dike and are usually filled with halite, with local polyhalite, anhydrite

and minor amounts of pyrite, dolomite, quartz and crystalline..

hydrocarbons. The dike has a rather poorly-developed flow structure and

a chilled border. The halite of the adjacent intruded beds has been

reorystallized as much as 3/4 inch along the dike contact, and, in

places, contains methane and other gases under pressure. Where the

termination of the intrusive mass is observed, a vein of polyhalite, also

containing minor amounts of pyrite, dolomite, and cr_,stalJine

hydrocarbons, extends upward into the adjacent salt, indicating that SC,T}

migration of fluids along the dike must have taken piace following

intrusion. Later recrystallization and plastic flowage have, however,

healed any permeable zones which may have formed at the time of the

intr.usion and _.Iowlng water is not now present where the dike is

observable (Claiborne & (;era, 1974).

Specimens of the dike material from the Yeso Hills were classified by

Peter II. Masson (reported in Pratt, 1954) as an alkali trachyte and as a

', soda trachyto of porphyritic texture with principal minerals of

anotthoclase, albite, chlorite, ilmenite, and magnetite. The rocks are

severely altered, and th_ walls of the dikes are not clearly defined.

/ Both specimens examined' were vesicular, indicating a sL'trace environment

of cooling and crystallization. Calcite and ?ypsuml often line the/

vesicles as secondary deposits (Pratt, 1954).

The emplacement of the launprophyre dikes probably occurred during

mld-Tettlary time, approximately 30 million Years ago. Urry (1936) dated

the intrusives at 30 +1.5 m.y., from drill hole cuttings of the Texas

Co. l;o. I Moore well, located about 12 miles north of the WIPP site.

,,-" Mote recent K/At whole-rock dating by the U.S. Geological qurvey, Denver,

has determined an age for a sample (#J-I-71(M75)) of this dike of about

34.8+0.8 million years (recalculated for recent cnange in measured decay

constant) (C. L. Jones, _rsonal communication).
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The span of time thus indicated slnoe intrusion has _een ample to provide

,' _or complete ooollng of even tl.e .Largest of these Intr'Islve bodies, and

at the ptesen_ time there is no evidence of magnetlo masses un_t0ually

close to thn surface in the area,

These dike indications may represent part of an en echelon dike arrays

extending northeastward _or almost BO miles _[om the Gypsum Hills in

southern Eddy County, near the New Mexico-Texas state line, to the Vacuum

oil ftnld south cE Buckeye in central Lea County, New Mexico.

The northeast trend of all these dikes generally coincides with the

orientation o_ several tectonic lineaments in the area and also parallels

the tr snd of crevasses and Joints lq the carbonate rock of tpc Capitan

and TansilZ Formation near Carlsbad Cretins. These [taotutes are filled

with Early Cretaceous sandstones and co.._lo_erates. Thus, the

emplacement o[ the magmatic material may have been facilitated by earlier

Patterns of otructural weakness, which developed in response to regional

stresses operative previous to Cenozoic time. The date of the dikes,

however, suggests that their development may have been related events

which were precursors to the later Basin and Range tectonism ct

Hid-tO-late Tertiary time.

3.5.2 Glladalupe-Delawate Mountains Area Activity

King _1948) described several occurrences of Igneous material in the

Guadalupe-Delavdre Mountain area. He identified one small intrusive

plug, dLout 15 h_iles southwest o[ the Ye_o Hills dikes, located within

the Delaware Mount,_ins in a ravine one-half mile north o_ Lamar Canyon,

l-I/2 miles eas'. of _ts _unct_on with Cherry Canyon. This plug forms a

low tldge several h,';drod feet long and cuts sandstones within the

Guadaluplan-age Bell Canyon Formation. These sandstones have been

tilte_, baked, and silloified, according to King, for about 10 feet from

the edge of the plug. The Intrusi.,e took itself ne described as "light

gray and aphanitic, probably a tra_hyt_. _ Pratt (1954) later _xamlne_

this reported plug and similar outcrops in the area. He _ound no igneou_j
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rc_k o_ ,any tilted or baked sandstones, only evidence of intense

sllioi_icatlon o_ the sandstone_ within low parallel ridges oriented

north northwest. Pratt, however, interpreted these features to be

evidence o£ underlying intrusive dikes, as did King. Pratt luther _tated

that the dikes formed part of the siliceous mantle o_ an underlyin_

igneous intrusion.

Seven miles to the east southeast of these ohalcedony-lIP._ ridges, within

the Magnolia Petroleum Company°s Homer Cowden No. 1 weil, a body of

igneous rock h_s been intercepted at depths from 8,730 feet to 9,140 feet

(Pratt, 1954). The feature is oriented parallel to the trend o_ the

hypcthesizt,_ dikes of Lamar Canyon and is interpreted as a sill. Pratt

(1954) suygests that "the sourc_ of this intrusion may also he the source

o_ the solutzons which so intensel] silicified the oonJpiouous outcrops"

in the Delawar_ Mountdins, described above. The "sill" is ocxnposed of

eYtremely porous, light gray and holoorystalline rock with prominent

bl_ck needles of a ferro_agnesian mineral, which has been analyzed by

pete_ T. Flawn as a "fence syendiorite," otherwise possibly termed a

monzonite (Pratt, 1954).

King (1948) has postulated tl_e existence of a third buried intrusive,

located in the Gliadalupe Mountains of Texas, approximately 1-i/2 miles

south of the Otero-Eddy county llne, on the northeast slope of Lost

Peak. His hypothesis is based on the observation that the Carlsbad

limestone here, at the Calumet and Texas mine, "has b_en replaced by

copper, lead, zinc, and iron minerals, which probably emanated from an

igneous source beneath (King, 1948)."

The age of the igneous intrusive activity in the Guadalupe-Delaware

MOUntains region has be.n cc,,:joctured by King (1948) as Early Tertiary or

sc_what younger, representing the northern extension c,f a vast number of

intrusives related to the intense Trans-Pecos Dav_.s Mountain activity.

Unlike the region further south, however, little retrains of these records

in the Guadalupe Modntalns area, and _nly minor igneous activity occurred

here (King, 1948). Pratt (1954), in agreement with King's dating work,
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has stated ttmt the Delaware Mountain m_terials he investigated "may

" reasonablt" be presumed to be o_ Tertisrl' age." He based this judgement

on the assumption that these rocks are similar in oo_position to the

generally alkalio igneous rocks identi_ied bV Flawn (1952J as oc_prising
0

the Tertiary' intrustves o_ the west Texas-eastern New Mexico area.

3.5°3 Trans-Pecos Magmatic Province

Chs Tcans-PecOs "mag_atio province" comprises a vast area of both

intrusive and extrusive igneous outcrop terrains o£ Tertiary age situated

east o_ the Rio Grande River and west and south of the GUadalUpe-Dolawara

Mountains, approaching within abotlt 90 miles of the WIPP site at the

northern extent of the province. _he magmatic province e._tends a

distance of about 225 miles _rom the Diablo Plateau-CornUdas Mountains

outcrops near the New Mexico-Texas border, southeastward through the

Davis Mountains volcanic area and associated tntrustves to the southern

tip of Texas (see Figure 3.5-Z). The entire Province contains in excess

of 200 intrusive bodies having outcrops exceodin_ about 1/2 sguPre mile

each in surface area (Barker, 1977) in a,_.litton to the approximately

6,000 square-mile region of volcanic cute:cp terrain of the Davis

Mountains area (frc_ Cohee, et al., 1962). According to King (1948),

this ma_atic province was developed during Early Tertiary time, when

great sheet_ oi lava spread over the Davis Mountains and adjacent areas,

across a surf doe of Cretaceous and older rooks. Both the laves and

sedimentary _ocks were then intruded by a host of small to large

intrusive m_sses, some of which were fac remOVed from the Davis Hountains

region. Barker (1977) has determined that the ma_attc activity in the

_'rans-Pecos province occurred during the interval from 43 to 16 million

years before present. Those intrusives which lie closest to the site are

discussed further, below.

i

Within the northern portion of the Diablo plateau, some 22 intrusive

" igneous bodies are exposed along a north northwest t_ending belt. 'the

northernmo6t o£ these igneous outcrops ocourq within the Cornudas

Mountains, which a_e centered approximately 105 miles west-southwest of

the proposed WIPP site, On the _exas-New Megi_o border.
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_[hese intrusions, kr,o_n collectively as the Cornudas Group, generally

consist of a central group of plugs, surrounded by sills and laccoliths.

The materials composing these intrusions have been classified as

nepheline syenites, phonolites, or quartz-bearing syenites. The older

rocks are generally fine to coarse-gralned, equigranular to po_phyrltlc,

with only weakly and locally developed flow structure. The younger rocks

of the gr.cup _te flne-grained, microporphyritia and veslcul %t, with

_trongly d_veloped floW structure. Abundant autoliths of alkalis igneous

material are contained within several of the intrusions of the Cornudas

Mountains (Barker, et al., 1977).

K-At da_ing of biotite in igneous rock samples from the Cornudas Group

• yields an age of approximately 31 to 37 m.y. for the time of intrusion.

The intruslves were emplaced in sedimentary rocks which range in age ft_,

Early Permian to Cretaceous (Parker, et al., 1977).

3.5.4 E1Caminu del Diablo and Rallrcad Mountain Dikes

The east-west trending E1 Camino del Diablo and Rallroad Mountain dikes

are the ignemus features nearest to the WIPP site on the north, beyond

the limits uf the Delaware Basin. The outcrop areas of both dikes are

covered by a thin veneer of gravel, caliche, and alluvium (KelJey, 1971),

and neither have much expression on LANDSAT imagery.

The southernmost of the two dikes, E1 Camino del Diablo, is located

approximately 67 miles north of the WIPP site. Ths dike can be t_aced on

the surface for about 25 miles (Kelley, 1971) from the caliche-capped

plains east of the Pecos River eastward until it disappears under the

Mescalero sands. The dike varies in width from some 32 feet on the west

to about 47 feet at its easternmost outcrop. Although lt exhibits vtry

little topographic expression, In places _long its trace the dike is

marked by a slzght depression produced by a greater erosion of the dike

than of the surrounding country rock. The Intrusive material is an

excenslvely altered, fine-gralned, slightly potphytltic, bluish-g£ay rock

displaying typical diabaslc texture and is composed of augite and

\
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, magnetite in a matrix of lath-shape.d feldspar crystals. Since the

i"
composition is intermediate between an andesite and basalt, the rock hao

,' been classified as an "augite-andesite" (Semmes, 1920). Bordering theJ i
dike are contact zones from one to 12 feet wide, which consist p:imarilyJ

i. Of a mere baking of the country rock with no appreciable mineralization.

i TD_. Railroad Mountain Dike parallels the Camino del Diablo Dike 13 miles

60 the north and extends a distance of about 30 miles from the eastern

side of the Pecos River eastward into the Mescalero sands. The width of

the dike is remarkably constant, measuring at most about i00 feet, which

i suggested to Se._mes (1920) that the exposed portion represents only a

; fraction of the entire intrusion (Kelley, 1971; Semmes, 1920). In
I

i contrast with the Caminu del Diablo Dike, this dike forms a ridge, which
s

in places reaches as high aE 60 to 80 feet. On LANDSAT imagery: it has

- its most p_onounced expression as it approaches the Matador uplift region

to the east. The dike material is a massive, dense, dark-blu_,

I medium-grained granitoid rock composed of pyroxene and olivine with

considerable magnetite iri a felt-like mass of interlocking lath-shaped

plagioclase crystals. The rock may thus be classified as an olivine

• qp gabbro, of more basic nature than most of the other intrusives of the

region. Almost no secondary alteration has occurred, which accounts for

the dike's prominent ridge-like expression (Semmes, 1920). The contact

zone between the dike and host rock displays a slight baking but little

mineralization and i3, _t most, several feet wide.

Both the Railroad Mountain and El Cam_no del Diablo Dikes have been

classified as Tertiary, in age by Cohee ('962) and have intruded rocks as

. young as the Triassic Santa Rosa Sandstone (Kelley, 1971). Semmes (1920)

considered the dikes to have been Eocene or younger in age and possibly

as young as Middle to Late Tertiary, representing later stages in

Tertiary igneous activity, _hen the _saltic intru_ives and extrusives of

the area originated. The generic relationship of the dikes to othe_

features in the region is 1,nclear, t,ut airborne magnetic:_ surveys indicate

that both of the dikes "nose out" to both east and west (Elliot, 1976b).

A
W
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This would seem ¢o preclude the dikes being dir_¢t exter_sions of either

the Capitan stock activity, to the west (see section 3.5.5, below), or of

the Matador Arch (section 3.4.4) to the east.

3.5.5 Capitan and Sierra Blanca Mountains Re@Ion

i

The Capitan intrusive is located within the Capitan Mountains region

approximately 117 miles northwest of the WIPP site. The feature is about

21 miles lon_ and from 3 5 to 5 miles wide, With an above ground volume

of about 20 cubic miles (Kelley, 1971; Se_mes, 1920) There is some

, controversy regarding the nature of the intrusion, due to the fact that
%

it has characteristics of both a laccolith and a stock. Typical of a

l laccolith, there is evidence of a concordant _oof along most of the

summit, but the structural and stratigraphic di._cordances, includlng

observed uplift and structural nosing, favor its _-qignation as a stock.

In any case, the intrusion has penetrated units as young as the Rio

Bonito member of the San Andres Formation and the Yeso Formation, of

Middle Permian Leonardian age. Along the eastern end of the mountain,

the Yeso beds stand almost vertically near the contact (Kelley, 1971).

"Mesaverde beds" of Cretaceous age show thermal alteration as well

according to Kelley (1971).

The Capitan intrusive is remarkably uniform for its size in both

composition and texture. It is a medium- to fine-grained, slightly

porphyritic rock, classified by Kelley (1971) as a leucoratic quartz

syenite. The Capitan intrusive has been designated as Tertiary in age by

Cohee (1962); Semmes (1920) suggested that lt may be of Early Tertiary

age, in concurrence with Lindgren, et al. (1910), who considered all of

the quartz-bearing monzonltic and dioritic intrusives of this area to be

Early Tertiary. Semmes (1920) considered these acidic intrusives to

represent an early stage in igneous activity, preceeding the more basic,

less extrusive diorities and gabbros of later Tertiary time.

Immediately west and southwest of the Capitan intrusive, underlying and

cropping out in the Sierra Blanca .Mountains, are the Sierra Blanca

volcanlcs, dikes, and stocks.
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The Sierra Blanca volcanics crop out in an area of some 200 square miles;

Thompson (1966) believes that the field was once as large as 750 square

miles prior to intrusion by the stocks and L_te Tertiary erosion. The

volcanlcs consist of massive, purplish-brown, andesitic breccias, flow,

and turfs overlain by trachtye breccia and have a recorded thickness of as

much as J,340 feet. These volcanics are thought to be of Early to

Mid-Tertlary age (Kelley, 1971; Thompson, 1966).

Some 200 dikes occur in swarms oriented generall_, radially with respect to

the Sierra Blanca stocks and in a great swarm 7 miles wide and 22 miles

long, trending north northeastward from Ruidoso to east of Patos
I

Mountain. The dikes are generally traceable for less than one mile and

range in thickness from one foot to 60 or 70 feet. They vary in

composition from a few occurrences of syenite porphyry to diahasic,

although 60 to 70 percent of the dikes are basic (Kelley, 1971). Since

the dikes intrude the Sierra Blanca volcani:s, they post-date them, and

may be Mid-Tertiary in age.

3.5.6 Conclusions

The data presented above indicate that, within some I00 miles of the WIPP

site, no igneous activity has taken place since the early part of Basin

and Range tectonism, which began in the mid-Te:tiary. In the near-site

vicinity, the closest igneous feature to the site is a lamprophyre dike or

series of en echelon dikes, which approaches no nearer than about nine

miles from the site; no associated igneous bodies have been found to

approach or underlie the site itself. The dike has been dated as

approximately 35 m.y. old and haq long since completely solidified and

cooled. Younger intrusive and extrusive features are situated far to the

west of the site. beyond the area of discussion, and are associated with

the regions of more recent Basin and Range tectonism. Thus, judging from

the pattern of the structural development of the northern Delaware Basin

area, further igneous activity is not expected in the near-site region.

°.
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3.6 REGIONAL GEOLOGIC I{_STORY
,.

Figure 3.6-1 presents a summary of the major geologic events which have

affected the southeast New Mexlco-west Texas area as have been determined

from the rock ty_i_s and structural relationships for which evidence

remain_ and has been uncovered.

3.6o i Preca_br ian

_ery little is known about the Precambrian history of the southeast New

Mexlco-west Texas area. The Precambrian rocks penetrated in the Guadalupe

Mountain and Sacramento uplift regions in southern Lea County and in west

Texas, consist of plutonic granitics and metamo,ph_c_.j ".J.hichsuggest that

the region has a complex Precambrian history of mountain building,

metamorphism, and e=osional cycles (Nicholson & Clebsch, 1961; Hayes,

19641 Kelley, 1971). According to Flawn (1956), the Precambrian granltlcs

encountered in the southern part of this area comprise a generally stable

mass, called the Texas Craton, which extended northward from Texas into

southeastern New Mexico. Muehlberger, et al. (!967), however, have

demonstrated that these materials comprise part of a much more complicated

basement surface representing a variety of environments involving

intrusive and extrusive igneous activity as well as metamorphism of

sediments.

The ages suggested for the Precambrian rocks encountered in this region

' _re all fairly ancient. In the core of the Pajarito Mountain dome,

southeast of the Sacramento uplift, the metamorphlcs have a radiometric

date of 1,270 million years (Kelley, 1971). The granitics and

metamorphics of the Guadalupe Mountain area are probably somewhat less

than one billion years old (Hayes, 1964), while slightly greater ages have

been indicated for the Precambrian rocks of the Texas Craton. Wasserberg,

et al. (1962) determined ages of 1,250 to 1,400 million years in the

northern part of the area and a younger 1,090 million years terrain to the

south, suggesting progressively younger metamorphic events _L'c_.north to

south in this region during the Precambrian.

!
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There is no record of the latest Precambrian or o_ mo_t of the Cambrian

time in tl_is re_ionl however_ about one billion years before pre_ent the

area waa reduced to a nearly level plain upon which the Paleozoic rocks

were later deposited (Hayes, 1964}.

3.6.2 E_arlyand Middle Paleozoic

._

During most of the Paleozoic Era, from at least Late Cambrian until nea_

the close o_ the Hississip_.!an Period, the eastern New Mexico-western
,,

Texas area was part of a broad, l_-lying, generally stable region named

the Tobosa Basin by Galley (19_,d). The shallow basCns of the area formed

northern arms of tt_eOuachJ_a trough, which shoaled on the north in

south-central New _l_xlcc and merge3 southward with the Ouachita-Marathon

geosyncllne, connecting _aith the open sea in the vicinity of the present

Gulf Coast or coast of southern California (Brokaw, et al., 19721 Hills,

1972). During the e_rly Paleozoic there seem to have been no well-marked

platforms within tW. basin° However, lines of weakness along st.-ike-slip

faults in the baserent probably were present (Hills, 1970). Along these

faults later vertical mov-.ment took place (Hills, 1972).

For a span of about 180 million years, until Late Mississippiar| time,

almost continuous deposition occurred in this area under conditiorls of

.-" general tectonic stability in shallow seas periodically transgressing from

the south. Shelf-type carbonate deposition predominated but was

interrupted by shale sedimentation during Hid31e Ordovician, Late

D_.vonian, and Early Mississippian. The total section of these sediments

is about 2,500 feet, from the base of the Bliss Sandstone to the top of

the Helms Shale, in the Guadalupe Upllft-southeastern New Mexico area

(Hayes, 1964).

The ct_ief events which characterized each period of the Earl.y through

Middle Paleozoic are stum_arized below.

Cambrian-Ordoviclan. No rock record older than Late Cambrian age has been

uncovered in the southeastern New Mexico area (Hayes, 1964). The Bliss

1

_

...........
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, Sandstone neac E1 Paso, Texas, provides evidence of clastic sedimentation

in that area during part of the Late Cambrian. After the Precambrian

rocks had been uplifted and deeply eroded, a &ea advanced over the region

'_:!:b_nd/,nti"'quartz grains in the Bliss were probably derived from r'_.working
of sedimentary debris on the eroded Precambrman surface (Harbour. 1972;

Bachman and Meyers, 1969).

DUring Early Ordovician time, the sea in which the Bliss was deposited

continued to transgress eastward and extended at least as far not'th as

Roswell. During this time, the carbonates and cl0stics known as the El

Paso Formation in New Mexico and the Ellenburger in west Texas were

deposited in shallow seas containing abundant marine life (Bachman,

1969). These sediments thickened southeastward from a thin layer lapping

onto a positive area of Precambrian basement then present in northern New

Mexico and Colorado to a massive deposit over 2,000 feet thick i:_Texas,

at the edge of what may have been the continental shelf (Eardley, 1952).

At this time, the ancestral Central Basin Platform was a granitic upland

or island cnaln which provided clastics to the early Ordovician shelf and

adjacent shal]_4 basin deposits.

During the Ordovician, the Mar athon-Ouachi ta geosyncllne bounding the

Tobosa Basin area on the south began subsiding (McGlasson, 1968). In

Mid-Ordovicia_ time, a broad and gently emergent peninsula, extending

southeastward through Texas, rose, and the region was also tilted

southward. To _he north, the shales, sandstones, and sandy limestones of

the Simpson Group were deposited above the El Paso--Ellel:burger, wedging
I

, du_-_north at the latitude of Roswell, west around Artesia at.. east around

the Central Basin Platform. Southward, toward the deepening basin

regions, the deposits thickened and becamJ predominantly shaly. In Middle
I

to Late Ordovician time, fewer clastics!.,wereprovided to the area, and the

carbonates, and fine-grained calcareous muds o£ the _:ontoya Group were

deposited in shallower, calmer seas than earlie:, tl,atmoved northward

over the tilted surface of the E1 Paso Formation. At the close of Montoya

time, a gentle southward tilting occurred (Bachman, 1969).
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Silurian-Devonlan. During Silurian and Devonian time, the Pedernal

Landmass, to the northwest, and the Texas PeninsuLa, to the sooth, were

land areas of low relief. The Tobosa Basin between these two areas,

Joined southward with the Marathon-Ouachita geosyncline. There is no

evidence of major tectonic activity during this time in west Texas or

southeast New Maxico. However, mild epeirogenlc movements did occur, and

the Tobosa Basin was gently subsiding throughout the period, becoming also

more restricted areally. To the south, the Ouachita-Marathon geosyncline

reached its maximum depth.

During Early Silurian time, most of the Tobosa Basin was emergent but

lo_r-lying. By the Middle Silurian, the sea returned, perhaps

transgressing fro_ the south and southeast, and broad, shallow areas

developed around the northern, eastern, and western m_rgins of the Tobosa

Besin, upon which the thick Fusselman dolomites and limestones were

d..posited conformably in a marine environment atop the Montoya Group in

clear, well-circulating water (McGlasson, 1968! Harbour, 1972! Bachman,

1969). At this time, the basin waters reached their furthest extent into

New Mexico. Minor fluctuations of sea level within this shallow area of

del[positionp_oduced a karst topography on the surface cf the periodically

e_posed carbonates. During Late Silurian time, southward tilting occurred

once more, and the sea regressed. Within the deeper areas to the south

into Texas, a sediment-:tarved condition developed, resulting in

deposition of micrites and green shales. Around the Tobosa Basin rim,

carbonates continued to form (McGlasson, 1968).

The shallow sea continued to retreat from the New Mexico area through

Early and Middle Devonian time. In Early Devonian, the sh_reline had

retreated, producing a carbonate plain of low relief. The depo_itional

basin had un asymmetrical shaD( with the deepest wate_ to the west, in

which cherts and silicious limestones were deposited. By the late Middle

Devonian, mild uplift and southwa,'d tilting had occurred, and most ot the

Tobosa Basin was exposed to erosional processes; the only deep water zay

to the south, where the basin Plunged into the Matathon-Ouachita

geosyncline. In Late Devonian time, the area was again submerged as
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t

- shallow seas spread across _outhern New Mexico, and the dark heavily

clastlc Woodford shales were deposited in a nearshore environment (Bachman

1969), overlap}_Ing all of rh-_ previous DeVonian and Silurian deposits

(McGlasson, 1968). Woodford deposition continued into Mississippian time.

Mississlppla_nn. Subsidence o£ the Tobosa Basin continued into

MissJs.31pplan time. The Texas peninsula to the south and the Pedernal

landmass to the norzhwest were mildly positive features and remained so

until the Middle Mississippian (McGlasson, 19681.

In Early Mississippian time, a new paleogeographtc regime began to develop

in this region. The ancient Tobosa Basin began deepening on either l_ide

of a medial zone, later to become the Central Basin Platform, that w_c

,' bounded by Precambrian b._sement faults. Shelf deposition continued along

; the margins of the baslrlal areas.

Toward Late Missls_ipplan time, reglona[ tectonic activity accelerated i,l

the Tobosa Basin area, folding up the _.odlal zone along its ancient lines

of weakness. By the end of the period, erosion had probably exposed

Precambrian rocks in the cores o{ the larger antlcllne._, (Hills, 1963).

Meanwhile, deep, b:qad basins, the forer0lnners of the Delaware and Midland

Basins, formed to the east and w*._t of the median upland area. Broad

carbonate shelves developed around th_ maL'glns cf these basins, while

black shale '.,'imentation occurred in their deep crn'ral .nortions. The

black shale deposition was p_obably slow, much of I£ taking place during

times of slight sea level sinking (Hills, 1972). ','owardthe sou_h en_ of

the basins, deposition of the shale and sandstone of the Tesnus Forl._atlon

continued from Late Mississippian into the beginning of Pennsylvanian

.... time, the clastlcs apparently being deri_,ed Pro_1 highlands on the

southeast w_Jch were rising in the earliest activity of t|leOuachlta

orogcPy (Flawn, 1961).

'; To the. north of the basins, the Matador Arch was upfolded in the latest

". Mississippian and rapidly eroded to expose its Precambrian core. A_ the

.. same time, orogenic forces raised the Ancestral Rocky Mountains to the

,'

r ,
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b

.' " WeSt, in a general north-south trend throk_gh central New Mexico (Stlpp,

1960), producing a regional southward tilt which resulted in wldesprea_

erosion, exposing progressively older rocks toward the north.

By the close of the Mississippian Period, most of northeast New Mexico
-- .

formed a low hilly area of precambrian r_.-ks, rimmed on the north and east

by outcrops of Lower Ordov:clan dolomites and on the south by the uplifted

former site of the Tobosa basin.

3.6.3 Late Paleozoic

Pennsylvanian. Following Mississippian time, the entire region was

invaded by the sea from the south and east, and, particularly near the

uplifted areas, tremendous thicknesses of pennsylvanian rocks were

deposited unconformably over the tilted bedrock strata, which ranged in

age from Mississippian in the south to Precambrian northward in central

New Mexico (Hills, 1963; Meyer, 1_68). The tectonic processes initiated

near the close of the Mississippian, including uplift and erosion of

mcuntalns in the Ouachlta-Marathon ar_a, of the mountain range separating

the early Delaware and MidLand Basin areas, and of the Matadgr Arch and

Ancestral Rockies, continued It,toearly Pennsylvanian, providing clastlc

materials to the adjacent basins. This tectonic activity also involved

vertical movement along th_,ancient strike slip faults, with some new

Zaultin5 taking place in the recently d_positeo early Pennsylvanian rock3

(HiilJ, 1972; Stipp, 1960).

The basal Pennsylvanian rock_, the Murr.mean, occupied the smallest area,

wedglng out northward, and containe4 the greatest proportion of coarse

clastic material of the Pennay!vanian section. Along the edges of the

platforms, esp-.cially in the eastern basin, strong reef and bank growth

k also occurred during the beginning of the Penns'_ivanlan. At the same

.. time, submarLne tectonism began in the Guadalupe Mountains area,

continuing intermittently through the period, elevating the _outheastern

part of the area relative to the northeast along the northwest-trending

Huapache thrust zone (Hayes, 1964).
L

i°
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bower Middle Pennsylvanian Atokan strata were deposited over mc_t of the

' southeastern New Mexico area except for the then-positive Pedernal

uplift, During this time, anticlinal folds developed north cE the

Delaware Basin area on the Northwestern Shelf, and the Central Basin

Platform range WaS uplifted as a fault block and eroded, By Desmoinesian

time in upper Middle Pennsylvanian, deposition in the Permian basin region

'/ consisted primarily of linebtones. The environmental setting consisted of/
/ a back-reef (lagoon), reef, and basin or open sea, a situation which

/ persisted fro_ this time through Late ._ennsylvanian and much of Permian
/ t4me (Meyer, 1968),

During most of the Late Pennsylvanian, deposltional conditions in the

Permian Basin were similar to those of Desmoineslan time. The sea

' encroached farther than before onto the rising Pedernal landmass, followed

by a regression beginning in the northwest. To the northeast, the land

. was intermittently emergent. And southward, in Texas, the

Ouachita-Marathon disturbJnce folding and uplift was being followed by

strong northward thrusting, which continued into early Permian time

(Hills, 1963). Ensuin 0 erosion from these areas provided an abundance of

elastics to the Late Penllsylvanian deposits. The Central Basin Platform,

emergent tllroughout most of the Pennsylvanian, began to subside and

received a sequence of Late Pennsylvanian sediments (Nioholson & Clebsch,

1961). Meanwhile, reef banks continued to form, especially along the

northwestern edge of the Delaware Basin.

Toward the close of Pennsylvanian time, tectonic activity had virtually

ceased, and mixed continental and marine sediments were deposited in the

lower areas, nearly obscuring the irregular sea bottom caused by the

earlier tectonism (Hayes, 1964).

At the end of, Pennsylvanian time the erltire region subsided, and the major

features of the Permian _asin became firmly established. The rapidly
/,'

eroding range of the Central Basin Platforlz separated the Delaware and

Midland Basins wBich were rimmed to the north by a broad shelf area. BY

this time, the Delaware and Midland Basi4,s were probably both

1
' J / *"
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topographically and structurally deep; only the northern part of the

" Midland Basin remained a relatively shallow platform, ttpon which the

Horseshoe Atoll grew (Oriel et ai., 1967). The Central Basin Platform and

shelf aL'ees were subsiding merc slowly than was the,De.laW, are Basin a_d

conseguenr.ly received a lesser thickness of sediments, which were

litholog_cally distinct from the deeper water deposits of the basin
/

/ (Nicholson & Clebsch, 1961).

Permian, Through Early Permian Wolfcamplan time, sedimentation was

continuous in most of the basin areas of southeast New MPXlcO and west

Texas, with shales deposited in the low areas and ]._.mestoneon the shelves
,/

(Hills, 1972). The regression in the northwest which had commenced in the

Late Pennsylvan_.an became pronounced, and the acceleration of the rise of

, the Pedernal uplift through Eorly Permian. resulted in its denudation well

into the Precambrian basement rocks, southward, the Delaware and Midland

Basins and the Val Verdc Trough were ra._idly sinking, at a rate exceeding

that of deposition, a situation which ft:toted shales and other

stagnant-water deposits to form there (Oriel et al., 1967). The deaponlng

of these basins, as well as uplift elsewhere, was encouraged by the

development of major normal fault zones towards late Wolfcampian time

(Meyer, 1968), along the north and west sides uf the Diablo Platform, on

the southeast side of the Pedernal Uplift, and along the periodically

emergent Central Basin Platform, where strong submarine relief was

produced, Around the perimeter of the Delaware Basin, the Abo reef

developed, along with back-reef lagoons into which muds and carbonates

accumulated. Along the south border of the Permian Basin region, the

flna: northward thrusting ,_f the Ouchita-Marathon structural belt

occurred, causing Late Pennsylvanian and Parly Permian strata to be

overridden and a large volume of ,',-tritusto pour into the Val Verde

trough (Hills, 1963; Oriel, et al, 1967). Following the close of this

activity, the rest of Permian time was marked by regional tectonic

stability in which deposltional basins separated by platform areas passed

through maturity.
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Through Hiddle Permian time, ,'estrictton of mar.ine circulation, coupled

with _us_atio withdrawal of the sea in a southwest direction, resulted in

the d_velo@ment of high reefs and carbonate banks, behind which

evaporites, ranging from dolomites, sulfates, and chlorides to potash

minerals, were deposited in 1.ighly saline, shallow lagoons (Hills, 1972).

.f

Early in lower Middle Permian Leonardian time, movement on _ line along

the Delaware B_sin mnrgin, the later Bone Spring monoclinal structure,

accompanied by continued subsidence of the basin, produced a more definite

northwest margin of the basin, the develo_lllent of which resulted in

deposition of a great submarine bank that formed a b_rrier to free

circulation of the sea water. Tl_e gray carbonates of the Victorlo Peak

, formation represent patch reefs whlch built upward and southwards across

earlier deposits as the basin m_rgin regressed. Similar carbo.%ate reefs

and banks formed along the margins of the Midland Basin as well as on the

Central Basin Platform, overlying the old medial mountain range (IIiils,

1972). Within the deep basin areas the black limestones and shales of the

Bone Spring were/deposited, and on tns broad back-reef lagoonal shelf

north and northeast of th_ basin, the Yeso gynstml and limestone or

dolomite and clastlcs were laid down. Northwestward, the entire area

including the Pedernal was gradually overlapped by sedimentS, and, by

latest Leonardlan time, all but a few of the highest Precanlbrlan peaks

weL'e buried (Kelley, 1971).
l

At the end of Leonardlan time and into the Guadalupian, pronounced

dlfferentJal mo%'emerltoccurred along the Delaware Basin margin, and a

broad, southeastwaL'd-dipping fold, the Bone Spring Arch, was elevated,

forming a barrier 15 to 20 milen wide between the basin and the

Northwestern 8helf area (Hayes, ia64). In a marked regression, the seas

/ withdrew, and were nearly restricted to the Delaware Basin (King, 1942).

.. As Guddaluplan time opened, the arching and limited evaporitic conditions

_'esl/Itedin deposition of clastics in the basins and limestone on the

shelf areas (Kelley, 1971; Hayes, 1964).

t
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By the mid-Guadalupian, slight rejuvenation of the Bone Spring arch led to

growth of lime-bank deposits upon the arch, which provided the foundation

for a barrier reef, the Goat Seep. As the Delaware Basin continued to

deepen, the reef grew primarily upwards, in consequence, restricting

circulation, thus producing sediment-starved conditions within the basin

and leading to the precipitation of calcium sulfate shelfward for a

distance of 15 to 25 miles. (Oriel et al., 1967; Hayes,, 1964). Eastward,

the Midlan_ Basin gradually filled and became Eavorabl(. for evaporite

deposition, in common with the adjacent shelves and Central Basin Pla_form.

Late Guadalupian time brought gradual subsidence of the ahelf and even

greater downwarping of the Delaware Basin, while renewed reef growth

oc,_red at great pace around the peripi_er_{of the Delaware 8asln. The

Capitan Limestone began to grow upward and basinwatd in oblique fashion

from the top of the Goat Seep dolomite, resulting in _ wlae barrier which

even at its natrowest poil%t was six times as wide as it was high (Ha_es,

1964! Newell et al., 1972). Most investigators consider the Capitan to

have been a true barrier reef. Achauer (1969), however, believes that it

originated as a linear organic belt, instead, since he finds no

coincidence between the topographic and litbologic break produced by it,

and Dunham (1972) hypothesizes that the structure represents a marginal

mound. In any case, as the structure grew, deposition in the basin

proceeded more slow1:/ than on the shelf and did not keep pace with the

sinking of the basin, so that by the close of the p_tiod, the sea bottom

in the Delaware Basin was about 1,500 feet below the :.djacent reef and

lagoon floor to the northwest. The reefs and banks eventually grew almost

continually around the periphery of the Delaware Basin, and hy the close

of Guadalupian time, access of water to ar,d frm the open ocean was

sharply restricted, the seas of the shelf area evaporated, and the water

of the Delaware Basin it_elf became highly saline, thus halting the reef

growth.

The Dulaware Basin was essentially an evaporating pan by the beginning of

- Late Permian Ochoan time. Many hundreds of feet of Castile evaporites,

containing anhydrite and limestone lamlnae at the bottum and a few beds o_
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halite, w_re deposited in the basin, with apparently little in the reef
0

and back-reef areas. By the latest Castile time, the basin had filled

SUch that a thin tongue of anhydrite extended northward across the reef to

the shelf. Saline waters then spread fr_ the Delaware Basin over the

shelf, the Central Basin Platform and Midland Bastn areas, and extensivew

salt deposition occurred, resulting in the predominantly halite Salado

Formation. Fr_ this time on, th_ old Permian Basin structures, notably

the Central Basin Platform, became progressively more deeply buried by

Late Permian sediments and no longer constituted depositional barriers.

Periodically, alastias swept into the area from the north and northwest,

increasing towards the end of Salado time, as the Pedernal Landmass

underwent ten(wed uplift. At the same time, the sea freshened somewhat,

probably from the south, judging fro_ the presence of more soluble salts

northward, in New Mexico. Halite deposition decreased while anhydrite

became dominant, alon_ with an increase in carbonate muds during Rustler

Formation deposition (Hayes, 19641Brokaw et al., 1972). Broad

epeirogenlc uplift at the close of Permian time caused the seas to

withdraw, and the continental fine sands and silts of the Dewey Lake

Redbeds were deposited in a thin layer on broad mudflats over the foamer

seabed (Brokaw et al., 19721 Kelley, 1971). As terrestrial conditions

developed across the New Mexico-west Texas erea, erosion became the

dominant geologic p_ocess.

3.6.4 Mesozoic Rocks

Triassic. During most of Triassic time, the southeast New Mexico area was

emergent and subject tc erosion, and by late Triassic the entir_ area,

including the Pedernal, must have been reduced to a great peneplain

(Kelley, 1971). In Late Triassic time, a broad floodplain basin formed on

the site of the Permian Basin over a large area and beyond the borders of

the Delaware Basin. This was an interior basin draining toward the

northwest into other interior basins (Hills, 1963, B_okaw, et al., 1972).

Source areas to the north provided fluvial sands, muds, and gravels to the

basin, forming the Dockum Group red beds that included the Santa Rosa

• Sandstone and flner-grained Chinle Formation.
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. The nearly conformable relationship which exists between these Upper

- Triassic strata and the Permian Dewey Lake Redbeds indicates continued

regional tectonic stability through Triassic time (Oriel, et al., 1967).

It is possible that some dissolution of soluble Permlan rocks occurred

during the general emergence of Triassic time. Bachman and Johnson (1973)

state that during this period, sinkholes may have formed in parts of the

Pecos Valley due to removal of salts (Gorman & Robeck, 1946). And Bachman

(1974) describes a Late Triassic karst topography in the vicinity of Santa

Rosa, New Mexico. However, direct evidence for this TrlassJc di,3soluticn

and collapse has not been found in southeastern New Mexico (Bachman, 1974).

Jurassic. During Jurassic time, the southeast New Mexico area was

uplifted above sea level so that the Triassic and perhaps Permian rocks in

the western part of the Delaware Basin and westward were eroded away.

Some dissolution of Permian sa£t d.:i)osltsprobably occurred here at this

time. The period of exposure, which generally affected the entire Permian

Basin, may have been 50 million years7 however, the surface relief was

probably low, and erosion was not deep. This is the first of three

O erosional cycles which have incised the Triassic rocks of the area
(Nicholson & Clebsch, 1961S Bachman, 1974).

During Jurassic time, continental rocks were laid down to the north, in

central and northern New Mexico, derlveJ from the sediments being stripped

from the eroding basin area in southeastern New Mexico. South of the

basins, in western Texas and northern Mexico, marine conditions prevailed

duz ing at least part of the time (Bachman, 1974). By Late Jurassic

Entrada and Morrison time, seas again encroached on the north, covering

southeast Colorado and northeastern New Mexico. And from the Late

Jurassic into the Early C[etaceous, a slight tilt involving uplift took

place in the northern part of the former basins reg._on, accompanied by

widespread erosional stripping across the area (Hills, 1963; Kelley, 1971).

Cretaceous. By the early part of Cretaceous time, the west

Texas-southeast New M zx,_co area comprised a rolling topography of Triassic

rocks with beds from Precambrian to Permian exposed on the uplifts and on

_4..a .......• .... -
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the Diablo Platform. The geography evolved from that of interior basins

with highlands in the north and east to a general gulfward slope with

hlghlands in the west and evidence of only slight tectonic activity

(Hills, 1963; Kelley, 1971).

During CL'et_ceous time, a large [_urt of the western interior of North

america became submerged beneath epicontinental seas. By late in tile

Early Cretaceouse the southeast New Mexico area had subsided slightly, and

shallow shelf seas advanced over the a_ea from the south and remained

unt_l early in Late Cretaceous ti,ue,when the seas probably withdrew for

the 1ast time, leaving behind a thin deposit of fossillferous limestone

," and coarse sandstone and conglomerate (Hayes, 1964; Nicholson & Clebsch,
i

1961). Isolated slump blocks =.f limestone and shale in Lea County east of

Eunlce, in the _ecos River drainage, in the Sacramento and Guadalupe

Mountains and perhaps on the crest of the reef escarpment are the only

remaining evidence of the _ea's advance ._n the southeast Ni._.'Mexico area

(Hayes, 1964; Bachman, 1973).

There is no record of most of the Late Cretaceous in the area. The land

surface was probably slightly above sea level, and the region was dry land

by the close of Cretaceous time (Bachman & Johnson, 1973).

3.6.5 Cenozoic

Early Tertiary. The Mesozoic Era came to a close with the Laramide

revolution and uplift of the Rocky Mountains. Late in the Cretaceotm or

very early in the Tertiary Period, the entire region from north of the

Guadalupe Mountains through southeast New Mexico was elevated by broad

., epelrogenic uplift and tilted slightly to the nc-theast. Mild tectonism

affected the Guadalupe area of the Northwestern Shelf, producing small

igneous dikes, fold systems, and setting the stage fo_ the ancestral

" northeast flowing drainage system (liana,s, 1964). Igneous activity also

occurred to the northwest in the Sierra Blanca and Capitan Mountains

(Bachman, 1974). In general, however, most of the area southwest of the
I

'_ " Pedernal Uplift and Matador Arch was not subject to such tectonic force_.

.i

i ........

{
,'

.
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According to Hills (1963), these ancient positivo elements formed

buttresses which transmitted and distributed the orogenic forces on the

east, and this protected the basins on the southeast from folding.

The dominant process in southeast _ew Mexico from Late Cretaceous urtil

Late Tectlary, notwithstanding t_: minor tectonism, was erosion No Early

or Middle Tertiary rocks are represented in the Permian Basin. The

Cretaceous and Triassic rocks of the area underwent intense erosion to

form a surface of low relier, sloping gently east and southeast (Bachman,

1974; Brokaw, et al., 1972). In the Lea County area of southeast New

Mexico, the entire sequence of Cretaceous rocks, particularly to the west,

was stripped off, except for small remnants, and the Triassic rocks were

subjected to a second cycle of erosion (Nic_)lson & Clebsch, 1961). By

Late Tertiary Miocene tim_, erosion had again exposed the Permian rocks to

dissolution, notably in the vicinity of San Simon Swale (E_chman, 1974).

Late Tertiary (Miocene-Pliocene). In Late Tertiary time, reglo,|al uplift

and east-to-southeastward tilting occurred throughout southeastern New

Mexico into Texas, as Basin and Range t___tonic activity commenced to the

west, producing the western escarpments of the Delaware, Guadalupe, and

Sacramento Mountains. The western section of the Permian evaporites was

elevated, and exposed to dissolution and subsidence, particularly, in the

vicinity of the Pecos River divide, which created new patterns of

groundwater movement (Bachman, 1973; Mercer & Orr, 1977). Erosional

forces carved a pedlment-like surface, down which streams flowing eastward

from the Rocky Mountains deposited an extensive blanket of gravel, sand,

and related deposits in coalescing fans, which comprise the Ogaliala

Formaulon. Deposition of the Ogallala began about 12 million years ago,

in Miocene time. The Ogallala represents the first preserved sedimentary

record in the vicinity of the Delaware Basin since Cretaceous deposition

(Bachman, 1974). The Ogallala formed a thick mantle throughout the

Permian Basin, producing, the even s_Jrface of the High Plains, called the

Llano Ee..tacadoin western Texas and eastern New Mexico. Locally, eolian

activity played a part in deposition, and periodically, widespread soils

formed (Frye, 1970).
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Ogallala deposition ended about 4 million years ago, in Pliocene time,

with regional warping and uplift. Eolian activity reworked the sediments,

producing a widespread soil profile across the Great Plains. A caliche

zune formed within the sell complex and constitutes the carbonate

"caprock" of today (Mercer & Orr, 1977; Bachman & Johnson, 1973). The

caliche caprock has since undergone a complex history of brecciation,

solution, and recementation (Bach_an, 1973).

Pleistocene-Holocene. During the Late Pliocene and Early Pleistocene, the

major part of the faL_ting and uplift of the Guadalupe Mountains occurred

(Hayes, 1964). Concurrently to the east, fields of great longitudinal

dunes formed atop the Ogaltala surface of the southern Great Plains as a

result of desert conditions with westerly to northwesterly prevailing

winds. Since this time, erosion has exceeded deposition in the Permian

salt basin area. Etching and thinning of the caliche caprock between the

dunes created series of parallel swales. Erosion and coalescence of

subsided areas removed Ogallala sediments, and in places also eroded the

TriaSsic Locks a third time and entrenched the Pecos and San Simon

drainages (Nicholson Clebsch, 1961; Mercer & Orr, 1977). Also during

early to Middle Pleistocenu time, Nash Draw, Clayton Basin, and probably

San Simon Swale underwent extensive subsidence and partial filling

(Bachman, 1973). Loca] sink holes and other solution features began to

form at this time.

The most humid climate and the greatest erosion cccurred during the Middle

Pleistocene. The western escarpment of the High Plains underwent severe

erosion, followed by a period of aggradatlon in the valley areas, during

which the mostly locally-derived pebbles and ethel coarse debris of the

Gatuna Formation filled the depressions and mantled the slopes (Brokaw, et

al., 1972). During this time of heavy precipitation and stream flow,

ma]or salt dissolution is as&_med to have occurred within the Delaware

basin (Bachman, 1974). After Gatuna time, but still during the Mlddle

Pleistocene, the region became more stable and semi-arid, and the

Mescalero caliche formed on the ground surface.

................. .,Io. ,-- ,,
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During the Late Plolstocene, there were intermittent episodes of callche

form_tlon and renewed periods of high rainfall accompanied by erosion and

salt dissolution, which produced local subsidence and deposition of
i

, .: fluvial and lacustrSne sediments.
,

. From Late Pleistocene through Holocene time, the climate has remained

I variable although becoming more arid. The detrltal materials have been

, reworked by winds from the west and southwest, giving rise to the vast

deposits of dune sand that now cover large @arts of southeast New Mexico

east of the Pecos River (Nicholson & Clebsch, 19611 9achman, 1973). Some

slight uplift ts also probably still occurring along the western

escarpments of the Basin and Range structures, such as the Guadalupe

Mountains. Renewed periodic downcuttlng by streams and subsurface

solution with resultant subsidence, have continued to the present,

accompanied by Intermituant local accumulations of pediment and terrace

alluvium and playa deposits. Most of the recent erosion has been conL!ned

to the Pecos Valley, and _.olution and subsidence have occurred at a slower

e rate than during the earlier Plelstocene time (Bachman, 1973).

... 3.7 S'_Y

The regional geo1_gy of SENM is the source of much information germane to

long-term safety; knowledge of the regional geology also permits

preliminary site selection and general evaluation of the consistency of

site geology with teglonal geology.

The regional geology and geological history may first be divided into

three major intervals of about .5 billion years each. This period from

about 1.5 to 1.0 billion years ago is represented by metamorphosed rocks

' of various sedimentary to igneous origins. The tir,e from about 1.0 to .5

billion years ago is not known to be represented by rocks through mo_t of

the region; erosion is assumed to be the dominant geological process

during this time. The last interval, from about .5 billion year3 ago to

the present, shows more complexity in thr rock record. From about 500 to
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ICO million years ago, SENM shows a cock record of mostly marine sediments

deposited In a basin that became shallower as t._mepassed. AL_..ut22_

million yeaL's ago the marine environment became quite restricted,

resulting in deposition cE about 4000 feet of evaporites in whicn it is

- proposed to dispose of radioactive waste, The lack of rock record in much

of the region from about I00 million years to about 4 _illion years ago

imply that erosion has been dominant. Fluvial sedlmont3 and caLiche

developed within the last 4 million years suggest some change in base

level but considerable stability.

The list of important structural events in the region include metamonolusm

and relatlve uplift during the P_ecambrlan, downwarplng through much cE

the Paleozoic, some downwarplng and uplift during the Mesozoic, and some
l

uplift during the Cenozoic. Specific structural features include basin

and range type faulting more than 70 miles west of the site and about Io

eastward tilting of the Dolaware Basln_ both of these features are

believed to be about mid-Cenozoic in age. The Central Basin Platform to

the east of the site has probably not been active since the Permian (see

also Chapter 5).

Thus the regional goology furnishes evidence of tectonic and geologic
J

stabllity that will be used for assessing the safety of a repository at

the WIPP site.
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. MAJOR GEOLOGIC EVENrTS - SOUTHEAST NEW MEXICO REGION

/
oltan and eroslonal/solutlon activity, Dev_lopme_t of pre_el_t landscape,

0epocitlo,'t of Ogallda fan ,r,dlments. Formatio,_ of caliche cap_ock,
le(;Ional uplift and east.southeastward ttl'.Ing_ Badn-Range uplift of Sacramsnto and Guadalupe • D_laware Mountclns,

ration donrlnant, No Early to Mi'J.Ter°l=r'/rocks we_0nt,

nrdmlde "revolution," Uplift of Rocky Mountains, Mild tectontsm and igneous activity to west and north,

,ubmer2ence, It=termlttant shLiIow teat, Thin _Ime,,tone and (,l_stlc_depocited,

mergent condt*,lons, Erotion. Formation oi rolling tot_ography.

)epolltiun of fluvial clastlcs,

radon, Broad flood plain pediment surface dew.lops,

)epositlon of evaporite sequence followed by Continental =redbeds.

;edimentation contlnuout in Dtlaware, Midland, Val Verde; badns and shelf areas,

f

,_astivedepo,.itlon of elastics, Sh_.lf, margin, ba_.mpattern of depodtion develops.

(egion_.l tectonic activity accF.lerates, fording u13Central Basin plaUorm, Matador' arch, Ancestral Rockies°

FlegionLt Ero_.ion, Deep, broad bazins to east and west of plz;_form develop.

lenewed submergence.
hallow rea retreat_ from New Mexico. Era;ian,

_lld epciroger'ic movements. Tobor_ bailn sub,.idlng. Pedernal landmassand Texas peninsula emergent,
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/l_'rHhon - Ouachlta geosyncllne, to south, begins subdding.
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;tastic sedimentation - Bli;s sandstone,

•"" MAJOR GEOLOGIC EVENTS -
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GCR CHAPTER 4

SIT_ GEOLOGY

t

,'_ 4.1 INTRODUCTION

Q

/' ", This chapter is a detailed review og the geologic characteristics og the..

Waste Isolation Pilot Plant (WIPP) repository site and its environs,

' including discussions cE geomorphology, stratigL'aphy, structure, an_
i

,.. tectonics, In keeping with the concept o_ underground placement cE the

_ radioactive wastes, snbsurgace geologi_, conditions are emphasized,

"'," ", Structttre contour and isopLtch maps are presented and discussed, Par-.it , ,.

'" .,, ticular egr@rr has been made throughout the tey.t to relate site-speci_ic

/ a_pects to :egional geologic conditions. A Eir ,L section on geologice,i

/' history re-Jews the geologic origin and development Of the WIPP site,
_.,_,_ s '

, 0

, ,_

. ' The available Literature, including maps and reports on Eilo with federal

_,...," and state agencten, has been consulted. Results of gieLd and research

_'_ investigations carried out specigically to degine site gaologlc

•,.---_ conditions have been integrated into the discu_slon and the .investigative

reports referenced. DetaiLed descriptions of the various explorr_tionprograms and investigations may be gound in Chapter 2,.Jm,

, ,_

4.1.1 _rea of Stud Z ,

, ,.

, ' The area to be conside._ed in detail in this chapter on site geology is

shown in Figure 4.1-I. lt represents a 10-by-IU-mile square area

centereu on the sit_, including all @li Township 22 Sou_h, Range 31 East

and @arts of the adjacent townships in eastern Eddy an,_ western Lea
:/

/ Counties in the southeastern corlJer of New Mexico. In many inst:-nces,
. d

'/. however, th_ topics under di'_c,Jssion were ]udged to require consideration

/ of areas more distantly removed or to benefit from a somewhat broader

, focus, so that Figure 4.;-I should not be construed as a limitation of

,, the area considered or dtsouused.

" d
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M_o shown in Figure 4,1-1 is the outline of the WIPP site itself,

. locating land-use restriction zones. Zone I is the a_oa of the surface

_ facilities. The roughly octagonal Zone Ii represents the underground

,,: area which would be mined if a fully developed (3 square miles)

repository were developed here. No Orill hole extending through the _alt

.. beds to deeper strata occurs within one mile of the _one II boundary.

,. Other zones represent levels o_ land-use restriction and are discussed

elsewhere in this report (_or example, see Table 2-).). The outer

boundary of Zone IV defines the area o¢ the WIPP site. The term "Los

Medanos" is also frequently used to refer to the WIPP site area, as _or
,/

' instance in the site selection process to distln_uish the WI_'P alte from

other altuL,cte sites in the same regio_ (see Chapter 2). Griswold

(1977) defined the 10-by-10-mile square of Fioure 4.1-1 as the "Los

" Medanos site"; however, _or the purpose of this report, it seems more

appropriate to use the term "Los Medanos" to refer to thn general

vicinity of _he wiPP niter roughly corresponding tn the sand- and

dune-mantled atea besting that name and within which the site occurs.

4.2.1 Sources of Data /
I

, Much of the information specific to the Los Medanos area'and to the WZPP

site is available fro_ various agoncies commzssioned to carry out special

/ technical studies. In assembling these descriptions., free recourse has
/

been made to what is available in the open llteracure, particula_ly to

the numerous open-file reports released by the U.S. Geological Survey.

Much useful information on surficial stratigraphy o£ tne Los Medanos area

, is provided by Vine (1963) and by Bachman (1974; also in Jones_ 1973);

both have provided surfictal geologic mops of parts o_ the area,

Valuable compilations of stratigraphy ana structure of the Ochoan

evaporite nequen _ h_ve been assembled by Jones (1_72, 1973, 1975), by

Brokaw et al. (1972}, by Anderson et al. (1972), and by En_crson (1978).

Permian Basin geology in genural is extensively discussed in King (1948)

and ,n HcKeo et al. t1967a, 1967b). Pennsylvanian studies are presented

" for the Los Hedanos area by Foster (1974) and regio:mlly by Meyer

(1966). Much of the available information rega_din9 pre-Pennsylvanian

t

¢"
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.tratigtaphy is reviewed in Foster (1974), who presents numerous

referefJce saotions 'and isopach and structure cup,tour maps for these

deeply buried strata.

i A series of oubsurt_ace structure contour and isopach maps has be_n
| proparer_ specifically for the WIPP _;te by Griswold (1977) and most are

incorporated into this chapter. The data base for these maps is

t.urnished by available well and borehole _n_o_mation supplemented by

specially contrac=ed seismic re_lectlcn surveys. The location o_ all
#

boreholes and _ei_Io reflection profiles used in the subsurface studtes

reported herein are shown in Figure 4.1-2 and listed in Table 4.1-1.

A glance at the depths o_ holes listed in Table 4.1-1 shows the paucity

o_ data available foe horizons deepor th_n about two tltousand feet. With

the possible exception o_ oil or gas fx01ds where deep holes a_e

clustered, well spacing is typlce_IV such that lttlnorLaultlng probably

would not be delineated; only the _oothod trsnd of local depressions and

arches is outlilled. The dotectlon of minor faulting and other local

struatLlral detail is generally possible silly through the use o_ deep

seismic reflection techniques, supp]0mented by deep v,ell control where

available. Hori_-ons which most ei:ficiently re_lect seismic wave energy

are the most logical targets for detailed study of deep str0oturoso

Beneath the site, horizons which are found to be good reflecto_:s include

top o_ tr_ Silurian carbonate sequence, top of Horrow limestone (lower

:part of Pennsy2varsian rooks), and top of Delaware sand (below base of

$Castile). Although many hundred,-,of mile_ of sqlsmic reflection

pro_lllng have been carried out Sn tlleDelaware Basin, nearly all of lt

is privately owned by industry sources and the r.ecord pr.o_ileg are not

subject to disclosure. Accordingly, Sandia Laboratories engaged the

services of G.J. r_ong and Associates, Inr., oi Houston, Texas and Permian

Exploration Company o_ Rosweil, New Mexico, to carry out a program of

, seismic re£1ectloP pro£111ng across the WIPP site, supplemented by any

oil industry data which was made accessible for ex_Ination. Ov{:r 1,500

miles of private seismic data were 0xamlned and about 70 miles of new

i
[ ' DBR R

_!;.._,_, =._:., . _ .... _,_,.__.=._.La_ll_.._,,=6 _ • , ==_.=a=._ ___,_.,_k._..,_*._- -..-*'*,_._.-'----'- '--"........ "_J
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i

, seismic data have been obtained by Sandia. (For further information on

seismic tell'orion profillng und well data control used in the

exploration Eor deep structure _t the site, reEer to Section 2.5).
M

1

Data regarding structural detail of bedded salt in the Delaware Basin, i11

contrast to deeper horizons, are not generally available in the form of

seiEmlo reflection surveys cE the type normally used in subsurface

, exploration, nor do petroleum exploration companies generally pick

stratigraphic markers above the Delawure, as there is no commercial

hydrocarbon interest in these relatively shallow strata. Perhaps the

t lack of early recognition of the character of deformation within the

bedded salt seqtlence is accounted _or by the petroleum industry's

disinterest in non-petrollfrrcus strata. The intensive exploration

drilling for potash deposits by commercial mining interests, however, has

provided a means of obtaining at least some general outline of

deformation features within the evaporlte sequence down through ths

McNutt 9crash zone of the Salado that would not otherwise have been

available. In addition, mine workings have provided supplementary detail

in localized areas. Within the site exclusion area, additional potash

exploratory holes have been drilled under contract to Sandia

Laboratories. Because commercial potash exploration is targeted to the

McNutt member of the Salado Formation, shallower strata have generally

not been extensively logged and sampled, with the result that details o_

' structure in the Rustler Formation and Dewey Lake Redbeds wero not well

recorded. The holes drilled under contract to Sandia Laboratories to
J

dqtermlne the extent of potash reserves in the site area were logged

through these upper [ormatlons by wlreline geophysical methods and _re

the source of much of the shallow subsurface data near tna WIPP site.

Figures 4.4.-II through 4.4-I_ are constructed fro_a these data.

Nothwithstanding the apparent wealth of drill hol_ data in the area, it

should be emphasized that well data n_cessarily represent an incomp:ete

sampling and extrapolation from such data will be imprecise to an extent

• dependent cn the well spacing, the complexi_y oi the subsurface

structure, and the level of detail desired. Well picks probably will not

.';

_" O

. ,' ;'
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record absolute maxima or minima o£ sharper crests and troughs, and

certain smaller features could remain undetected. Other techniques suchf

. aa seismic reflection aid in £1nding smaller structures.

4.2 SITE PHYSIOGRAPHY AND SURFICIAL GEOLOGY

• 4.2.1 Site Physiography

The proposed WIPP site is located on the eastern edge of the Pecos Valley

section of the southern Greau Plains physiographic p:cvince (F_gure

3.2-I). The land surface withln the area of the site is a monotonous,

seml-arid, eolian plain sloping gently to the west and southwest (Figure

4.2-Ia), its surface made somewhat hummocky by an ab,ndance of sand

ridges and dunes. Figure 4.2-2 is a topographic map of the area in the

vicinity of the si_e (from Nash Draw and Hat Mesa 15-minute topographic

quadrangle maps). Also shown on this figure are the boundary zones of

the WIPP site as dls=ussed in Section 4.1, extending a maxim_ distance

of about 3 miles from the geographic center of the site. Within these

boundaries, elevations range from 3,570 fedt in the east to 3,250 _eet in

the western part of the site. The average slope from east to west is 50

, fe_t per mile (Griswold, 1977).

In the.vicinity of the site, Livingston Ridge is perhaps tile most

prominent physiographic feature. Located about a mile beyond the

northwestern border of the WIPP site, it is a northeast-southwest

trending, west facing escarpment about 75 feet high marking the east edg_

of Nash Draw. Nash Draw, the nearest drainage course of any significance

in the vicinity of the site, is a shaliow, 5-mile-wlde valley open to the

southwest. Elevat_ons within Nash Draw, which descend from about 3,300

feet at its northeast head to 2,945 feet at Salt Lake, near the Pecus

River, eze generally 200 to 300 feet lower than the surrounding terrain

and may reflect substantial subsurface dissolution of sal_ from the

Rustler and Salado Formations and accompanying subsidence of overlying

., materials. Livingston Ridge marks the _pproximate boundary, therefore,

between terrain that has undergone erosion and/or solution collapse and

.'

.e
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terrain that has not been so affected, and ma_, be considered to indicate

. the approximate position east of which slgnificaDit dissolution of the

underlying Sa!ado Formation has not occurred (refer to Chapter 6 and

Section 3.2 for further discussion).

East of tlm site, the nearest major drainage course is the

southeast-trending San Simon Swale, some 15 miles or more d_stant (a more

regional topographic map is shown in Figure 2-1). It, _, most llk_'y

owes part of its decreased elevation to subsurface dissolution. Between

Sam Simon Swale and the WIPP site_ a broad, low mesa n_.med "The Divide"

occurs about 6 miles east of the site, rising about I00 feet ahoy-, the
.,°.

surrounding terrain and attaining an elevation of about 3,800 feet, and,

as such, marks a "local boundary between general southwest drainage toward

Nash Draw and general southeast drainage toward S_n Simon Swale. The

Divide is capped by the Ogallala . ,rr _tion, and overlying caprock callche

u._on which have formed small, elongate depressions similar to those found

developed on the Cgallala of the High Plains, proper, farther east (refer

to Regional Geomorphology, Section 3.2, for additional discussion of

these features).

Surface dLainage in the site area is intermittentl the nearest perennial

stream is the Pecos River, more than 15 miles south-west of the center of

the site. Surface runoff in the site area finds its way to the Pecos

River via Nash Draw; discharge of shallow groundwater is likewise

believed to be controlled by the Pecos River (refer to hydrology sections

6.2.5 _nd 6.3). Although basins like Naah Drnw may have evolved partly

through active _ubsurface dissolution of thick, buried salt d_poslts,

there is no evidence available at present to evaluate differences in

rates of dissolution which may _ave prevailed under different climatic

conditions. That the site is in a natural divide between drainage basins

indicates that it is protected fr_ serious flooding and erosion from..

heavy runoff. Should the. _limate of the region become more humid in the

, future, any perennial streams whlch might then arise would be expected to

follow the present basins, and Nash Draw and San Simon Swale would

undergo the greatest amount of erosion frcm this increased humidity,

leaving the divide area relatively intact (Bachman, 1974).
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Because of the presence in Nash Draw and elsewhere in the Delaware Basin

of extensi,te subsidence which appears to he caused by subsurface

diLsolution of salt, much attention has been focused on the search for

' geomorphic indications of possible subsidence features in the vicinity Of

the site. One feature that has a_tracted rome attention is descrlb_d by

Griswold (1977) as a shallow sink about 8 miles north of the site in the

southeast part of Section 9, T. 21 S., R. 31 E. (pictured in Figure

4.2-Ib). The feature is very subdued, about 1,000 feet in diameter and

30 feet deep. Resisclvity studies conducted by Elllot (1976) indicate

very shallow surficial fill within the feature and no disturbance of

underlying beoq, indicating a probable surface rather than subsurface

o_Igin. This _?e of feature is co_¢Lon in southeastern New Mexico and is

not necessarily indicative of an orig|n tied to subsurface subsidence.

On rbe. other hand, recent resistivity surveys conducted ove_ the

surflcial sand cover within the WIPP site area (Elllot, 1977e) have

disclosed a resistivity anomaly in section 17, T. _2 S., R. 31 E., wlthin

the limits of the Zone II exclusion area. The anomaly bears some

resemblance in character to the pattern observed over a known sink, a

so-called salt "breccia pipe" (Elliot 1977a). Recent drilling _WIPP 13)

has shown this resistivity anomaly is not caused by dissolution_ng but by

lower than average resistivity in the Dewey Lake Redbeds.

4.2.2 Site Surflclal Geology
/

Most Of the site area is covered by blanket eolian sand oc, especially on

the north, east, and southeast, by partially stabilized sand dunes. .

Active sand dunes are located in the southern portion of the site (_igure

4.2-3). The sand, of Holocene age ("Mescalero sand"), forms a thin,

persistent veneer no more than a few meters thick (except where dunes

occur) that is believed to have been swept westward from the High Plains,

where the inferred source material, the sandy Ogallala Formation, is

abundant. The widespread sand cover is readily appe_ont on the surficJal

geologic map of the site area, Figure 4.2-4, which is compiled from .naps

p_epared by _ine (1963) and Bachman (1974).

O .....

,,, jr"
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Not at all apparent from the map, ho:;ever, is the general occurrence of a

hard, caliche layer up to "_.0 feet thick immediately beneath the t,oll an

sand blanket. The relatively high resistance of the caliche to erosion

- has protected the more erodable underlying strata from dissection and

exposure, lt is recognized ever a reg_onally broad area and has been

termed the "Mescalero callche". CalIche may form pedogenically over

geologic time at or near the surface through capillary r_se of

carbonate-laden water in the vadose zone followed by precipitation of

solute upon evaporation of pore water (Brown, 1956). The youngest

formation on which the Mescalero caliche has formed is the Pleistocene

Gatuna Formation, of presumed Kansan aae (Bachman, 1974). Baclman (1974)

indicates that the formation of the M£3calero caliche probably dates back

to the Yarmouth interglacial stage, or approximately 500,000 years ago.

That such a thick, areally extensive, and continuous caliche had accreted

implias past stable climatic and geomorphic conditions over the

considerable time period required for itS formation. The relevance of

this type of paleoenvironmental indicator to the stability of present

climatic conditions and to possible future climatic varlabl&llty, and the

implications regarding the long-term integrity of the WIPP repository,

are presently beipg pursued by Sachman (see Chapter 10).

On the surficia], qeologic map (Figure 4.2-4) exposures of the Mescalero

caliche are indicate(A. These occur where the eolian cover is very thin
"

or removed entirely, mostly near the edge of Nash Dr_w, into which much

of the nearby loose sand may have been swept. Along Livingston Ridge,

the Mescalero caliche is Craped inward into Nash Draw and is present over

much of the north half of the valley, Indicat,ng that at least some .

subsidence or lateral backwasting along Nash Draw has occurred subsequelit

to the formation of the caliche, _resumably _uring the mote humid glacial

stages (Illinoian or Wisconsin) of Pleistocene time.

Within Nash Draw, and the W TPP site area, the Triassic Santa Rosa

Sandstone, the Ochoan Dewey Lake Redbeds, and more than half of the

Rustler Formation are sporadically exposed. Field descriptions of these

formations are included in Section 4.3.
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The overall geology and structure of the WIPP alte is quite slmple. It

is characterized by a perslstenc, gentle homocllnal dip toward the east

. of 50 to 200 feet per mile (2 degrees or less), depending upon depth.

- Successively older rocks are seen to occur toward the west, the result of

erosional bevelling of the gently eastward-dlpping strata. Add_tlonal

information regarding eroslonal history of the WIPP site is presented in

• section 4.5; details of the site structure and stratigraphy are discussed

. in the following sections.

4.3 SITE STRATIGRAPHY AND LITHOLOGY

The following paragraphs briefly stmu_arlze the stratlgra_hlc sequence at

the WIPP olte_ systematic description of the various llthologlc units

commences in Section 4.3. I.

The proposed WIPP underground storage facillties are to be placed near

the middle of a 3,600-foot-thlck sequence of relatively pure evaporlte

strata containing primarily rock salt and anhydrite, lying, between depths

of about 500 and 4,100 feet beneath g"_und surface. The formation

L1chest in rock salt, the Salado Formation, is nearly 2,000 feet thick.

The Salado contains the relatively pure salt layers I_Iwhich the two

proposed underground storage levels are to be constructed, at a depth

near 2,120 feet for the upper level an_ near 2,670 feet for the lower.

./ The storage horizons are well isolated from the enviroment by adjacent

evaporite st:ata. A thickness of at least 1,300 feet of undisturbed

evaporite, primarily rock salt, o'_erlies the upper storage horizon, and

about an equivalent thickness of anhydrite and rock salt intervenes

between the lower storage horizon and the next adjacent underlying

_ non-evaporite formation. The salt deposxts were fcrmed a,: le0st 225

', million years ago and have apparently remained isolated since that time.

The total thickness of the sediments resting on Precambrian basement

beneath, the surface of the proposed WI_P facility is abnut 18,000 feet of

Ordovician to Recer,t strata. Depicte_ in Figure 4.3-1 ts a generalized

stratigraph_.c sect'.o- of, the site, showing the vertical sequence of major

i°
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Units and their relative thicknesses. More detail, but still of a

, generalized nature, is provided in Figure 4.3-2, Site Geologic ColUmn,

•. which shows simplIEied graphic and descriptive llthologies of the major

units known or inferred "o occur beneath the site and gives the geologic

classification o£ rock units used in this report. Following is a brief

summary of the stratigraphy, proceeding from the surface down to basement.

Beneath a thin but persistent veneer of windblown sand at the site are

sediments representing Pleistocene, Upper Triassic, and uppermost Permian

strata, ali of which occur above the evaporite sequence. Sandstone of

the Pleistocene Gatuna Formation, capped by Mescalero caliche, also

developed in Pleistocene time, is only a few tens of feet thick at the

site and is of interest primarily for the geochronologlc and

paleoclimatic implications of its presence; it was deposited, and much of

the callche on its surface believed to have developed, half a milllon

years ago (Kansan-Yarmouth time) (Bachman, 1974). Between the

Pleistocene sandstone and the evaix)rite sequence is a 500-foot-thlck

succession of nonmarine redbeds of Late Triassic age (Santa Rosa

Sandstone) and marine redbeds of latest Permian age (Dewey Lake

Redbeds). This redbed sequence thins westward and thickens eastward,

having been beveled to the west by one or more post-Late Triassic

eroslon:l episodes; the thickness of redbed deposits remaining aoove the

evaporlte sequence is crudely proportional to the degree to which the

underlying salt horizons have been protected from surflcial processes

leading to erosion and dissolution.

At the center of the site, all but the uppermost 50 feet of the 18,000

feet of strata are of Paleozoic age, the marine Dewey Lake Redbeds being

the topmost of the Paleozoic rocks. The Permian seculon alone, about

12,800 feet thick, coPstltutes over two-thirds of the sed¢mentary

column. The Permian section is divided into four series, the three

lowest of which (Wolfcamplan, Leonardian, and Guadalup!an) contain thick

elastic sequences, and the uppermost of whzch, the Ochoan Series,

contains the evaporlte formations, which are in descending order the

+.
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P.ustler, Salado, and Castile Formations. IThe topmost Oohoan formation,

the Dewey Lake Redbeds, is not part of the evaporite sequence but

represents a return of clastlo, normal ma_Lne deposition.)

The Rustler, which overlies the Salado, cofltains the largest percentage

cE clastlc material of the three evaporite formations. However, where

its original thickness of around 450 feet na:_ been protected from salt

dlss,'Lutlon, about 70 percent cE the fozma_ion is composed o£ evaporlte

beds, including about 40 percent rock salt. Beneath the WIPP site, the

Rustler has been leached of most of its rock salt in the geologic past.

At ERDA-9, 310 feet cE the formation was encountered, which implies that

up to 150 feet of rock salt _ns been removed and that the overlying

strata have subsided accordlngly. It does not, however, imply that

dissolution and subsidence is necessarily presently active or even that

it has recently occurred. At ERDA 9 hallte was logged in the lower I00

fee_ of the Rustler. Over 1,300 feet of undisturbe._ evaporlte rook,

primarily Salado rock salt, occur above tr_ upper level storage zone of

the proposed WIPP facil'Ity.

The 2,000-foot thickness of the salt-rich Salado Formation is divided

into three members by the recognition of a middle member L ._ferred to as

the MoNutt potash zone, which i.g the Inter'sa. within the Salado that

contains the potential reserves of potash mL,lerais mined in the Carlsbad

District west of the site. The iowest _U>er of the Salado, beneath the

McNutt potash member, is the aember that contains the nearly pure halite

which is proposed for the WIPP facility. The Castile Formation beneath

the Salado also contains nearly pure beds of halite but, unlike the

Salado, also contains massive anhydrite b_.ds.

: The rest of the Permian section beneath t._eevapcrite sequence, together

with tl_ subjacent Pennsylvanian and poss_bl¥ Late Mississippian

sections, contain dominantly clastic rc_ks that ro.present deposition

during the time in which the Delaware 3asLn existed as a distinct

structural entity. These pre-evapo_It,:, _asinal sediments, which total

abo,Jt II,000 feet in thickness beneath the site, have been targeted £o_
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petroleum exploration at one point or another throughout tho Delaware

Basin. They contain nearly ali of the regionts known potential reserve

' of hydrocarbons.

' The remairKler of the Paleozoic section (Missi_sippian down through the

Ordovician) consists of about 3,000 feet of mainly carbonate strata

, deposited in shallow-water or shelf conditions over a period of

' long-sustained crustal stability.

The underlying crystalline basement is believed to be a granitic terrane,

. formed about 1,300 million years ago. The only othe_ igneous rocks known

in the area occur as a lamprophyre dike rock intruded into the evaporite

beds along a single northeast dike trend that approaches no closer than
h

about 8 miles northwest of the center of the proposed WIPP site.

Brief descriptions of the various stratigraphic units are provided in the

following sections, in order of deposition from oldest to youngest, with

emphasis on the evaporlte beds, particularly the Salado Formation.

4.3. ]. Precambr ian Eonothem

Few holes in the ,ear vicinity of the WIPP site have penetrated entirely

• through the Paleozoic section. The nearest such holes are the Richardson

and Bass No. 1 Cobb-Federal, approximately 13 miles north-northw_.*st of

the center of the site, and the Texas No. 1 Rtchards, 12-1/2 miles to the

north-northeast. Inferences about the nature of basement rock lying

beneath the site have been gleaned from these wells and others more

dlstantl_ removed.

Crystalline basement rocks beneath the Mesozoic and Paleozic sedimentary

pile near the proposed site are believed to be either granitic igneous

rock o¢ metamorphosed granites ond rhyolites. Tho basement surface here

is at a depth of approximately 17,900 feet (Foster and Stipp, 1961); a

slightly greLter depth (approximately 18,200 feet) has L.,en inferred by

independent consultants (SiDPs et al., 1976). ¢"ae basement cocks ¢ccur

. ,., f , ,'' ,,

• •
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e within what has been consldered by Flown (1954, 1956) to be part of a

. regional -recambrian granitic terrane constituting the Texas a.aton, A

later investigation (Muehlberger et al., 1967), which reclassified the

, roe_s within the Texas foreland or craton, among other areas, suggests

that the basement rocks in the area near the site belong to the Chaves

granitic terrane, composed largely of granite, granodlorlte, and

equivalent gneisses, with a minor amount of other metamorphic rocks

/ included. Measured radiometric dates for basement rocks in the area

range between 1,140 to 1,350 million years (Foster, 19741 Muehlberger et

al., 1967); the Chaves terrane is defined to include the 1,350 m.y.-old

granitic basement rocks.
/

4.3.2 Paleozoic Erathem

Cambrian System. No Cambrian strata are recognized in the subsurface in

the vicinity of the WIPP site. Basal conglomerate and sandstone resting

on the Precambrian of southeastern New Mexico are sometimes called 1311ss

. sandstone, which is partly Lat-.Cambrian and partly Early Ordovician in

age, but such rocks in this area probabl_ correlate only filth the

Ordovician part of the Bliss {Foster, 1974) and are Izere consldered a

member of the Ellenburger Group.

Ordovician System. In the Los _edanos area, tt_ Paleozoic section begins

with an esti_tated 1,290 feet of Ordovician rocks beneath the center of

the site (Foster, 1974), assuming an eveh gradient between widely spaced "

well control points. In ascending order the sequence includes the

Ellenburger, Simpson, and Montoya Groups, representing Lower, Middle, and

Upper Ordovician strata, respectively.

j/

Detail of the local stratigraphy of the Ordovician is based on n_mples

' ' and a radioactivity log from ti'e Texas No. 1 Richards well, 12-1/2 miles!

_', north-northeast of the site. The Ellenbur_er Group there consists o_ at

least 300 feet of dolomite with some chert; included Is a basal membeL of

sandstone and conglomerate about 75 feet thick. The _o9 of the

Ell-.nburger may be at a depth cf as much as 17,800 feet beneath _the

0
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center o_ the site (Nethecland, howell, 1974). Overlying the l_llenburger

dolomitp is d oequenoe of al tor nat i ng limestone and green or gray shaleq

members, with _everal sandstone units o_ourring I. the upper hall o_ the

secluenoe. The Upper Ordovtei_ Hontoya (]coup is aZe.ost entireZy

carbonate rook. At the Texas i Riohards weil, the lower half of the
i

, Montoya is limestone and the upper hale dolomite, chert being fairly

uommon, particularly in the middle of t.h0 su_tion_ ,whereas 14 miles south

of the site the Montoya has been logged as mostly limestone and sandy

l_J_estone. Some intermediate lithology is thereforU to be expected

benoath th_ WIPP site.

,,

In the Texas 1 Richards reference section the Ordovio._an rocks total 975

feet in thickness; however, rh.- section thickens in asouth to southeast

,' direction at a rate estimated to be 25 to 40 feet per mile (Foster,
1974), most of which is due to the thickening o_ the E1]enburger an_

Simpson groups in that direction• It is likely that the Ellenburger and

.Simpson are each between 400 and 500 feet thick in the site area.

...
0

J

Silurian System• Lying above the dolomite of the Ordovician Muntoya

Group is additional catbonat_ rock of Slluri_n, or perhaps

. aLlure-Devonian age. .Near the site it consists entirely of llght-colored
/

,, dolomite with appreciable ch¢_t, except for two prominent intervals of

limestone, one about 100 feet thi_k near the middle of the section an4

one about 200 feet thick near the top (Foster, 1974). The ba_al contact

is appar0ntly dlsconformable in thls area.

The relatively homogenous lithology of the Silurian carbonate sequence in

the subsurface of southeastern New MeMico ha_. th_IS far p_ecludod its

formal seFaratlon into formatlonal units. McGlasson (1968), however, naa

suggested that the lower part is correlative with the Fusselman ,.'ormatlon

- of Early and Middle Silurian age, _nd that the upper part, genozall)

referred to as "Upper Silurian" strata, may be co_rela_.ive with the

llenryhouse Fr,treatY.onof partly late Middle _nd p,.:tly Late SiJu[lan age.

McGlasson (1968) also shows that no _evonlan carbonate rocks were

deposited in New Mexico, except in the extreme sc.uthwest corner of L_a
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County. Nevert._eless, oo,_non oi1-_eld usage refers to these carbonates.,

as "Slluro-Devontan" carbonates (Foster, 1_74). Probably most if not all

of the post-Montoyae pre-Wood, efd carbonate strata beneath the WIPP site

ts Silurian in age, according to M_Olasson*s studies, lsopaoh maps

(Foster, 1974) indicate the total thickness of the Silurian or

"Siluro-Devonian" carbonates at the site to be about 1_140 feet. The

seguonce thins westward relatively uniformly 4t a rate o_ about 25-50

feet pe_ tulle toward a lan,_as_ cruet gent during Silurian time.

The marked contrast in lithology between the Silurian carbonate and the

overlying Devonian shale is believed to provide a good seismic reflecting

horizon. Structure contou_ maps on top o_ "Slluro-Devonian lime"0

indicate that the top o_ Silurian, equivalent to base o_ Devonian, is at

a depth of about 1.5,850 feet beneath the center of the WIPP site (elev.

/ minus 12,450 feet) (Nether land , SewelL, 1974).

.Devonlan S_S_,ystem. The Devonian system is represented by a distinct..e

unit of organic, pyritic black shale which unconformably overlies the

SilUrian carbonate s_quence. HcGlasson (1968) correlates it with the

Upper Devonian Wcxxiford Shale of Oklahoma and describes it as a "dark

brown to black, _issile, bituminous, spore-bearlng shale". He shows that

it is a transgressive unit which overlaps successively older units to the

northwest (MoGlasson, 196_). Bequeath the center of the site it is

indicated to be about 175 feet thick, thickening gradually southeastward

(Foster, 1974). Halgler and Cunningham (1972) show the top of

undi_ferentlsted Silurian and Devonlar_ rocks at an elevation of slightly

above minus I_,300 feet MSt at the center of the WIPP site. The

uppermost portion of the Wood,efd Shale in the Delaware Basin is reported

to be actually of earliest Mississippian age (McGlasson, 1968).

Missls_ippia9 SYstem. Rocks of the Mississippian System at the site

irlclud_ a series of limestor_es refer:ed to simply as "Mississippian

limestone, _ and an overlying shale interval called the Barnett shale. At

the Texas 1 Richards locality, the limestone is llght-yellowish brown,

" locally cherty, with some minor gray shale, contrasting with brown,
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locally silty shale of the Barnett. Like the top oE Silurian carbonate,

the top oE MlssLsaippian aarbonate most likely a_ot'ds u good reEleoting

horizon; struacure contour maps indicate that it i_ about 15_150 _eet

below Zone ! at the site (elev. minus 11,750 feet) (Netl*etland, Se_teil,

1974). CeCal thickness o_ the carbonate appears to be about 480 _eet at

the site, gradually thickening northward. _he overlying.black shale is

about 175 feet thick.

Stratigraphic relations between subsurface Mississippian strata in

southeastern New Mexico and formational units del_ined in other areas are

unclear, On the basis o_ the local fauna, the corbonate sequence in the

Delaware Basin is assigned to the _o_e_ Hlsstssippian (Foster, 1974).

bit_olog_oally it is simila_ to the Rancheria Formation ,in the Pranklin

Mountains. At o_ nea_ t_e site, deposition cE the Barnett Shale

,"- corresponds Eor the most part to Late Mississippian time.

- PennFylvanian System. Approxmately 2,200 feet cE Pennsylvanian strata

o0cur in the subsurface at the _IPP site (_oster, 1974). The section

consists of alternating members of sand-tone_ shale, and limestone, and

rests unconformably on the underlying Barnett Shale.

Unlike most o_ the earlier Paleozoic strata, the Pennsylvanian strata in

the Delaware Basln_ and some cE the Lower Permian strata as weil, are

characterized by relatively numerous changes in lithology vertically in

the section and by an abundance of lateral facies changes along

time-equivalent horizons. Lithologic units traceable over broad areas in

the subsurface generally cannot be assa, ed to represent

time-stratigraphic units under these conditions. Attempts to construct a

basin-wide geologic history _or Pennsylvanian time and to develop

regional correlations based on ti_e equivalence are greatly complicated

by these ltthologic changes. These complexities have spawned efforts

such as those of Meyer (1966) to develop a method for placing surface

outcrop and subsurface strata Into a [or_al Pennsylvanian

time-stratigraphto _ramework. As defined by this approach, the Lower

Pennsylvanian Series includes rocks assigned to the Morrowan Stage, the
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Middle Pennsylvanian Series to rocks assigned to the Atokan 'or Derryan)

and Demolnesian Stages, and the Upper Pennsylvanian Series to _oct_n
0

assioned _o the Missourian and Vi_Bilian Stages. '

In the Delaware Basin, local subsurface stratigraphio units have

sometimes buen informally defined, or extended on the basis of lithology

and are the¢'e_ore, strictly speakinge lithostrati_rapnio and not

time-stratigraphic units. Thus, rocks conoide_ed part o_, _or example,

the "Morrow* or the Morrow Series on the basis of subsurface litho!ogies

ma_" not r_oessartly all be encompassed within or' represent ali o_ the

. time o_ the Morrowan Stage as formally dstined, Although the

Pennsyl_ 'ni an section is herein described by re_erence to lithologies

recorded in nearby wells, for the reasons stated the section at the site

oa._not from the nature o_ data available be positively correlated with

£ormal stage names or with Lower, Middle, or Upper Pennsylvanian Series.

Nevertheless, the designations of Mor_.o_an, Atokan, Desmoinesian, and

Missourian-Virgilian rocks for the respective Bend, Strawn, and

Canyon-Cisco rock units have frequently been used with modifications for

some time (Thompson, 1942; Haigler, 1962, p. 7-8, Netherland-Sewell,

1974, exbt. G-2; see also Meyer, 1966, p. 11). The bipartite

classification of Lower Pennsylvanian _or Morrowan and A_oka and Upper

Pennsylvanian for Strawn has also been employed (e,g., Sipes et al.,

1976).

Fostc,r (1974), in his _escrlptlon of Pennsylvanian subsurface ilthologies

in the wcinlty of the site, adopted the usage of Morrow, Atoka and

Strawn, whlch den_e from deepest to shallowest the respective principal

oll and gas producing zones in Pennsylvanian rocks cE the Delaware

Basin. He noted that the "ovu_lylng rocks of Missourian and Vlrgillan

ages are present.., but following the common oil-fleld usage (they) are

included in the Wolfcamp sequence". Hence, "... it appears that the top

of (Meyer's) Desmolneslan Stage is rh? sa_le as the top of the Strawn..."

(Foster, 1974). This usage is followed in this chapter in the interest

of its adaptability to existing commercial exploratory data. P.eference

sections are provided by Foster for Pennsylvanian strata some distance
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north and south cE the site (his Figures 12 and 36, respootively). Sipos,e

et al. (1976) show "picks" on Pennsylvania, units In the Clayton W.

Williams Jr., Badger Unlt Federal well about 2 miles northeast cE the

center of the sitee and they present down-hole logs on this and other

, exploratlon holes in the vlc_nity of the site as weil.

Morrowan rocks near the site consist mostly of fine- to coarse-gralned

sandstone with varying amounts of dark gk_y shale. Some limestone,

generally as a ._eries o_ relatively thin beds with shale and sandstone,

typically occurs in the upner part of the sequunce and is often

separately identified. The Morrow sand is a known l_ydrocarbon producer

o_ oll and gas in this part o_ the Delaware Basin, particularly from

_ie'_s in t,_e area north of the site (refer to Section 8.3.2). Foster

(1974) sho,ts areal distribution o_ sand llthologles in this zone.

The Atoka rocks are principally limestone, becoming cherty toward the

middle cE the section, and alternating with varying amounts cE mediUm- to

dark-gray shale. Sandstones are subordinate. The Atoka is considered to

" have locally significant hydrocarbon potential in this part o_ the

Delaware Basin, as in the Los Medanos _ield which is southwest of and

nearest to the WIPP site.

The lower part of the Strawn (regionally the Desmoinesian) is dominated

by light gray to white, medium- to coarse-grained sandstone, locally

conglomeTa¢.ic in the site area. In its upper part, the Strawn is

domlr.cntly limestone, apparently with a minor amount of chert but

becoming more abundant northeastward in the ._.vmediatevicinity of the

site (Foster, 1974). Thin beds cE dark gray and brown shale are presunt

throughout the section.

Records o_ the apparent thickness of the Morrow, Atoka and Strawn vary

considerably fr_ area to area simply because there is no co_,pletely

agreed-upon way of selecting "picks" on c_own-hole logs and seismic

reflectlon data. In some oll fields, "picks" above the Morrow include
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Atoka (or Bend), Stt'awn, Hism::)uri_n, and Virgil,:l, an, Ac_cordlng to Foster:

(1974), "in well completion reports the top of the Strawn is p|ckod

fairly conslsterJtly," but selections for the top of Mo_row and Atoka may

dlf._er s_gnificantly, and generally the Canyon and Cisco are no:

distinguished in this part of basin. SIpes et ai. (1976) shc_ the top o_

Stzawn at elevation minus 9,400 feet msZ beneath the center of the WIPP
/

, site. The "picks" they show in the C.W. Williams Jr., Badger Unit

Federal well two miles northeast of ERDA 9 yield thicknesses of 1,224,

607, and 257 feet for the blorrow, Atoka, and _trawn rocks, respectively,

for a total thickness of 2,0_8 feet for the Pennsylvanian. Presumably,

one or more units thicken southwestward slightly to attain the 2,200-foot

value trmt Foster shows at the center of the site, = value which

' specifically excludes at least sc_e Missourlan-Virgill,_n strata.

Probably the value of approximately 2,500 feet shown by Meyer (1966,

Pigure 48) is more truly representative of the to_al accumulation of

strata beneath the site during Pennsylvanian time.

Permian Rocks. As _uch as 13,000 feet of Permian strata we=e deposited

within the area cE the Delaware Basin, which constitutes the most

complete succession of t_e Permian in N(_rth America (Brokaw et a_.,

1972). The ent._re Permian section _oneath the WIPP site averages about

12,800 feet in thickness, over t_o-t *rds that of the entire sedimentary

column, or over twice as thick &s all of the earlier Paleozoic formations

combined (about 5,2C0 feet). Of this total, about 3,600 to 3,800 feet o_

thick, relatively pure evaporlte beds (primarily salt and anhydrite)

occur in the upper part: of thr sequence, in which the proposed waste

isolation facility is to be constructed.

Because the Permian in the Delaware Basin a_d surrounding region has long

been the sub, ect of intensive expl_ratlon and study b_ _oth ccrnmercial

and non-con_nerci_l Interests, its subsurface and surface ntratlgraphyo.

have become a relatively well understood aspect of a classic study area

(e.g., K|ng, 1942, 1948; Adams, 1944, Newell et al., 1953; HcKee et al.,

]967a, 1967b! Anderson et al., 1972_ Br_kaw et al., 1972; Jones, 1973).
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Even so, problems in stratigraphic nomenclature still abound,

particularly with regard tO the more deeply buried basin sediments of the

Lower Permian within the Delaware Basin.

Permian rocks are divided into four series (Adams et al., 1939), two of

which (Wolfcamplan and Leonardlan) are equated with Lower Dermian time

and two (Guadalupian and Ochoan) with Upper Permian. The well-known

massive reef deposits bordering the Delaware Basin were built up mainly

during Guadaluplan time; massive evaporlte deposits were formed only

during Ochoan time, between 225 and 250 million years b.p. (before

present). Regional correlations of the Permian are shown in Figure 3.3-3.

I) Wolfcampian Series

"Apparently sedi_entatlon in the Permian Basin was continuous from

Pennsylvanian time throughout Wolfcampian" (Meyer, 1966, p. I); "major

tectonic elements of Early Permian time xn west Texas and southeastern

New Mexico were inherited from the Pennsylvanian and continued to grow"

(Oriel et al., 1967, p. 37). These regional generalities suggest the

difficulty that has been experienced, at least basinward from shelves, Jn

identifying the base of the Wolfcamp strata. An arbitrary convention Jn

exploration practice in the Delaware Basin is to use the top of the

Strawn to mark the top of the Pennsylvanian. If any Pennsylvarian strata

are present above the Strawn, they aro very similar to the overlying

Wolfcampi_n Series and attempts have not normally been made to

distinguish the two in the subsurface.

In the site area, the Strawn is overlain by a thick segUenoe o_

interbedded, dark-colored limestone and shale, including considerable

dolomite. SanOstone is insignificant. No Eormatlonal gtatus has yet

been designated 2or this interval; informally the sequence is sometimes

called "Wolfca_p formation". It is known to markedly thicken southward

with increasing shale and sand content toward the Val Verde trough, wh_re

extremely thick Wolfcampian strata are known. Toward the north, it thins

and gains limestone content, suggesting a shelf margin facies. Foster

(1974) indicates that a_ the WIPP site the shale content p_obably nearly
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equals that o._ the carbonate. Isopach_s presented in Foster (1974}

indicate slight17 less than 1,400 feet of Wolfcampian strata beneath the

site, whereas Meyer (1966) shows between 1,000 and 1,100 feet_ the latter

, _ value excludes some rocks above the Strewn. A regional map kvi McKee et

al., (1967a) appears to £;2dicate nearly 2,000 feet. The nearest "pick",

in the Badger Unit Federal Weil, indicates 1,49j feet of _olfcamplan

strata, 2 miles northeast of the center of site (Slpes et ai., 1976!.

These differing values reflect the uncertainties in identIEylng iower and

upper limits of Subsurface Wolfcami)ian strata in the Delaware Basin.

2), L-.onardian Series.

The Leonardian series of the Lower Permian Series is represented by

basinal sandy equivalents of the Bone Springs Limestone, which was

originally defined for a shelf and bank facies of the unit at the margin

of the Delaware Basin. Both the name "Bone Spring" and "Bone Springs"

have been used in the past, and both usages are found in the curre;Jt

literature. Originally defined as Bone Springs by Blanchard and Davis

(1929), King (1948, p. 13) changed it to Bone Spr,ng "to agree with the

geographic term" of the type locality, which "is in the lower course of

Bone Canyon be!ow Bone Spring..." The U.S.G.S. Lexicon (Keroher et al.,

1966) alsu gives Bone Spring Limestone, but states that it is "named tor

" citing Blanchard and Davis (1929)Bone Spr ings Canyon...,

Conditions favoring significant buildup of reef and bank limestone at the

edge of the Delaware Basin existed in Leonardian time (Victorio Peak

Limestone), but development of by far the most extensive of these

limestones occ.urred subsequently in Guadalupian time. Within the basin

." in the vicinity of the WiPP site, the Bone Springs interval thickens

markedly and con.Jists of alternating units of sandstone and dark-colored

limestone, with a thick, slightly cherty limestone at the top. Three

laterally per_Jistent, very fine to fine-grained sandstone units are ._,

re_ognized as the first, seccnd, and third Bone Springs sands. Shale is

a minor constituent of the Bone Springs strata, but the limestone beds

are cormonly argillaceous.
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. Foster (1974) shows the WIPP site to be near a local center of maximum

thickness of Bone Springs strata, about 3,500 feet. The unit becomes

thinner to the east and northeast. The Badger Unit Federal well Is

indicated to have penotrated 3,427 fe_t of Bone Springs rocks.

3) Guadalupian Series.

The Delaware Mountain Group include: all basin facies rocks of

Guadalupian age In the Delaware Basin, which at the site are composed

mostly of sandstones Interbedded with some dark shales and a few

thin-bedded limestones. A dramatic facies change takes place about I0

miles north of the site, where the basin facies terminates abruptly

against massive reef limestones. Because these reef limestones almost

completely encircle the De.*aware Basin, they seem to conveniently demark

the structural limits of the basin, althnugh earlier basin sediments of

the Delaware Group extend some distance beneath, or behind, the latest

and most massive of the reefs, represented by the Capltan Limestone.

No[rh of the site, these reefs are buried by later sediments but become

progressively less deeply buried toward the west; west of Carlsbad they

surface and form a bold escarpment that defines the eastern boundary of

the Guadalupe Mountains, for which the Guadalupian Series was named.

During their earlier development, the reefs at first built upward at the

margin of the basin, but during later development progressed outward Into

the basin as weil. Thus, successlv_ .y older formations of the basin

facies of the Delaware Mountain Gro1,p have greater areal extent beyond

the Delaware Basin as defined by the uppermost part of the Capitan reef.
t

Like modern reefs, the lateral development of these Guadalupian reefs was

accompanied by an appreciable vertical buildup of material, in some cases

exceeding 1,000 feet, such that sediments being contemporaneously

deposited in tt_e basin no_t appear structurally to be correspondingly

lower in the section, where in actuality they are tlme-stratigraphic

equivalents. By the same token, the evaporitic materials (Ochoan

evaporites) that later filled the basin now appear to some extent to be

laterally equivalent to the reef masses. These stratigraphic

• relationships are especially well portrayed by Haigler (1962) and King

• (1948).
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A thickness of 3,944 feet of Delaware Mountain Group strata is recorded 2

tulles northeas': of the cente_ of the WIPP site. Surface mapping at the

margins of the basin led to the recognition there of three formations;

namely, in ascending order, the Brushy Canyon, Cherry Canyon, and Bell

Canyon Formations. Generally, petroleum exploration practice in the

Delaware Basin has been not to attempt to define these formations in t'he

subsurface. However, Foster (1974) provides a reference se=tion snowing

stratlgraphlc positions of the formations of the Delaware Mountain Group

in the Shell No. 1 James Ranch well about 3 miles southwest of the site,

and Sipes et al. (1976) give similar "picks" in the Clayton W. Williams,

Jr., well to the northeast of the area. Foster shows 3,970 feet of

Delaware Mountain strata.

The Shell No. 1 James Ranch well lithologles indicate that the Brushy

Canyon Formation is 1,540 feet thick and consists of mostly fine-grained,

gray to brown sandstona with minor brown shale and dolomit.-. The Cherry

C4nyon Formation consists of l,uTO feet of sandstone similar to tha_ in

the Brushy Canyon Formation, interbedded with shale, dolomite, and some

Limestone. The Bell Canyon Formation, 1,180 feet thick, also consists

mostly of fine-grained sandstone, but has a greater percentage cf

limestone, the result of closer proximity to the shelf-margin

carbonates. A limestone member at the top of the Bell Capyon Formation,

known as the &amar limestone, is recognizable over a considerable part of

the Delaware Basin. Basinwide the sands of all three formations are

targets for hydrocarbon exploration. The top of the Delaware beneath the

,'_ center of the site is contoured by SiDes et al. (1976) at minus 650 feet

(depth 4,065 feet). It is overlain by evaporites of the Castile

Formation.

_ 4) Ochoan Series.

The Ochoan Series "includes perhaps the thickest and most extensive

evaporite rock sequence in North America" (Oriel et al., 1967). It also

contains, within the Salado Formation east of Carlsbad, extensive potash

evaporite deposits which contain 65 percent of presently exploitable

potash resaurces available within the United States (Jones, 1975)
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Ali of the salt deposits and other evaporites of the Los Medanos area are

restricted to the Ochoan rocks, of Late Permian age. The Ochoun rochs

are entirely of marine origin, but have two unlike parts--a thick lower

section of evaporlte and a thin upper sectlor, of red beds (Jones, 1973).

The lower section includes, in ascending order, the Castile, Salado, and

Rustler Formations; the upper section is made up of the Dewey Lake

Redbeds. Together tho four formations have a maximum thickness of 3,600

feet, slightly more than 3,000 feet of which are evaporite beds of the

lower three formations, which are composed dominantly of anhydrite and

rock salt wish minor amounts of gypsum, potassium evaporite minerals,

carhcnate rock, and flne-grained clastlc material.

At the WIPP site, the Ochoan rocks aru about 3,900 to 4,000 feet thick,

of which 3,600 to 3,800 feet, or about 90 percent, are the evaporite

sequence. Of the three evaporlte formations, roughly one-half the total

thickness belongs to the SaZado. Both the underlying Castile and

overlying Rustler a:e richer in anhydrite and poorer in rock salt than

the Salado, and they provide this salt-rich formation with considerable

protection from fluids which might be present in adjacent rocks (Jones,

19_3). Jones (1972) provides lithologic percentages of the complete

Ochoan evaporlte sequence (Castile-Rustler), obtained from exploratory

potash drilling, as follows- 59 percent halite and associated potash

deposlts; 33 percent anhydrite and gypsum, with glauberlte and

polyhalltel 6 percent carbonate rock (limestone, dolomite, magnesite) and

2 perccnt clasuic rock (clays and silts).

Considered broadly, the evaporites represent a transitional zone b_.tween

underlying reef and normal marine limectones (Guadalupian beds} and the

overlying Dewey Lake which was deposited under brackish or restricted

marine conditions (Jones, 1968). The floor of the Delaware Basin In

early Ochoan time is generally estimated to have been at least 1,200 feet

below the top of the Capitan reef, which almost completely encir:led it,
i

restEicting southern access to the open sea and settlng the stage for

deposition of evaporites within the basin (Brokaw, et al., 1972).
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Castile Formation

The Castile Formatlon Js almost completely conf/ned within the limits o_

the Delaware Basin (Oriel et al., 1967), the only evaporlte formation so

restricted, lt gradationally overlies the Bell Canyon Formation (Brokaw

et al., 1972).

Ltthologtcally, the Castlle is the least temple:: of the evaporite

formations, being compc_ed chiefly of anhydrite wlth a few lnterbeds Of

rock salt. Limestone is present in secondary amounts_ e.lastlc materials

(siltstone, shale, s._ndstone) are notably absent. A llthologtc _ummary

by Jones (1972) lists 59 percent anhydrite and other sulfates, 30 percent

halite and other chlorides, 11 percent limestone, dolomite, and

, magneslte, and _ clastlc rock fr_ the Castile Formation, based on data

from exploratory drilllno. The rock ts sparingly bituminous and ylel_.s a

fetid odor. lt has a faint to conspicuous lamination or banded structure

involving a color change, a difference in texture, or a rhyt_mlc

alternation of bituminous calcite and anhydrite, bitumen and anhydrite,

or anhydrite and halite in layers a fraction of a millimeter to a few

centimeters thick. The color of the rock ranges from white to dark gray,

becoming darker wlth increasing depth below the top of the formation

(Jones, Iq75).

In the subsurface, the Castile Formation, to use Jones' descripti._n, is

readily divisible into three informal members by a salt-rich zone 200-40U

feet above the bases a lower member composed chlofly of anhydrite, a

middle member composed chiefly of rock salt, and an upper member composed

chiefly of anhydrite. The three members are discrete, readily

distingulshed'ilt'hologic units that are laterally persistent over wide

sections of the Delaware Basin. Near the margin of the basin, however,

they merge in'_ a single wedge-llke mass of anhydrite that rapidly tn_ns

to a narrow tongue and extends across the basin margin for a few miles

before thinning out in the southern part of the Northwestern Shelf.
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" AS desorib_d by 3ones (1973), the lower men,ber of the Castile Forn_ation

is a well-stratified evaporite orins/sting of l_inae of gLay anh_d:ite '

and brc_nish-gray limestotle in reoular, rhyth_io alte.-nation. Some bed_

of laminated datk-gt_y and brownish-gray l_.mestones, a few inches to

several feet thick, are present at wide Intervals in the lower and middle

parts of the I_ember, and there a_e a few ":r,icger beds of ma-sive gray

anhydrite at long intervals. The member is 200-240 feet thick south o_

the site, but lt thickens northward a,d reac:hes _ thickness of a_ :east

400 feet before merging with other members of the Castile to form a

single unbroken mess o_. anhydrite adjacent to the Capitan reef mass.

The middle member of the Castile Formation, a salt-rich, tabular zone

that fo_m_ a widespread, !tthologically distinct stcatigraph'c marker, is

500-700 fe_.t thick in the southern part of the Carlsbad potash area, but

thickens northward and attains thicknesses of 800-1000 feet a'.ong a bro_d

2 to 3-_lle-wtde belt of deformation within the evapottte sequence

paralleling the m_gin of the Delaware Basin (refer to Section 4._.2.7).

The member is predQainantly rock salt, but it contains thin to thick

layers of lnterlaminateo anhydrite-ltn.estone rock. The thickest of these

layers averages about 100 feet, and it dxvides the member into two almost

e_jually thick salt beds. The upper bed includes several tnterlamina'ced

anhydrite-limestone layers, some of which are 7-5 feet thick, whereas the

lower bed has none. This member terminates northward b_, grading

laterally into, and intertongutng with, anhydrite.

The upper member of the Castile Formation exhibits greater ltthologio

complexity and is composed chiefly of anhydrite inteclaminated and

interbedded wttn calcttic limestone and, to a lesser extent, with n,assive

anhydrite, rock salt, and carbonate rock, including both Paagnestte and

dolomite, lt contains a northward-thxnnlng tongu'- of magnesitic

anhydrite tnat overlaps the Capitan L_._ebtone along the margin of the

Delaware Basin and extends a fe_ miles into the northwest shelf. Though

600-?00 feet thick some distance south o_ the site, the upper member

thins rapidly northward to as little as 170 feet near the margin of the

basin. The nature of this northward reduction in thickness is, as
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subsurface studies in the Carlsbad potash area and elsewhere in the

Delaware Basin have shown, due both to a lateral gradation a_d to an

intertonguing, or pinching out, Of individual anhydrite beds at the top

or the Castile into the rock-salt beds of the overlying Salado Formation,

resulting in a _lorthward stcatigraphic descent of identifiable Castile

anhydrite. These relationships demonstrate that the contact bet_e0n the

Castile Formation and the overlying Salado Formdtion _s col_for_able and

gradat_onal; nevertheless, the cuntact at any particular location is

generally rather sharply definable as rho horizon at which dominant

anhydrite below gives way to rock salt above.

A somewhat di_¢erent cla._s|_ication scheme of the Castile Formation has

been established by R.Y. Anderson and his co-workors. Working in the

central and southern part of the b_stn with thin sections of cores

obtatned through special drilling _:rar;gements made with industry

operators, Anderson et al. (1972) dividi, d the Castile into three separate

halite mombers, and four anhydrite member_; across the width of the

Delaware Basin. Furthermore, they traceo indlvxdual laminae in the

anhydrite members over distances as great as 113 k.a. Each

anhydrite-calcite couplet is believed to represent an annual varve, _he

nature of the evaporite p, ecipltatlon bet,_; controlled by changes in the

partial pressure of carbon dioxide in the Castile brine sea as the grc_uh

o_ brine algae waxed and waned with the seasons. Some 250,000 varve

couplets are inferred, by representat,ve counts, beginning below the

Lamar limestone in h_m Bell Canyon and ending in the lower part of the

Salado (Anderson et al., 1972).

Toward the northern part o_ the Delaware Basin, the upper halite and

anhydrite units appear to converge and cannot be traced basinwide as

major units. In _be site area two lower anhydrite members (AI, Ali) and

two halite members (Hl, HIl) are recognized as baslnwide equivalents of

units Identified elsewhere; a more heterogeneous upper unit, principally

anhydrite, corresponds to the position of Anhydrite IV bat may rot be

; stratigraphtcally equivalent to it (_J_derson et al., 1972; Anderson an(_

Powers, 1978; Anderson, 1978). These anhydrite alld I_alite me;_bers are

e° • . ,

, /
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identified on FiBure 4.3-2. Thicknesses ¢_re taken _rom tsoPach maps

which api>eat in Anderson et al. (1972) and Anderson, (1978). Thus, the

lower anhydrite (Anhydrite--I) member is Indicated to be nearly 250 tee _.

thick in the vicinity of the WIPP site; Hall:e--I_ about 330 geet thick;

Anhydrite-II, 100 Eeet thick! and Halite-Ii, 210 feet thick, _he

remalnde_ of the total thickness o¢ the forlnatton is ocoupJed by the

upper anhydrite described by Oones (1973), as quoted above. Genes*

middle halite unit is equivalent to Anderson's llalite-I plus Anhydrlte-II

plus Ballte-_. s-quence; Anderson has simply subdivided the sequence

based on th_ presence of a middle anhydrite member (Anhydrite-II) that

Jones also r_nized (see above). Both 3one_J and Anderson recognize

that here the upper anhydrite unit does not display the warred
,

interlaminations comparable to those observed in the lower anhydrite

unit3.

The only major disagreement between Anderson and Jon_s appears to center

around the nature of the Castile-Salado _ontact. Jones asserts that the

contact is conformable and laterally intertongues (see discussion above),

whereas Anderson believes an unconformity exists. Anderson (1978) cites

as evidence cot this the presence of some dissolution breccia near the

top ,_¢ the Castile, suggesting a period cE non-deposition or even

subaerial erosion. Furthermore, Halite-III is missing over the northern

pact of the basin, which co_ld be explained bV a local e_ostonal episode

thete. Anderson also notes that the basal ln[ra-Cowden salt ct the

5alado Pocmatioh (see belowl do_s not occur to the south and is thickest

wherever the Halite-III me.oer is absent. This controvetsl- has not been

resolved to date; whether or not significant dissolution took place

during deposition of the Castile and Salado evaportte sequence could have

important implications regarding models invoked to estimate past and

present rates cE salt dissolution in the Delaware 13asin.

Because no drill hole within Zones I-III o_ the W_PP site has made a

complete penetration of the Castile, the thickness of the Castile beneath

the repository must be estimated. Bsneath the site, the base of the

C_ttle is indicated by structure contours in D'igu_e 10 oi Jones (1972)
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to be at an elevation of about minus 680 feet MSL at the center of the

site; Sipese et al, (1976) show it at minus 650 feet MSL. Binoe ERDA-9

" intersected the top o_ Castile at elevation 579 feet above sea level, the

Castile is indicated to be about 1,230-1,260 feet thick at the site, or

approximately 1,250 test thick. Drill hole AEC-8 encountered 1,333 feet

of Castile in section 11, about 4 miles northeast of ERDA-9 (Griswold,

1977, Table Iii).0

%

b) Salado Formation. The Salado Formation contains the thick salt beds

in which the contemplated WIPP repository would be constructed. It is

one of the principal deposits of halite on the North AmeL'ioan continent

(Btokaw, et al., 1972, p. 2].), and it contains the C_rlsbad potash

enclave, the principal producer of potash in the United States.

As of the date of this report, one oo_e hole, ERDA No. 9, has been

drilled through the Salado at the location of the proposed repository. A

schematic section of that hole, including general lithology, location of

marker beds, position of halite zones in which the repository will be

located, and well construction data, is given in Figure 4.3-3a. The

detailed lithologic log is includ_IJ as Figure 4.3-3b of this report.

Details of the ntl_erous down-hole logs performed, mineralogical and

geochemical determinations made, and rock mechanics tests conducted are

not discussed here but are givezJ in Chapters 7 and 9 of this report, to

which the reader is reforred,

At the ERDA-9 location at the center of the site, the base of the Salado

• is 2824 feet and the top 848 feet below ground surface (elovations 590

/ and 2,566 feet above sea level, respectively), for a total thickness of

/ 1,976 feet. The proposed contact handling (CH) zone halite interval,

containing halite of relatively high purity, is between elevations 1,250

and 1,352 feet, and the remote handling (RH) zone, high-purity halite

interval between elevations 696 and 806 feet. (Ground surface elevation

at the ERDA-9 hole location is given as 3414.70 feet MSL).

/
/

,// ,'' /
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Variations in the thickness of the Salado in the vicinity GE the WIPP

site are on the order of 300 feet (1,700 to 2,000 feet), based on results

of the /t19Cand ERDA test holes (Griswold, 1977, Table III). Thicker

sections of the Salado (over 2,300 feet) are known where it may have been

affected by deformation due to salt flow. West of ttte site in the Nash

Draw area the thickness of the formation locally and erratically

decreases owing to local solution and removal o_ rook salt in the Upper

part o_ the formation (Vine, 1963; Jones, 1973). These variations are

illustrated by a subregional isopach map o_ the Salado Formation

/ presented by Brokaw et al. (1972).

As discussed by Brokaw et al. (1972),

"In exposures of the Salado Formation along the west side of the
Carlsbad potash area (10 or more miles west of the site), ali the
salt has been removed by solution and the anhydrite and polyhalite
have been altered to gypsum. The alternation of the evaporite rocks
extends to depths ranging fr_ 260 feet to almost 1,600 feet 5slow
the surface and is responsible for a fourfold Po slxfold reduction
in the thickness of that part of the Salado and for a change in

aomposltlon from dominantly rock salt in the subsurface to
dominantly gypst,n in the outcrop. The contact between the two

highly dissimilar parts of the formation, known locally as the 'base

of leached zone' and also as the 'top of salt', is highly Irrecular,

with many closed depressions and isolated pinnacles. The contact

dips generally east_,drd but rises in stratigraphlc position _rom the
base of the Salado near the west side of the potash area to the top

of the formation near the Eddy-Lea County line at the east side of
the area."

Figure 8 of Brokaw, et al. (1972) shows the locatlon of the contact at

t the top of the Salado, or in other words the easternmost extent of
i

/ dissoluti_,.'_in the Salado, to be located about 1 mile f_om the east edge

/ of Range 30 E.; that is, about 2 miles west of the center of the WI:P.

Additional discussion of solutionlng is discussed in Section 6.3.7 of

/ this report.

Broadly considered, the Salado is characterized by a predominance of rock

salt compared to a predominance, of anhydrite in the Castile and by

typically thinner bedding or tnterbedding of llthologJc units. _nliku

the Castile, the Salado as well as the overlying Rustler extends over and

beyond the confining Capttan reef masses to the north and east, in effect

' / /, .J" 1,/
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ovec_i]ling the ancient basin formed by the reefs. The Salado sea was,

in 9eneral, even more saline than the sea of Cast.ile time. Lacking a

_hield of carbanate reefs, it received, ho_ever, considerable fine

elastic sediment. Consequentlyr its halite deposits are generally less

pttr.e than those cE the Castile (Brokaw et al., L972), althottgh thick

intervals of highly pure halite are known in the lower base cE t l_e 8alado

Formation.

t_ detailed description of the overall lithology and member unIEs has been

provided by Jones I1973), who studied data from the numerous potash

exploratory holes drilled in the Los Hedanos area. The remainder of this

section incorporates Jones' description, modirled where appropriate by

discussion of more recent data fro_ ERDA-9.

The Salado Formation is composed of rock salt, anhydrite, and po_essi_

socks with varying amounts of other evaporites and fine-grainod rooks.

/ Rock salt constitutes about 85-9'0 percent of the £crmation except in the

western part of the area where percolating ground water has dissolved and

removed s_e of it. The next most abundant rock in the formation is

anhydrlte. The remainder of the £ocmatlon is chiefly polyhalite and

other potassium and magneslum-bearlng minerals wlth minor amounts of

i Eandstone, and claystone.

The rock salt in the Salado is composed of halite and clayey halite in

discrete layers ranging fro_ an inch to several feet in thickness. The

two rock types differ primarily in _hat the halite is free of detrltal

(k_brin and the clayey halite characteristically contains _his debris in

slgnificant but typically small amounts. The _etritus is chiefly quartz

and clay, including illite, chlorite, and a corrensite-type of swelling,

regular mixed-layered clay minezal (Grim et al., 1960). I_ general, the

detritus-bearlng clayey halite is mostly brown and tan; it is moderately

crystalline but somewhat porous with a scattering of b_nall cavities or

vugs filled with clay and other detritus, an_ it either lles between

seams of olaystone cl has a layer of halite below and a seam of ol_yPtone

..........................i,i,,,i...................,,,,.•...........
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above. The halite is typically reddish orange but its color grades to

amber, gray, and white, lt Is generally somewhat more coarsely

crystalline than the clayey halite.

C_on to both the halite and the clayey halxte In the rock _alt of the

Salado a_e traces to very minor mounts of polyhalite and anhydrite.

Locally, glaubecite is present in small amounts, and there are several

potassium and magnesium minerals, including sylvite, carnall2.te,

kieserite, and several other exotic evaporite minerals that occur In

s_all to large amounts in seams of rock salt in the middle and upper

parts of the formation. Other constituents of the halite and clayey

halite Include traces to very mince amountJ o_ brine and gas that fill

microscopic to very small cubic and reatang.,lac cavities in grains of

halite and other evaportte minerals. Less common, but more notable in

other respects, are much larger cavities or pockets that contain

halite-saturated brine and nitrogenous gas confined under presure

sufficient to produce "blow-outs = when encountered during drilling

operations.

The seams of al_hydrite and polyhalite, which _lternate with rock salt in

all sections of the 8alado, are very persistent but highly variable in

composition _Jones, 1954; Jones, 1972). Lateral replacement of anhydrite

by polyhalite is c,c_muor_, and nearly _11 seams show one or more stages of

replacement between an initial slight development of polyhalite in the

lower and upper, parts of the seam to complete replacement o_ anhydrite by

polyhalite. Locally, anhydcl_e and polyhalite give way laterally to

glauberite, and polyhalite in the middle and upper parts o_ the Salado is

replaced by hartsalz consisting of a coarsely crystalline r'.i_tureof

anhydrite, klesecite, and carnallite.

Close examination of the S_lado in drill cores and geophysical logs of

boreholes In the Lo_ Med._nos area and vicinity reveals that rock

sequences show a regular order of sucasssion. A typical sequence,

repeated many times between the base and top of the formation, involves a

change froth claystone upward through anhydrite or polyhalite and h_lite

o./ ,
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to clayey halite capped by claystone. In other sequences the change is

. _om halite to clayey halite capped by clayetone. Boundaries between
,J

tndtvtdu_,l members o_ a rock eoquence .are gradation'al, but those alorig

the lower and upper sides e_ the individual _equences are corrosion

surfaces that form sharp, clear-out breaks in the evapurtte section but,

nevertheless, are laterally persistent and convergent northward. The

roc, k sequences represent a _undamental sedtmentatLon unit or evaportte

cycle, and they are believed to record discrete periods of influx and

subsequent precipitation o_ calcium sulfate and soldtum chloride during

evaporation of sea water or an initially dilute brine. The ubiquitous

clayatone ts thought to be a residue concentrated during dte_olutton o_

clayey halite by tnflowtng sea _water or dilute brine.

The Salado Formation ts divided into three members (Figure 4.3-3), but

more subtle divisions can be made, for the beds are very persistent. In

fac_, the persistence of individual beds is the prime baols for the

system of numbering tndtv:dual seams of anhydrite and polyhalite which

was introduced by geologists of the United States Geological Su,'vey

(USGS), such as Jones (1960) and le widely used by mining companies in

O the Carlsbad potash field. The numbers used in the USGS system to

designate some seams of anhydrite and polyhalite in selected parts of the

three members of the Salado are shown on Figure 4.3-3, and on Figures 4

and 6 of Jon_ (%973).

The t_xoefo£d division of the Salado u_ed herein inuludes: an unnamed

lower member, a middle member known locally as the McNutt potash zone,

and an unnamed upper member. The three members are about equally rlch In

rook salt, anhydrlto, polyhalite, and flne-gralned c!astlc rocks, and

they are generally similar in all but one major respect. Tl,e lower and

upper members are generally lacking or poor in sylvlte, carnallite, and

other potassLum- anJ magneslum-bear_ng minerals, wnile the McNutt potash

zone is generally rlch in these minerals and accounts tor the large and

extenslvu deposits in the potash field.
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Lower Member. Located below Marker Bed 124, the lower mumber of the

Salado is the rock unit in which it is proposed to place both levels

of the repository. As shown in Figure 4.3-3, the CH-zone is defined

as the interval between Marker Beds 137 and 139 near the middle of

the lower member, 560 fe-_t above the base of t._eSalado. The

RH-zone is in _ zone devoid of nearby polyhalite marker beds,

beneath _ prominent anhydrite bed known as the "Cowden anhydrite, q

The top o£ rb RH-zone is 344 feet below the base of the CH-zone_

its base is i06 feet above the base of the Salado. The choice of

zone intervals was made on the basis of combined purity, depth,

thickness, mutual separation, and depth below the potash zone

(Griswold, 1977).

The Cowden anhydrite identified above forms a distinctive, areally

extensive bed of anhydrite about 20 feet thick below which is a salt

bed of exceptional purity. This thick salt bed lying below the

Cowden and above the Castile-Salado contact is sometimes referred to

as the "Infra-Cowden m, a sub-member located at the base of the

Salado as shown -n Figure 4.3-3. It is 296 feet thick at ERDA-9.

Litbologic details of each of the t_ree members in the site area aL'e

provided by Jones (197_i. The lower member of the Salado Format"on

is almost entirely made up oi alternating thick seams of rock salt

and thinner seams of anhydrite and polyhalite. Magnesite in thir_

bands, Laminae, and ragged kno,'.sform a carbonate-rich zone in the

lower part uf most anhydrite and polyhalite seams. Seams and

partings of claystone underlie the anhydrite and polyhalite seams,

and claystone caps layers of clayey halite in t_.e rock salt. There

are also a few beds of very-_)ne-grained halitic sandstone, a few

- inches to a foot or so thick, near the base and top of the member.

Insofar as has been determined by drilling, the member is completely

free of carnallite and other hydrous potassium and magnesium

evaporite mlneral_ in all parts of the Los Medanos area, but the

upper part contains traces to small amounts of these minerals

several miles to the north cf the ar_a.
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The lower member is 1,195 feet thick as recorded in ERDA-9. The

member thins to 430 feet near the n_rtheast corner o£ the area; in

this instance the decrease of thickness seems to be. due to beds

r missing at the corrosion surfaces that truncate individual rock

--" sequences, as well as to thinning of all beds northeastward,

Southward, the lower 240-300 feet of the J,ember (that is, the

Infra-Cowden) grades, according to Jones (1973), by intertongulng

into the upper part of the Castile For,_atio_, and the thickness of

the member decreases to between 785 and 950. Anderson (1978)

di._agrees wlth the concept of an intertonguing lithofacies

rel_tlonship between the Infra-Cowden salt and Castile anhydrite.

He asserts that the Infra-Cowden wedges out southward and that the

top of the Castile is unconformable with the Salado because o_

dissolution at or near the top of Castile prior to Salado deposition

(refer tc disc,lssion above). Anderson (1978) p_esents an isopach

map sbowin? distribution of. Infra-Cowden salt across the northern

part of the Delaware Basin.

McNutt Potash Zone. The McNutt potash zone, located between the

Vaca Triste halitic sandstone and the 126-marker bed, is anothec _

salt-rich member of the Salado Formation. However, unlike other

members of the Salado, the McNutt may contain potassic rocks rlch in

sylvite, langbeinite, and hydrous evaporite m_nerals. The potassic

rocks occur at short to long intervals in seam._ of rock salt

/ scattered through nearly all parts of the McNutt zone. They are the

obvious lithologic feature by which the NcNutt is distinguished, yet

they are absent locally and, at best, probably comprise only 3 to 5

percent of the member in the most potassium-rich sections of the Los

Medanos ar_a,

Apart fr_ the potasslc rocks, the McNutt presents virtually the

same aspect as other members of the Salado. Thick seams of rock

salt alternate with thinner seams of anhydrite and polyhalite.

'fhere are partings of claystone beneath most anhydrite and

/

/

i

.
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, polyhalite seams and above layers of clayey halite. A bed of

very-fJne-gralned halltic sandstone, the Vaoa Triste, a foot or so
.

thick, occurs in clayey halite at the top of the member.

The McNutt potash zone is 369 feet thick at ERDA-ge decreasing in

thickness to the northeast. This decrease is similar in nature to

that observed for the lower member. As a rule, where the member is

thinnest it seems to be more thinly bedded and to have fewer beds.

Upper nember. The upper member of the Salado, located above the

, Vaca Triste marker, consists of rock salt, minor anhydrite and

polyhalite, and two persistent be.ds of very-flne-grained halitic

sandstone, which are, respectively, 30-40 feet and Ii0-I15 feet

below the top of the unit. Claystone underlies seams of anhydrite

and polyhalite, and coats the upper surfaces of clayey halite layers

in the rock salt. Most parts of the upper member are generally free

of hydrous evaporite minerals, but, nevertheless, some intervals of

rock salt and other rocks in the upper 130 to 180 feet of the unit

commonly contain traces to very small amounts of carnallite and

kieserlte.

Of particular interest is the occurrence of carnallite at the top of

the upper member. The carnallite forths a major deposit of potassic

rock that extends over a wide section in the northern part of the

Los Medanos area and much of the region immediately to the north.

= The deposit is the only one known to occur in the upper member of

the Salado, but is not restricted to the unit. It extends

irregularly upward into sandstone of the overlying Rustler Formation.

At the WIPP site, the upper member of the Salado Formation is 512

feet thick (ERDA-9), becoming thinner (between 430 to 480 feet)

f_rther north. This thinning northward seems to be partly

depositional and partly erosional, for the member is more thinly
&

bedded [n the north and contains fewer beds. Many seams of

anhydrite, polyhalite, and other evaporites are only about
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. three-fourths as thick as at the south end of the area. Beds of

halite and clayey halite are mlsslng beneath m_ny of the corrosion

surfaces that separate rock sequences in the unit.

Several miles west of the site in the Nash Draw area, variations in

thickness of the upper member are fairly complex and large. The

complexity and thickness of the meJnber are believed to reflect a

, combination of geologic factors involving mostly (I) gradual

thinning northward in response to changes in deposition patterns

during the Ochoan Epoch, and (2) rapid thinning westward in response

to change in dissolution patterns during the Pleistocene and earlier

parts of the Cenozoic Era. In contrast to the modest northward

thinning, the westward thinning of _he member toward Nash Draw

involves as much as a fourfold reduction in thickness in a distance

of 4 to 6 miles, and the member is as thin as 150 to 170 feet at

places along the west side of the area. This small thickness is

considered to include the residue or remnants of at least a 450- to

500-foot-thick section of rock from which soluble salts have been

leached by percolating ground water. The section of rock from which

• salts have been leached decreases in thickness eastward and feathers

out in the area immediately east of Nash Draw. Znsofar as can be

: determined frca drilling records, the feather-edge of the residual

materials marks the easternmost extent of dissolution of the upper

member of the Salado Formation at any time. Apparently the regime

here is highly stabilized and of long duration, with very little or

practically no dissolution since the Pleistocene, o, perhaps

earlier. Estimates prepared by Bachman and Johnson (1973) indicate

that the rate of salt removal during dissolution may amount to as

much as 0.5 foot per 1,000 years. This rate suggests that roughly l

million years would be required to reduce 450 to 500 feet of the

upper member to an insoluble residual debris, and that dissolution

in the western part of Los Medanos area has a long history extending " '

back at least as far as mid-Pleistocene time. Other considerations,

however, suggest that its history is even longer and may have begun

, by the mid-Tertiary (Bachman, 1976).

, •
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In all parts of the Los Medanos area, where the upper member of the

Salado _s thinned by dissolution, the section of rock between the

upper surfa,-e of salt and the upper surface of the formation is

composed of _.¢ay with crudely interlayered seams of broken and

shattered gypsum and fine-grained sandstone. The clay is considered

to be a subeurface residue concentrated through dissolution of

clayey halite and other clay-bearing evaporites by percolating

ground water. The gypsum is clearly the hydrated remnant of

anhydrite and po_yhallte seams, for it commonly contains ragged and

embayed masses of anhydrite and polyhalite, and also grades
..

laterally into anhydrite and polyhalite. The clay, gypstn, and

sandstone comprise a fairly distinct residual unit that thins out

eastward by grading into, and intertonguing with, rock salt and the

ocher precursory rocks from which it originated. The residual unit

thickens westward and crops out locally along the Pecos River west

of the Lo_ Medanos area. The unit is generally assigned by

geologlsts laapping areas alon_ the Pecos River to the lower member

of the Rustler Formation, but this practice sh._uld be discontinued,

for the clayey residue is clearly Dart of the Salack_ Formation.

Isopach maps of intervals in the upper member and in the MuNutt

potash zone are shown in Figures 4.3-4 through 4.3-7 referenced to

the marke_ beds indicated. The same gradual northward decrease in

thickness at the rate of about i0 to 15 feet per mile is exhibited

by all four intervals contoured. It is significant that pronounced

westward thinning of t|_ Salado, which would be related to

dissolution of salt from the Salado toward the Nash Draw area, is

evidenced only in the uppermost interval (figure 4.3-7), and then

only in Range 31 E., a mile or more west of the proposed WIPP

repository boundary. The onset of westward thinning of the Salado

Formation as defined by these isopach countours delimits a
/

"suberosion" front at the top of the Salado (Griswold, 1977; Brokaw,

et al., 1972; Jones, 1973) or the leading edge of a wedge of

dissolution In the Salado progressing from west to east. This

indicates that, insofar as can be detected by isopach patterns,
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'. leaching of salt at the top of the Salado Formation by dissolution

activity centered in the Nash Draw area has not occurred closer than

approximately 1 mile west of the proposed WIPP repository.

In the Los Medanos area, the Salado Formation is overlain

conformably by the Rustler Formation. The contact between the two

formations is rather sharply defined as the horizon at which

dominant rock salt below gives way to a 35- to 55-foot-thick unit of

,: flne-grained sandstone that is generally dolomitic In the basal few

feet.

Rustler Formation. The Rustler ._ormatlon, the uppermost or last of the

j three Ochoan evaporlte formations, contains the least quantity of rock

salt and the largest proportion of clastic material in this evaporlte

sequence. It was deposited in the last stages of the saline Permian sea

that inundated the Dnlaware Basin, and Is very largely coextensive with

the Salado in this area (Brokaw et al., 1972). Jones (1972) lists

lithologic percentages in the Rustler, presumably from areas in the

Delaware Basin where Rustler salt has not been leached, as follows: 43

percent rock salt and other halides, 30 percent anhydrite, polyhalite,

gYpsum, and other sulfates, 17 percerlt clastic rocks, and i0 percent

dolo_nite, limestone, and magnesite.

Shallowest of the evaporites to be exposed in the site area, the Rustler

Formation crops out locally about 5 miles west of the center of the site,

beyond the Livingston Ridge _:4Carl_nentwhich forms the east edge of Nash

, Draw (refer to Figure 4.2-4, Surficial Geologic Hap) Generally it is

covered by alluvial material, sand du.es, or collapse debris.

The following descriptions of the Rustler are _iven by Jones (1973). As

typically exposed In outcrop, the Rustler is a broken and somewhat

junbled moss of gypsum with minor dolomite and a few crude seams of

virtually unconsolidated sands and clays. The outcrops in Nash Draw are

decidedly poor for any study that requires precise information on the

lithology, thickness, or specific chemical or physical prope¢ttes of the
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formation, and, as previously noted by Vine (1963), it is imposslbl, to

piece together a meanlnc.lful stratlgraphlc section from study or mappln9

of outcrops. Exposed rocks are porous, friable, and loose-textured, and

all are strongly jointed, cavernous, and locally brecciated.

Stratification is obscured or completely oblluerated, and the attitude of

bedding can rarely be determined wlth any degreee of conlidence. The

considerable deformation attests to the removal of much soluble materlal,

by percolating ground water and to tl_ altered nature of the debris

exposed in outcrop.

areaily persistent beds of dulomlte in the Rustler serve as important

marker beds. The iowermcs_ of the two dolomite beds, normally I00-150

feet above the base of the tormatlon, is known as the Culebra Dolomite

member. The upper bed, 200-250 feet above the base, is the.Magenta

Dolomite member. TLey were named and d_sc_'Ibed by Adams (]944) elastic

rocks, consisting of thin to thick beds of sandstone and claystone, make

up the remainder of the less soluble part of the formation.

In the subsurface, proceeding eastward across the WIPP site and into Lea

County, ali tl_ gypst_u in the Rustler gives way to anhydrite and minor

polyhalite, and the sands and clays grade into sandy and clayey rock

salt. In western Lea Courty at depths of 900-1,000 feet, the Rustler is

l&rgely an alternation of thick seams of rock salt ,.hd anydrlte. A

persistent seam of polyhalite occurs near the mlddi_: of the formation,

and, insofar as has been determined, it is the only hydrous evapoL'Ite

rock of any great ext-.nt or ma]or importance in the stratigraphy of, the

forma,_ion.

W,th the eastward, down-dip change in composit4on fL'om gypsum to

anhydrite and rc_:ksalt, the thickness of the Rustler also chanjes rather

significantly. The thicknrss ranges between 280 a,,d 300 feet near the

Nash Draw outcrop , but increases eastward to 490 feet about I0 miles

southeast of the site and to 385 feet about 10 miles to the northeast.

The increase ranges in amount between 105 and 160 feet and provides a

crude measure of the minimum thickness of rock salt tha_ is missing in
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the area of outcrop. T|_e diff_rence In formation thickness between the

southeast and northeast corners of the area i¢ probably depositional |n

origin, for the formation fs mote thickly bedded in the southeast where

it is thickest (Jones, 1973). These relationships are shown or, a Rustler
/

isopaoh map in Brokaw, et al. (1972).

In tns Immedlate site area, the Rustler is lltbologically divisible into

a s_ndy lower part und an anhydrltlc upper part (Oonesr 1975). The sandy

i_,,_L part, 92 to 125 feet thick, is dominantly very flne-gralned, silty

sandstone, with less abundant anhydrite and rock salt! the sandstone is

ha!ltir and light to dark gray in its lower secti_1 and reddish brown and

salt-free in it_ upper section. The anhydritic upper part of the

formalin|, 200 to 227 feet thick, is largely gray anhydrite, with a few

Interbeds or r_ddlsh-brown clay aridgray dolomite. The anhydrite is in

f_irly massive beds which have gypslfe|:ous rinds along thei,' lower and

upper sides.

At the p:oposed _flPP site, ERDA-9 encountered 310 feet of Rustier

com_enclng at a deplh o_ 550 feet (refer to Figure 4.i-3). The Culebra

and _agenta members _ere both encountered and measured at 26 and 24 feet

thick, respectively. The thickness of the formation as a whole would

indicate that much of the hailte originally contained in the formation

has been leached away, particularly in the up,_er part of the formation.

The detailed well record of ERDA-9 (Griswold, 1977) shows that clayey

halite was encounter-.d in the Rustler below the Culebra dolomite, about

I00 feet above the base of the for_atlon. Between this position downward

to the p_opc.sed upper level CH-storage zore, over 1300 feet of

undisturbed evap_ite rock, primarily Salad, rock salt, intervene.

An isopach map of. the Rustler Formation is showll in Figure 4.3-8. The

closely spaced contours at the east edge of the site are a measure of the
i

I increasing amount of salt remaining in the Rustl.er in the eastward

I direction. The formation increases in thickness eastward andsoutheastward by at_ut 180 feet over a di_Lance of about 2.7 miles, or

I over 65 feet per mile. As with the Salad- Formation, these contours can
be used to postulate a dissolution front in the Rustle:.

I
:b I

I'
i
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The Rustler Pormation is se.oarated from the overlying Dewey baka i_edbeds

by a sharp lithologic break, an abrupt change Eroet gray anhydrite to

reddish-brown mudstone. The anhydrite below the break is free of sand

and clay, and it ranges erratically in thickness _rom 18 to 32 feet.

There i._ no indication cE northward thinning, such as that common to

most. i_ not all, rcck units in the Rustler and underlying Salado

Formations, and it would appear that the contact between the Rustler and

DeWey Lake is an unconLormity. The discordance and hiatus is probably

not very great.

Dn._weyLake Redbeds. The Dewey Lake R_dbeds are the uppermost cE the Late

Permian Ochoan Series cE formations and rep.'e_ent as well the top of the

Paleozoic in the Delaware Basin. The term "Dewey bake" is synonymous

with the term "Pierce Canyon" originally proposed by bang (1935) and

applied to the redbeds in the Nash Draw e_ea by Vine (1963). Actually

the assignment of the Dewey Lake to the Permian Ochoan sequence is

somewhat arbitrary, being based on certain lithologtc details and

stratigraphic aspects, rather than any definitely demonstrable affinity.

Like t.he underlying Ochoan evaporites, the Dewey Lake appears to lack

¢ossils despite its marine origin. Bachman (in Jones, 1973), while

acknowledging the customary age assignment of the formation, nevertheless

feel._ "that the Dewey Lake of southeastern New .4exico may actually be
T

Triassic in age." He does not state, however, whether he believes it

might be of Early or Late Triassic age.

The Dewey Lake crops out in places along the west edge of Nash Draw where

partial thicknesses are exposed (refer to Surficial Geologic Hap, Figure

4.2-4), but generally the formation is mantled by dune sand and caltche.

Beneath the surf_.cial cover, t_owever, the Dewey Lake occupies a broad

band between the center of the WIPP site and Nash Draw. lt is bounded on

the west by gypsiferous residue of the uppermost anhydrite seam in rho

Rustler Formation and on the east by coarse-grained c£astic rocks o£ the

Santa Rosa Sandstone of Late Triassic age. The latter contact occurs

approximately across the center cE the WIPP site.

,#



The Dewey Lake is difl_erentiated from _ther formations by its lithology,

distinctive reddish-orange to reddish-brown aolor, and sedimentary

structures, The formation consists _lmost entirely o¢ an alternation of

stltstone and very-_lne-gr_tned sandstone beds a few inl_hes to several

feet thick, but there a_e a few beds o_ claystone in its lower and upper

parts, lndividllaL beds ace pereistente and the formation is readily

separ, able on well log records iilto several sequences alternately richer

or poorer in sandstoqe. Buff totally, most rook ta evenly and thinly

bedded, liberally sprinkled with greenish-gray spots, and Irregularly

intruded by horizontal and cries-crossing veins of fibrous selenite.

Some beds are structureless, whereas others are either horizontally

laminated or cross-laminated. Hany bedding surfaces carry shallow

cur:ant or oscillation ripple marks. Silt-filled mud cracks occur at the

top o£ -amy mudstone layers, and there are small chips and flattened

pellets of mudstone In the basal part of many siltstone and sandstone

layers (3ones, 1975).

Accordt,-,g to Vine (1963), the Dewey Tmke Redbeds represent the beginning

o£ continuous deposition of detrttal sediment following the long period

of predominantly ovaporite deposition in the Delaware Basin ar, d adjacent

shelf areas of southeastern New Mexico. However, th. abrupt change _n

lithology does not necess_rily signify a sudden tectonic or eustatic

movement, but only a gradual decrease in the salinity or depth of the

water plus a new source for the detrital sediments which were deposited.

Certai|_ general features o_ the Dewey Lake are especially noteworthy.

The lithology and color ]ppear to be remarkably unlI'orm. V._ewed from the

distance of a few feet, the stratification nearly always appears to be

parallel, even tho,J_h small-scale cross-lamination may be seen on close

inspection. The s_all grain size, together with the minute sca!e of

primary sedimentary structures, such as cross-lamlnatlon in sets less

than 1 om thick and oscillation ripple marks less than I inch from crest

to crest, suggests that the silt was deposited in extremely shallow w_ter

extending over a broad flat. Lenses of medlum-scale, cross-laminated,

flne-gralned sandstone or siltstone in the upper part of t_e Dewey Lake

I
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probably indicate a gradual change toward fluvlal deposition near the end

of Dewey Lake time. The deposit undoubtedly blanketed the Delaware Basin

and part of the stroll area to the north, but the source of the sediment

is unknown.

The ERDA-9 well records a thickness cE 487 feet of Dewey Lake strata.

The thickness varies greatly access the area, however, from about 550

feet a few miles southeast of the site to 100 fee c a few miles to the

southwest (refer to isopach map, Figure 4.3-9). Normally in this area,

the Dewey Lake ranges betwen 500 and 560 feet in thickness, thinning to

the northwest. This northwestward thinning is attributed to pre-Late

/ Triassic erosion after the redbeds had been tilted southeastward (Jones,

1973, p. 25). Locally, however, where the Dewey Lake forms the surface

of either pre-late Tertiary terrain or Quaternary terrain, erosion later

than Triassic has out through the Dewey Lake, producing the steepened

_ isopaoh gradients. In Figure 4.3-9 the gradients of 20 to 40 feet per

mile observable in the eastern half of the map reelect pre-Late Triassic

erosional thlrmang, while the steeper dips of up to 150 feet per mile to

the west represent later dissection, apparently related to the origin and

development of Nash Draw. A geologic section given by Jones (1973,

Figure 3) illustrates the effect of this later dissection on the Dewey

' Lake sur _ace.

4,3.3 Mesozoic Erathem

Triassic SYste_.._m. Triassic rocks in the northern part of the Delaware

Basin are all Late Triassic in age and are included in the Dockum Group.

The Dockum is entirely of continental origin and Consists of the

dominantly Eine sediments of broad flood plains and coarse alluvial

debris deposited ovaL' a very broad area extended beyond the borders of

the Delaware Basin. It surfaces the pre-Tertiary terrane at and east of

the WIPP site. Local subdivisions of the Dockum Group are the Santa Rosa
t

Sandstone (Darton, 1922) and the Chlnle Formation.
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_) Santa Rosa Sandstone

The santa Rosa Sandqtone rests unaonforrnably with sharp iithologio

contact on the underlying Dewey Lake Redbeds. Vine (1963), based on

outcrop observation, called this contact a discon_ocm_ty (that is,

parallel beds on either side o_ the contact representing a time-rock

gap), but jones (1973) considers it "an angular unconformity o_ low

&ngle. m Co_zespondtn_ to an interval between the end of Permian time and h'

the start o_ Late Triassic time, this uncon_ormity represents a break in

deposition perhaps longer than had p_eviously occurred in the regiolt

since Mississippian time or even earlier, assuming the assignment of the

Dewey bake Redbeds to the Pormian is val|d.

At the site, the Santa Rosa occurs au an erosional wedge pinching out

westward Just beyond the center of the sitel a thtcknens o_ only 9 _eet

of Santa Rosa Sandstone _'aD recorded at ERDA-9. Eastward the Eormatton

fcrms the pce-Gatuna surface (See Figure 2 in Jones, 1973) but is

blanketed by such an extensive veneer of Upper Tertiary alluvial deposits

and oaliche, and Recent dune sand, that the nearest extensi_'e outcrops

occur about 7 miles to the north (Vine, 1963).

O The wedge of Santa Rosa thickens rel_tlvely rapldly eastward at the r._te

of up to 150 feet per mile, attaining a maximum thickness of 250 feet

over a distance of only two or three miles, thereafter maintaining a more

uniform profile (refer to isopach map of the Santa Rosa, Figure 4.3-i0).

Sectlolls compilod by Jones (1973) indicate a relatively uniform thickness

of the Santa Rosa on the order of 250 fe_t at least as far as several

miles east of the Lea County boundary. The steepened wedge effect of the

Santa Rosa across the site a_ea is undoubtedly due to the post-Late

Triassic, pre-Gatuna erosion that cut downward into the Dewey Lake
.,,

surface, which is discussed above (cc_npare Figure 4.3-9).

The Sant_ RoSa Sandstone consists, for the most part, of

=ross-stratified, medium- to coarse-grained, gray to yellow-brown

sandstone, but includes both conglclnerate and reddish-brown mudstone. In
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outcrop it has been observed by Vine (1963) to consist of large-scale,

trough-type, orals-bedded, pale-red sands.tone and conglomerate lenses, 3

to 15 feet thick, separated by thin patting_ of moderate reddish-brown

siltstone and silty claystone. The conglomerate lenses contain both

silty dolomite pc,bbles and chert or quartz pebbles. The sandstone is

characteristically poorly sorted. The formation differ_ _ro_ the

underlying Dewey Lake Redbeds by being coarser grained, Zess weli sorted,

and by having beds that are thloker and more lentioular. Fossil plant

impressions, carbonaceous plant fragments, and fossil reptile bones and

teeth thought to be _rom phytosaurs characterize some of the beds. Clay

is a relatively minor oonstitutent in most of. the Santa Rosa Sandstone.

Secondary dolomite is the most abundant cement, and it probably

constitutes at least 10 percent o£ the rook.

The Santa Rosa Sandstone represents a change in the environment of

deposition as compared with the Dewey Lake Redbeds. The large-scale

trotlgh-type otossbeddtng probably tI_dicates a fluvial environment. The

lack of sorting, arkosio composition, and angularity of the grains

suggests rapid deposition by streams desoencLng _'rom a predominantly

crystalline terrain (Vine, 1963). @

2) Ch!nle Formation

/ The Chin_e Formation, though not present at the WIPP site Itself, occurs

at about the Lea County line 5 miles to the east, where it forms the

subcrop surface of pre-Tertlary rock, as shown by Jones (1973). Like the

Santa Rosa Sandstone at the site, in profile the Chinle is seen to wedge

out from the east at the Lea County llne, beveled by pre-Gatuna eroq4on.

Farther east, the Chinle appe._rs not to attain a thickness in excess of

].00 fuet as shown by Jones (1973). Northward, however, it achieves a

" thickness of abOut 800 feet near the Hat Mesa gas field, about II miles

northeast of the si_e, where the Chinle is blanketed by Late Tertiary

Ogal]ala Yormation (Jones, 1973). These relationships plus the areal

distribution of Ogaliala remnants indicate that post-Chlnle, pre-Ogallala

erosion occurred subsequent to an eastward to northward tiltJng._,, at
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least the northern part o_ the Delaware Baslr,, resulting in a greater

_mount o_ Chinle Hediments removed progressivei_ southward and eastward.

Later, anu or more erosional episodes beveled a westward-sloping surface

on post-OgallaLa terrain.

In litr_)locjy, the Chinle is dominantly reddish-brown shaly mudstone

interspersed with some greenish-gray mudstone and minor lenses of

sandstone and conglomerate, deposited i, a J_loodplail_ or alluvial

environment basically similar to that o_ the Santa Rosa. Its contact

with the underlying Santa Ros_ Sandstone is confer.Fable and is at the

change from sandstone of the Santa Rosa to sh_ly mudstone o_ the Chinle.

• lt is overlain unconformably by the Ogallala Formation of ,,ate Tertiary

age.

Post-Triassic Rocks of Hesozoic Age. No Hesozo_c tor ks latcr than the

Chinle strata are known to exist in the WIPP site area. According to

Jones (1973), there are qood reasons to in_or from p_leogeology and other

considerations that the Jurassic: Period was a time o_ erosion and r_oval

of the Dockum. Some rocks of Cretaceous age, thou0h absent frc_ the site

area, almost certainly were deposited by Early Cretaceous seas whLch

advanced northward acre,s southeastern Hew Mexico. Small outliacs,

crevasse deposits, and other remnant_ of Lower Cretaceous rocks are found

lying unconformably on the Capltan, TansltL, and Castile Formations near

Carlsbad Caverns (Hayes, 1964; Lang, 1_e37), on the Salado Formation near

Black River Village, on the Rustler Formation a [ew miles northeast: of

Carlsbad, New Mexico, and on the Chtnle Formatio_ at many places to the

north and east of the WIPP site area (Ash and Clebsch, 196.1).

4.3.4 Cenozoic Srathem

Tertiary system.. No Early or Hiddle Tertiary sedzmentary rocks are known

to be. present in the region. A lamprophyre dike, the only ioneous rock

later than Precambrian age known in the region, is observed to intrude

the Salado Formation at the Kerr-HoGs, potash mine, abnut _en miles north

of the center of the WIPP site (refer to Figure 3.5-2). Part of a

! /
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northeast-southwest dike t_end of regional extent, the _Zosest approach

of which is at least eight miles northwest of the center of the site, the

dike is not exposed at the surface east of the Pecos River. A

radinmetrlc date of 30 mil.;.ionyears for the lamprophyre has been in the

record for s,_me time (Urry, 1936); an Oligocene or mid-Tertlary age for

emplacement is therefore indicated. Fu'rther dlscussAon of this dike

trend, ir,nludlng an account of more recent Investlg_tlons conducted, is

Included In Regional Geology, Section 3.5.1.

In Late Tertiary time extensive alluvial fans carried sandy and gravelly

material eastward over a broad erosional plain that had developed in the

region by I.ate Miocene time. The sediments accumulated during this

alluvi&tlon, which lasted until Late Pliocene time, copstltute the

Ogallala Formation. The youngest fauna present in the Ogallala Formation

Js of Kimball age. Tnls fauna may be as old as 4.6 million years

(Bachman, 1974}.

a

'_ Only one area occupied by the Ogallala is present within i0 miles of the

site, namely, a relatively thin erosional remnant capping The Divide

located between 6 and _ miles east-northeast of the center of the site 4_

. (refer to Figure 4.2-4, Surficial Geologic Map). .%geologic map by

Bachman (in Jones, 1973) indicates that the Ogallala at the Divide is

restricted to elevations above 3750 feet, where it is about 25 feet thick

and includes about I0 feet of conglomeratic sandstone at the bdSe

overlaln by about 15 feot of caliche. Pebbles of rounded quartzite and

chert as much as 1-1/2 |nches in diameter are present in lenticular beds

(Bachman, 1974).

Special attention has been given to the callche developed on the Ogallala

by Bachman (in Jones, 1973), who suggests that it may be dxstinct in

origin from callche observed elsewhere in the area. Based on field

examination, he finds that

"Callche of the Ogallala Formation is a distinctive travertlne-like

calcium carbonate. It is dense, light gray _" white, _nd composed

of concentrically laminated fragments that range fr(An,less th_n
one-half inch to more than 2 inches in diameter. Space between
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these fragments is filled with structureless or, in places,

Imninated limestone. The weathered surface appears algal or

" plsotitic in places. However, these concentric laminae probably are

not the resuJ.t of ozganic activity but indica_-_ ,<epeated generations
oE inorganic solution and repreclpitation. Tr_e ca]iche is sandy and

has been precipitated in porous spaces between sand grainsl
ti_erefore, irldividual sand grains appear to float In the caliche.

The Ogatlala caliche probably formed as a part of a soll profile
that developed on the High Plains surface either during or after

, deposition of the Og_llata Formation."

In the High Plains to the east of The Divide, longitudinal deprcsslons in

the Ogallala caliche are interpreted to be Interduna_ swales caused by,

solution etching of Ogaltata caliche where zt was not protected by

./ Pleistocene sand dunes (Bachman, 1976).

Quaternary System

,' 1) Pleistocene Series

a) Gatuna Formation

The only Pleistc_._ne deposit at the proposed WIPP site which has beenassigned a format stratlgraphic name is the Gatuna Formation. In the

immediate area, the Garona forms a thin blanket, locally absent, ranging

in thickness from zero to s.lightly more than 30 feet (refer to Figure

' 4.3-11, Gatuna Isopach Map}; at ERDA-9, 27 feet of Gatuna were

recognized. In spite of its shallow depth below the surface, however,

the Gatuna crops out only rarely, being for the most part obscured by a

thin but persistent veneer of caliche and surficial sand. The nearest

mapped outcrops occur along the west-facing slope of Livingston Ridge at

the edge of Nash Draw (about :'our miles northwest of the center of the

slte_ see 2igure 4.2-4, Sutfi-.iat Geologic Hap) where they were mapped by

Vine (1963}, and to the southeast of the site as mapped by Bachman

(1974). In Nash Draw itself the Gatuna locally exceeds 100 feet in

thickness and fi_Is sinkholes previously formed by dis._olution of salt

and other evaporites, lt has alluviated most drainage valleys of an

ancient Pecos system, of which Nash Draw was a part. Though the Gatuna

is pzedominantly a flne-grained, reddish or brownish friable sandstone,
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conglomerate lenses and blankets are common regio.ally. Zt is the /

pebbles in the conglomerate which have proved most useful in providing

" evidence _elating to geologic history, age, and provenance of the

formation.

Bachman (1974) dlscus_es age, lithology, and paleoclimatlc implications

of the Gatuna at some length. Generally, the Gatuna was stream-lald

under pluvial condltlons. In some areas having flne-gralned materials in

rh? lower part of thicker sections, the Gatuna first filled collapsed

basins and extensive sinks! in other ar2as, such as in the southern part

of Nash Draw, gypsum-_Ich clays and silts in the section suggest

deposltio_, in areas then undergoing siilking and collapse. Based on

examination of pebble clasts in Gatuna gravels of the Peco3 River

northwest of the site In Chaves and northern Eddy Counties (refer to

Regional Geology and Regional Geomorphology sections for additional

discussion of these gravels), Bachman concludes that the G_tuna was

deposited in a much wetter climate than present. There is no indication

that modern drainage is carrying clasts of the size and quantity

p-eserved in Gatuna stream deposits. The discovery of Ogallala pisolitic
r

debris (i.e., pebbles of Ogallala caprock callche) in the Gatuna

demonstrates that the Gatuna is Pleistocene rather than Pliocene in age.

Futhermore, on the basis of the many stream and pond deposits in the

Catuna and the evidence for widespread solution and collapse, Gatuna time

represents the most hi.ld Pleistocene stage in southeastern New Mexico.

Regional considerations lead Bachman to assign a tentative Kansan age to

the Gatuna, or approximately an age of 600,000 years (B_chman, 1974).

b) Mescalero Caliche

Beneath an obscuring cover of wind-blown sand, much if n_t ali of the

site area, excluding some depressions and drainages such as Nash Draw,

are covered by a hard, resistant caliche crust, lt Is very extensive to

tpe north in Chaves County on the Mescalero plain between the Pecos River

and the Llano Estacado and is informally called the Mescalero caliche.

Though generally less than I0 feet thick in the site area, its resistance

to weathering in the dry climate has effectively prevented natural
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exposure of older strata and has allowed it to form extensive surfaces

that can themselves be mapped in definite stratigraphic sequence with

ott_er deposits.

Vine (1963) provides a detailed account of caltche as he observed its

occurrence in the Nash Draw quadrangle. Ee states,

"Caliche is a near-surface accumulation of calcareous and elastic

material that forms a resistant mantle. It is characterized by an

excess of calcareous material over that required to cement the
clastic grains, with the result that the grains appear to float in

the matrix. In many areas the caliche is characteristically
brecciated and recemented. In addition to sand and calcareous

material, pebbles are locally abundant, and silica in the form of

chalcedony or opal also forms part of the cementing matrix. Other
soluble minerals, including gypsy, are probably locally present.
Where the top surface of cal_che has long been exposed to

weathering, it almost invariably has a very hard dense limestone

surface that could easily be misinterpreted as an outcrop of massive
limestone similar to those in some older formations Close

inspection, however, geneL'ally reveals sand grains, chalcedony, and
brecciation. Commonly the dense layer at the top is only I or 2

feet thick, and the rock becomes more friable and shows a greater

proportion of sand qrains to matrix within a few feet of the
surface. The less calcareous zone in turn grades downwarU within 5

or i0 feet into the underlying bedrock, which generally is broken

into angular _ragments recemented with calcareous material. (Note:
five feet of callche were encountered at ERDA-9.) In many areas
caliche has concentric lamination or colloform structure resembling

calcareous algal structures. The widespread mantle of callche has
much the same composition throughout the area regardless of whether
tie underlying bedrock is red sandstone and si_tstone _rom the

Gatuna Formation, Santa Rosa Sandstone, and Pi(:rce Canyon (=Dewey

Lake) Redbeds, or gypsum fzom the Rustle_ For, ation."

Bachman (1974) shows a regional structure contour map of the Mescalero

caliche. He confirms Vine's recognition of an uppe_r dense zone over an

earthy-to-firm nodular calcareous deposit, and notes that it is the upper

dense caprock that is prominently laminated. The character of the

laminae indicates that the Mescalero caliche arose through successive

cycles of dzssolution and reprecipitatlon of the matrix, and that this

occurred during an interval of tectonic stability that followed

depcsition of the Gatuna Formation--that is, in the semiarid environment

that followed the moist conditions of Gatuna time. Based on regional

geomorphic considerations, Bachm_n correlates the formation of the

W ......... •....
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Nescalero caltche with the ¥armoutl_ian interglacial stage, or

mid-Pleistocene time, about 500,000 years ago. Brown (1956) reached

generally slmllaL' conclusions on the origin cE callche he studied on the

Llano Estacado of the Texas panhandle, where he found that "the callche,

with interruptions, apparently has been forming continuously since its "

inception in the Pliocene, and Its multiple occurrence is a ceflection of

cllmatlc _ariatlons lr.the Pliocene and Plelstocen0". Notln_ that the

Hescalero callche dips abruptly into Nash Draw along Livingston Ridge,

Bachman (197_| also in Jones, 1973) concludes that Nash Draw was

subjected to subsidence after the formation of the callche, presumably

during the more pluvial conditions of the subsequent Illlnolan or

Wisconsin glaciations.

2) Recent Depos._"_s.

Deposits of Recent age in the vicinity of the WIPP site include windblown

sand, alluvium, arid playa lake deposits.

The most prevale:,t deposit by far is the windblown sand which covers

nearly all of t._ area of the WIPP slte itself. The sand, locally known

as the r4escale'o sand (Vine, 1963), occurs either as a sheet deposit

resting on ca'.iche or as tracts of conspicuous dune fields (Los

Medanos). Z'_ the former case, the sand is probably no more than i0 to 15

feet thick (n the average; In the latter, the sand may attain I00 feet in

thickness locally. At many places the sand consists of two parts: a

compacted, slightly clayey moderate-brrwn eolian sand up to 1-1/2 feet

thick, overlain by loose, windblown light-brown to light yellowlsh-gray

sand. The sand dunes appear to be relatively inactive at present, partly

stabilized by sparse plant cover. The widespread deposits of windblown

sand are indicative of a large source of fine sand as well as of the

extreme fluctuations of climate that have occurred during Pleistocene

time. There is very little evidence that much sand has been derived from

the Pecos River. Bachman (i_74) suggests that most sand has been derived

Erom deposits of the Ogallala Formation. During humid intervals in

Pleistocene time the sand has been eroded from the Ogallala, and during

arid intervals the wind has moved this sand across the Mescalero plain.

........ O

_
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Doposits of alluvium are mapped by Vine (1953) generally in belts 1/4 to

3/4 of a mile wide along the base of declivities into Nash Draw, as along

the base of Livingston Ridge, and locally in smaller depressions (refer

\ to Figur,e 4.2-4_ Surflc£al Geologic Map). These deposits are similar to

_h_ee._ash. o_ _mall alluvial fans, and Vine considers them analogous to
i_i_,d_m_t o_ bolson deposits.

i L r _ /,

Playa deposits occur in mudflats, and consist o¢ eolian sand and alluvium

reworked by shallow-lake waters. Vine 41963) shows these aroas clustered

mostly within Nash Dra_, where the occaston_.l runotT accumulatec. The

nearest playas are mostly s_all, circular areas about 5 miles west of the

center o_ the site filling in the bottoms oE sinkhole depressions

adjacent to Nash Draw,

4.4 SITE STRUCTURE AND TECTONICS

• 4.4.1 Tectonic and Structurai Setting of Los Meda,los Site

Relatlon of Site Structure to Regional Tectonics. The Single dominatlng

tectonic feature in the region around the proposed WIPP slte ts the

Delaware Basln, the locus of unusually thick and rapid sedimentation in

Permian time. Beneath the site, for example, about 15,000 feet of

P-.nnsylvanian and Petmlan clastlcs, lJm¥ clastics, and evaporlt_.s

accumulated. The basin was marglnal to an o:ogenlc belt located farther

southwes_ (the Diablo Platform) which was tectonlcally active in Late

Pennsylvanian and Permian time. The basin evolved by downwarp of

Precambrian basement terrane of the Texas fore]at.d, a granitic craton.

South of the New Mexico border in Texas, the Dela_tare BaJin in Late

Pennsylvanian time was trough-like and received much of its sedlment from

a bordering mobile orogenic belt (M_rathon system), in the manner of a

molasse trough or exogeosyncline; in New H_Ico, however, the northern
i

part of the Delaware Basin received sedi_ent f:r_._iIntracratonic highs
\

4 _

located both to the west (Hu_pache flexure) and to the east (Central
.,

Basin Platform) and assu_ed more the character of an Intracratonlc basin

d
in which subsidence was accomplished mainly by downwarping of the craton
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without major marginal _aultlng and without subsequont _,:Idlng or :

compressive tectonic deformation, although bUried normal faults of fairly

large displacement are known at the margins of the Central Basin

Platform, The Central Basin Platform, located approximately along the

New Mexico-Texas border east of thc site, may be viewed as a medial,

arched horst, now deeply buried by later sedimentary deposits, which

separated and partly isolated the Delaware Basin from its eastern

counterpart, the MidLand Basin, during Late Pennsylvanian and Early

Permian time; later in Permian time these basins constituted part of the

broad Permian Basin (re_er to Sections 3.4 and 3.6; see Figure 1 ct

3achman and Johnson (1973) for the _xtent of the Permian sblt basin).

In the Delaware Basin toward the close of Permian time, as much as 4,000

£eet of evaporlte beds, dominantly rock salt, accumulated, during which

time differential subsidence ceased and stable cratonic conditions

returned to the area. Later, Triassic redbeds mantled the region. In

mid to late Tertiary time, t_fttng and tensional faulting occurred in the

Basin end Range region of New Mexico as far east as the Sacramonto and

Delaware Mountain anticlinal structures west of the nelaware Basin, and

southeast along the Diablo Platform to the Big Bend area of Texas, but

did not occur within the Delaware Basin itself. The basin was, however,
¢

tilted gently one or more times betwoen Late Triassic an_ Pliocene time,

producing a general net eastward tilt of about 2 degrees. The Late

Permian Ochoan rocks and the Triassic rocks exposed in the basin today do

not reflect basl_vide warping; the major structual feature of these

deposits is merely the regional eastward slope produced after Triassic

time (Bach.man and Johnson, 1973).

Tectonic and Nontectonic Hechanismc at the Site. At the s_te, stresses

associated with the origin and development of the Permian Dclauare Basin

have deformed the pre--ex_sting rocks or contemporaneous sediments in

different ways. Specifically, these stresses included the nontectonic

downward pressure imposed by the weiqh_ of rapidly deposited sediment and

the tectonic stress arising from within the eartll's crust and transmitted

through the basement rocks to the sedimentary pile. The tectonic stress
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!
would h_we been most etfectiwly imposed upor those rocks of the

sedimentary pile that had already undergone lithification and were

' therefore mechanically coupled with the baseme.t rocks. Stress imposed

by sedimezJt_ry load_ng would have been ,n_bL effectivel_ absorbed b,?

subjucent materials that were the least lithified _nd therefore tht._ most

compressible and capable o¢ ad]usttng to differential sediment loads.

Each me.-hanis_a would have produced different kinds of structures and

I_ caused dlcferent t_/pes of faulting in the rocks beneath the basin. The

temperatures measured and heat flow calculated for _ 8 (Mansure and

Reite¢, 1977) show evidence of norma, geothermal gradients,

'rbe presence of thick salt beds profoundly a_fects the type of

deformation which _curs in the salt itself and which t,q imposed upon

cocks and sedLment lying above the salt, inasmuch as thick salt is known

to d_,form plastically and to behave as a viscous medium over extended

per_od._ of tiJ_e, ?his behavior 'is promoted by high overburden pressures

and increased _.emperatures. Under favorable conditions, even slight

tilting o¢ the beds or lateral differences in lithostatic p_essure are

sufficient to initiate long-term viscous flow of salt. Salt deformation

I is therefore quite different in mechanism and manifestation than the

deformation of the enclosing rock materials. As a result, de_.ormational

features exhtb_.tod by rocks and sedim6nts lying above thick salt would

normally be expected to have lit.tie or no mechanical _elationshxp to

structures in rocks occurring beneath the r.alt, because the intervening

salt effectively decouples the two rock masses. Rocks overlying salt

would be expected to display l(.cal st¢uctures that are generated by mass

flow of salt. In addition, becauue shallow salt is susceptible to

dissolution I_ unsaturated g¢ound water, sediments above shaliuw salt

- w'.tere active solutionlng had occurred could be expected to exhibit karst..

and collapse features, or to have tn_erna! irregularity and chaotic

structLtre brought about by uneven subsidence or uward stoptn9 following

removal cE slgnlficant _.h_,ckne3ses of salt in the subsurface. It should

be ernphantzed, ho_ever, that at the WIPP site, evaporite dissolution has

been restricted to salt be4s or, the Rustler For_.'ation. No ev,.dence has

been obtained to date to indicate that this relatively small ar_ount of

dissolution of Rustler salt has resulted in signLficant dif_erent|al

'°

,

..
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sabsi:_ence in the site area. In contrast, the po_.enttal for subsidence

. structures to occur has been realized in areas such a3 Nash Draw, where

partial dissolution of Salado evaporlte bed_ has taken place.

It is concluded on t_e basis of the pre_edlng discussion that the nature

of the origin and development of possible structural features in the

rocks which occur in the Los Medanos a&'ea is spatially related to the

position o_ these rocks In the geologic column relative to the position

of thick bedded salt. Accordingly, the following description of geologic

structure at the WIPP site is organized into separate discussions of deep

structure (i.e., structure in rocks underlying Ochoan salt), salt

deformation, and shallow structure.

4.4,2 Deep Structures

Subregional Structure of Pre-Evaporite Rocks. A variety of structure

contour maps covering an area within about a 25-mile radil;s of the WIPP

site has been p_'epared, generally frcxn well data, Foste." (1974) provides

seven such subregional maps Grom top of Precambrian to top of Bell Canyon

(base of Castile)_ Sipes et al. (i976)show somewhat mute structural

Wdetail on top cE Devonian, Morrow, Atokan, Strawn, and Delaware strata

(their exhibits II,10, 9, and 8, respectively, the f_rst two of which

incorporate seismic reflection profile interpretations). Netherland,

Sewell and Associates (1974) present generallz-.d structure contour mapS

of a slightly different area on eleven horizons, from Ellenburger to top

of Bell Canyon (their Figures G-6 through G-16).

Structure contour maps express a humocllnal regional dip toward the

southeast to east on all pre-Ochoar. Paleozoic strata, reflecting the
/

presence of the Delaware Basin downwarp. Gradients on all pre-Permian

horizons _re similar in magnitude and direction, decreasing from about

150 feet per mile southeasterly in the lower Paleozoic to about I00 feet

per mile at the top of the Pennsylvanian. The nearest fault large enough

to he Jndlcated by subsurface well control Is a north-trending fault

shown by Foster (1974) about 15-20 miles east and southeast of the WIPP
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site, and referred to a. the "Bell Lake _ault." Zt has a length oi about

15 miles ar,d a displacement of about 500 feet. Located west of the

. central axls of the Delaware Basin, it nevertheless appears to be

structurally related bY orlentatloi_ _nd displacement (upthrown to the

east) to t,_e,test-boullding fault of the Central Basin Platform g!arther ,

east, as is shown on the regional structure contour map of Halgler &.hd

Cunnlngham (1972). The fault is not indicated to offset Permian strata

(Foster, 1974), but contour, of Wolfcamp and Bone Springs strata in the

lower part of the Permian section ar_ deflected in the area of the

fault. Permian structure contour maps i,dlcate a difference in gradient

and direction of W)rlzons compared to earlier strata. This indicates

significant tectonic activity In the basin in Late Pennsylvanian and

Early Permian time, which was the major period of structural adjustment

in the Delaware Basin (Foster, 1974). Permian strata beneath the Ochoan

Series slope east-southeast at about 50 feet per mile (Foster, 1974},

markedly less than pre-Permlan strata.

Site-Speclflc Interpretations. In the i_,_edlate slte area selsmlc

reflection data can be utilized _.s an adjunct to well control in

preparing more detailed structure contour interpretations. Figures 4.4-1

thru 4.4-3 contour horizons at, respectively, the top of the Silurian

(Siluro-Devonlan carbonate, refer to Section 4.3.2), top of Morrow, and

near the top of the Delaware. Seismic profile llnes are indicated and

well control points see shown. St.t_|ccutalinterpretation of seismic

re_lectlon profiles has been furnished by G.J. Long and Associates, Inr.

(1977). (Additional seismic profi1_,ng has been performed (G.3. Long,

1977b) or is presently being undertaken as part of a continuing program

by Sandia Laboratories to delineate subsurface structures at the WIPP

site, These additional data wtll be presented and dincussed when the

anal yses are completed,)

In general, Figures 4.4-1 through 4.4-3 reveal the existence of minor

faulting and secondary warping (swells and saddles) in Paleozoic strata

below the evaporite beds. Comparing Figure 4.4-1 with 4.4-2, a pattern

of generally no_th-northeast-trendlng faults has been interpreted,
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, oriented roughly parallel to regional strike and typically upth_own to

the east. Smali, subdued dome-like features and coqnplementaty saddles

spaced several miles apart and with crest-to-trough amplitude of _ever_

" hundred feet are superimposed on the regional gradiel_t and appear to

persist in position through both horizons. In the S_turian, for example,

• several smali arches of up to 300 feet of rellPf are aligned in an

east-southeast or west-northwest anticlinal trend passing Just north of

the Zone II exclusion area (Figure 4.4-1). In th_ Morrow ,asimilar

east-west trend in about the same loc_tion is defined by more subdued

structural gr, adients and highs of lower amplitude (Figure 4,4-2). This

trend is identified as the "Cabin Lake" trend by Netherland, Sewell _nd

Assoc. (1974)t GPe also Figure 2-7 o_ this report. On both horizons a

domai feature is evident beyond the southwest edge of thr site. This

f_atUre, which Netherland, Sewell (1974) indicate is at the east edge o_

the "Los Medanos" trend, is presumably responsible for the gas prc_duction

of the Los Medanos field, the neareqt hydrocarbon Eield to the sit_.

_etween these tw0 anticlinal trends, a northwest-trending saddle is

defined, located beneath the southwestern edge o_ the site.

_'he north-northeast-trending faults Anferred in Figures 4.4-1 and 4.4-2

are, as interpreted frc., seismic ref!ection records, of greater intensity

in the Devonian, being traceable over distances exceeding ten miles and

ha-ing displacements of up to 400 feet (Figure 4.4-1). Faulting of the

Morrow {Figure 4.4-2), some 2,500 feet higher strat_graphicallY, is

roughly correlative with tlm deeper displacements, but seems to dissipate

into discontinuous segments of generally smaller displacement.

Small-scalm. _ttuctures interpreted on the Delaware Mountain Group,

roughly 9,500 feet above the Morrcw horizon, show llttle or no

correlation with deeper features (refer to Figure 4.4-3). The

north-northeast-trending faultin_ is no longe_" apparent) instead, seismic

reflection studies (G.J. Long, 1977a) indicate short (less than 5 l_iles

in length), dl_contlnuous nort_est-trending offsets of small

displacement (less than 5U feet) passing beneath the northeast half of

the ._Ite; refer to Figure 4.4-3. The fact that the faults are not

........................... ,..... .... _-.,,,,, _ ......................... _.OlLZ_,,,_ ...... ...... .,,. ........ . ..............
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detected at greater depths suggests a shallo_e-seated origin. Warping in

the Delaware Hount_in Group appears to be much more subdued titan in the

Metro't; structure cow,tours lack closure _round Irregularities, and trends

in the DelaWare Mountain Group appear to be unrelated to Marrow and

deeper t_ends, One feature of note shown (Figure 4,4-3) is a sha].low,

northwest-trending s_ddle of not more than 100 feet of structural relief,

located beneath the center o_ the site_ the presenco of s,tch structural

lows is considered to be a favorable site selection trite:ion (refer to

Section 2}.

The contrasting structural characteristics between tna Delaware and

pre-Permian horizons suggest differ.ehf origins. Ali strata frcxn the

Pennsylvanian on down have been de_ormed in continuity, with intensity of

deformation increasing with depth. Tectonic deformation apparently

occurred in ,ate Pennsylvanian or Early Permian time and established the

local structurai elements of all pre-Permian rocks. The "rootless"

character o_ at least some of the normal faulting in the Permian suggests

that these are shallow-seated features. Consid._ring the unusually rapid

rate of accumulation of material in Permian tzme (about 13,000 feet), it

seems reasonable to presume a predisposition £or the occurrence ct

contemporaneous Redxmentary deformation brought about by such factors as

gravity creep, compaction during diagenesis, di_ferential sedimentary

loading and rates of dewatering, and d_fferenttal subsidence. Such

deformation has been documented along "growth faults" in the Gul_ Coast

basin (Murray, 1961, p. 137; Fisher and McGowen, 1967, Figure 3; Bishop,

1973! Bruce, 1973). Contemporaneous far,Its o_ this t_.pe may have been

initiated during deposition of thick pre-Ochoan clastic sequences.

Conceivably, further movement might have been pr_oted by mass movement

of salt subsequent to e',.aporltedeposition, which shiftad overburden

loads over l=ossibly still compressible sedimentary material.

Figures 4.4-4 and 4.4-5 show southwest-northetast and northwest-sodtheast

sectl,.q=, respectively, across the proposed NIPP site area, adapted from

Gr_-swo_d (1977}. The overwhelming thickness of Permian pre-evaporite

strata retatlv_ to earlier depO_itlon is graphically displayed, Faults

O

/
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arisLn9 in the basement offset Penr, sylvanian strata but do not propagate
0

through the lowest Permian series, .the Wolfoamplan, The regional dip cE

, the Delaware Basin is most evident in FigUre 4.4-5.
0

4.4.3 S_It Deformatlon

For the pur_-_Re of this dlsousslon, detailed desoriptlon of deEormational

features within the salt beneath the site and in the northern p_rt cE the

Delaware Basin is restricted to considera_.Jon of e_truoture ,_tsplayed by

the Castile and _alado Formations even though the Rustler ts norma)ly

considered part of the evaportte sequence, At the site and in the

vicinity of the site, the Rustler has been le_ohed of much o_ its salt

wlth the result Phat most of its structure is surflolal in orlgln and Is

included in the discussion ct site surflclal structure, Section 4.4.4.

Of previous studies available in the literatUre on the northern part cE

the Delaware Basin, the papers by Brokaw et al. (1972), Anderson et al.

(1972), Jones (1973) and Anderson (1978) are most relevant to salt

deformation in the area cE the proposed WIPP site.

Subregional Structure of Evaporlte Beds. Throughout the northern

! Delaware Basin, the general uniformity in direction and amount of the

gentle southeastward homoclinal dip is practically the only structural

feature that Is co_on to ali levels of the evaporlte section (Jones,

1973). Superimposed on this homocilne xs a rather complex system of flc_

features variably developed relative to _oth areal location and

stratlgraphlo position, features attributable to mass migration of s_t.

Features that are of subreglonal significance, and that _ppear to have a

fundamental role in the development cE salt deformation, Include the

Capltan reef front. It formed a steep, submarine prominence or wall

1,000 to 1,500 feet high isolating the deep water of the early CastiLe

brine sea from the rest of the Permian inland sea (refer to Sections

4.3.2 and 3.6). Figure i0 of Jones (1973), a structure contour map on

. the base of the Castl_.e Formation, graphlcally depicts the structural
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relationship cE ree_ and basin in the site area. Immediately basinward

o_ thes0 buried ree_ masses, whirh are located B miles north o_ the WIPP

,, site, is a northwest-,,_Ll_heast-trendin9 structural trough paralleling the

base o_ the ree_ and descending in elevation, or plunging,

southeastward. The Gaost Intense deformation in the eva,portte sequence

seems to b_ spatially related to this trough; not only is the trough

, expressed within the salt layers, but th_ top o£ the elastic Delaware

Mountain Oroup (Bell Canyon Fo_matkon) l'_ also depressed. Subregional

geoiogiq eeutions constructed by 3ones acCess Nash Draw and b_vingston

Ridge [srokaw, et al., 1972, Oones, 1973,) illustrate the general

configuration o_ reef, trough, and defo_mation within the evaporite

sequence in the site area. Jones' (1973) assessment o_ these Particular

features is pertinent:

"At intermediate a._d other levels in the (evaporlte)
section, the structure is generally more uneven than at
the base of t:e Castile Formation, and minor folds are
Romewhat more promlner.t. Salt and anhydrite in the middle
member ct the Castile are or_pled in sharp
intraformational _o.*ds that appear to die out
northwestward up the dip and to become more pronounced
southeastward down the dip. Spatially the

Intraformatlonal _oldlng of the salt and anhydrite appearsto be confined to a single long northwestwardly-trending
b._It,about 3-4 miles wide, that more or le_s coincides in
tL'end and extent with' the prominent southeastwardly
plung*ng trough at the base o_ the Castile. The folding
has resu/ted in some t_uckling and downwarping oE rooks in
the Salado Formation, and it has uplifted the Salado and
other rocks as young as the Chinle Pormation in a [at rly
broad arch that trends northwestward aczoss th_ area. The
exact age o_ the deformation is unknown; it can be dated
onJy very broadly as po.qt-r,ate Triassic to pre--Pliocene.
Specific considerations concerning minimum ttltckness of
overburden Lequired to |nittate salt movement s_tggest that
the deformation may have occurred during or shortly after
_he per_od o_ regional tilting that _ollowed the
depnsltion ot Cretaceous rooks. The de[otmatlon almost
certainly had to occur before any great thickness of
Cret=oeous rocks was ramoved by erosion." ,'

Subsequent studies by Anderson (197B) and Anderson and Powers (1978) have

supplied some detail on the character of the salt del_or_ation recognized

by Jones. Apparently the only part o_ tl_e Castile that has not been

/
I
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involved in significant plastic flov deformation is the lower or basal

anhydrite, Anhydrite I (refer to site stratigraphy, section _.3.2 for

• discussion of Castile stratigraphy). On the other hand, thr lowust thick

Cart/le salt member, Halite !, has undergone severalfold increases in

thickness in some areas. Anderson (1978) presents a baslnwide isopach

map of the Lower Castile Halite_I unit which shows an increase of

thickness from a normal value of about 300-350 feet, as occurs in the

area of the proposed WIPP site, to a value of 1,200 feet at the ERDA-6

location 5 miles north-northeast of the site. The isopach lines at this

location define an elonyate, sharply thickened bulge of the Haltte-I

unit, the long axis of which iS about 12 miles long and is oriented

parallel to, and on the basin side of, the buried Capitan reef front.

Anderson's isopach laap also shows n_erous simllar, sllghtly small¢:

elongate bulges, their long axes all about 3-1/2 times the length oi

their shorter ones, contained wi_.hin a belt about 5 miles wide

paralleling the basir_ side of the reef front. Since the anhydrite unit

(Anhydrite I) underlying this deformed salt is not significantly deformed

and does not itself rest on d_formed rocks (Jones, 1973), the tops of

these large salt mounds or bulges define what may be termed salt

anticlines. These are not anticlines in the usual sense of the term

because the top and base of the unit have totally dissimilar profiles;

plercement assoclat_¢] with the term salt anticline is not generally

present. This belt of salt anticlines, then, is the northwestward-

trending belt of intraformational salt deformation recognl:zed by Jones as

occurring within the Castile and affecting strata above the Castile.

' Structural detail within the large salt ant:cllne located about 5 miles

northeast of the center of the proposed WIPP site has been provided by

cores recovered from the ERDA-6 hole drilled near the center of the

anticline (Anderson and Powers, 1978). Stratigraphtc interpretation made

by Anderson and Powers from study of the core indicates that the middle

anhydrite bed which overlies t._e salt has indeed been pJshed up by the

" ,ising salt but has apparently acted as a semirigid confining blanket

that was stretche.d upward like a flexible sheath; whetllter the anhydrite

bed everywhere remained intact or was in places [ul!y ruptured and
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detached by extension ts not known. What is displayed in the core is

that nK)st of the anhydrite, which actually consists of finely

lnte_laminated calcite and anhydrite, was stretched by extensional

mlcrofracturing of the calcite laminae and in-filling of the fractures b7

mobilized calcium suJfate, which pr_.su_ably was derived by _lffuslon or

creep (tom adjacent anhydrite laminate. The process seems closely

analo<jous to boudinage in metamorphic rcn:ks, and could be viewed as a

microboudinage structure brought about by the properties of finely

laminated calcite and anhydrite when subjected to high shear stress under

sufficient con+Intng pressure.

Anderson and Powers (1978) find that Halite-Z salt, togethe_ with

streched Anhydrite. II or middle anhydrite, have in their upward migration

pushed aside both the overlying upper salt (Halite II) and upper

" anhydrite (Anhydrite III) beds in th _. manner of an intrusion, since the

stratigraphy in the ERDA-6 hole pas_es directly from Infra-Cowden salt to

Anhydrite II. The authors show that the overlying Salado beds, though

not D_eached by the intrusion, are arched over it. It is therefore

evident that the arching effect in beds ot ._te Salado and even younger

rocks referred to by Jones (1973) -long the belt of det'ormation is in at

least some cases due to the presence beneath these anticlines of a salt

core which arose from the lower part of the Castile and partly intruded

the overlying rocks.

In addition to revealing the cores of many of the salt anticlines in the

northwebt-southA.ast belt of deformation described above, the subregional

Halite-I isopach map (Anderson, 1978) s._s numerous, sharply defJn_.d

locali_ed depressions at locations where the H_!Ite-L salt is entirely

missing frown the section. In the central part of the basin, these

"deep-seated sinks", as Anderson calls them, do not have obvious sucface

expression, and are not clearly reldted to shallower dissolution

features--such as collapsed _nd unto!lapsed domes0 dissolution fronts,

castiles, and collapsed outliers--which have been described and

_*

-.'a
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documented elsewhere in the Delaware Basin region. _any of these

isopachous depressions, some of which are defined by a single data point,

may possibly be attributed to "deep dissolution" processes (Ande-.son,

1978), presumably acting from near, or perhaps below, the b_se of the

salt section. A few appear, however, to originate within the Castile in

salt zones above the lower halite. Anderson (1978) has proposed that

some of them may have propagated vertically upward in the evaporite

section to form known cyllnders or chimneys of dissolved and collapsed

debris. Alternatlvely, halite flow fro_ adjacent regions into anticlines

may account for these paired features as illustrated in Anderson and

Powers (1978). (For description of these features in the Delaware B,sln

subregion and a discussion of their origin and development, refer to

regional geomorphology, regional structure, and subsurface hydrology,

Sections 3.2, 3.4, and 6.3).

Unlike the belt of salt anticlines having cores of Hallte-I salt, the

distribution of the localized pockets of missing, or greatly reduced

thickness of, Halite I and higher Castile or Infra-Cowden halite that

Anderson classifies as "deep sinks" is not confined to a belt above or

adjacent to the Capitan rc0f but includes mid-basin areas as well, as

illuutrated by Figure 16 of Anderson (1978). The nearest of these deep

mld-basln features to the proposed WIPP site as disclosed by the var lous

halite isopach maps of Anderson (1978) occurs about 5 miles southeast of

the site at the Eddy-Lea County llne. This particular feature is not

indicated to originate within the Hallte-I zone of the Castile_ rather,

it appears to be a feature in the infra-Ccwden salt (AnderL_on, 1978,

Figure 7); compare this report, Figure 4.4-7, and refer to the section

Immediately following for additonal detail on the near-site structure.

It is not yet clear whether all or even some of these deeply buried

mid-basln "sinks" identified by Anderson have a hydrologic origin

subsequent to diagenesis and salt deformation. If they do, they may well

be related to other collapse features in the Delawa.-e Basin region as

simply one manifestation of the same general process being seen at

different zevels of exhumation by erosion (Anderson, 1978, p. 58-59).
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The concept that these diverse solution structures are being exhumed by

.. +present-day erosion suggests that the conditions of their formation in

the geologic past may not be.present today in kind or tn the same degree.

The nature of the deformation in the middle and upper part or" the salt

sequence above the Halite-I zone is recorded by the subreglonal halite

isopach and structure contour maps of Anderson (1978) and Brokaw et al.

(1972). T|,e salt isopachs of Anderson (1978, Figures 4 through 10)

clearly show that no other salt member of the evaporite sequence has

experienced loca} flow deformation as severe as the Hal_te-I =one, nor

are the "deep sinks" apparently as prevalent in the middle and upper part

as they are near the base of the Castile. The Halite-II member of the

Castile mirrors the same thickness trends exhibited by the Halite-I bed,

but in a much muted manner. The infra-Cowden salt is the highest salt of

the Castile-Salado sequence to exhibit marked thickening along the trend

of the buried Capitan reef; it is also the lowest, or first, major salt

bed to overtop and extend beyond the confines of the reef margin In this

part cf the basin. Even though no appreciable thickening of Salado salt

above the infra-Cowden is apparent over the Capitan reef margin

(Anderson, 1978), structure contours at the base of the Salado Formation

(- top of Castile) (Jones, 1973) and on the 124-marker bed within t_e

McNutt potash zolle (Anderson, 1978) document that the Salado is indeed

arched along the basinward edge of the reef and confirm that the salt

deformation which occurs at depth around this margin had imposed an

anticlinal structure on overlying strata, much as Jones (1973) described

(also compare Brokaw et al., I_72 with Jones, 1973).

The evidence pcusen_ed in this section regarding the subsurface structure

of Castile and Salad_ halite beds and the spatial re!ationship of

deformation structures with the bounding Capitan reef margin suggests

that viscous flow of salt was initiated by post-depositional regional

tilting and that the Capitar. reef acted as a dam or abutment obstructing

the eastward subsurface viscous flow of the lower part of the salt

section which impinged against it. The salt piled up slzghtly, as a rug

might Whell gently pushed against a wdll, until lithostatic equilibrium
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was attaxned with the super3acent rock mass. That larger, more dramatic

salt plumes were not: formed in the Delaware Basin, as they are known to

oc-.ur in the Gulf Coast basin, for example, may be attributed to several

factors. Two of these factors are the gentleness _f the regional tilt

and perhaps a relatively shallow depth of burial of _alt. This would

have resulted in lowe_ llthostatic pressures and relatively higher

viscosity of salt and hence greater resistance to migration. Evidence

from structures nearer the site (e.g., WIPP II, as discussed in the next

section) indicates that the redbeds overlying the Salado are not always

involved in the structure. This implies that some o_ the structures may

be Permian in age.

No oonr, luslve evidence establishing the exact time of regional tilti.g of

_he Delaware Basin has yet been found, except that it occurred a_ter

Chinle depositlon (Late Triassic time) and before Ogallala time

(uppermost Miocene). King (1948) has proposed that regional tilting took
!

piace in early to mid-Tertlary, concomitant with known Basin and Range

faulting that occurred in the region west of the Delaware Basin, with

celatlve upthrow cE the Guadalupe and Delaware Mountains. Certain

relatlons of Cretaceous strata, as described and discussed in section 4.5

on geologic history, and the long time span between Triassic and Late

Cenozoic, suggest that there may have been earlier episodes of moderate

regional tilting, of which the present eastwrrd tiJ.t is merely the

resultant vector su_ation.

Geologic Structure of Salt at tne Site. Within the context of the

subregional relationships of deformation in the Castile-Salado evaporlte

sequ'nce described and discussed in the previous sub-section, geologic

structural features in the salt lying beneath the WIPP site may now be

reviewed. Figures 4.4-6 through 4.4-10 show, respectively, structure

contours on top of Castile, on the 124-marker bed of the Salado lwlthin

- the McNutt potash zone in the middle part of the Salado), on top o_ the

Va.-a Triste mumber (top of NcNutt), on the 103-marker bed, and on top of

the Salado. Geological sections across the site area are shown on

Figures 4.4-4 and 4.4-5. Gross structure of all evaporite horizons
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reflects the regional easterly homoclinal dip of 50 to 100 feet per
..

mile. Salt deformation has modified chls homocline to a variable extent,

generally more so in the CastlJe than in the Salado, inasmuch 6s the

lower halite beds of the Castile appear to have been the most mobile

(refer to subsection 4.3.3).

Seismic reflection surveys performed at the site (G.J. Long, 197'/a

1977b) were designed in part to record the -.elattvely shallow Castile

horizons (for descripti_n of the seismic _urvey programs refer to Section

2.4); survey lines are shown on Figure 4,4-6 along with the well cnntrol

points. A reflecting horizon tentatively identified on the rel_mlc

records as the top o_ Castile (located about 100 feet below the base of

the RH-zone) is contollrod on Figure 4.4-6, which also shows prelimincr_,

structural interpretations made from the seismic records. The contours

of Figure 4.4-6 indicate that the easterly regional dip o_ the Castile is

modified by a broad, northwesterly-trending ridge and saddle

configuration, with crest-to-trough separation of 2 to 3 miles and total

structural relief of up to 400 feet_ .... According to this interpretation,

the normal gradient of bedding in this p3rt of the DelawaL'e Basin (about

100 feet _ : mile or 1_ to 2 degrees to the east/southeast) may be

significantly greater and different in direction locally at the top of

Castile, directly beneath the proposed WIPP underground Facility.

Specifically, Figure 4.4-6, G.J. Long's prelim_.nar7 interpretation of

structure on the presumed top of Castile about 10'J feet beneath the

proposed Rl4-Zone level, indicates as drawn that local gradients may be :_s

great as 400 feet per mile (about 4 I/2 degrees) to the south and

sout hwest.

Northeast of the site, G.J. Long (December, 1977) stx)ws a domal feature

in section 36, T. 31 S., R. 22 E of about Su0 feet of structural relie:

(Figure 4.4-6). ,-'IRDA-6, which was drilled in section 35 just west o_ the

crest of this feature, encountered a gF.opr.essured (artesian) brine

reservoir in the C_stile. Studies of the ERDA-6 core establish that the

doming In this area is due to a salt anticline with a core oi mobilized

llaltte-I salt (Anderson and Powers, 1978); refer to Figure 4.4-4. This

_ ...... ii ....... 21"-- ........... -_/--_. ____w,A_,_ ,.,,,,,,l_._ ..,_,,_I,,,_T_,,,I_,4a_"_J'B_", _ "- ..........
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dome is located within the belt cE salt deformation flanking the Capltan

reef (refer to Section 4.4.3.i and Chapter 2, Figure 2-4) where such

occurrences are to be expected. Artesian br_r,e £1ow was also encountered

by 5elco No. 1 Hudson-Federal over a sxmtlar domal feature southweat of

the site in the Los Medanos gas field area (Se.:ti_n 1, T. 23 S., R. 30

g)., although no salt-cored anticline of th_ type encountered at ILtDA-6

is known to occur tl_re.

The origin of t.he inferred northwest-trending structt=ral ridge at the top

of the Castile at the northeast edge of the Zone-II exclusion area has

not yet been determined; it may be a deposlcional structure, or it may

reflect possible past deformation by salt in underlying halite units.

The steel ess of the southward gradient suggests possible offset of one

or more anhydrite beds as G.3. Long (1977b) has proposed. By contrnst, a

deep seismic reflection profile running southwest-northeast acrozs the

center of tne site (S_ndta Line 2, G.J. Long, 1977a; compare Figure

4.4-4) detected no anonalies at and below the lower part of the Castile

across the trend, of the ridge, whereas a significant anomal_ is apparent

in the same profile at the lower Castile-upper Delaware level3 across the

Los Nedanos gas _ield southwest of the site (refer to Figure 4.4-4).

The more recent seismic investigatic_i (G.3. Long, 1977b) also defined an

area of poor data quality to the north of the site. F[_. the _DA-6

anomaly westward into Range 30 e. and southward into section 17 at the

north edge of the the site, the quality and continuity oL data as viewed

on the seismic recnrds deterior-_te. This suggests the possibility of

increased structural disturbance in this area, presumably cauneo, lE

real, b_ some form of previous _alt deformation. Deterioration of the

seismic _ecord can also be brought about by anomalous or Ir_egula_

transmission characteristics of tr_ overlying medlmr,. For sxample,

near-surface structural disturbance, such as _lght be caused by

dissolution in the Ru_tler, or the presence of an anc._alously rigid

near-surface layer such as caliche could ch_u_ge tl_ quality of _he

seismic record (Dobrin, et al., 1954)..A salt anticline at .the nortmseJt

co:ner of Section 9, T22S, R31E, was suspected on the basis of seisn.ic

reflection data; d:illlng (WIPP II) confirmed the structure was present

[
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in the Castile'. WZPP 11 did not slx_w any brine or gas though drilled to

the lower anhydrite of tno Castile Formation. This confirms that

_ticlinal structures within the evaporites are not always associated

with brine and g4,s. The apparent non-involve_ent of the redbeds in the

str,_cture may be i_terpreted, as noted in the pr0vlous section, as

indicating a Permian age for this structure.

At the presen_ _-ime, while these seismic reflection records are

undergoing _urther study and review, additional seismic reflection

surveys are being undertaken in conjunction with exploratory drilling at

critical locations. The results o.F these further investigations are to

be reported at a later date.

Figure 4.4--7 presents lO-foot structural contours on the base of the

124-marker bed of th_ Salado, which is the deepest and most _-onststently

reported horizon in the potash exploration grid. Figure 4.]-3 provides a
e

stratlgraphic orientation for the 124 bed, which is in th_. lower part of

the HcNutt, or middle Salado; at ERDA-9, the 12_ marker ts 470 and 1,020

feet, respectively, above the Oi- and RH-level mining horizons selected

for _,aste disposal. A uniform, gentle eastward regional gradient of 80

to luO feet ,oer mt)e across the repository is evident; there is no

su_._estton of a northwest-southeast ridge for the Castile _Fi_;ure

4.4-6). Two anticlines, or domal structures, are present, one centered

near the ERDA-6 locality and the other at the Los Medanos gas field. At

both structures, and only at these structures in the map area,

exploratory drilling encountered artesian brine reservoirs in the

Castile. No such structures are indicated bF the 124-marker bed contours

to Le present within the site _.xcluslon area.

The comparison ot Figures 4.4-6 through 4.4-8 to each other indicates
/

that structural disturbance is present within the Castile that is no'.
reflected upward to an7 great extent. Structural relief on the upper

beds is a fract,on of that of the Castile. The inferred faulting at

• - depth has not been co:_fl,,_edbF d:illing, selsmic data and drilling in

the are_ indicates _alt remains in the Castile rather .than disappearing

as any consequence of the faulting.

,_' ,

.

\ •
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Two depres._ions in the 124-marker bed are indicated to occur n_ar the

site (Figure 4.4-7. , In Lea County in section 31 at the east edge o£ chs '

Rap there is a depress/on with probably less than 100 feet of closure;

. this is the same feature identified by Anderson (1978) as a possible

/ "deep slnk', and apparently is _elated to a greatly reduced or missing

/ section of the Infra-Cowden (Anderson, 1978, Figure 7). lt is nearly 4
s

miles from the edge of the Zone-II exclusion _rea. A second depression
of the 124-marker bed horizon is centered about a mile north of Zone-II

exclusion area, at the southwest corner of section 9. A single-hole

anomaly wit.h 50 feet structural closure, it is not reelected by any

lsopach anomalies in the Salado (Figures 4.3-4 through 4.3-7), nor does

it correspond to any evident structural feature higher in the Salado

(compare figures 4.4-8 thru 4-4-10). Salt lsopach maps o£ Anderson

(1978) indicate no anomaly at this location, nor does the recent seismic

reflectlon work by Long (1977b) ' show subsurface disturbance of horizons

near this point. These ne9atlve indications suggest the feature mlght

have developed contemporaneously with depostion and is not significant to

, the WiPP site. Nevertheless, results obtained _rom exploratory drilling

will be noted and applied i_ relevant. Higher levels within the Salado

are contoured in Figures 4.4-8 and 4.4-9 (refer to Figure 4.3-3 for

; location in section). Within the area contoured on these Figures, which

is somewhat less than the area covered 5y Figures 4.4-7 and 4.4-10, the

two maps are vlrtualty identical in configuration and gradient and

exhibit no significant structural features other than the reglonai

gladlont.

Structure contours on top of the Salado, or at the contact between the

Salado and the Rustler, are displayed in Figure 4.4-10. lt should be

recalled (Section 4.1) that there is less data control for the top of the

Salado than for deeper horizons in the Salado, because potash industry

exploration practice normally includes coring and geophysical wireline

lo_ging only for horizons below the top of the Salado. Reliable control

for top of the Salado is therefore provided mainly by those potash
t

exploratory holes commissioned by DOP., Outlined by contours on Figur _

4.4-10, the same domal feature associated with the salt-cored anticline

,

1
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and brine _'eservoir encountered by ERDA-6 is still in evidence. The

change f,om regular contours in Range 31 E. to a more irregular

" configuration in Range 30 E. is due to dissolution at the top of Salado,

and is also reflected in the Upper Salado isopach map (Figure 4.3-7).

(Refer to Section 6.3 for a discussion of dissolution processes in the

site area.). A 70-foot depression ts apparently recorded by an

industrial p_tash hole (Hole F-91) a mile northeast of the Zone-II

exclusion boundary; two slmllar but smaller features occur a couple of

miles farther northwest. Since there is no geophysical or core record

available for hole F-91 at the top of the Salado, it may well be that the

flrst encounter of Salado salt is slmply not recognlzable In the record

for *.his particular hole.

Assuming the record is accurate, however, it ts not known at thls time

whether the apparent depression is a feature of sedimentary origin,

although the horizon is a contact zone between two formations, or whether

the feature is related to post-depositional solution processes, lt

should be noted that this apparent depression is about a ml]e east of,

and structurally about 700 feet higher than, a similar depression

contoured on the 124-marker bed (Figure 4.4-7, discussed above).

Howsver, no such anomalies have been detected on intervening horizons in

-- the Salado (Figures 4.4-8 and 4.4-9). Furthermore, a 2ine connecting the

two apparent depressions would have a maximum s'.ope of less than 8

degrees. The availaDle evidence therefore Indicates that it ts unlikely

that there ts a physical continuation of this assumed depression Rt the

top of t,_e Salado to horizons lower in the eva#orite sequence. On the

,' other hand, there |.q an approxL_ate spatial coincidence of this

depression w_th a shallow (less than 30 feet of relief) topographic

depression at grourd surface containing mapped playa deposits (Figure

4.2-4). Resistivity profile3 (Elliot, 1977) indicate only minor

surftcial disturbance attributable to shallow basin f111 with no

indication of probable subsurface collapse structure.

,,
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Prelimlnary interpretation of seismic reElect_on data (Longs 1977b) near

the top o_ the Salado indicated the possibility o£ faulting, with a

possible displacement of 100-250 feet, less than one n_tle north of

ERDA 9. Consequently four holes (WIPP 18, 19, 2L, 22) were drilled

bracketing the possible location of the faulttno (see Figure 2-10) to

validate the interpretation. The ._esulting borehole data shows nn

apparent faulting in this region. The data collected by seismic

reflection for that particular seismic program are not apparently useful

to[ prlrr.aryInterpzetatlon of the stratigraphy at the top o_ the Salado.

Revision of field param,_ters in future surveys may permit more &ecure

intet'pretatlon of datm for such shallow reflectors.

A preliminary assessment of the proposed WIPP site relative to structural

features presently indicated in the Salado and Castile salt formation

enclosing the selected CH- and RH-storage levels can now be stated.

Structure contour maps of various horizons in the Salado Formation

indicate a uniform easterly regional structural gradient of about 80 to

I00 feet per mile across the limits of the proposed storage facility,

with little indication of the presence of any significant structural

anomalies. Plastic deformation and buckling associated with salt

migration or flowage has apparently not occurred in the Salado in the

geologic past to the extent that it has in the lower levels of the

underlying Castile Formation. Areas in the region in which artesian

brine reservoirs nave be_.n encountered are associated with thickened salt

sections and salt-cored anticlines in the Castile. However, a thickened

salt section and salt cored anticline w_s drilled in WIPP II (Ser. 9, T.

22 S. R. 31 E.) without encountering £1ulds. Further, the o_currence of

these reservoirs appears to be correlative with consistent structural

highs, delimited by structure contours of successive horizons in the

overlying Sdlado Formation. No _-ch structural features are recognizable

within the limits of the WI['._ .'_to_a5_ facility on any of the Salado

horizons contoured; in fact, the site, if anything, appears to be in a

slight structural saddle.
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Among aspe_c needing further Investlgat._0n, perhaps the most significant

is a dk_terminatlon of the extent to which the upper Levels of the Castile
'I

closest to the repository levels have been deformed by any salt

deformation that may have taken place in the lower halite units of the

Castile. There Is no suggestion hero of deformation o£ the type

associated with artesian brine remervoirs. Seismic reflectJ.on _.echntques

suggest, however, that a certain amount of flexure occurs in the upper

levels of the Castile beneath the proposed llmlts of the.repository,

which could possibly affect local structural gradients In the lower part

of the Salado. Faulting on the Castile refloctor has also been

xnferred. Investigations are in progress to further define and dellm_t

structural configurations near the top of the Castile and the extent t,o

which these structures tony be reflected within the lower part of the

Salado where excavation of the RH- and CH-levela is presently planned.

This knowledge will permit a mote detailed assessment relative to the

location, design and construct Lon o£ the storage facility but Is not

believed necessary for a general qualification of the site area.

4.4.4 S;Jallow Structure

As discussed In Section 4.4.1, In the Los Medanos area a distinction may

conveniently be made between structural features exhibited by rocks

occurring above unleached salt beds and structural £e_tures of all other

strata. The distinction may be made because rocks above the Salado at

the site have at one time or another In the geologic past been subject to

weathering processes and hence might display secondary structures related

to surflcial dissolution and subsidence that would not nave been imposed

upon d_eper strata. Accordingly, shallow structures at the WIPP site have

a potential for greater irregularity and complexlty than those which

occur at depth. "Shallow structure" is here defined to include the

Rustler Formation which extends to a depth of about 850 feet b_neath the

center of the site (refer tO Figure 4.3-3). Figures 4.4-11 throuqr,

4.4-15 are structure contour maps on Rustler and higher strata,

constructe_ from the data obtained from wirellne geophysical logging of

holes drilled at the WIPP site to assess potash reserve potential.

.
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Shallow Subsurface Sttuctt:re. Structure contours on top of _he Culebra

Dolomite member of the RustJ'_r For;Lation are shown on Figure 4.4-il

(refer to Figure 4.3-3 for location In S,_te geologic column). The

....Culebra Is the most productive aquifer '_in ;the Rustler Formation. The

closely spaced oontours in the southwestern quadrant of the map define a

slope of about 80 feet pet mile eastward ('compare Figure 4.4-9). The

wldet sp_clng of contours In the eastern half o_.the map is anomalous

with respect to regional stlucture and marks the Increasii,g amount of

halite preserved progre_slvely eastward In the Rustler below the Culebra

member. A similar configuration is evibent on top of the Rustier, Figure

4.4-12: again the regional gradient appears in the southwestern

quadrant, while an anomalously gentle ea;tward gradient, in some places

even reversed, signifies thickening due to an increasing ro.tent of salt

preserved from dissolutiol_ (see Figure 6.3-7). Virtually the same

pattern is observed with respect to the structure contours of the Magelita

Dolomite member (Griswold, 1977). Isopachs of the Rustler (Figure 4.3-8)

show the gradient an,_ a_ount of eastward thickening. A broad, shallow

depresslon with 30 to 40 feet of closure near hole P-II a_)pears near the

northeast corner of the site on both the Magenta and the top o_ Ru:tler

levels, but not on the Culebra. Possibly it r_presents an area of

Ugreater dissolution in the upper part of the Rustler, since Rustler

Isopachs show the Rustler is not thickening eastward at this particular

location (Figure 4.3-8)

The area in Figures 4.4-11 and 4.4.-12 wherein the reglonal gradient is

reflected by the Rustler structure contours identifies the area wheel_.the

Rustler has been leached of most of its salt, and hence presmnably where

maximum settlement of overlying rocks has occurred, assuming, of course,

that no dissolution took place prior to deposition o_ overlying Dewey

L_ke strata. Jones (1973) supplies a subregional structure contour map

of _he Dewey Lake-Rustler contact and recognizes that the unevenness it

shows is due to the added comple_Ities o_ subsidence (Jones, 1973). A

low re,olutlon seismic reflection survey conducted at the site (C.B.

Reynolds, 197.6) suggusts the p_esence in the Rustler of more localized

and higher ampl_tude irregularities than would necessarily be defined by
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data points in Figure 4.4-12. Howe,,er, the known top-of-Rustler data

points from potash exploration Jbown on Figure 4.4-12 ace in nearly

complete disagreement with elevations of this horizon interpreted from

the shallow seismic data (Reynolds, 1.976). Zt would _ppear that the

reflections of horizons in the Rustler obtained by this shallow survey

method are not of sufficient quality to provide a basis for making

structu-al interpretations. The subsurface data collected to date

indicate that the dissolution o£ salt in the Rustler has not been

accompanied by the development of highly irregular subsidence structures

in the cver lylng strata at the WIPP site.

Proceeding higher in the section, the top of Dewey Lake Redbeds (Figure

4.4-13) is the first horizon that does not reveal the eastward gradient

of the Delaware Basin that all lower horizons show. The Dewey Lake

surface across the site area is undulatory, possibly reflecting to some

extent original undulations in the uncomformable De_pey Lake-Santa Rosa

contact mentioned by Jones (1973). A broad depression near hole P-II

with about 50 feet of closure is in the same location as a similar

3epresslon on the underlying Rustler surface (Figure 4.4-12).

O Subregional structure contours of Jones (1973) indicate considerable
irregularity _ the Dewey Lake surface as is also suggested by Figure

4.4-138 but overall the surface sloFes northeastward. Isopachs of the

Dewey Lake Redbeds _Figure 4.3-9) disclose that the west-trendlng slope

of the Dewey Lake surface at the west edge of Figure 4.4-13 is the result

of the Late Tertiary erosion which is associated with the development of

Nash Draw and which completely truncates the Dewey Lake in Nash Draw

itself (Brokawj et al., 1972). Continuation of this eroqlon surface to

the east across higher strata is quite obvious in Figure 4.4-14,

contoured on the uurface of the Santa Rosa Sandstone. Structure contours

of the Gatuna surface (below Hescalero cal!che) {refer to Figure 4.4-15)

show virtually the same configuration as does the Santa Rosd surface on

the east and the Dewey Lake suEEace on the west, indicating that the thin

Gatuna veneer was deposited over these surfaces after erosion occurred.
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Sutflclal Structures. Extensive surflclal deposits cE dense sand a11 but

preclude the observation of surface geologlc structure at the WIPP site

(Figure 4o_4s refer _o maps by Bachman in Jones, 1973, and by Vine,
1962). The nearest measurements of bedding orientation appearing on

Bachm_n's m_p are at the edge of The Divide, some 6 miles northeast of

the. cen_¢-: of the proposed WIPP site. The Nash Draw geologic quadrangle

map by Vine (1963) shows no such measurements, for Vine recognized that
dissolution of salt In rocks beneath Nash Draw had caused widespread

. slumping of the surface rocks. Thus, they are no_. indicative of ociglnal
structures. He documents places where not only salt but consideLable

gypsum has been dissolved. In Hash Draw the Magenta and Culebra dolomite
members of the Rustler are observed in contact, whereas normally, when

leached of salt only, they are separated _y 120 f-.et of gypsun (Vine,

1963). In mapping the overlylng Dewey Lake Redbods, he noted that,
"exl_osures cE the redbeds are co...only tilted or draped into simple
structures as a result of tim collapso and swelling _ha_ accompanies

solutic_ and hydration of the underlying evapotite rocks. Some

exposures...along the naargln of Nash Draw s_w a downwa=ping into
the topcg,'aphic depL'ession that is ptesunably the result of removal
of soluble rOcks. For this reason, str_ke and dip readings, even on

the very apparent parallel stratiflcation of the redbeds, do not

necessarily reelect the structure of older rocks" (Vine, 1963).

Jones (1973) affirms that "lt is impossible to piece together a

meanlnqful stratigraphic section from study or mapping of outcrops" in

Nash Draw. "The (exposed) rocks are porotm, frlable, and loose-textuteOp

and all are strongly jointed, cavernous, and locally_brecclated.

Stratification is obscured ct c¢_pletely obliterated, and the attitude of

bedding ca_ rarely be determined with any de_/r e of confidence" (Jones, i

1973, refer also to discussion of Rustler stratlgraphy, Section 4.3.2).

It should be emphasized that thls surface evidence of ._,bled structure=

is restricted to Hash Draw and has not been described for the area

between Livingston Ridge and Ii:heW PP site.

No surface faults have been mapped within 5 miles of the center of the

WIPP site; faults thaC are mapped at the surface are distant and are

plainly related to collapse features. Bachman's (1976) mapping east of

the WIPP site _hows ._o surfac_ faults. The nearest faults mappod by Vlne

(1963) involve Rustler offsets in Diash Draw about: 9 miles southwest of

the site in section 18, T. 23 S., R. 30 E. Although he recognized these

faults as being produced by karst p.ocesses, involvin-, areas of circular

or semicircular rock deformation up to a few thousand feet in diameter,

he was unsure of how to account for the fact that some were positive
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e topographic features or domes (Vine, 1960; Vine, 1963). Anderson (1978)

believes that they may be the eroded remnants of :or.mer caverns in salt

whose roofs had collapsed; the collapsed debris then remalined as th_

upper part of the surrounding salt was partially dissolved ar,d carried

away (refer to regional geomorphology, Section 3.2).

Livingston Ridge,. 4 ,alles northwest of the. site, Necks the edge of Hash

D_.aw, a broad swale developed by a combination of erosional and

dissolution processes. Bachman (1974) mapped occurrences of callche in

the region around the WIPP site, and _ed the structural relationship oi

the callche to depressions such as Hash Draw (refer to structure contour

map oF the Mescalero caliche in Bachman, 1976). He c0ncludes that,

"major solution and collapse preceded and followed the accumulation

of the Mescalero caliche in Hash Draw..." (Bachman,1976). "The

Mescalero callche probably formed on an ,_nduZatory stable surface.

...Along Livingston, Quehada, and Nimenlm Ridges...the callche dips

abruptly into the adjacent depressions. The crowding of contours,
the presence of fractures, and th_ uniform thickness of the callche

along these ridges indicate that Nash Draw Draw and Clayton Basin
were subjected to collapse aftor thr, formation of the Mescalero
callcheo On the other hand.., the uniform spacing of the contours In
the aL'ea of the Divide between Livingston and Antelope Ridges suggest

e that this surface...approaches its or_glnal slope" (Bachman, 1974).

Thus, surface mapping and structural Interpcetatlon_ have found no

evlde.-ce of any anomalous structure in the vicinity of the WIPP site east

of Nash Draw that might be indicative of significant diffetenti_1

subsidence of underlying s_.rata. Such surface features and structural

relationships that are exposed in the area reveal no indication of any

surface faultlnq at the WI_P site.
/

In sum_Jary, su._face and shallow subsurface structure In the vicinity of

the WI)P slte has pres,_ably been modified to some extent by loss from

dlssolttion of 100-200 feet of salt origtr,ally present in the Rustler

Forma'ion. The tesuLltlng subsidence and settlr_ent would not be expected

to tare ;progressed in a perfectly constan[ and uniform manner over an.v

area of several squ:_re miles. On the other hand, there is no indication

of the presence of the types of chaotic structure encountere_ In the

Rustler in Nash Draw, _s described by Jones (1973) and by Vine (1963).
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In the Nash Draw area, the widespread collapse structures observed are O

due to extensive dissolution in the Salado rather than in the Rustler

alone. Further, the successive erosional stripping of Santa Rosa, Dewey,

and Rustler strata westward into Nash Draw, coupled with the general

eastward regional dip of the evaporite strata, indicates that the amount

of overburden above the level of diqsolution actually was much less in

Nash Draw than it presently is east of Livingston Ridge. Thus the

potential for significant dlffezential subsidence to have occurred

beneath the Los _:edanos site seems to have been minimized by the

restriction of salt dlssolutlon to beds _Ithln the Rustler and by the

relatively high overburden pressure which would hPve tended to provide

more uniform settlement as salt was being _emoved. Stratigraphic data

from potash holes drilled in the site area indicate no major

irregularttles in horizons above the Salado (Figures 4. ;,-i0through

4.4-15).

4.4.5 Summary and Conclusions

Jones (1973) concludes that:

"The structure of the Los Medanos area is basically sin,ple and the

rocks are, for the most part, only slightly deformed. _evertheless,

the rocks have been tilted, warped, eroded, and subroded (i.e.,

subjected to subsurface solution), and discrete structural features
can be recognized.. These include: (I) structural features of

regional extent related to Permian sedlmentation, (2) intra-
formatlonal folds of limited extent related to "down-the-dip"
movement of salt ullder the influence of gravity and weight of

ore:burden, and (3) subsidence, folds related to warping and settling
of ro:ks to comform with the general shape and topography of the

surface of salt in areas of subrosion...

' "On the basis of available geological information, the salt deposits

of (the) Ims Medanos area s_em in many ways to constitute a suitable

receptacle for use in a pilot-plant repository for radioactive

wastes. The deposits have thick seams of rock salt at moderate
depths, they have escaped almost completely undamaged from long

periods of erosion• _he deposits are only slightly structurally

deformed, and they are located in an area that has had a long
history of tectonic stability."

T.nformation that has been developed in the succeeding five years of

investigations has little altered that assessment relative to the

O
.

.,
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structural and t_ctonic conditions p;esent at the WIPP site. Based on

exploration accomplished to date, a series of structure contour an_

isop:ch maps is presented for rocks ranging in age from Devonian to

Pleistocene. This and other information indicates that tectonic faulting

and warping o_ rocks l:, the site vicinity seems to be. restricted to

Pennsylvanian and older rocks and to have predated Permian evaporite

deposition; certain minor faulting within the thick Permian section

appears to have occurred contemporaneously with sedimentation.

Deformation related to salt _lUWdge has occurred primarily in the Castile

Formation beneath the Salado, and has perhaps modified the regional

easterly g_aSient to 80 to 100 feet per mile to some -._tent at the level

of the storage horizons near the base O_ the Salao(:. Areas in the

vicinity o_ the site in which artesian brine reservoirs have been

encountered are associated with thickened salt sections and salt-cored

anticlines in the Castile, but no such structural teatures are

rec_nizable within the limits o£ the WIPP storage facility on any of the

3alado horizons contoured. The site, ii anything, app_aro to be in a

slight structural saddle, a condition considered to be a _avorable

e criterion _or site selection. Dissolution of bedded salt beneath the
site has been restlcted to horizons within the Rustler Formatiorj; there

is no evidence that the resulting settlement produced any significant

structural Irregularities or collapse features in the o-erlyin9 strata

within the area of the WIPP site. InVestigations are cor ttnuing to

further define the extent to which salt deformation in the Castile may

have affected the structural configuration within the lower part of the

Salado where excavation of the RH- and Cii- levels is presently planned.

These Investigations will permit a tore detailed assessment of the

optimum lor atlon, design, and construction matted of the storage facility.

4.5 ,St,t e G,eolo_tc Histor Z

Three main phases characterize the geologic history o_ the WIPP site

subsequent to the origjna_ establishment of a granitic basement intrusive

complex between a billion and a half-billion years ago, [ormtng the

crator.ic crust beneath the site. The Lirst phase, of at least' 500

e ,
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_111on years' duration, waa a time of uplift and erosion of all

pre-existing P_ecambrlan sedimentary and metamorphic rocks which may have

once been deposited or forlned in the site areaw eventually exposing the

deep-seated igneous rocks. The second phase was characterized by an

almost continuous marine submergence lasting about 225 million years,

whereLn shelf and shallow basin sediments sl,_wly accumulated. This

deposltional phase culminated In a comparatively rapid accumulation cE

over 13,000 feet of sediment within a relativel_ brief period lasting 50

to 75 million years, toward the end of which time thick evapor£te beds,

ma£nly rock salt, were deposited. Uplift and subaerlal conditions next

returned to the site in the third and final phase, a,d have persisted

some 225 million years tO the present, with the exception of a brief

marine inundation in the middle of that span of time. Periods of

terrestrial deposition alternated with erosional episodes, so that a

series of nonmarine depos£t_l separated by unconformities blanket the

evaporite beds at the site.

Since the first phase mentioned above really reelects the absence of _ny

evidence in the geologic record at the site for specific events which may

have occurred during tl_ latter part of Precambrian time, the £ollowing

review of site geologic history considers only post-Precambrian events. O

Additional discussion of geologic history in a regional context is

contained in Section 3.6. The reader is referred to Figure 4.3-2 for

sttatigraphic orientation.

The Precambrian basement terrane, exhumed duriP_ the vast erosional

regime of late Precambrian time, was first submerged at the start of

Ordovician time, with deposition of the basal Bliss Sandstone. From

Ordovician time through Pennsylvanian time in the southeastern part of

New Mexico where the site is located, marine sediments accumulated slowly

_.,Jt continuously. Shelf and shallow basin deposition progressed

marginally to or within broad, nearly flat subsiding basin oreas of the

Tobooa Basin that formed northern arms of the Ouachita trough (Brokaw et

al., 1972).

_--_'J| ........... "_"....... "_ ................ "........... _%w_,,_---_"- -_'_":-'_'±_-....t_-_" .......,....... "- _...... _-_ _.. ,. _ _ _ .... ...

, '
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The dominantly carbonate section (dolomite and limestone) from Ordovician

through Mississippian time (a span of roughly 1.80 million years)

"" indicat_s stable shelf and gently subsiding shallow basin environments.

A sandy elastic sequence in mid-Ordovician time (Simpson Group) may

perhaps signify mild uplift of a landmass ancestral to the Central Basin

" Platform. Although an Ordovlcian-Silurian unconEormlty has been ,

• recogni=ed elsewhere In the region (refer to Section 3.5), none is

evident in the site area. The first significant post-Cambrian emergence

or marine regression occurred during the Early and Middle Devonianu but

the area apparently was a broad plain never elevated much above sea

levo1. Marine waters reinvaded the area in Late Devonian time,

accompanied by unconformable deposition of distinctive black shale

(Woodford Sha!e), followed .,_ a return to caEbonate accumulation in Early

Mississippian time. Continued subsidence of the area was accompanied by

doep-wa_er deposition of dark, silty shale (Barnett).

, The end of Hississipian time heralded significant regional warding and
J

tectonic activity. Major faulting accompanied upwarp of postttx,e

tectonic elements in the region, Including the Central Basin Platform

e area (refer to Section 3.6). These positive land masses provided a more
abundant supply of cla_tic detritus w_tch was carried into adjacPnt

marine basins and deposited on _oderately warped, tilted surfaces. At

about this time, the tectonic framm_ork cE the Dolaware Basin began

d_velopment. The site area received sandy Lower Pennsylvanian No, rowan

sediment and more or less continuously accumulated sediment ov_r the

remainder of the period as repeated basin margin faulting caused

, perlodic, strong uplift cE the bordering platforms and some warping

within the basin. By the end of PennJylvenian time, differential

tectonic upwarp had ceased (refer to Section 3.6).

At the WIPP site, sedimentation was continuous from Pennsylvanian into

Early Permian time. In contrast to Pennsylvanian deposition, however,

the Delawaro Basin subsided at a greatly accelerated pac luring Permian

time, partly by downwarp and partly by downfaultlng along pre-existing

basin ma:gin faults. Perhaps the previous Pennsylvanian tectonic
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activity had predisposed the Delaware Basin to more rapid downwarping; at

any rate, a thickness of about 9,000 feet of Wolfcampian, L_riar di an ,, and Q

Guadalupian sedJJn_,_t was deposited over little more time than ha' beenb

required for about 2,500 feet of Pennsylvanian strata to accu_ul._te. The

sequence tended to progress from shale to basin limestone eo sand,
L

Possibly related to encroachment cE the basin _argin teel deposits, as

the central part of the basin continued to subside more rapidly than the

shPlf areas. Although basin margin reef buildup was active in both

r.eonardian (none Springs) and Guadalupian(Delaware Hount_tn) time, it

was not until the lat_er part of Guadalupian time that continuous,

massive reefs, ac_reting rapidly to keep pace with continued basin

subsid_.nce, virtually encircled the basin. This process culminated with

the formation of the massive Capitan reef limestone, which approaches to

within 9 miles of the site and delimited the Delaware Basin at that

time. _though for many millions oi years previous to this time, various

lesser reef deposits had been encroaching inward upon the basin, the

Capltan reef defined a mors restricted area of the Delaware Basin than

was ever the case previously. At the WIPP site, the basin facies

equivalent to the Capltan zeef is the Bell Canyon Formation, mostly

siliceous sandstone in l_t_logy. When the Capitan reef eventually

encircled the basin at the close of Guadalupian time, the top of Bell

Canyon was 1,000 to 1,500 feet louer in elevation than £ts facies

equivalent high on top of the reef only a few miles away. At this time

the reef had closed off free access of the open sea to the Delaware

Basin, setting the stage for the ensuing precipitation uf the Ochoan

evapo: i res.

As the ueawater in the salt basin of Castite t_me evaporated to brine,

precipitation of anhydrite and limestone, followed by anhydrite and

ftnalJy sal _. (hal'-te) occurred. Several major incursions of seawater

must have refilled rho basin, for there are a number of thick, lamin&¢e4

anhydrite-calcite beds separated by thick salt members. Because this

salt basin was shielded from elastic sediment deposition by high bounding

reefs, _he C:jstile evaporites tend to be the most chemically pure of the

:)choan evaporites. Eventually the Castil_- evaL_orites filled the basin
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enclave to the level oE the top of the sheltering feet m_sses. The

Salado salt then extended over the top o£ the still subsidi_ 9 reefS,

I burying them and extending outward into the Permian Basin. Although the

region continued to subszde, reef organisms could not survive in the

briny environment, and burial of the reefs by the Salads resulted in the

final disappearance of the Delaware Basin as a paleogeomorphxc entity.

[ ,
The Salads, inasmuch as lt formed in a broad, regionally extensive brine

basin not bounded by protective roofs, was more su_.ceptible to clastic
d' ,/.

. influx, and therefore its halite deposits are generally somewhat less

pure than those of _._e Castile. Nearly 2,000 feet o_ mostly ro_k salt

accumulated before an increase of clasttc influx acuompanied by a

decrease in salinity caused deposition of Rustler llthologles to occur

(anhydrite more dominant with significant thicknesses of clastic rocks).

Finally in a shallowing sea or on mara.inal mudflats, the Dewey Lake

Redbuds were deposited as subsidenc_ gradually endeJ, covering the salt.

beds with a thick cla_ttc blanket. This was the final episode, about 225

million years ago, of a remarkable accumulatlon of marine deposits which

had been first laid down in Ordovician time.

No Lower Triassic strata occur at the WIPP site, nor are they .known zn

the region (refer to Section 3.6.4). It was ._ time of general regional

epeitogenic uplift and erosion; only a slight an,_ular unconformity is

present between Dewey Lake strata and ov¢clylng strata (Jones, 197]).

' According to Bacnman (1974), "it is possible that some dissolution o_

.' Permian soluble zocks occurred in the periods oi uplift during Triassici

tt_e', but direct evidence of this has not been found in southeastern Now

Mexico. Isopachs o_ the Dewey Lake whore it is covered by UpI_,r Triassic

rocks indicate a thickness of about 500 feet. Purthermoro, Jones (1973)

indicates the pre-Upper _riassic Dowel, Lake thickness decreases

northwestward. /Llthough the actual original protective thickness of the

Dewey Lake westward across Nash Draw and over to the Paces is _w

indeCermln_te due to l._er removal by erosion, it is interesting to

speculate whether some disso].ution features and processes presently

observed there may not have had their b_g_nntng in Early Triassic time,

over 200 million yea:s ago.

_ ............. r'_-_'-'_. ''- .......... '............. ,.I "m,_,._'_--- ........... : ................. _....- ....

.... 0 .... ....
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In Late Triassic time inland basin streams lald down floodplain deposits

of the Santa ROsa and Chlnle Formations, the first record of non-marlne

, deposition in the area. The total original _,hiPkness of Late Triassic

deposition i: not known, because of an erosional surdace on the Triassic
t

of the region. The first erosion to have acted upon the Triassic rocks

lasted from the close of Triassic time to Late Early Cretaceous, a period

whiuh may have lasted as long as 90 million years. In latest Early

Cretaceous time (Washita, about I00 m•y.b.p), a shallow sea transgressed

across the site area and deposited an unknown thickness of marine
/

sediments. Later erosion removed ali but slumped or sux_ken residual

fL'agments of a pt'esumably once e,_tensive Cretaceous cover.

These Late Triassic-Early Cretaceous relationships hold important

ifr,pl/cations for the history of both salt dissolution _nd salt

deformation in the Delaware Basin• As Baohman (1974), has stated,

"In central and southeastern New Mexico where Triassic rocks are

; preserved they are overstepped by rocks of Cretaceous age• In
general, these Cretaceous rocks rest on progressively older _o_ks
toward the south and southwest. After cutting across the wedge eage

- o_ Trtassxc rocks, the Cretaceous rooks rest on Permian or older

_, strata at many places in southern New Mexico "

By plotting locations o_ these :.mali Cretaceous outllecs and noting the

age of rocks (,n which they occur, Bachman (1976) reconstructed an

,_pproxtmatton Of the Jurassic erosion surface, : owing where Permian

rocks were unprotected by Triassic cover and exposed to erosion so_,utime

, durin.3 the Jurasslc-Early Cretaceous erosional interval. The sketch

shows that Permian rocks along the western edge of the Delaware .asin

wore exposed to t.he atmosphere and presm_ably eroded during Jurassic

time. "Probably some disJolution of Permian salt and gypsu_ occurred in

the western part of the Delaware Basin at this time" (Bachman, 1976). To

the extent chat "deep dissolution" features are recognized today in salt

at depths cE several thousand feet below the surface (Anderson, 1978), it

seems quite likely that similar lectures would have been present and

developing at comparable depths during the _urassic erosion 100-190

million years ago. Further, considerable dissolution effects could have

been initiated o_ accelerated during the Cretaceous ac times preceding or
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subsequent to Washitan submergence, particularly in view of the h_,_id or

even tropical conditions _nown to have characterized the Cretaceous in

North Amer Iea.

& second aspect oE the above-described Triassic-Early Cretaceous

relationships relates to the history of salt deformation at the WIPP

site. Prior to Cretaceouq submergence, Jurassic erosion had bevelled the

blanket of Upper Triassic Dooktn sediments to a wedge that pinched out

westward across the 9elaware Basin. Evidently, eastward regional tilting

had .,_courred, at least by the end of Jurassic erosion. Since this tilt

would have _.nvolved the underlying salt beds, some salt flow and

deformatlrn may have oo=urred at this time. Deformation may even ha_,e ,

continued during the time in which the region was submerged by the

Cretaceous marine Incursion and was later covered by an unknown thlcknes_

of marine strata.

&tthough the duration of the Cretaceous eptcont_nental marine

transgression is not precisely known icr this area, pcobabl_ early in

late Cretaceous time the sea withdrew; during the remainder of Late

Cretaceo,js time the area was probably nf low relleE and only slightly

above sea level (Hayes, 1964). No early or middle Tertiary deposits are

known in the site area, so that geologic events near the site over the 60

million years after the end of Cretaceous _in_e and the beginnlng of

Pliocene time are poorly known. M,1or uplift probably took piace

concurrent with the Laramlde orogeny that occurred f,,rther /1crib and

west. "Probably late in the Cretaceous Period or very =.arl_' in the

Tertiary Period the entice region was elevated by bread eplrogenlc upll£t

and was tilted slightly to the northedst" (Hayes, 1964). The Cretaceous

rocks were e:oded to expose Triassic rocks in the eastern hal_ cf the

Delaware Basin and Permian rocks in the westsrn half of the basin. This

erosion -_gatn subJacted Permian salt to further dissolution (Bactunan,

197;), and produced a second erosioncL truncation of Late Triassic Dockum

. sediments (Jones, 1973). In Ollgocehe time (35 m.y.b.p.), l_prophyr.

#

I.
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(basaltic) dikes were intruded in the subsurface along a northeast-

southwest dike trend which occurs about 8 miles northwest of the site!

this is the only post-Precambrian igneous rock known in the New l_exico

part of the Delaware basin.

By Late Miocene time conditions became less arid and eastward-flowing

alluvial dlstrtbutorles began to deposit sandy and gravelly sediment over

an irregular erosion surface. Deposition of these sediments, referred to

as the Ogallala Formation, began as early as 12 million years ago and

ended before the close of Pliocene time, perhaps as early as 4 million

years ago (Bachman and Johnson, 1973). The nearest Ogallala occurrence

is at The Divide, 6 or more miles northeast of the site, where its

maximum thickness is only 27 feet, which is considered to represent an

original, or deposttional, thickness (Bachman, 1974).

Zt is not known whether any Ogallala sediments were ever deposited at or

west of the site, or to whac extent dissolution nubsidencn features were

gec_norphically expressed in Nash Draw and southwestward within the

Delaware Basin by the time the erosional plain associated with Ogallal_

deposition had developed. Bachman (1976) states that, "by the end of

Ogallala time the High Plains surface was probably continuous westward

acro._s the present Pecos River Jrainage to the backslope of the

Sacramento Mountains" in the region north of the Delaware Basin but that

"the Ogallala Formation may no _. have been deposited in the Pecos

oupression southward £rom Carlsbad .... Although some form of major

drainage may have been present in the vicinity of the modern Pecos Rivet

during pre-Ogallala time, tBachman's) work does not support an

interpretation of thick Ogallala flll southwest of The Divide" (Bach_an,

1974). Nevertheless, Bachman (1976) believes "much of the lowering of

_'. the Pecos River Valley has occurred as a result of dissolution of

evaporites in the underlying Permian rocks since Ogallala time."

When Ogallala ueposition ceased in Late Pliocene time, the region around

' the site wa_ tectonlcally stable and the clima_.e was arid to semiarid:

during this time a cal,che capcock developed on the Ogallala surface.
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Renewed erosion took piace during'early Pleistocene time following

. B_sin-and-Range tectonic activity and rejuvenation of the Rocky

Mountains. At the site the effect of this uplift and increased rainfall

was to cause a renewal of erosional and dissolutional activity'. Active

stream erosion in the site area caused a third ero..lonal .urface to be

incised into the Late Triassic sediments; in Nash Draw, this erosion cut

deep into the Dewey Lake Redbeds at the same time that t;ash Draw was

actively collapsing due to subsurface dissolution. Eventually these

channels and sinks were filled with the Gatuna Formation, which was

derived from _eworked Ogallala and older sediments, and a veneer of

Gatuna material was deposited across the Los Medanos Mld-Plelsto.:ene

surface. Eachman considers that this erosion Jnd deposition occurred

"during the most humid climatic ccnditions that have existed in the area

since Ogallala time" (Bachman, 1974), and tentatively correlates the

Gatuna deposition with Kansan time, which ended approximately 600,000

years ago.

After deposition o_ the Gatuna Formation, a caliche (Mesca" ._rocallche)

caprock formed on the Gatuna surface in a semiarid environ_.ent during an

interval of climatic an,] tectonic stability (Bachman, 1974). Regional

climatic consideration. _ lead Bachman to assign a mld-Pleistoc_ne age for

the Mescalero calJ: _', which he tentatively correlates with the Yarmouth

interglacial StaQ-, or about 600,000 years before the present (_efer to

Section 4.3.2).

Since the formation of the Mescalero callche some half a million years

ago, little geological activity has occurred at the WiPP site. In the

Pecos Valley a number of Pleistocene surfaces can be identl_ied which

provide s_ale clue to the evolution of the regional drainage system (refer

to Regional Geomorphology, section 3.2.2.1). At the edge of Nash Draw

along Livingston Ridge, the Mescalero caliche is _ractured and draped

into the draw, indicating that N:sh Draw was subjected to some

dissolution and subsidence in the half million years subsequent to

formation of the callche, presumably during the more pluvial periods of

l illnoiar or Wisconsinan glaciations. Similar evidence exists along
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other slopes and in sinks within and adjacent to Nash Drawe but is not

observed away from Nash Draw in the direction of the site, Perhaps the

most obvious activity at the site has been the fon, ation of a nearly

continuous cover of windblown sand and sand dunes in Late Pleistocene and

Recent tree, believed to have been supplied from the east rather than

from the Pecos a_ea to the west. The sand apparently was eroded from the

Ogallala in wet climatic intervals and was blown westward across the area

during dry intervals.

4.6 SUHNAR¥

Investigations of the site geolo_l for the WIPP define the geology es it

is presently known for determination o_ the general suitability of the

site. Many of the factors in Chapter 2 are addressed here in Chapter 4.

The ultimate acceptability of the site for _ _epository may only come

after the detailed geology of the site is known from under,round workings.

Tnt site physiography and geomorphology shows the site to have been

relatively stable through the last 500,000 years dC more. The

develol_nent of the Hescale_o caliche, and the lack of developed drainage

are indicative. Localized sinks or basins are surficial.

Site stratigraphy and lithology including the evaporites shows continuity

fro_ the regional setting. The evaporites at the site are about 3500'

thick0 and include the Castile Formation, S&lado Formation anu Rustler

Formation from bott_ to top. _he subsurface structure at the HIPP sl=.e

within the evaporites is salt deformation three miles north of the site

cen_er and possibly also one mile north. The structure three miles north

involves deformation of the Castile and lower Selado; drilling (WIPP ll)

showed the deformation to be upward bulging of salt, but no severe

displacements and no brine or gas were encountered. The structure one

mile north appears to be smaller, and is of concern mainly for design of

underground workings'. It is being investigated further for this

purpose. Hithin the site structure contours on evapo[ite horizons show

areas with slight closure; the range of precision of data from industry
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sources and he°rural varLability can probably account for th_.se featu-Q.s

though sltg_,t deformation or diss=lution could also be invoked. Ho

surf_cial _faults are known at the IflPP site.

The potential repository zones are located In the Salaclo Formation at

dApths _rom 2730' to 2620' (remote handling) and 2176' to 20?4' (contact

handling). These beds are chosen on the combined basis of purityw depth,

thicknessp mutual sepatationu and depth below the potash zone.

The geological Itistocy of the site Is encompassed In the geological

history of the region.
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SEISMOLOGY
't _4

. 5•1 I.N_RODUCTION

l

' The study cE the Los Nedanos site region's seismicity is of interest _or

•. ' two reasons. First, it forms the primary basis for the analysis and

.... ' selection of reasonably expected vibratory ground mob.ion for use in

'" "' t'i aseismic design; second, when considered along .with the geology and
/. tectonic history of the region, it provides some indication of current
f t

:.' and _ hf-term tectonic stability. In this chapter both aspects of the

' regional seismicity are discussed.

t

"/ In Section 5.2 the temporal and geographic distribution of observed
/

/ _, earthquake,3 in the site region are discussed. The regional seismicity is

. considered in two separate time _ntervals suggested by the :ype and

' quality of information available during each interval. These intervals

, are: bet ore 1962, and _rom 1962 to the present. In the post-1962

;_ period, several specialized instrumental studies are considered in

addition to a more general regional instrumental survey.

Us'.'ngthe information developed on regional seismicity, and some

additional simple assumptions about regional tectonlsm, a preliminary, .. ,, • ,

_. analysis of probabilistic vibratory ground motion at the ground surface

.':"_ Is derived in Section 5.] in a way that is useful _or setsmlc design

-_ ,-. characterization at the site during its active phase og development and
t

¢ use. This analvs_ shows that short-term accelerations during the

' ' I operational phase are likely to be very modest. Probabilities at which

",. i'.. higher acceleration levels occur depend almost exclus,vely on the",_..

,-"i assumptions made about the seismic capabilities of the immediate= site
o*• .

area.

• %'/,

;-.:.:..? Finally, in Section 5.4, regional seismicity is considered as an
• 4.'.

" indicator of long-terni tectonic processes. Regional stress patterns, as

"- implied by focal mechanism solutions for regional earthquakes and in-situ

__ stress measurements, and regional tectonism, as implied by oarthqu.

t." °,..
• . .°

° ",,,. p

.J.• t

'g,,. L

" _''" 0..

• ,'- ;_ ,.. \ . 0._, ,,
. ; ,,-,.. % . . , _ , . /" , . t ", ,
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"" recurrence statistics, kre both considered. Several tentative

conclusions are teacned as a result of this study and a_e outllned at the

conclusion of this chapter.
J

\ 5.2 SEISMICITY

In this section _the tempoL'al and geographic distribution characteristics

of observed eartllquakes in the site region are discussed. Detailed

discussion is restricted to earthquakes within 300 kilometers (about 186

miles) of the Los Medanos site in view of historical, analysis by Sanford

and Toppozada (1974).

.. As always, in studying any s,ngle earthquake or group of earthquakes_ it

is important to note the date of occurrence in relation to the state of

the art of seismology at the time. The certainty with which fundamental

. properties of earthquakes, such as ,,ize and location, can be determined

largely depends on the availability and qua]ity of instrumental data.

Prior to 1960, nearly all information on the strengths and distribution

of earthquakes in New Mexico was determined without the aid of

"'"'" instruments {Sanford, 1965). Therefore, inferences which may be drawn

from pre-1960 seismicity studies are fundamentally different and more

speculative than instrumentally derived parameters.

Instrumental studies of earthquakes irtNew Mexico began in June 1960 when

high magnification seismographs were placed in operation by the New

Mexico Instxtute cE Mines and Technology at Socorro, and by the Atomic

Energy Commission at Sandia Base near Albuquerque (Sanford et al.,

1972). Those two stations provided some information on locations and

strengths of earthquakes in central New Mexico, but accurate information

._ about locations throughout the state was not available until the

beginning of 1962, when additional hlgh-gain _tations went into operation

in New Mexico and bordering states (Las Cruces, N.M._ Payson, Arizona!

Ft. Sill, Oklahoma). Also at this time the Unlted States Coast and

._ Geodetic Survey (U.S.C.G.S.) established a regular reporting station at

Albuquerque. Instr'/mental seismology for the state of New Mexico as a

whole dates from this time.



In this discussion the format of a previous study by Sanford and

.'.,. Toppozada (1974) is followed. Regional seismicity of the Los Hedanos

site area is considered in two distinct time frames in accordance with

the types of data available. PreII_strumental data, roughly that beforee'

1962 in the site area, is treated first; a separate study oE the later

period for whloh seismograph records exist follows in several separate

subsections.

Two very recent investigations of seismicity on a much more local scale

affect the Los Medanos site. One involves recordings made on a

continuously operating, vertical component, high frequency system

installed and operated at the site itself by personnel from the New

Mexico Institute of Mining and Technology at Socorro. The principal

objective of this station, which h_s gathered data for most of the

interval april 5, 1974, to October 29, 1977, and which continues to

function, hag been to determine it seismic activity is occurring at or

near the proposed nu_lear waste repository at such a low level that it

: might not be adequately detected by more standard instrumental data

surveys (Sanford et al., 1976a). The other recent s_udy is one designed

to investigate in detail local small mag.ltude seismicity in and noar the

. Central Basin Platform of west Texas. To this end, a seismic array

' centered near Kermlt, Texas, has been installed. Initial operation of
/

/ this arcay began in early November 1975, and some prellmlna_y conclusions

have been reached at this time (Hays, 1977; Rogers and Malkiel, 1978).

Both of these recent study efforts will be discussed in separate

subsections of this report.

In a final subsection, two smal_ earthqual_es important to the question of

background seismicity level in the immediate site area are discussed.

.... 5.2.1 Pre tnstrumental Data - Regional

I,

Most historic earthquakes in New Mexico cataloged before seismic

instrumentation occur in the Rio Grande Valley area between Albuquerque

and Socor[o. About half the earthquakes of Modified Mercalll Intensity V

)
J
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I or greater in New Mexico between 1868 and 1973 ate in this region. In

I conformity with previous studies (Sanford and Toppozada, 1974; Sanford et

! al., 1998) these events are not considered to be of l_nedlate concern

for this study and will not be discussed further. As will be seen, th_

area within roughly 200 kilog_eters of the site has experlenced only low

intenslty earthquakes prior to the first availability of seismographic

dat_ in 1961; there have been a few modestly damaging earthquakes during

the same interval between 200 arid 300 kilometers from the site. The area

up to 300 kilometers _rom the site is defined as the site region in the

following discussions.

Figure 5.2-1 shows locations of earthquakes occurring before 1961 that

have been assigned epicenters within 300 kilometers of the site. Table

5.2-I lists the events shown on Figure 5,2-i. Intensities appearing in

this table, and anywhere in this section, are Modified Mercalll

intensities (Wood and Net_ann, 1931).

The primary source used was Sanford and Toppozada (1974), although some

supplemental descriptive material was obtained from Neumann and Bodle

.' (1932), Neumann (1932, 1938, and ]940), Murphy and Ulrich (1951), Murphy

and Cloud (1954 and 1957), Northrop and Sanford (1972), and Coffman and

/. Von Hake (1973). An abridged version of the Modified Mercaili Intensity
,J

"' Scale of 1931 may be found in Table 5.2-2. In the descriptions below,

intensities in parentheses were assigned by Sanford and Toppozada (197_)

based only on their personal evaluation of the data.

1923, Mar. 7 E1 Paso, Texas V FeJt in Sierra Blanca (166

, kilometers to SE), Columbus t130 kilometers to W), Alamogordo (135

kilometers to N). Newspaper accounts suggest epicenter in northern

Chihuahua. (Sanford and Toppozada, 1974).

1926, Oul_, !7 Hope and Lake Arthur, N.M. III Earth sounds heard

in NE dir_ctlon at Hope_ windows rattled at Lake Arthur. (Sanford

and Toppozada, 1974).

0r

!

_ , ,
-' / _"°
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i

1930, Oct. 4 Duran, N.M. IV A moderate shock felt by many.

Rolling motion, r_mbJing sound, rattled windows. No damage.

(Neumann and Bodle, 1932).

1931, Aug. 16 Valentine, Texas VIII At Valentine, the point of

maximum desuruction,_ all types of buildings, especially adobe, were

heavily damaged; many chimneys fell. There were some cracks in the

ground, and tombstcnes rotated both clockwise and counterclockwise_

While people were panic-stricken, there were no fatalities and ,,nly

a few minor casualties. There were cracked walls and damaged
i

chimneys in several towns in Brewster, Jeff Davis, Culberson, and

Presidio Counties_ Some rockslides oucu:red in the mountains.

There were rumbling and roaring sounds. This earthquake would have

been severe in a densely populated region. (Coffman and Von Hake,

1973).

1931, Aug. 16 Valentine, Texas (V) Strong aftershock of intensity

VIII event.

J931 Aug. 18 West Texas V at Alpfne, Pecos, Lobo, and Valentine;

iV at Car!shad, N. Mex. This was preceded by a lighter shock on the

• same day. Recorded at Tucson. (Neumann, 1932).

1931, Aug. 19 Valentine, Texas (V) Strong aftershock of intensity

VIII event.

1931, Oct. 2 El Paso, Texas III "To-day", E1 Paso, Texas.

o Feeble. (Neumann, 1932).

1931, Nov. 3 Valentine, Texas (V) West Texas. Fe_t at

Valentine. Aftershock of August 16 earthquake. Recorded at Tucson.

1935, Dec. 20 Clovis, New Mexico III-V Two Shocks. A tile wall

' in a creamer_ was cracked. Anothe_ report of wall paper being spl,t

(AP news item). (Northrop and Sanford, 1972).
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1936, Jan. 8 Carlsbad, N.M.? (IV) Felt by few; press reportc some

property damage (Neumann, 1938). Newspaper account indicates this

earthquake was probably centered near Ruidoso, N.M. (Sanford and

_ppozada, 1974).

1936, Au,3. 8 El Paso, Texas (III) Weak shock not felt elsuwhere

(Neumann, 1938).

1936, Oct. 15 El Paso, Texas {III) "Earth tremor" shortly before

noon. No details. (Neumann, 1938).

193.___7_,Mar. 31 El Paso, Texas (V) S_ight. Felt by many.

(Netmlann, 1940).

1937, Sept. 30 Ft. Stanton, N.M. V Slight. Awakened many.

(Neumann, 1940).

1943, Dec. 27 Tularosa, N.M. IV Rattled windows. (Sanford and

/ Toppozada, 1974).

1949, Feb. 2 Carlsbad, N.M. IV Press reported two distinct shocks

which were felt by several. A few people were frightened. Windows,

doors, and dishes rattled; houses seemed to shudder momentarily.

(Murphy and Ulrlch, 1951).

1949, May 23 East Vaughn, N.M. VI ."elt over an area of only

about 1300 square miles. "Results of a questionnaire coverage

indicated the felt area to be u 20-mile strip connecting Pastura

with Vaughn and East Vaughn. Maximum intensity VI at the last named

. place where a few things feli from shelves, loose objects rattled

and buildings creaked. Deep rumbling and grinding sounds were heard

before and during shock" (Murphy and Ulrich, 1951). Many people

were awakened and many were frightened. One person felt the shock

while driving a car 20 miles southeast of Vaughn on the highway to

Roswelt. (Northrup and Sanford, 1972).
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1952, Hay 22 Dog Canyon, New Mexico (about 70 miles northwest of

Carlsbad). IV Felt by t_o in ranch house. Windows, doors, and

dishes rattled! house cceaked. (Murphy and Cloud, 1954).

1955, Jan 27 Valentine, Texas IV Felt by many. Houses shook

(Murphy and Cloud, 1957).

As can be see, f¢om the above data, there have been no earthquakes of.

epicentral llttenslty V or greater recorded as occurring w_thtn about 200

kilcmeters or' the Los Medanos site when noninstrumental data alone is "

considered. The strongest earthquake reported to occur within 300

kiloraete._s of the site was the Valentine, Texas event of August 16,

1931. The reported maximum _.ntensity for this 3hock was VIII on the

Modified Mercalli scale (Table 5.2-2). Reports of earthquake intensity

for a wide area have b_P.n compiled into several isoseismal maps (Neumann,

1932; Sellards, 1933). Intensities in these maps are based on the

Rossi-Furel scale which was subsequently abandoned for the Hodified

Mercalli Scale of 1931. Sanfocd and ToPDozada (19,4) have assigned

Modified Mercalli intensities on the basis i.f descriptions o_ the

• earthquake effects for this event and plotted the isoseismal map shown in

Figure 5.2-2. According to this map the intensity at the site was

probably no greater than Vo This is th_ largest known historical slte

intensity.

Close to the source, the Isoseismals are elongated nor_.hwest-southeast

conforming to the structural grain ot the region. Further from the

epicenter, the earthquake had higher intensities to the east than west

due to lowe_: topographic relief to the east (Sanford and Toppozada,

1974), differences in attenuation, or some other reason. The data to the

southwest, in Mexico, are particularly sparse.

Two instrumental locatic_s have been published for this earthquake. The

U.S.C.G.S. (Neumann, 1932) places Phe epicenter at 29.9oN and I04.2ow

'_' with an origin time of ii:40:15 GMT. Byerly (1934), who made a detailed

instrumental investigation of this earthquake, found "he epicenter to be

e
• .....
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at 30.9°N and I04.2°W with an origin time of 11:40:21 GMT. Byerly's.

epicenter, I10 kilometers north of the U.S.C.G.S. epicenter is closer to

the region of highest reported intensities and may for this reason be

considered the more accurate of the two. Although neither is

particularly close to Valentine, Texas, the USCGS and Byerly epicenters

" bracket this area of max reported intensity fairly well. For the

pur|x)ses of Figure 5.2-1 and Table 5.2-1, Valentine, Texas, has been

,' adopted for the location of the main earthquake and its aftershocks in
/

:' agreement with the Work of Sanford and Toppozada (1974).
I

The area over which an earthquake is perceptible can be used to estimatet

its magnitude (S]emmons et al., 1965; Wiegel, 1970), although this
_latlonshlp is an emp_.rical one different for different regions of the

United States. If a felt area of 4.5 x 105 ml 2 is accepted (1.15 x

106 km2) as reported by the U.S.C.G.S. (Neumann, 1932) and a

., magnitude-felt area for,nu_a fdr the central United States and Rocky

Mountain region is used (Wiegel, 1970), a magnitude of about 6.4 is

calculated for the Valentine, Texas, earthquake. This result appears

reasonable and is comp_tlble with the maximum intensity reported for the

shock (Sanford and Toppoz_da, 1974). It is also in good ag_'eement with

the estimate of magnitude for this event calculated at Pasadena

(Gutenberg and Richter, 1954).

Ocher earthquakes within 300 kilometers of the site were probably not

perceptible or resulted in low intensities in the site area.

5'2.2 Instrumental Data--R__ional

As mentioned above instrumental studies of earthquakes in New Mexico

began in June 1960 when high-magnificauion seismographs were placed in

operation on the campus of the New Mexico Institute of Mining and

Technology at Socorro and by the Atomic Energy Commission at Sandia Base

near Albuquerque (Sanford et al., 1972). Most Of the early seismic

: research at 5ocorro was concentrated on near shocks (Sanford and Holmes,

1961, 1962_ Sanford, 1963) because of this init._al stati:,,1distribution
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and because Information from other stations located in New Mexico and

adjacent states was not available in sufficient quantity for a study of

the seism._city of the entire state. This situation changed about the

beginning of 1962 when stations at Albuquerque and L&s Cruces, New

Hexicol Payson, Arizona_ and rc. Si11, Oklaho_a_ began continuous

operation.

Detailed reports on the Instrumental seismicity of New Mexico as a whole

have aL_peared in a number of publications, principally Sanford (1965),

Sanf._rd and Cash (1969), and Toppozada and Sanf'ord (1972). Collectively,

the_e papers cover the intezval January 1, ].962, through June 30, 1971.

The study of instrumental seismicity in this area, as in any other,

/ evolved _ver th_s 11 year period. Not only d_d more data become

available as more seismo<jrapb stations began operation, 'but these data

were processed in increasingly sophisticated ways. The ways regional

earthquakes have been located and analyzed durinq this period are

summari.-ed below. For a more complete discussion; the reader is referred

to the original repocts_ both those mentioned ..bore and Sanford e'_ al,

(1972), Sanford and Toppozad,1 (1974), Sanford (1976_), Sanford (1976b),

and Sanfo:d et al. (1976b).

The method use_ to initially locate the earthquakes during the Feriod

January 1, 1962, through June 30, 1.964 (8anford, 19.65) was based on the

procedure described by Richter (1958). This is an arc intersection

procedure whece: 1) a trial origin time is estimated from measured S-P

intervals, 2) a depth is selected, either 5 kilometers or 10 kilometers,

3) station-epicenter distance is calculated from the P-O (origin time)

_ntervals and a T-D curve (in this instance a graph relating travel time

to distance for each of the two depths of focus) and 4) the epicenter is

determined from the intersection of the arco whose radii have just been

calculated in step 3) above. If no satisfactor.y intersection occurs, the

process is repeated after ad_u:_tment of the origin time estimate. The

time-d_stance curves _sed by Sanford (1965) in this process were based on

a simple cr_.stal model close to the average of those found for L_he regionu

in previous ._tudies (Tatel and Tuve, 1955; Stewart and Pakiser, 1962;
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Romney et a_., 1962). The crustal ,_odel adopted consisted of a single 39

kilometers thick layer' with a P-wave velocity of 6.0 km/ser overlying a

half-space with a P-wave veloclty of 8.0 km/ser. The two T-D curves, one

for a depth of focus of 5 kilometers and one for a I0 kilometers focal

depth, were calculated using this model.

For earthquake_ occurring between July I, 1964, and December 31, 1967, a

slig,ttly different former was used to present the data (Sanford and Cash,

1969'. Whenever available, origin times and epi.-entral coordinates were

takc,n directly from U.S.C.G.S. reports. Two types Of data distributed by

the U.S.C.G.S. were consulted; the Monthly Summary series, or where these

' ' were not yet published, as for the period October 1966 through Decpmbet

1967, the Prellmlnary Determtnatlon of Epicenters reports. A majority of

the New Mexico earthquakes listed in this period were not located by the

U.S.C.G.S., however. When this was the case, events were located

precisely as outlined above for the earthquakes of January 1962 through

June 1964.

0
Finally, for initial location of those shocks occurring from January 1968

to June 1971, inclusive, the procedure adopted was identical to that of

the previous reporting period except that for those earthquakes located

by the New Mexico Institute of Mining and Technology a rural depth of 8

kilometers was used to construct the T-D curves (Toppozada and Sanford,

1972).

The method of assigning magnitudes to the earthquakes of New Mexico has

also undergone some evolution. From the start the idea has been to

calculate a close analog to the Richter local magnitude (ML).

Magnitude can be expressed oy the equation ML-IogA-IogA o, where A is

the maximum trace amplitude (almost always the crustal shear wave, Sg,

for local and Fegional New Mexico earthquakes, Sanford, personal

communication, 1978) in millimeters on the seismogram and A is theo

corresponding trace amplitude for a calibration earthquake selected as

the standard. The numbers obtair_d for HL ace dependent on the

magnification and frequency response of the seismograph used, and on rh3

0

, 0
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selection of the standard shock. The original Richter scale is based on

the Wood-Anderson seismograph, an instrument which records horizontal

motion, whose natural period is 0.8 second, and whose static

magnification and damping are 2800 and 0.8 critical, respectively.

Furthermore, the standard or zero magnitude event Ir_dcflned such that it

would produce a trace deflection of one thousandth of a millimeter when

recorded by a Wood-Anderson _elmnograph at a distance of I00 kilometers.

The direct apPlication of the Richter scale to New Mexico earthquakes was

impossible, because none of the available data came from Wood-Anderson

seismographs. As an initial best estimate, Sanford (1965) decided to

rate the shocks on the basis of the amplitude a Wood-Anderson instrument

would produce had it recorded these shocks_ that is, maximum trace
J

deflections were first converted to ground displacements, which in turn,

were converted to equivalent Wood-Anderson trace amplitudes using the

known response characteristics of this instrument. An attempt was made

to consider response differences between the actual recording seismograph

an_ the Wood-Anderson seismograph as a function of frequency. The

Richter values for A were adopted with no attempt to consider possibleo

source or wave transmission differences between those e_rthquakes

occurring in Cal.ifo_.nla,where the Richter Scale was aeveloped, and those

occurring in New Mexico. Most of the magnitudes were calculated from the

maximum SH (or horizontally polarized shear wave} ground motions reported

by the station at Las Cruces. When no SH amplitude information was

available from the Las Cruces station, magnitude was assigned on the

basis of the maximum SV ground motion at Albuquerque. The relation

between SV (or vertically polarized shear wave) motion at Albuque_que and

magnitude was established fro_ data on shocks detected by both the Las

Cruces and Albuquerque stations (Sanford, 1965). This initial attempt to

assign magnitudes to New Mexico earthquakes was never intended to be

completely accurate but rather to serve as rough indications of the

relative strengths of shocks.
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, Slightly different procedures were followed lo: magnitudes calculated for

the two later repo_tlng periods of JUly 1964 to December 1967 and January

1968 tn June 1971. In these periods three magnitudes are listedz I)

U.S.C.G.S., 2) Albuquerque, and 3) Socorro. Magnitudes assigned by the

U.S.C.G.S. (or its later administrative equivalents, suuh as the National

Oceanic and Atmosph_.ric Administration) are body wave magnitudes (mb)

based on the maximum amplitude of the initial P phase. Magnitudes

calculated from Albuquerque and Socorro seismograms are based on the

amplitudes of the S phases as noted above. For Albuquerque, the maximum

SR ground motion was converted to an equivalent Wood-Anderson trace

amplitude and the. previous procedure was used to obtain an estimate of

the equivalent Richter magnitude. A similar procedure was used for

Socorro magnitudes, except that for these computations it was necessary

to substitute maximum SV motion for maximum, SH motion. Checks at the

' Sooorro station indicate SH averages about 1.5 times as large as SV.

This correcuion factor was included in the Socorro magnitudes

computations.

Since the initial publication of the 1962-1972 instrumental data

(Sanford, 1965; SanfoL'd and Cash, 1969; Toppozada and Sanford, 1972)

several additional studies have been undertaken to partially rework this

data. Two of these, Sanford and Toppozlda (1974) and Sanford et al.

(1978), are of particular interest since they deal almost exclusJvely

with earthquakes within 300 kilometers of the Los Medanos site. Sanford

and Toppozada (1974) list a total of 34 earthquakes in this area. Of

these, 12 appeared in the previously discussed studies, 13 represented

new locations by the New Mexico Institute of Mining and Technology not

previously published, and the remaining events were taken directly from

U.S. Department of Commerce report&, either the Seismological Bulletin or

.. Earthquake Data Reports. An updated version of this listing is presented

in Sanford et al (1978). In this update four £t_ocks have been added to

the Sanford and Toppozada (1974) tabulation: February ii, 1964; March 3,

19641 October 20, 1964; July 26, 1972. T_e last of these is most

noteworthy because of its proximity to the e-lte. This event will be
d

considered in greater detail in a later subsection. The October 20, 1964

0
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earthquake is included here in oonformi_y with San_ord et al (1978) even

though this event apparently falls slightly beyond the 300 kilomet,=rs

circle specified as the region of interest.

The most significant difference between the 1978 and all previous
i

tabular.ions is in the magnitudes assigned to the individual earthquakes.

The shocks listed in Sanfo_d et al. (1978)have local magnitudes (ML)

substantially lower than those published earlier by the New Mexico

Institute of Mining and Technology or the UoS.C,G,S. These revised

magnitudes came about because in calculating local magnitudes for single

earthquakes, it was noticed that a systematic increase in calculated

magnitude Occurred with increasing distance from the earthquake. This

strongly suggested that more efficient transmission of the phase

producing maximum trace amplitude was occurring in New Mexico than would

be indicated by an ,tncritical use of the AO stalldard earthquake

amplituue attenuation factor of Richter (1958). Therefore, a correction

factor for attenuation differences, as well as another correction factor

for individual station e_fects, has been incorporated in the latest

magnitude calculations.

_isted in Table 5.2-3 and shown in Figure 5.2-1 are the 38 earthquakes as

they appear in Sanford et al. (1978). These data reD:esent the latest

and best estimate of ali significant parameters associated with those

_rthguakes occurring within 300 kilometers of the Los Medanos site for

the interval January I, 1961, through December 31, 1972.

5.2.3 Specialized Instrumental Stuu_es--Station CLN

With the publication of Sanfo=d and Toppozada {1974), the first phase of

the investigation of southeastern New Mexico seismicity ended. This

early phase was concerned with the estili=ationof seismicity in the Los

Medanos area based on careful evaluation of available geologic and

seismic data. In early 1974 the emphasis changed. Since at that time no

data were available from a station v_.ry near the site area itself, it was

decided that &cquisition of new instrumental data from such a station
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., would be of In_-,Jiate value. With the installation of a high-galn

seismograph in the site area, the question cE the occurrence of low level

seismic activity at or near the proposed waste repository oould be tour5

meaningfully addressed. Therefor,_, at the beginnlng of April,. I.O/,,,

single component (vertical} high-galn, continuously reoocd'_nn qeIs ,o,,.ph

station (given the letter designation CLN by the U.S. Geo],o_i_al :,u,,,t,y)

was installed In a shack located in a caltche pit very 1,e._: the proposed

nuclea" waste disposal site. Analysis and interpretation of the data

collected by this station may be found in Sanford et al (1976a),

Caravella and Sanford (1977} and Sanford et al (1978]. In this s_ction
_Q

the findings presented in these publications will be briefly disctmsed.

The essential elements of station CLN are a short-period, vertical

selsmcmeter (Earth Sciences Ranger SD 211), an amplifier (Astrodata 120),

a film recorder (Earth Sciences RF 220), and a W_"/B radio receiver

(Specific Products--T60). The recording rate is 1 mm/ser, a speed that

can produce hlgh-resolutlon seismograms of small local and regional

earthquakes. At this recording rate, rho sei_ograph requires a film

change every three weeks. Otherwise, the station is _,elf-sufficient.

Fivo minutes of the WWVBcoded time signal is placed on _he record ev_,ry

two hours to assure excellent time control. The ground displacement

r_sponse of the sei_ograph has varied slightly over its operating

lifetime as the free period and percent critical damping of the

selsmometer changed. Theso changes are s_marlzed In Sanford et al.

(1978}. However, the magnification response of the _ystem has re_Ined

essentially constant wlthln the frequency range 4 to 30 Hz. The peak

magnIEicatlon is near 455 _.housand times when a factor o_ 12 for ;_cord

enlargement during photographic processing is included. This peak oncurs

near 22 Hz.

For most of the time since the station went into operation on April 5,

, 1974, the seismograph has per.'urmed as expected, except fo_" the changes

in respon.qe characteristics a/ready mentioned. However, there were times

when no Lecords were obtained and when the ,.ration was witt_ut time

' slg,als. Table 5.2-4 lists these periods and the reasons for Lhe breaks ,

0
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., In service. _rom April 5, 1974o to October 29, 1977, the total reporting

.' period considered in this subsection, the station was in operation 83

percent o¢ the time.
, ,

During the Ap:il 1974 to October 1977 period, 291 events identifiable as

,,' local azad ceglonal earthquakes (Sg - Pg < 81 seconds, where Sg and I_Iare

_,, the crustal sheaL'-wave and compresslonal-wave arrival times) were

_'-, i:ecorded at station CLN. For a complete II_ of these events see Sanford

/ . . et al. (1978, Table 3). For each earthquake _he date, arrival timeQI f

_"" (GHT), and chat'cater, whether impulsiv,_ or of sever_l phases, are given.
*'4 ,

'ii The Sg phase amplitudes (frc_ which magnlt:udeu are dotermlned) are also

listed. With tho aid of additional arrival timed from other regional

seismocjr.aph stations, epicenters for 75 of thes_ 291 events were

' :' obtained, This group o_ 75' events may be further subdivided into those
.,. which are fairly weal locatea (49) and those for which only tentative /

....d_ , eplcentral locations may be' given (26). Table 5.2-5 lists the oEigln

: ' " times, locations, and magnitudes (and selsmograpn stations used) [DC the

e' seicmic events whose epicenters are rea-_onably well known. A map of

_. • thes. epicenters is shown tn Figure 5.2,-3. Table 5.2-6 lists the

:'" ._" remaining events _or which there are insufficient data to allow exact

,;, .: locatlofls. For many eaL'thquakes in Table 5.2-6 two epieenters are
",. possible because readings are presently available from only two

-':'_"'' stations In this case, the epicenter is listed that ts most compatible

.'" ' with the locations o_ the well-determlned events.
• . ,. I

%L

,,_.'

_.;.,, Figure 5,_-4 shows hlstogratns Of the number of reco,.'de,Jearthquakes

"' versus the Sg-l>cj interval in seconds. 'i'he upper histogram represents the

' complete data set at station CLN for all those events whose Sg-Pg

- interval is less than or equal to 40 seconds. Major peaks in the_...

"i ._'_ histogram occur at Sg-Pg intervals of 8 to 13 seconds, 22 to 24 suconds,

- .'._. and 31 to 36 second._. The m_ddle histoc/ram shows those events in the CLN

. ''_ data sot which occu._red during local day-_ImP hours (I,_:00-02:00 GMT),

.,_,[ and the bottom histogram those during the locat nighttime hours
.#_

(02:00-12:00 GMT). The similarity th shape of the mld_le and bottom

'"" h:qtograms suggest that explosions [rem any small number of speczflc
.

• . ° ,[ II-

,., °° , .o
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' sources have been largely eliminated from the data se_:, However, thes

, disproF_tionate number of events during the day-time hours (7.62 X

.'// 10"3/hour) compared to the nighttime hours (5.14 X lO'3/hour) does

.. not rule out the possibility that some cultural sources still exist in

'I the data Set.

I t/' Because a substantial gractzon of the shocks within each of the prominent
,'Y peaks of the histogram in Figure 5.2-4 are located, speculation on the
1 ,'

. epicenters for the other shocks is possible. All of the located shocks
. ._.
,- ', within the Sg-Pg distance range of 8 to 13 seconds have epicenters within
t

' "' the area from 31.7° to 32.3°N and fL'om 102.8 ° to I03.2°W. These

\ . coordinates bracket a section of the Central Basin Platform centered

roughly on the south0astern corner of New Mexico. All of the evidence

suggests that all shocks with Sg-Pg times from 8 to 13 seconds are

:. guner_ted within this section of the Center Basin Platform.

Nearly all of the located shocks with Sg-Pg intervals between 22 and 24

seconds have epicenters within the area from 31.5° to 31.85°N and

from 102.2 ° to I02.8°W. The region defined by these coordinates is

i centered on a section of the Central Basin Platform located about 50

kilometers southeast of the southeastern corner o_ New Mexico. Most

unlocated sN_cks with Sg-Pg intervals from 22 to 24 soconds are believed

to originate from this section of the Central Basin Platform.

, TnP. known epicenters Eor shocks with Sg-Pg intervals from 31 to 36

"- seconds indlcace a number of tectonically active regions are contributing

to this peak in the histogram. Notable among these is a region centered

on Valentine, Texas, the site of a strong earthquake in 1931 [Sanford and

Toppozada, 1974), and much of the Tularosa Basin.

5.2.4 Specialized Instrumental Studies--central Basin Platform

" i The first earthquake to be located in the Central B._sin Platform from

. instrumental data occurred on February 3, 1955. This event attracted

little attention at first although it was recorded at a number of•
i

L "" ''" .--.

---,o

' / ' . i _,1
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regional stations (Socorro, New Mexlcol Lubbock, Texas; Ft. Sill,

Oklahoma! Vernal, Utah! nas Cruces, New Mexico/ El Paso, Texas; and'd

' Albuquerque, New Mexico) and was located by the New Mexico Institute of

' Mining and Technology (Sanford and Casl_, 1.069). It was not, Eor example,

listed in the Preliminary Determination of Splcenters reports of the

U.S.C.G.S.
s'

• s

,,/ "
To learn more about the seismicity of the Central Basin Platform in

.- conjunction with their study of southeastern New Mexico earthquake z'isk,

Sanford and Toppozad_ (19','4)examined tl_o total available record from

,. station FOTX, a _ong Range Seismic Measurements (LRSM) station near Ft.

1 Stockton, Texas, in operation from June 21, 1964 to April 12, 1965.

6'._ Apparently, this is the only hi'gh-magni[icatlon station (350-400 thcusand

times at i Hz) to have operated for any substantial period within 120

kilometers of the Central Basin Platform before installation of station

CEN in 1974. FOTX was in operation at the time o_ the February 3, 1965

O earthquake on the Central Basin Platform. Based on this cxamination anumber of earthquakes believed to have originated in the Central Basin

Platform were found including two occurring before the February 3, 1965

event. Prior to e_amination of the FOTX records these two events on
dI

"-_._ November 8 and 21, 1964 were _,nknown. All events located by Sanfcrd and
'- Toppozada in the Central Basin Platform during the operation of FOTX -

and based primarily on readings from this station - are Listed in Table
' i

5.2-7.

!

4' The studies by Sanford and TopDozada (1974) suggested earthquake activity
/

/_ on the Central Basin Platform at a level higher than expected, but were" . not conclusiv: bocause of the very small arount of instrumental data

available close to this area. About all that could be said at that time

,, was that eight significant earthquakes (see Table 5.2-8) had occurred

near the Central Basin Platform between November 1964 and September 1971

ranging in magnitude (new revised estimates a-_discussed in Section

! .. 5.2.2) from 2.5 ML to 3.2 MLI that one of these events, August 14,

1966, had an associated maxzmum intensity of VI on the Modified Mercalli

,, scale; and that a number of sm,aller earthquakes had apparently occurred
J

I
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at about the same location during the operating li[etime of station

' FOTX. The basis £or _his latter supposition was that all of the measured

Sg-Pg interval3 on the FOTX seismograms yielded an epicentral distance

, corresponding to the distance between the FOTX station and the area of

activity on the central Basin Platr.otto. In addition, £or some of the

,, stronger shocks, arrival times were available from the Las Cruces station

(LCN). The difference between P arrival tlm_s at LCN and FOTX was the

same (34.7 plus or minus C.5 sac) for the unlocated shocks as for the

located events in November 1964 and February 1965. Thus, it is /,

reasonably certain that the Central Basin Platform has been seismically I_,
in

active since mid-lD64. Since the activity rate was roughly the same at

the end as at the beginning of the 10-month period for which FOTX records

were available, it can be supposed that earthquakes also occurred before

"" mid-1964. If such activity had occurred, it prob-bly would not have been

detected on the regional seismograph stations then in existence.

/ The instrumental coverage ct this part of the country has improved

:. • markedly in the past several years. The first important improvement took

, place in the spring of 1974 when station CL_! was installed by personnel

' of the New Mexico Institute of Mining and Technology. Data L'ecorded by

this station between April 1974 and the end of October 1977 has already

' been discussed in detail in subsection 5.2.3. However, it should be

mentioned that of the 49 earthquakes recorded during this period by CLN

and enough cube,, regional stations to allow accurate location (Sanford et

al., 1978), 24 of them occurred within the active parts of the Central

Basin Platform. Of the 26 less well located earthquakes of Table 5.2-6

and Figui'e 5.2-3, 13 of them are thought to belong to the Central Basin

Platform area, Thus, for the period of operation of station CLN through

October 1977 (which represents the last records so far analyzed from this

station) nearly half of the events located within 300 kilometers of the

Los Medano._ site have occurred within the Central Basin Platform

The most recent advancement in the instrumental coverage of the Centra_

Basin Platform area took place with the initiation of operation of the



• 5-19

- Kermit, Texas, seismic array in November 197"_. The remainder of this

subsect_.on is concerned with discunsions of the operation and preliminary

findings of this array.

Based on the seismicity information developed by Sanford and Toppozada

(1974) the Central Basin Platform was instrumented with an array of t

seismograph stations encompassing the largest historical events discussed

above. The purpose Of this array iS to stud-, in s_e detail, the

seismicity of this r_gion which is of interest both becal,se it is

/ important to the evaluation of sei_ic risk at the Los Medanos site and
/
/ because secondary petroleum recovery pro3octs have been active in this
l

area for a period roughly coincident with its known' seismic activity, lt

is hoped that u!tima_ely such a study will answer questions fundamental to
!

.in evaluation of the implications of Central Basin Platform earthquakes to

the tecton_sm, not only of t._e platform, but of surrounding regions.

Evaluation of toe Kermit, Texas, array data has not _.t progressed to this

point, but sca __ preliminary dincussion is possible at this time. The

O trea_rent below is largely abstracted from Hays (1977) and Rogers and

! Malkiel (1978).

The Kermit seismic network currently consists of 10 self-contained radio

telemetry systems placed in a grid pattern covering 2200 sguare

kilometers. Each field station is eq_ip[-ed with a single component

vertical seimu_teter and accompanying amplifier-transmitter equipment.

The seismometers are Mark Products L-4C's with a natural period of one

// second and 67 _ercent critical damping. Typical magnifications range from

/
25 to 50K near 1 Hz increasing 6dB/octave to I0 Hz. A receiver station is

/ centrally located at the WinkLer County Airport et distances from

indzvidual stations ranging from 12 to 40 kilometers. The current

locations of the i0 array stations are shown in Figure 5.2-5 taken from

Rogers and MalkieL (1978). Those stations designated by a three symbol

code followed by an "A" represent second locations for these instruments.

: The moves were us_ally made to diminish background noise levels or improve

foundation conditions. The initial location of these stationn may be

- found in Hay_ (1977). In genecal, the effect of unfavorable surface

L
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I geol_gy and high cultural noise in this area has posed problems that have

_ resulted in less than optimum station gain for a micro-earthquake study

/ (Rogers and Malk|el, 197B).

On"e the signals are placed on the phone lines, recording and tlming take

place at the National Earthquake Information Center (NEIC) in Golden,

Colorado. Signals from the individual stations are put on fILrlt (in a 20

channel Develocorder mlurofzlm recorder) and the highest quality station

(KTT, see Figure 5.2-5) is simultaneously recorded on a Helicorder visible

recorder to provide ;apid identification of events of interest. Film

recording speed is 3 c_/min and optical enlargement of 20 times permits

resolution of plus or minus 0.01 seconds for impulsive arrivals. Direct

recording of station _%[V also insures correct absolute timing.

The average level of detection within the arLay is given as magnitude

MID=2.0, wh_re MLD is @ magnitude determined _rom the coda length as

discussed in Lee and Lahr (197.21. This represents a relatively "_ow array

sensitivity due to the surface geology and unfavorable operator.3 i

environment as p_eviously mentioned. Detection t_ro_nold for individual

stations varies from a high of MiD = 2.5 in oil fields with sandyl

-- surface condit_.o.s to a low of MiD = 0.5 along the west edge of the

array where Inw levels of pumping, and caliche "bedrock", alluw higher

gains to be used. In the discussion _)elow, ML will be used fo_ %D

wherever the Rogers and Malkiei (1978) data are referenced.

During the current report.ing per:od (November 1975 through July 1977) 407

events have been detected of which 135 have been well enough recorded to

be located. These earthquake lo_.ations were determined using the

hypocenter locatior, program HYPOT1 (Lee and Lahr, 1972) and a four layer

over a half-space crustal model developed by Stewart and Pakiser (1962)

for eastern New Mex'_co.

Of the 135 located events, 56 o.'curred within the area of the array.

- these earthquakes are shown in Figure 5.2-6 and listed in Table 5.2-9. Of

these 36 earthquakes, 22 h_'.,ebeen located u_ing the readings from cr.ly

..

' ............ ]
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- three stations. This is inadequate to allow hypocentral depth to behave

as an unknown in the formal location algorithm so that for all these

events an assigned depth of 5 kilometers is used (denoted 5.00* in Table

5.2-9). For an additional 14 events, locations have been accomplished

using only four stations. In this case the hypocenter may be fixed

deterministically but no redundancy in pO&sible locations exists to allow

scae estimate of the uncertainty in the formal location. Thus, of the 56

internal, and presumedly best located, earthquakes of Table 5.2-9 only 20

: are available with an estimate of both depth m,d hypocentral uncertainty,
I

at least in a formal sense.

t

An interesting independent estimate of the accuracy with which events have

been recently characterized in the Central Basin Platform is provided by a

comparison of earthquakes common to both Tables 5.2-9 and 5.2-5. There

are only four such events. The majority of those earthquakes appearing in
i

both the Sanford et al. (1978) and Rogers and Malklel (1978) "well

located" data sets are somewhat peripheral to the Kermit array as will be

O seen below. The location and origin time agreement is very good;differences averaging 0.04 degree and 0.6 seconds respectively. Such

,\ modest differences can pr,pbably be easily explained by minor mooel

differences and, in the case of the Sanford et al. (1975) data set, focal

depth assumptions. However, estimates of local magl_Itude, ML, differ

significantly. The four eve,_ts under consideration average over 0.9

magnitude units higher in the Rogers and Malkiel data set than that of

Sanford .=tai. This point is worth keeping in mind.

Table 5.2-10 lists those earthquakes occurring on the periphery of the

Kermit array with locations that use readings from at least five array

stations. This does not necessarily imply that these events are well

located. In fact, many are given a low locat._on quality factor by Rogers

and Malkie! (1978). Indeed, these authors do not plot the formal

hypocentral positions for earthquakes occurring outside the boundaries of

the array but instead outline zones in which these events apparently lie.

These zones are meant only to be indicative of the general area where

ear:thquakes appear to be occurring. Both the zone boundaries and formal

, locations are shown in Figure 5.2-6.

0
• 0a
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The events listed in Table 5.2-10 may be compared with those in Table

5.2-5 in a manner slmilac to that discussed above in connection wltn Table

5.2-9. Of the 51 earthquakes around the periphery of the Kermlt, Texas,

array as determined by array station readings, 15 also appear In Table

5.2-5. TI_ average origin time difference is greater Jn this case, being

1.9 ser., and a larger epicenter loqation difference of 0.1 degree is also

present. Again, the most interesting differences are in loca:, mag-.itude,

ML. As before, the Kermit array data set show8 magnitudes consistently

i higher (in this case 0.84 units higher) thaJi the New Mexico Institute of

, Mining and Technology _alues as they appear in Sanford et al. (1978).

/

Solely to present consistent-looking plots, eventr, listed in Tables 5.2-9

and 5.2-10 and shown in Figure 5.2-6 have been scaled to circumvent this

magnitude disparity. That is, the s_qnbol used for a particular earthquake

epicenter of magnitude ML in Figure 5.2-6 is the same as would have been

ilsed Eor a mag_nltude ML-0.85 in previous epicenter plots. .:

All available data through mid-1977 for the Central Basin Platform have

now been considered, lt is clear that continuing effort in this area will

improve the understanding of this seJ,_micity. Before outllning the

speculations that have been m_.de based on information to date, it seems

appropriate here to briefly sunmarzzu this selsm_clty in very general

terms.

\
1

There i:.little doubt that the Central Basin Platform has been seismically

active since at least mid-1964. Its actlv._ty beforr this time wi!l likely

remain speculative. There is no evidence of historical feet reports for

..... events felt in this area cimllar to the Pg_.central intensity - VI

earthquake of August 14, 1966, even though local histories and newspapers

have now been searched specifically ¢or any such reference (Sanford a;_c]

Toppozada, 1974). Conclt,sions as to the lack of p_ev_.ous seismic activity

" on this basis, however, mu_t be tempered somewhat by the knowledge that

this part of western Texas has n3ver had a large population.
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,, Since the first instrumental detection o£ events in the Central Basin

Platform region, the number of recorded earthquakes _.s been largely a

funution of the number and sophistication of the seismograph stations

available to record them. With the startups Of station CLN in 1974, and,

more important, with the Kermlt a_Eay, large numbers of small earthquakes

are now being noted that previously would have completely escaped notice.

It is new clear that, at least for the 1ast several years and probably for

the last decade, the Central Basin Platform has been the most seismically

active area within 300 kilometers of the Los Medanos site in terms of

number of eve|rts.
,,

Zt is wort_rhile here to put the Central Basin Platform activity into

perspectivo. Even though some events near mag,itude 0 are _ecorded

(Rogers and Malkiel, 1978), fewer than ten detected events are reported

for many mcnths during the operation of the Kermit array. This rate is

relatively low compared with the activity rates of some of the more active

areas in the eastern U.S. such as Blue Mt. Lake, New York (Sbar et al.,

1972), or __outheastern Missouri (Stauder et al., 1976}. The largest known

earthquake to occur in the Central Basin Platform had, by the ff_ostrecent

estimate, a magnitude of less than 3-1/4. It is very difficult to believe

that any event very much larger than this (say ML > 5) could have

escaped lnstrumental notice during the past 50 years or so. The

Valentine, Texase earthquake of 1931, to the south, for example, had an

epicentral intensity of VIII on the Modified Mercalli Scale and was

recorded worldwide (Byerly, 1934). The magnitude of this event has been

estimated to be 6.4 based on the felt area (Sanford and Toppozada, 1974).

The I =VI evont of AugLfst 1966, where I is epicentral intensity, has/ o o
J

recently been assigned a magnitude sonewhat less than 3. In short, the
I

: Central Basin Platform has exhibited some activity since mid-1964, but
i

,' this activity has been of small magnitude. There is no evidence to

suggest that moderate or large magnitude events occurred before mid-1964.

Within limits imposed by general regional and worldwide seismographic

capabilities, there is no evidence to allow a determination of the small

magnitude earthquake activity in this area before 1964.
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In the remaining discussion, the causes and implicetlons of the Central

Basin Platform seismicity, as best these have been determined, are

considered. This discussion le speculative since the definitive evidence

critical to s unique view of either the causes or implloations of these

earthquakes does not yet exist. Figure 5.2-6 shows the I07 earthquakes of

Tables 5.2-9 and 5.2-10, as well as the approximate boundaries of the

Central Basin Platform and a series of pre-Permian faults inferred from

drilling. These faults, which are all deeply buried, are taken from

1:9600 scale maps provided by Geomap Corporation to Rogers and Malkiel

(1978). From a comparison of fa,tlt and epicenter locations it is clearly

not possible to associate the earthquakes with known faulting althoug0 _n

alignment of epicenters in the southwest corner of the array appears to

occu_ on a short fault segment. Other events or groups of events appear

equally likely to occur in the vicinity of faults as not. In _ very

_ general sense, however, it appears that both the eastern and western

boundaries are active (Rogers and _alkiel, L978). The basic conclusion

I. from ali instrumental data is that seismic activity is equally likely to

occur anywhere along the Central Basin Platforra structure as asserted by

Sanford et al. (1978) without particular regard to small scale structur/_l

details such as individual pre-Permian faults.

Attempts have also beer made to relate Central Basin Platform seismicity

to _econdary oil recovery operations in the area. Both the spatial and

temporal association of Cb Jl Basin Platfo£m seismicity with secondary

recovery projects at oilflelds in the area are very suggestive oE some

cause and effect relationship.

Shurbet (1969) was the first to suggest that seismic activity on the

Central Basin Platform is related _o water injection for secondary

recovery of oil. His suggestion was ba_ed on the clearly established

association between earthquakes and waste injection into crystalline

bedrock at the Rocky Mountain Arsenal near Denver (}:ealyet al., 1968).

Subsequently, a direct association between earth_u_kss .nd fluid injection

for secondary recovery of oil was established at the Rangely field in

northwestern Color_do (H_aly et al., 1972). As the fluid pressure builds



5-25

l

up during injection, the effective stress acrons pre-exlstlng fractures

diminishes with an associated decrease in frictional reslstan_e to sliding.

There appears to be a correlatlon between the number of active water flood

projects and the first known occurrence of earthquakes in 1964. Although

waterflood projects began in this area as early as 1944, the number of

projects began to increase considerably in the mld-1960's and, on the

average, injection pressures have also increased with time (Rogers and

Malklet, 1978). A study of the number of active secondary recovery

projects versus time in this area shows a rapid increase in the early

1960's, a peak in 1968, and relative constancy since that time. The

increase in secondary recovery activity occurs prior to, but in rough

conjunction with, the first occt,rrence of earthquakes in the area. During

the period of operation of the germit array, the largest earthquakes

recorded have occurred in the vicinity of the Keystone unitized oll

field. The Do£1arhide unitized field, although outside the boundaries of

the array, appears to be on,_ of thf..most seismically active areas. Other

areas of seismic activity occur, hoaeve:, that are not within the major

oil field boundaries, and major secondary recovery fields exist that

apparently are not seismically active. Although the evidence is not

conclusive, based on this seismicity pattern and the absence of recent

geologic faulting within the Central Basin Platform it is believed that

the best working hypothesis at this time is that earthquakes are
,.

associated with the release of low level residual stress by secondary

recovery operations, lt is neither proved nor precluded by a

consideration of current best estimates of regional stress regime (Hays,

1977} as discussed in a later subsection.

5.2.5 The Events of July 26, 1972 and November 28, 1974

Questions on the tectonlsm and seismic activity very near or at the site

. are of great interest. For this reason tne slngl_ most important seismic

event to occur since Installation of station CLN at the Los Medanos site

has been the c_rthquake at 03:35=20 GMT on November 28, 1974 (see Table

5.2-5 and Figure 5.2-3). This earthquake, whose most recently estimated
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" magnitude is 3._ (SanEord et al., 197B), had an epicenter _bout 40

, kilometers northwest of sta._ion CLN. ZE it is an indicatior_ cE normal

_)ackgroundi :seismicity in the immediate site area, this event might cause a

teevaluatlo_n of previous estimates of seismic risk at the Ims Medanos site

. by Sanford and Toppozada (1974) who consldeted the llkely principal

sources cE site vibratory ground motion to be a major earthquake to the

west, no close_ than approximately 115 kilometers, and a moderate

earthc]uake in the Central Basin Platform. l_eoause cE its potentia! )

'. Importance, this event has attracted considerable notice. It was

.. prominently m_entloned in two studies (Sanfo[d et al., 191_a; Sanford et

al., 1978) and was the main topic of a,lother (Caravella and San£ord, 1977).

As may be see,, from TabLe 5.2-5 the event of November 28, 1974 has been

located by the Rew Mexico Institute of Mining an_ Technology at about

32.6°N, 104.1°W by using phase readings from six stations. Itri/

/

' Independent location by the U.S, Geolo01cai SUrvey places thls earthquake

at 32.3°N, 104.1°W. Both oolutions give a virtually identical origin

time. At the tt_e o_ this earthquake, a rockfall and considerable ground

cracking were re_ported at the National Potash Co. Eddy County Mine. The

location of thiu rockfail w.,s 32.55°N, I04.04°W and it occu_ed within

about one minute <)f the c_,11culatedearthguake origin time. In view o_

this rather remarkable colncidence the qu_tlon naturally arose as to the

cause and e:fect relationship of the rockf_ll to the _ecorded selsm_o

event. The issue was whether the source ct this event could be related to

a non-tectonic cause such as mine collapse at the Eddy County Mine or it

it should be considered a more normal release of accumulated strain

energy. Clearly the epicentral uncertainty grossly implied by the two

different formal solutions found by. the New Mexico Insltute of Mining and

Technology and the U.S. Geological Survey allowed actual _patlal

coinclc_enc9 o_ rockfall and seismic disturbance. Therefore it was decided

that a more careful location effort would be worthwhile.
..

' As information was being collected for this redetermlnation effort, it was

. i , discovered t_at a previous rockfall had occurred at the National Potash

Co. E:ddy County Mine on July 26, !972. A check of past seismograph

•
,:, ' / I •

, ,..
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records _evealed that a set_ntc event had been recorded at. a n_n_ber of

regional seismograph stations, tcK). A subsequent 1,cation using these

readings put this event at 32.6°Hs 104.1°W and assigned a magnitude of

HL-2.8 (bee Table 5.2-3). ThUs this event, although weaker, was found
to be located very near the November 28, 1974 events and study o_ t.je

individual station records indicated that its coda was o_ nearly ide,_tloal

character to the later event. Since more reoord_ were available _or the

earlier event, it was decided that a detailed eel,cation effort would be

attempted for it first. The question of the nature o,' its sou_.,e was

still ot_ primar_ oonoern.

The relocation method is described thoroughly in Caravella and Sanford

(1977) and will only be outlined here. The origin t_me was picked by

extrapolation to the S-P interval equal zero lntetc, ept o£ a straight line

fit of _-P versus P data. Such a procedure, using data f_om all six

stations _eoordlng the July 26, 1972 event (LUB, SNM, ALQ, JC_, TUC, and

GOL) yielded en origin time o_ 04:35:40.4;+ about 3.3 _eoonds at the 95

percent confidence level. A similar linear regression u1i_g only the

e first five S-P intervals yielded an origin time of 04:35:43.9 + about 2.8

seconds at the same confidence level. Ultimately, the flv_ interval

origin time was selected because a bettez location was obtained with it.

To develop a velocity model to use in the relocation effort the following

procedure was adopted: seismic wave arrival times fro_ the I1nderground

nuclear explosion GNOME were noted. This explosion, which was detonated

at 19:00.00 GMT on December 10, 1961, at 32.264°N, 103.866°W (located

about 35 km south of the t2atlonal Potash Co. Eddy County Mine) was

recorded by many of the st_tlons noted above (see Romney et al._ 1962).

From the_e arrival times, crustal and subcrustal velocities were developed

over the ray paths from GNOME to each indivlduai station. Zn essence,

...-- each station was modeled as being underlain by two layers over a half
,

space. The velocity ar.d thickness of the upper layer were assumed kno_.n

from independent sources (Reddy, 1966_ R_mney et al., 1962; Wilson et al.,

.....' 1969; Major, 1975; Shurbet, 1975; Toppozada arld San[efd, 1976) and the

" velocity (and implied critical incidence angles) of the lower (and main)
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crustal layer was then round by an Iterative technigue for each station

independently. Subcrustal velooittes _ould then be similarly found.

Corrected crustal veloait(es (layer two) determined In this way ranged

from 6.31 km/sea to 6.02 km/sea. Thus lateral lnhomo_oneity ts built into

the modal.

Using the star'.on-dependent model and the preferred o_igin time, 95

percent confidence interval arcs were drawn from ea:h _tation. Tns

results are shown in Figure 5.2-7. As san be seen, the intersecting arcs

so constructed define a rather large area of approximatoly 1900 km;

Although the Eddy County Mine lies very near this area, other locations

within rho Lame area have the same _ormal likelihood of being thu

epicentral location.

The November 28, 1974, seismic event was not relocated in the sa_,e way.

Instead, another fundamental q_lcstion was asked. That is, could tile two

event3, July 1972 and Nr>vember 1974, have occurred at the same focus based

on existing sei._ographic evidence. The test applied is that if I,Mu

events had the same hypocenter, the differences in arrival times of

specific phases at common stations should be the same for all 4tations

As may be seen from Table 5.2-11 this is not the cast for the limited data

set available.
J

The difZe_,_noe between the smallest and largest time difference is 1.4

ssc. Caracella and Sanford (1977) believe th_u is too large to bo

explained by reading errors. The time differences indicate, under this

', conclusion, that the two events did not have the same hypocent_r, even

though ioc&tion uncertainties .re such that either of them might, by

itself, have occurred at the rockfall slte. The time differences can be

explained by l_cating the hypocenter of the November 28, 1974 event aoout

I0 kilometers northwest or southwest of the July 26, 1972 shock (Caravol!a

and Sanford, 1977). At this time, then, best available analysis i_dicates

that both of these small events did not occur at the Eddy County Mllle and

cannot both be caused by some nontectc_nlc source at that location. In the

seismic risk analysis of the next section, therefore, som_ oackgtound

earthquake activity in the immediate site area is considered.
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. ' 5.3 SEISMZC RISK ANASYSZS
,6

_-_-. In tl,is section, a broad characterization of the site region's 8elsmialty

' is developed in a way useful for making conservative earthquake-reslstant

, design declslens. This risk analysis i8 intended to be applloable only to
*

vibracory groulld motion resistant design o_ surface facilities On good

' foundations. GeneraLization of the resUlts of this analysis to less

" idealized conditions, such as design cf subsurface facilities for shakin_
,j ** / ,,

,,,., during an earthquake or allowance for _oor surfaoe foundation conditions

'" ' " (should they be encountered), may be accomplished at a later time without
/ ,
/ altering the import of the original analysis, However, it must be

//

,,../" ('mphaslzed that in this section the risk formally presented is intended to

/"i be a meanin%ful and conservative estimate of proper design values for

,.,'_':.'4__; short-term features of the facility. "Short-teEm" as used here means time
., periods on the order of decades, Speciflcally, it is not believed that

' " any results presented here can be simply extrapol_ted to periods of tens

or hundreds of thousands of years even though formal extrapolations o._

_- this kind are possible. Phls is not a severe handicap in this case.

.,' , _. Although the li[etime of the repository will be _onger than the limits o_

,,,"." appllcablility of this rlsk analysis, the l..*ngthof time [or which

, vibratory ground motion will be of concern is much snorter (during sur:ace

• ',, • _acilities use) and, in fact, falls well within the intent of this
/

" analysis.

;j

4 There ace a number of ways to characterize site seismicity in a way useful

'/ for rational design against the effects of earthquake associated ground/

/ shaking. Ol,e measure of the proper design value is the maximum historical

F .... site intensity which can be estimated frc_l the historical earthquake
/

_'/ record and so_ne intensity attenuation law, whether this law ts explicitly

'_.,' or only imp'_icJtly considered. As noted in the pL'evlous _ection, the

maximum historical intensity at the Los Medanos site is estimated to be

- • less than or equal to V on the Modified Mercalli Intensity Scale (Wood and

Neumann, 1931). This characterization of earthquake design mek4"_n has the

. great advantage of being simple and straightforward. Zt is not, however,

generally used for Imgo=tant structures or faoilltles becaus_ i. does not

!

. / ,' ,/-- , . d, ,
/ _ , ' i ' , "
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,_, provide a basis gcr estimating whether Suture events will result in site

intensities exceeding the maximum historical site intensity. This is a

!.. , serious drawback _or areas with a relatively short historic record such as
the United States, and especially its western hal_.

-, To construct seismic design values _or a particular site that go beyond a

simple Interpcetatlon o_ a maximum historical measure cE ground motion,
/
' , scxaething more than historical sei_utcity must be considered. Therefore,

_'" the geology o_ a region is often used in several ways to supplement

; historic earthquake data. There are several studies that attempt to

: + present a seismic zonation o_ the United States using both seismic and

geologic argument_. The stated intent o_ one of these (Richter, 1959) is

', to present a seismic regionallzation showing the maximum reasonably
+, +,

i. expectable intensity during future earthquakes on ground of prevailing

character. The Los Hedanos site is in a region o_ intensity VIII

according to this study. Algermtssen 1969) has developed a Seismic Risk

_/_ Map that has been closely ausociated with editions of the Uniform Building
d

Code since 1970 (Uniform l_uilding Code, 1970, 1973, and 1976) and by this
/

/ / association is most directly applicable to an estimate of proper design o_
vi

/ . structures with lifetimes measured in decades. The Los Hedanos site

r_ ., intensity is shown to be v .,nd/or Vl in this zonation. Both these seismic

risk maps0 which were considereC _or the site region by SanEord and

"_ Toppozada (1974), are based on essentially the same data. The di_Eerencea

-+ are due to varying inte:pretations and intent. That the interpretations

.... are not really very far apart ts indicated by a statement by Richter

(1959) that an indlvi-lual structure intended for a lifetime o_ the order

,_.__, of 30 years might within that life be exposed to shaking of no more th_;_

one scale degree below that mapped. Thus, over several decades, the Los
,.

• ,r' Hedanos site might reasonably be subjected to shaking at around the V to

VII intensity level according to both Richter and Algerm_ssen.'

Although based on both historical seismicity and large scale geologic

features, the seis_lc regionalization maps o_ Richter a,d Algermissen do

not explicitly consider frequency of occurrence o_ damaging earthquakes.

" More _undamentally, the sub3ective decisions iP,pl icit in any

I
I

o •

,



d

,t

d ........

5-31

,. characterization of future e_,_thquake ground motion are largely concealed

and not subject to scrutin_ _, ;_my shifts of emphasis oc new geologic or
/

I

seismic information are, therefore, very difficult to incorporate into

,' s_lch zonations. In recent yearz, several procedures have been developed

that allow formal determination of earthquake design parameters to be madeI
• ..

, (Cornell, 1968; Cornell and Vanma_ke, 1969), and a number of studies

J incorporating these procedures have been performed (e.g., Cornell ands ,

Merz, 1975: Shah et al., 1975; Algermissen and Perkins, 1976). In typical

, seismic hazard analyses of this kind, the definition of seismicity is made ,,

by using geologic and tectonic data as well as observed earthquake

locations. The region of study is divided into seismic sources within

which future events are considered equally likely to occur at any

location. For each seismic source area the rate of occurrence o_ events

above a chosen threshold level is estimated, using the observed frequency

of historlcal events. The sizes of successive events in each source are

assumed to be independent and exponentially distributed; the slope of the

log-number versus frequency relationship is estimated from the relative

frequency of different sizes of events observed in the historical datP.

This slope, often termed the b value (Richter, 1958), is dete:mined either

for each seismic source individually eL for all sources in the region

jointly. Finally, the maximum possible size of events for each source is

,' determined, using judgment and the historical _ecora {acGuire, 1977).

lt is clear fro_ this description that all assumptions, no matter what the
°

level of subjectivity employed in making them, must be made explicit. In

addition, this method of determining site-speciflc earthquake .'isk may be

used for a wide range of geologic, and seismic assumptions. In this

section, the method of Cornell (i968) will be applied to the question of

risk as a function of ground shaking at Rome prescribed level at the Los

MedanoL site. Input parameters at each stage of the development will h.

taken from current be_.t information available in the lit.-rature. These

input parameters are dlscussed below zn some detail following a .3eneral

discussion of the mechanics of the Cornell method itself. Finally,

several curves showing probablillty of maximum ground surface acceleration

V_ESUa acceleration level, will be presented and discussed for several

(

L.-

!
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, difEerent assumptions about the indlvidual source area capabilltlea, ?r.6

conclusions that may be drawn from these curves will be considered, lt

iS believed that the data, treated in this way, may be used to arrive at

,. a general preliminary statement of risk from vibratory ground motion that

is applicable at the site during its active phase of development and use.

5.3.1 The Method of Cornell

.r Cornell (1968) developed a method to produce relationships between ground

motion parameters, such as peak ground displacement or maximum ground

accelerations and their average return period. The data used include

best estimates of average activity levels for various potential sources

of earthquakes. Arbitrary geographical relationships are allowed between

these potential sources and the site. Cornell provides a technique for

integrating the individual ir.fluenceg of these sources into the

probability distribution of the ground motion parameter and the average

l return period then follows d_.rectly. The potential sources are modeled

guometrlcally in s_oh a way als to permit a solution of closed analytical

form.

., In thls sect!on, a calculation is made of the probability that a random
..

peak ground acceleration "A" will exceed a given value "a" once an event

. of magnitude greater than some threshold level has occurred. Before the

' method can be used, a geomegrlc model or characterizatzon of ti_e

potential earthquake sourcou must be made. Cornell develops the

nucossary formulation for point, llne, and annular area sources. The

geological structure and selsmi,_ history of the Lcs Medanos site do not

imply that linear or point source models are appropriate, so use of the

tech'lique begins with an approximation of the source regions (Algermissen

and PerK}ns, 1976) by annular segments (see Fig. 5.3-5). As _iccussed in

the next s %sectlon, the annular segments ace in all cases believed

conservative approximations of the source regions.

J
J

!
,j ,
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,
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Let acceleration be related to Richter maqnitude M and hypocentral

distance R (in kilometers) by uhe equatlon:

a = b exp(b M)R "b3
' 1 2

.. where a is in units of cre/ser 2 and the calues of the constants (bi,

b2, b 3) are discussed in a later subsection. Then if M and R are

assumed to be probabi_istically independent within the source areas, the
°_

probability of an acceleration A exceeding a given velue a can be

expressed as:

. where Flm) ts a distribution function of eorthquake magnitudes, which can

be calculated using a recurrence relation of the form (Gutenberg and

Richter, 1942) :

logN = a- b_.M

where a and b are constants.

"- To find tlm proportion of events having magnitudes In the range

m o <M <m the number of such events (Nino - Nm) is divided by the total

. total number of events with magnitude greater than m
o

FM(m) = (NlnO - Nm)/Nmo = 1 - exp l-B(m- mo, ]

where m < m _, a_id B is used to denote the constant blnl0. However, it
o

is desirable to impose an upper limit on the magnitude of an event that

may occur in a g_ven source area, i.e., to specify that m < m < m_.
O -- -- I

Our cumulative distribution function must now satisfy the boundary

conditLon FM(_ _> m I) = 1 so:

PM(m) = C L - exp -B_m - m )o

/

,,al
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where C ts a constant such that
.

In this case, the probability expression may be rewritten as

["] [ J]P >_a = I = F_(m) _ kml = exp[=B(m- mo) /(i-- k._I)

kml = exp B . . For values of m less tLan mo, A>_

ai-" I while for values of m> mI, P[A_> ai - 0.

Aside £rom the limits on the range of r due to the inner and outer radil

of the annular segment, it is important to note that the condition mo

m m I also places limits on the nge over wh/ch the above probabilityd

is valid. Specifically, the conditi _ on m implies, for a given

acceleration value a, that:

.,<°)'<'.[.x,.O.m.<,.)].,.<.)'<"
The lower boundary value of r may be thought of as the distance from the

site within which any event of magnitude m or greater will result in an

acceleration of a or greater. In other words, the probability is unity

that for values of r less than the cutoff value a random acceleration A

, will exceed the chosen a. The upper boundary is the maximum radius from

the site at which an event of magnitude m could have a nonzero

probability of causing an acceleration a, given an atte,luatlon law of the

proper form. A schematic representation of these limits on r, for a

given a, over which the above probability is va/la is shown Jn Figure

5.3-1 (top).

In order to find the cumulative distrlbution FM(m ) for all possible

values of the focal distance and their relative likelihoods, integratio,_

' over the annular area under consideration is p_rformed:

] fR_f,o P[A 2 a]'fR,o(r,O) dr.40P[A _ alannula r area =' 2--_ 0 d, 'q

i
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where fR, O (r,O) iS the probability density function of R, Othe

coordlnates of a random focal position wlt_|in the annulus (see Fig.

5.3-1bottom). Assuming that fR'O (r,O) is independent of O, the

probability of the source falling within the annular area bounded by X

(Fig. 5.l-lbottom) is just the ratio oE this area to the total area or

(r,O) = .(X 2 - A2)/_( £2 " A2) = (r2 - h2 - A2)I(£2 - /%2)
FR,O

so then

fR, e (r'e) = _r FR,® " 2r/(Z2 _ _2)

Substituting che expression for fR,O (r,O) into the probability

equation and integrating, an expression is found of the form:

P[A _ a]ann. £ z 2 1 d- " _ ._2 (I- kml)-l[Da-B/b2 ( 1 [i- (0_(Y-I)])(,_-l)d _-

k

- ml(r; - d 2)]2
, where

D = bl/b2 ezp(Bm o) : ? = Bb3/D 2) - 1
/

The question o£ the random number of occurrences in any time period ;s

next considered. It is assumed that for the magnitudes of interest the

occurrence of any event is Poissonian, that earthquakes have equal

likelihood of occurring anywhere within the source area considered, and

that the average occurrence rate, _)per year, is constant in time. The
/

above three assumptions, particularly that of Poissonian distribution of

events, are fundamental.

It may then be shown that the proDability that A (t), the maximummax _,

value attained by A over a time of t years, will be less than or equal to

a is;

- t,[%ax(t) <_=,]j= exp(-pvt)
...
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, [ J. where p is the a,lnuIar area probability, P A > a , calculated above' -. ann.

'_ and is the average occurrence rate..

The risk or annual probability that A will exceed a ismax

1 - PlAmax(t=l) _<a] = 1- exp(-pu)

', Sources near the Los Medanos _ite will be modelled by angular segments of

an annulus. In this case, a simple modification of p in the above

_xponential is required but the method is otherwise the same.

'%

' The average return period, T, of an acceleration equal to or greater than

.a is defined as the reciprocal of P[AmaxI _>a],'jthat is:

T(years) = 1/P[Ama x _>ai

Tables of values of annual risk (and average return per=od) versus values

of a can be constructed for each source area near and surrounding the
I

site. The ri.:k at the site arising fro_ all such sources may then be

found by combining the rs.sults above in the following way: Consider

" source areas A, B, and C to be independent in a statistical sense. Then,
t

, where pABCIAma.:--< al_is the familiar probability that
the maximum

' value of A, t_e peak ground acceleration arising from composite source/

area ABC, is less than a at the site, is
'

° max- max -- I max -- --

If it is assumed that all the sources are modeled by annular segments

(i.e., not a combin=tion of annular and line sources), then the composite

probability of exceedin_ a in terms of the probability results for the

', individual areas can be written as

pIAmax"aI"I PIAmox_ a]

°
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,. or ,

' pABC [Ama x pA [Amaxal Z [(I _>ai),(I pB , a])]
_ " - - . - [Areax > ai). (I - P[Ama x .

This equation is the desired formula for combining the previous

--_ probability results into a composite curve for "risk" which takes into

account influences of all the various source areas nea_ the site.

Thus, given certain input parameters, and estimates of average activity

rates for potential sources of earthquakes, Corneil's method offers the

means by which to make a quantitative estimate of the seismic risk at a

site. Subject to certain fundamental assumptions statod above, the

results can be expressed in a form that is easily applied and interpreted.

In the next subsection, the values used for input parameters such as

constants of attenuation, and average seismic activity rates for

individual source areas, will be d _cucsed. The choice of annular

segments approximating the sourco areas _urrounding th,: site will also be

discussed in some detail.

/'" 5.3.2 Input Parameters
/-

The first input parameters that must be considered are those having to do

with acceleration attenuatiJn as a function of earthquake magnitude and

epicent,,al distance. An unmodified use of Cornell's (1968) hazar_

_ . analysis method requires, as seen above, a law of the form

_% a = bleXp(b2MjR -b3%

where a is acceleration in cre/ser2, M is earthquake magnitude, and R is

distance in kilometers. A number of relationships of the above form

exist in the literature (Esteva and Rosenblueth, 1964; Seed, et al.,

1968! Orphal and Lahoud, 1974). In all these studies, however, the

_ ¢onsta',Ls bI, b2, and b3 are found for data collected exclusively,

Or almost exclusively in the western part of the United States and are
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, therefore applicable there. Recently, several reasons have emerged, both

theoretical and empirical, that indicate fundamental differences in

acceleration attenuation in the central part of the U.S, For example, it

has been demonstrated that the attenuation of body waves (Evernden, 1967)

and surface waves (Mitchell, 1973_ NuttLi, 1973a) is appreciably lower

east of the Rocky Mountains than west. This ser_res to explelll the m_ch

larger areas of perceptibility and o_ damage [or central United States

earthquakes than for west coast earthquakes of the same magnitude, lt is
j'

• also the source of the reluctance here to use previc.usly published

att_nuatlon constants uncritically for this study. With particular

referenc_ to attenuation of acceleration, Nuttli (1973b) found that in

the central United States the acceleration values of greatest _ngineerlng

significance may be related to the vector resultants of the vertical and

horizontal components of the sustained maximum surface-wave motion rather

than to isolated peaks. This is true for ground motion at some distance

from the source and for a w|de range of magnittldes. The amplitude and

: shape of the attenuation curve for surface waves (I_J)in the f_equency

range of interest is known (Nutt[i, 1973b) so that the acceJerations

associated with the Sg/bg part of the earthquaku ground aoticn coda may

be plotted as a function of _requency and epIcentral distance (see

Nuttil, 1973c, Figure 8) for an event of a given magnitude.

The site area is very close to the western margin of the region of

interest in Nuttli's studies so that it is not immediately clear that

central United States attenuation laws are more pertinent than their

western counterparts. Zt Is believed, however, that there are several

reasons _ur adopting a central United States formula. First, the site

geology seems appropriate. Tne site is nea= the western boundary of the

Hlgh Plains physiographic province (Sanford et al., 1976b) which extends

eastward well into that part of t_e continental United States considered

the "central U.S." by Nuttll (1973c). Second, there are features of the

time histories recorded in the site region that are suggestive of kinship

with central United States records. For example, the maximum record

motions are aimost.aJwazs in the Sg part of the coda (Sanford, personal

communication, 1978) in _nalogy to cuntral United States Sg/Lg motion.
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This _eatu_e has the interesting implication that magnitude scales are

mobt naturally developed fo_ this wave in the sico region. Thirdt as

mentioned in subsection 5.2.2, recent revision in the method of magnitude

determination of events in the nource region by stations in this region

has been made necesbary by the realization that pe_k record amplitudes

have not attenuated with distance as quickly as implied by the uncritical

_se of Richter's (i958) standard earthquake gcound amplitude values.

Finally, the obsecvation made by Sanford and T_ppozaCa (1974) that the

V_:entine, Texas Isoselsmals apparently encompass more area to the east

than to the weat of the _urce is an indication on a very graphic level

that attenuation is less in that direction. All these observations,

although not rigorously indicative, are at least suggestive of

acceleration attenuation in the site region similar to that found

appropriate for the centra I region of the coutttry. For these reasons, it

was decided to use such a law for thzs seismic hazard analysis.

Algermissen and Perkins (1976)fqund that east of 105°W longitude the

Schnabei and Seed (1973) curve developed from western United States data

was consistent at about the magnitude 7.6 level with the similarly

defined acceleration attenuation curve suggested by Nuttti (1973c) for

the central United States out to distances of about 50 kilometers.

Beyond this distance, the Nuttli curve attenuates at a slower rate (see

Algermissen and Perk_n_, 1976, Figure 3). Curves applicable to other

magnitudes are drawn by Algermissen and Perkins (1976) tangent to ulm

Schnabel and Seed curves, b_t taking the same qeneral shape as the Nuttli

, curve. These curves are shown in Figure 5.3-2 for magnitudes of 4.2,

5.2, 5.6, 6.6, 7.6, and 8.5. It is clear thot these curves will not fit

a single attenuatlon law of the form desireO for simple application of

• Corne!l's (I_68) method as discussed in the .previous subsection. Such a

/ form requires not only a constant slope for ali distances but a constant

line spacing for equal magnitude intervals. Neither of these

requirements is met by the acceleration attenuation curves taken f_cm

Algermissen and Perkins. The task then is to find p:oper coefficients

for a Cornell ty._ attenuation law such that the predicted acceleration

so derived for a given magnitude and distance will be conservative

%',,°

i, "%,

",%.

N

L "h .I
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relative to the plotted value_ takan from Algermls_en and Perkins. Aftert

some experimentation, the coefficients b1-17 , b2=0,92, b3=1.0 were

..' selected (Bickers, 1978). Curves using these values are also shown in

Figure 5.3-2 for the saJ_e suite of magnitudes. As can be seen from this

' _ fig,lte, the model equation with the above constants yields higher

acoeleratlons for all values of magnitude and distance than the

corresponding Alge=missen and Perkins curves and is most closely matched
J

' to these curves in the region 10 kilometers < R < 300 kilometers and

5 < N <6. This adopted attenuation law, therefore, represents a

conservative compromt_e between the estimated curves of previous authors

' and the required form of Cornell.

The next feature needed for hazard curve development e_oc the atrc, is some

' idealization of the regional seismic source areas. Whatever

conElguration is ultimately chosen for the geometry and location of the

source regions affecting the site, the fundamental data are basically

regional seismicity and geology. These features of the southeastern ,few

MdXico region have already been evaluated in the literature (Algermlssen

and Perkins, 1976) with precisely the intent of developing an estimate of

maximum acceleration in rock in a probabilistic format. Therefore, it

was decided to investigate the feaqlbillty of using these same source

.' zones in the sllghtl different context of the current hazard evaluation.

As originally defined, the probabilistic estimate of maximum acceleration

determined by Algermlssen and Perkins (1976) was based primarily on the

seismic record; geologic data, primarily distribution of faults, was

employed only to a minor extent. In particular, the general principle

used by those authors in the construction cE seismic source zones was

that future earthquake occurrences are assumed to have the same genera]

time rate characteristics as the earthquakes in the past in the same

• overall cegionu but that future earthquakes in a particular area might

occur over somewhat more extended areas than indicated by historical

data. In practice, the seismic source zones were drawn using the

following guide _ines:
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1) Areas of setsmicit:y where shocks of maximum ModiJ_ied MeraaiLi

. inten_lt] Y or greater have o_ourrea were ¢onsiderect source zones. (Nuts

' that intensity and magnitude are deterministioally related by rho formula

,' (Gutenberg and Richter, 1942) M = 1.3 + 0.6r where "M is thec o o

magnitude corresponding to I " (Algermissen and Perkins, 1976), Thus
o

I = V is equivalent to H = 4.]). For any given zone the averageo

distance frcm_ the epicenters to the boundary _as chosen to be

approximately the average separation distance for earthquakes of the

maximum intensity found there, when these ,ere sufficiently numerous to

establish such a distance. %f the maximum intensity eacthqua_e in a

source area only occurred once or twice (as in the case of source areas

in and near southeastern New Mexico), the distance between earthquak.s of

the second largest intensity wa_ used.

2) b_me zones such as described above were extended to include adjacent

areab where evidence of Holocene faulting is present,. This type of
i

extension was used in the Great Plains and Southern Rocky Mountains where

epicentrat clusters Could be associated with faults appearing on the

e tectonic maps of the United States.

3) From 2) above, areas of known Quaternary faulting are generally
t

within source zones, if the faulting is associated with at least

low-level historical seismicity. Except as noted above, Quaternary or

• older faulting not associated with historical earthquakes of Modified

MercaLli intensities greater than 'Yor magnitudes greater than 4.0 war
i

not included within source areas.

,'
t

t' Using these principles, the seismic source zones of interest to the
iI

' , calculatlnn of hazard at the sits as drawn by Algermissen and PerKins are

, shown in Figure 5.3-3. As seen below, independe., t studies of regional

, Quaternary faulting and the more detailed seJsmiclty studies of the last
{l.

several years do not seriously imply the modification of these source

area bounoaries with one conceptual exception Involving small earthquakes

within the immediate site area. Thls observation is most directl]

supported by considering the historical se_sn|icit_,through 197_. as chown
v

.

' /
t f

# , e. •
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'.. in Figure J,2-I in oon_unotlon with the three enrthqu,,_-,source zones of

. A1Qermissen and Perkins as shown in Picjure 5.3-3. To aid thin

comparison, tlm epicenters of th_ [otmet fiqute have been dta[ted on to

Figure 5.3-3. Zt is c[_ar from thin superposition that the [arqe

majority of slgniEioant historical sei_.lctty conforms wnll wits the

; zonatton presented. The 1section of the Valentine, Texas, earthauake and

lt. af_tershooks (if these arc _ormally constrained to share the location

of_ the main event in Lhis sequence), apparently lie slightly to the cast

o_ the boundary cE thoSaOuthernmost ueismio source zone t_ _he Byetly

(1934) _ooatton is used. It should be noted, however, that the

insttumenta_ lo_atto_ is not well constrained by the data atallable at

the time of Byerly's study ands in particular, the epl_enLtal ur|oertainty

is such that a more southerly ct westerJy iooation is equally likely.

l_or example, as may be seen _tom Figure 5.3-2#both the U.B,C.G,S.

instrumental location lc: this event and the town of Valentine, TeXas

itself ace within the source zone as drawn by Algetmissen arid Perkins.

' For the purposes of this risk analysis, tns ,,,a.l.entineearthquake and its

aftershocks ate assunmd to hay0 occurred within the southerrunost seismic

, source zone of_ Alger,nissen and Perkins.
J

. Of more immediate c_ncern is the soatto:ed residual small magnitudc.

, ' sei_caicity occurring throuohout the site area which cannot be associated

with any of the source, zones as drawn in l_l_Jure 5.3-3. 'l'his problem w_,

recognized by Algetmissen and Perkins (19"/6). ._hese authors treateJ

these isolate_J earthquakes which could not be associated w._.h known

f_aults or tecton&o Eeatures as sei_._to background and the same shall beh

"" done here. On a nationwide basis these events could have nn Intensity of

VII or less on thu Modified Metcaili Scale and were ,_ssumed capable of

happening avu¢ ['toad areas of_ the mtdwest_ however they produced

acceleration levels below the lowest acceleratior, contour on their map,

because thls contour represented Lhc O.04g level wlth a g0-petcent

probability of not boin..lexo¢.eded In a 50-year period (Algermlssen and

Per'4ins, _]76). 5Ince acceleration _evels _r muon longer time tnterva].s

are oI_ interest _n this study, soc.emore explJclt treatment of these

_andom events _'II_ be necessary,, and some explicit source zone including
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"' the slte must be oons)dered, Thir is the conceptual modi_Icatlon ct the

Algurmisson and Perkin_ study mentioned above.

A simple calculation is a_equate to show that it is not necessary to . ,'

consider any source zone other than the rout already mentioned--the three

of Figure 5.3-3 and an additional one including the site, The next

closest source zone of Algermissen and Perkins Is approximately 300

kilometers away from the site and all others are even Earthec away.

Using this distance, the attenuation law considered above and (for the

moment) an arbLtrary maximum magnitude 7.5 earthquake, the maximum

acceleration at the site is slightly less than 0.06g. Thus, such a

source zone cannot contribuLe anything to site _ccelerations higher than _ .

this at any probability leveE. Furtnermore, as will be more forcibly

indicated in the ,_ext subsection where some actual hazard curves wil_ be

discussed, the contributions to ptobabiAities o_ occurrence from distance

source zones even at lower acceleration levels are insignificant when

compared to the contributions from the closer zones.

An independent estimate o_ the appropriateness of the source zones as

drawn in Figure 5.3-3 can be obtained £tom a consideration of _aults

oEfsetting Quaternary geomorphlc surfaces. This is an independent

estimate in the sense that no episode of sutfaue faulting associated with

historic seismicity is known in the site region, Nevertheless,

Quaternary faulting has often been used as an indicator of tho selmnlc

, activity u_ an area over a long_r time span than is furnished by the

historical seismicity record (e.9. Allen et al., 1965). San_ord and

Toppozada (1974) have made an investigation cE _ault scarps within 300

kilometers cE the disposal site, exclusive uE the Permian Basin in which

the site lies. This investigation consisted primarily of a literature

search supplemented by limited reconnaissance of aerial photographs. Tho

study was restricted to fault scarps o_fsetting Quaternary alluvial

surfaces because these are tho only fault displacements whose age can be

estimated with any certaint]. The authors note that tectonic movements

in the area may have occurred during the Quaternary along faults cutting

older rocks, but detection o[ recent (,f_setsalong such faults are neatly

iil *_ ,,
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'. imposslhle. Bachman and Johnson (1973) have complet0M a detailed

investigation cE the surface _eatures in the Permian Basin which

indicates rPcent _ault scarp_ of a tectonic nature do not exist in this .
s1

area. Sihoe completion of the Sanford and Toppozada (1974) studye /

further studies on the extstewlce OF nature of fault scarps in the general

site region have been actively pursued by Dr. Muehlberger and his 1

students of the University o_ Texast Austin (Sanforo et al,_ 1978). To

date, the cost recent data are consistent with the picture de[lved from

the earlier studies. That is, the Rio Grande Rift and southern Basin and

Range provinces have abundant geologic evtuence - primarily recent fault

scarps - of recent crustal movements (Sanford et al., 1972; Huehlberge_

et al, 1978) whereas the High Plains, which is the physiographic province

of the Permian Salt Basin in the site area, does not. The closest known

Quaternary oEfset is about 125Km From the site.

Shown in Figure 5.3-4 are the faults noted by SanEord and Toppozada

(1974) and Huehlberger et al. (1978) superimposed on the Alge:missen and

Perkins source zones. The references used in construction of these faul_

traces are Talmage (1934), R_iche (]938) s Kelley (1971}, Dake and Nelson

(1933), King (1948, 1965), Kottlowski (]960), Kottlowskl and Foster

(1960), and Pray (19611. Also shown is the eastern bounda_'y of the area

of Invostlgatlon of Sanford and _oppozada, that is, the western boundary

of the Permian Basin.

lt is clear that the Quaternary faults are completely contained within

the two western seismic source zones of Algermissen and Perkins. These

two zo_les may be combined under the name "southern Basin and Range--Rio

Grande Rlft _ source zone since they include the parts of those provinces

signiflcan_ to the evaluation of pEobabilistlc acceleration at the site.

The reason for combining the two original zones is implied by a

comparison of Figures 5.3-3 and 5.3-4. Although the historical

seismicity has been of a higher level in the more s_utherly of the two

zones (Algermissen and Perklr.s assign a maximum Inter_slty of VIII to thio

southerly zone I:ocorrespond to the Valqntine, Texas, eetthquake and one

of only V _o the northern zone), the Quaternary fault offset strongly

J

I /
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.. suggests that to insure conservatism this pa_tetn should be considered a

happenstance o_ th_ short hlutorical eartlguak, e record. Thus for the

purposes of this analyslss the selsmio capabilitles o_ the southern zone

Wilt be shared by the region to its north. Although only epicenters of

earthquakes t_ocurring prior to 1973 are shown in Figure 5.3-3, the

implications of rno_;!reo nt activity as they affect the southern Basin , /
' _ , # *

and Ra4_ge--Rio Grande Ri_t soutc_a zone (Which will be referred to onty as

the Rio Grande Rift source zone in the following discussion for brevity)

are similar. For example, Figures 5.2-3 and 5.2-4 show that the known

epicenters for shocks between April 1974 .nd November 1977 with Bf-Ps

intervals 4t station C_ from 31 to 36 seconds occur in apparently

historically active regions, notably centered around Valentine, Texas and

much o_ the Tularosa B_,sin. That is, they occur precisely in the Rio

Gtarlde Rift source zone as defined above.

One imp,J:Lant implication of these studies is that the easternmost of the

three Algermlssen and Perkins source zones, that oorreuponding to the

post-1964 seim_ic activity around Wink, Texas, on the Central Basin

Platform, ts based on seismic evidence alone. This activity was I

; .0
discussed in detail in subseoti(n 5.2.4. For the purposes of specifying

a conservative _ource zone geometry, the oizly geometrical issue with

regard to the Central Basin Platform source zone, then, is the closest

approach oF. thp Central Basin Platform re]ative to the source zone used

to model it. Shown in Figure 5.3-4 is an outline of the buried Centt'al

Basin Platform as it appears in Rogers _nd Malkiel (1978). lt may _

easily seen that the closest approach to the site of the Algermisscr_ and !

Perkins Central Basin Platform seismic source zone implies its use is !;

adequate. Therefore, this zone, as drawn, will be used for the model t_

be developed. The general model will consist of three source zones:

1) The Rio Grande Rift zone drawn b_' combining the western source zones

as discussed above.

2) The Central Basin Platform zene as shown in Figure 5.3-4.

................. .--, , ,,, ..... : ............... ..................
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3) A site source zone _entered at the site and with a radius to be

specified b_low.

There are two purely geometrical issues to be resolved. The first

involves specifying a focal depth for th events in each cE the source

zones. The second is really an exercise in adaptLng the irregular zone_,

an shown, to Cornell'a method much as it was necessary he adapt the Corm

of the attenuation law.

I

There la little doubt that the focal depths o_ earthquakes in the site

region should be considered shallow. _s we saw in subsection 5.2.2,

early instrumental locations were achieved using an arc intersection f"

method employing travel-tlme-distance curves calm_lated _rom a given

crustal model and the assumption that focal depths were either 5

kilometers, lO kilometers, or Eor later calculations, 8 kilometers. Good

epicentrat locations could generally be obtained under these
/

assumptions. Confi_ence in calculated o_' assumed focal depths is greatly

increased, of course, if at least one recording station is 9ituated not

much farther away from the epicenter than the focal depth. This

situation is not generally realized _or New Mexico region earthquakes but

several specialized studies for which this criterion has been satisfied

are suggestive. For an approximately two-year i>_ric_ beginning in June

1960, several hundred natural microearthquakes having S-P intervals o_

less than 2.] seconds were recorded by high-magnification seismographs

west of Socorro, New Mexico (Sanford and HoZmes, 1962). Rather detailed

studies o_ the depths o_ rinse events indicated hypocentre ranging from

2.7 to 6.3 kilometers. More recently, and nearer to the site, .,'

preliminary data from the Kermlt, Texas, array indicate focal depths '

ranging from very near the surface down to about 10 kilometers although

only about 20 pe:cent o_ the ever,ts are located at depths greater than

about 3.7 kilomlters (Rogers and Halkiel, 197B). For the formal

instrumental location procedure with array data, an initial trial

hypocenter at 5 kilometers depth is used by these author,_.
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" Within the range discussed- thaP is, focal depths of from 0 to I0

kilometers - the issue of selecting a proper depth for the probabilistic

acceleration analysis at this site is clearly important only in the site

source zone itself. For example, the differonce in hypocentral distance

- the distance to be used in the acceleration attenuation fo:mula - for a

closest app:oach event in the Central Basin Platform is only 1.93

kilometers in this depth range assuming that the closest approach of this ,

source zone is 25 kilometers as is indicated by Figures 5.3-3 or 5.3-4. i

This is clearly the greatest difference of this kind outside the site

source zone. Within the site source zone the selection of focal depth
.,

can be, formally, very important simply because the form of the I

attenuation law used asym,ntotically approaches infinite a_'celeration at i ,

very small distances. This is certainly not mechanically realistic and I
i

is not the intent of the empirical fitting process to an attenuation law l

of thLS form. There is some empirical eviOence that tb._ rate of increase

of peak acceleratior, with decreasing hypocentral distance becomes less as ! -"

the zone of energy r,.'lea_e is approached. This is t_ :ase for example, i
I

e for the ?arkfield arid San Fernando, California earthquakes of 1966 and
1971, respectively (_ee Page et al., 1972, Figures 4 and 6). So_e

I

empirical acceleration attenuation curves make use of this property in I

extrapolating to the vicinity of energy release. Most importantly for i

our purposes here, the attet:tuation curves of Schrabel and Seed (1973) I

!

_J:,: constructed in this manner and it is these curves tnat form the basis i

foL near-sourc, acceleration as a functlon of magnitude used by 1I
Alge_missen and Perkins (1976). Since _t is the intent here to follow I

I

these _uthors insofar as conservatism allows, lt was decided to use a !I

_ocal depth of 5 kilometers in ali source zones of this study including I
I

that of t_e site. For smaller hypocentral d_stances, the form of the 1
I

attenuation law adopted here der.ares significantly from that suggested !!

by Algermissen and Perkins in sn-.h a way as to severely exaggerate the i

Impok'tance of very small but very close shocks in the estimation of ,

probabilistic acceleration at the site pertinent to design. This may be
i

seen from Figure 5.3-2. I

l

k

/
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The manner in which the irregular source zone geometr_' o_ Figures 5.3-3

and 5.3-4 may be adapted _.othe method of Curt.ell (1968J is shown in
• °

Figure 5.3-5. As ha& been implied above, the seismicity of the site

region is, at best, poorly zelated to observed faults - whether observed

Quaternary faults do not occur, as in the case of the Central Basin

Platform source zone (Rogers and Malkiel, 1978) or whether they do, as in

the case of the Rio Grande Rift source, zone (Sanford et al, 1972). Since

the boundaries of the latter zone are so drawn as to be as close or

closer t,,an known recent faults, conservatism is served by allowing the

larges _.earthqu¢ke postulated for specific faults within the region to

occur randomly throughout the region. For these two reasons, lack of

apparent fault control and additional conservatism, areal source zones

were used (see subsection 5.3.1). Thus the object is to _pproximate the

given suurce zo,es by a series of annular segments. This is do_le in such
t

a way that total source zone area is conserved, and such that excluded

area of the Algermissen and Perkins zones is replaced by annular areas

closer to the source. Finally, closest approach distances are

conserved. These c=Iteria are followed in construction of t.le pattern in

Figure 5.3-5. The site source region is drawn to be centered at the site

and to include all area not already in another source zone. The radius

of this site souzce zone will be determined by magnitude restrictions.

With the attenuauion ]aw and geometry defined for this hazard analysis,

the question of the right recurrence formulas for each =oJrce zone is

next addressed. A number of empirically fitted curves of the form IOgN =

a - bM have been published for the site region in a broad sense (Sanford

and Holmes, 1962; Algermissen, 1969). As before, N _s the number of

earthquakes of magnitude greater than or equal to M in some area and over

some _ime period. The constants a and b are dctermln:._dby _itting the

data, usually in a least sq,_ares procedure. Although data for any tim0

period may be used, all the for|nu!os c_nsidered explicitly hire will be

normalized to one year. In addition, all formulas will be normalized to

source areas of IU5 square kilometers for ease of cJmparison. For

these broad regional studies, b values around 1.0 have been found.

d

_,_,
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Several studies published recently regarding the immediate site region

are not in good agieement with the pL'evious _'esults. For ex_np]e, graphs

of magnitude versus number of uarthquakes Eor events within 300

kilometers of the situ exclusive of shocks from the Central Basin

Platform and aftershocks of the 1931 Valentine, Texas earthquake yield

recurren."e formulas of the form

logN = 1.65- 0.6M L per yr per 105 km2

using instrumental data only, and

logN = 1.27 - 0.6M L per yr ?er 105 km2

using both histcrical and instrumental data (Sanford and Toppozada,

1974). Because the numbers of shocks used to establish the linear i

portions of these curves is cery small (16 and 25, respectively), and the

total ti_e intervals over which data were collected is very short (II and

50 years, respectively), an error in the slope (or b value) is quite l

possible. In fact, a certain dissatisfaction with these results on the

pa:t of Sanford and Top[Dzada is indicated by their development of

alternate carves somewhnt arbitrarily defined to have a slope of 1.0

instead of 0.6. Algerm_ssen and Perkins (1976) calculate recurrence

curves for a number of their source zones. For example, for sourc_ zone

45 (as defined in either Figure 5.3-3 (_ 5.3-4) they find the equivalent

of

logN = 0.53 - 0.52 MC per yr per 105 km2

while for source zone 43, no formula is found, pL._sumably for lack of

data. Clearly, the Ciifficulties of findi:.g meaningful recurrence

relations for such a short and _Areally restrictive interval in a region /'

of low seismicity are formidable. Another PrOblem is also implied by the

. last two equations. Magnitude M in the Algermissen and Perkinsc , .
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formulation lq somewhat vaguely defined, as mentioned above, as the

magnitud_ c_rrespondlng to I in the equation:o

M - 1.3 + 0.6 I
c o

where I is maximum intensity on the Modified Mercalli Scale. There
o

ueems to be no rigorous and straight_orweLd way to relate this magnitude

to the ML of Sanford and Toppozada. Even the definition of ML, upon

which development of recurrence curves is fundamentally dependent, has

been revised in the past few years as was seen in subsection 5.2.2

Fortunately, recent work (Sanford et al., 1976b) allows a preliminary

treatment of the data that circumvents the worst of these problems. This

recent study is based on eleven years of instrt_ental seismicity data

which have been reinterpreted with respect to magnitude. In addition,

recurrence formulas are computed for broad physiographic regions of New

Mexico vastly increasing the data base. The criterion used in this i

current hazard analysis will be t_ use the Sanford et al. (1976b)
I

recurrence formula for the physiogr,phic province in which an individual

source zone occurs with the valt.? scaled down to ruflect area

differences. For example, Sanford et al. (1976b) find

logN - 2.4 - 1.0 ML per yr per 105 km2 i

t
for the High Plains province where the site is located, and ':

6

logN - 2.5 - 1.0 HL per yr per 10 5 km 2 i

for the Basin a_d Range - Ri_ Grande Rift region. The area of the High

Plains province o_ interest for this analysis is approx._mately 3.4 x '.

l04 km2 sL_rrounding the site but ezcluslve of part of the Cent:al

Basin Platform. Thus the proper recurrence formula becomes

A

logN = 1.93 - F_ Site source zone
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" Similarly, the part of the Southern Basin and Range - Rio Grande Rift ,i

region of interest has been referred to in the above discussion as the i
I

Rio Grange Rift source zone and had an ar._a of about 1.15 X 10 5 km 2. I

The proper recurrence formula becomes I

t

t

logN = 2.56 - 1.0 ML Rio Grande Rift source zone iI

, This leaves onl)" the Central Basin Platform which is essentially a

special case. Although the above two formulas were developed for areas

near 2 X 105 kn 2 in ext._nt with the increase in confidence therefrom

derived, this cannot be done for the Central Basin Platform source zone

because it ts unique and very limited in area. It, therefore, cannot be

treated as simply a scaled-down version of some broader region. Although

recent work using data from the Karmit array (Rogers and Malkiel, 1978)

is available for this source zone, it was decided to use the recurrence

formulation of Sanford et al., (1978) for this hazard analysis both for

consistency in approach and because this treatment is the only one to

calculate a recurrence formula Eor this source zone using revised

magnitude est_ates. Based on the seismicity detected in the Central

Basin Platform since the installation of station CLN in April 1975, the

cumulative number of shocks versus magnitude may be e_tpressed as

logN = 3.84 - 0.9 ML per yr per 105 km 2

Assuming that the active portien of the Central Basin Platform had an

area of 8 X 103 km 2 during this period (Sanford et al, 1978) the

proper recurrence relation becomes:

logN = 2.74 - 0.9 ML Central Basin Platform source zone

These are the recurrence relationnhips used in the cur:rent hazard

analysis for the site.

One feature of several of these recurrence formulas is apparent: that

is, they are very similar when normalized to equal source areas. This is

,,

i
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' somewhat_surprtsing in that the geologic indications oE recent tectonism

vary from source zone to source zone. One way in which the seismic and

geologic data may be reconcl',ed ts to impose some upper limit on the

magnitude of the earthquake that can occur in the geologically quiet

areas that is less than the maximum magnitude event that can occur in

source zones with evidence of Quaternary tectonism in the form of fmllt

offset. This will be discussed in a later section but is mentioned here

as a preface to the final aspect of sour,._e region characterization

necessary _o perform a h_,zard analysis= that is, maximum magnitude event

within each so lrce zone.

lt Is clear that a slmpLo consideration of maximum historical magnitude

within each of the thr_e source zones as zpecified above will not be

adequate to assure conservatism. This is particularly true of the

northern part of the Rio Grande Rift source zone (Zone 43 of Algermissen

and Perkins, 1976) where a maximuml historical intensity of only V is

known. As discussed above, the fattlt scarps in this area, particularly I

along the margins of the S.tn Andros and Sacramento Mountains, indicate

the strong possiblit:y that major earthquakes have occurred in this z_.gion

within the past 5 X 105 years. The length cf the faulting in these two

areas (about 60 to I00 Kilometers) suggests earthquakes comparable in

st,ength to the Sonoran earthquake of 1837 (_..nford and TopT_)zada,

1974). This major e_rthquake (M=7.8) produced R0 kilomete,'s of flult

scarp with a maximum displacement of aSout 8.5 m extending southward from

the U.S. - Mexico border at about 109°K longitude. Sanford and

Toppozada (1974) assume that a similar event |s possible in the future

west of a llne in good agreement with th_ eastern boundary of the Rio

Grande Rift zone as shown i.l Figure 5.3-5. This eclipses the more

southerly Valentine, Texas, earthquake whose magnitude has been variously
%

estimated to be 6.1 (Algermissen and Perkins, 197E) and 6.4 (Sanford and

Toppozada, 1974). For t_e purposes of this analysis, a maximum magnitude

event of 7.5 will be assumed able to occur anywhere within the Rio Grande
J

Rift source zone in general agreement w_th Sanford and Toppozada.

l
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,I

Selection oE maxim_ magnitude events _or the site source zone and th_

Central Basin Platform source zone is more difficult. Algermissen and

Perkins (1976) assign a maximum historical intensity of VI to the Central

Basin Platform. This is presumably the earthquake of August 14, 1966

which has been assigned this in_enslty in United States Earthquakes, 1966

(Von Rake and Cloud, 1968). On the basis of this intensity and the

empirical relationship of Gutenberg and Richter (1942):

M- 1.3 + 0.6 I
o

a maxlmtm_ magnitude event of 4.9 has been selected for the Central Basin

Platform by Algermissen and Perkins (1976) as appropriate for their

probabilistic acceleration analysis. The magnitude scale was designed to

give some indication of the elastic energy released at the earthquake

source, and in this context, the 4.9 value above is almost certainly an

exaggeration of the energy really released during this particular

earthquake. This conclusion is based on both macroseismic and i

instrumental evidence. For example, one of the descriptiol '. of this I
shock was, "Like a stick of dynamite being detonated several hundred feet

away" (Von Rake and Cloud, 1968). This and a general consideration of

felt effects a_e consistent with the contention that this earthquake has i

bee,, assigned a relatively high eDicentral intensity primarily because it

occurred very near a population center. In addition, several magnitudes

have been published for this earthquake (U.S.C.G.S. - 3.4; Sanford et a_.

"" 1978 - 2.8) which are substantially lower than the 4.9 value used by

Algermissen and Perkins. '.

The maximum instrumental magnitude for an event in the Central Basin

Platform source zone is open to some debate because of the apparently

different appllcatlon of magnitude scale by vaz'ious agencies for this

region. The largest earthquake in this region before installation cf

station C;24 had a magnitude less than 3.25 according to the most recent

calculations at New Mexico Institute o_ Minin.u and Technology (Sanford et
A

al., 1978_. Between 1974 and October 1977, during the operatior, period

of CLN for which data is currently available, a r._mber of earthquakes
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01

have been louated b_, Saneord and his colleagues, none o_ which have been

assigned magnitudes greater than 3.2. In the Rogers and Halkiel (1978)
;

. study cE data _rom th_ recently established Kermit array, eve,_ts with ,

magnitudes approaching 4 are listed. However, as. was stated in

subsection 5.2.4, a ,lireot comparison o_ magnitudes for earthquakes

listeo in both the New Mexico Institute of Mining ahd Technology and I

Kermlt array data sets _:hows that events are routinely assigned J

magnitudes almost one unit higher in the latter listing. Therefore_ the I
maximum historical magnitude eart.%quake in the Central Basin Pl&tform !,

Sourco Zone is still a matter for conjecture althoi1gn some value between

3.0 and 4.0 is most likely. 1;
(

The features of thi= source zone that might beat on its possible m.:^imum

magl itude are the lack of recent geologic (vidence o_ tectonism, and the

high activity rate which may or may r.n_ be directly associated with
i

secondary oll recovery efforts. Sanford and Toppozada (1974) conjecture I
i

that the maximum magnitude mlght be 6.0 for this source zone, and in this

study of hazard their example will be followed for one _et of I
J

calculations. Because this value may be exceptionally conservative, an I
i

alternate maximum magnitude o£ 5.0 is also considered. I
I
1

With regard to the site source zone, there is even less indication that
J

significant magnitude event9 are reasonably ll_ely. There is no i
I

Quaternary fault offset (Bachman and Johnson, 1973) and seismic activity i

is low. However, _ecent studies (Caravella and Sanford, 1977) have shown

that some level of background seismicity must currently De considered for I

the site area if conservatism is to be served. Apparently, an e_.rthquake i

which may be tectonic in origin and with a magnitude of 3.5 has occurred i44

within the site source zone Itself (see subsection 5.2.5). Two maximum i
I

magnitude_ were considered in the hazard analysis of _his section: 4.5,

that is the maximum historical event plus one magnitude i1nitl and 5.0, a

rather ad bcc attempt to consider additional co,_servatlsm in 9eneral

, agreement with the sizf cE a ranckn event possible in the central United i

States and not assoclat_d with a particular source zone (Algermis_en and

Per kin_, 1976).
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Al: the parameters _ecessary to perform a probabilistic acceleration

hazard calculatiuci Icr the Los Medancs site after tim method oi Cornell

(1968) have now been p_esented and discussed. In the next subseation the

results oL these calculations are considered.

5.3.3 Results

The basic results are shown in Figures 5.3-6 and 5.3-7. These are plots

dE the probabilities that the maximum a,-mual acceleration will exceed

so_e specified acc_leration versus the specified acceleration. For

example, in Figure 5.3-6, CUrve 1, _hich shows the contribution to risk

at th_ site due to earthquJkes in :he Rio Grande Rift source zone ac

shown in Figure 5.3-5, indicates that the probability that the maximum|

acceleration at the site [rem this source zone in ony one year will

exceed 0.05g is approximately 1.8 x 10 -5 or 1.8 in one hundred

thousand. Probabilities, are simi'arl_, found for other values oir

acce lerat'.on.

In both Figures 5.3-6 and 5,3-7, st._ curves are shown, Curve 1 is the

same in both figures _md represents the probabilistic manimum

acceleration distribution Eor the Rio Grande Rift source zone as

described above. Curves 2 and 2' cre also the same In both [igurese

representing the risk fro_ the site source zone when its maximu¢

magnitude is 5.0 and 4.5, respectively, Curve 3 in each [igure is tl_e

risk distribution Item earthquakes in the Central Basin Plat[otto source

zone. In Figure 5.3-6, the maximum magnitude event in this zone in

assumed to be 6,0 while in Figure 5.3-7 lt is given a value of 5.0.

Flnaily, curves 4 and 4' are the total probabilistic manimum

acceleratioT,s at the site from ali source areas c_x_bined. For axample,

Curve 4 in Figure 5.3-6 _s the risk at the site assuming the geometric

and recurrence properties, and the acceleration attenuation, oi the last

subs,,ctlon and a maximum magnitude of 6.0 in the Central Basin Platform

source zone and 5.0 in the site source zone.

J t
/

J
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probabilities For acoelerstions below 0.03g have not been calculated.
l

This is because oF a D_ature o_ the method usod. Fo_ a _lven source

geometry and minimum magnitude, the lcr#er l_mit o_ validity o_

probabilistic acceleration is _lxed (see Figure 5.3-1tcp) such that

' a > a t ,

a0 = 17 exp 0.92 m d"1
o

where m is the minimum ma,_nitude and d is mintmu_ distance to anyo

source zone. For the worst case, d s 5 km. The value _or mo, 2.4, is
the same _or all _oUrce _ones and is derived _rom an estimate of the

smallest eatthquskes recorded uniEormJy throughout the state cE New

Mexico (San-_ord et al., 1978). Substituting these v_lues into the above

o:_ptession result_ in at - 30.9 cre/ser 2 or a' - O.03g.

Tl_ere are meveral interesting _'eatUres that may be derived [rom a "

comg.rison o_ the _out curves, 4 and 4' in both Figures 5,3-6 and 5.3-7.

_'t_'at, it tony be noted that in spite of the greater conservatisma

exercised in the selection o_ model parameters _or this study than in the

Alget_,issen and Perkins (_976) study--on which so much of the current

rl_k evaluation depends--the basic conclusion o_ Algermissen and Perkins

that the site is in an area with less than one chance in ten that an

acceleratlo_ of 0.04g will be exceeded in any 50 year period is in very

good agreement with the results shown in Figures 5,3-6 and 5.3-7. To see

this it Ray be noted that the return period _or the Algerlnlssen and

Perkins _tudy is P,hout 475 years. For the slightly more conservative

curves o_ Figure 5.3-6, the maximum accelerations at this return period

ate aroun,_ 0.045g while in Figure 5.3-7 they are O.035g.

Secondly, it is interesting to note that under the assumptions of the

ptevlous section the significance of the Rio Grande Rift source zone to

the tota_ rlsk at the s_te is tel_tlvely small at all accele_atlon

levels. Because of the earthquake recurrence relationships for the

various source zones, this will be true at lower acceleration levels no

matter _,hat ,,_ssumptions a_'emade about the maximum magnitudes in the site

,
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and C0ntral Basin Platform source zones. At higher ac_;eleration levels, ,
/

" this will be true unless the lowest maximum magnitude prope_ _ot the site

source zone is lower than the 4.5 value considered here. Although

probabilities are low at all ulte acceleration levela from the Rio Orande

. Ri_t source zone, the maximum acceleration at the site from a 7.5 shock

, at a distance o_ I15 hilometets using the attenuatio|_law o3 subsection

5.3.2 is 0015_. This is slightly greater than the 0.1g acceleration

nssumed to bc the nlaximu_ at the site in previoua studies (Santotd and

_ppozada e 1974).

In the case of the Central Basin Platform Bource zone, arCOmparison o_
r

the two figures shows an interestlng phenomenon. For the case where 6.0 "

is the maxlm_ magnitude event, probabilities are largely controlled by

earthguakea in this source zone up to accelerations of around 0.1g. For

higher accelerations, the site source zone is more important. T.f5.0 is

a better maximum magnitude shook in the Central Basin Platform, its

significance as a source of risk is completely eclipsed by the site

source zone itself at all acceleration levels.

Perhaps the most universal feature ct all four total rlsk curves is their

dominance by the site source zone at higher accelerations. If the

probabilities at which these higher acceleration levels occur are thought

to be o_ interest, it is the assumlptionsthat are made about the

immediate site area that are most critical.

_t is believed that the presentation in this section gives the broadest

possible assessment of seismic risk at the site in a way that shows

explicitly the assu_ptlons used and, to a s_all extent at least, the

effect of varylng some of these assumptions. AcceLeration is not the ,,'

only parameter of design signiflcance, of c_utse, J;otl_ata gtot of itr

probability is not the whole story even if sucita |)letis c4_pletely

accurate.

i

0
I'
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5,4 SEISMOLOGICAL DATA AND SITI_ REGION TECTONIBM

In previous sections the hiatorlcal record cE seismicity in the site

region has been explored as well as the way this record, when combined

' with very general geologic arguments, can be used to estimate rlsk levels

attached to various possible sei_mlo design acceleration values. In thls

section the extent to Which this sei&moioglcal data may be used to draw

inf,'ences cE a longer term nature la considered. The interval over

which seismological data can be collected is stttl very brieEi the total

available oarthquake records and especially that fraction of it

representing the period cE instrumental observation, covors a period of

time that la very short compares to the total geologic time scale. Thus,

a comparison of the regional tectonism derived from a study cE geologic

processes and structures, with that derived Erom a study cE earthquakes,

involves a question cE conslstenoy: that is, are the characteristics cE

regional earthquakes consistent with known geologic structures and the

large-scale stresses thought to have been active in their evolution7

Implicit in this concept cE tectonics Is the definition of tectonlc @

earthquake that i8 used in this section. The subject of tectonics as it

is used here is structural geology. Tectonic earthquakes are those

believed to be associated with faulting. This is taken to e_clude minor

shocks due to less important causes (Richter, 1958). As mentioned in

subsections 5.2.4 and 5.2.5 it is not clear that the detected earthquakes

in either the site source zone or the Central Basin Platform are t_ctonic

under this definition. There seem to be few geologic structures in

either area that would lead one to expect signi:icdnt tectonism either

now or for _,ast timed in th,: past. Nevertheless, conservatism suggests

that these events should be considered tectonic at this stage of our

knowledge, and this assumption was maue for the seismic risk analysis of

the previous section.

Seismology, in the conteRt cE tectoni_,_, will be considered below under

t_o general headings: implications ah_qt tl,e regional stress regime from

, focal mechanism solutions, and impllcationl; about L_gional activity Erom

f /,, //

.....
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' historic recurrence statistics. Although earthquakes are sometimes used

, to delineate specific active structures In a way important to discussions

of regiol_al tectonlsm this will rK_t be attempted here, primarily because

even in areas with recent _auitlnge such an occur in the southern Basin

and Range province, or in areas with sophisticated seismic ar,.ay location

capabilities as in the Central Basin Platform, the known earthquakes are

simply not well correlated with specific geologic structures on a
4

deta Lled scale.

The ultimate association of seismic and ge<,]ogic processes is derived

f_om the observation that the structural behavior of an element of the

earth's crust is often associated with t_ release of elastic strain

energy in the form of earthquakes. The nature of this association

itself, however, may be far from simple. This is especially true of

, small earthquakes whose characteristics are derived from processes taking ,

place in a very small volume of a crust that, in this contexts must be

considered very inhomogeneous. As was seen In Section 5.2s the latest

calculations show that only one instrumentally located earthquake within

300 kilometers of the site (the Valentines Texas, event) has exceeded

magnitude 4.6. Similarly, within 300 kilometers of the site but outside

the Rio Grande Rift source zone as defined in Section 5.3 no earthquake

has exceeded magnitude 3.5. This should be kgpt in mind throughout this

sect'Lon. It may also be noted that most empirical experler.oe in relating

tectonic featurus to seismicity, or vice versa, has been gathered in

regions that are much mote active than the site [_ lion. This too was

mentioned in Section 5.2 and is made very clear by comparing earthquake

recurrence statistics for the site regiun with similar statistics for ar

a_ea such as California. The picture presented by a compaL'ison of

seis_.ologlc with structural geologic data appears conft,sed for th(i site

reglol,. At least these two data sources are not consistent in the same

way or to the same degree that is found in other regi3ns characteri_od by

larger hlstotical earthquakes, ft is premature to attempt a

reconciliation here, if indued one is necessary, so that in thio sectlun

' existing evidence (although often only preliminary) is outlined and

briefly discussed.
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5.4.1 Regional Stress Orientation

The catalog of publiuhed crustal stress measurements in the Los Medanos

region is a short one. It consists of three focal mechanism solutions

and one in situ hydro_ractl_re determination, Another in-situ stress

measurement was quoted recently in connection with west Texas studies

(Rogers and MaZkiel, 1978), but this measurement is some distance to th_

east, on the Llano uplift. In this very limited data collection, there

is little agreement, and none should necessarily be expected since the

measurements come from dlffe_ent structural blocks.

The earliest indication of the stress regime for a point within the

general Los Medanos site region (when defined as it has been in this

chapter as within 300 kilometers of the site) comes from an analysis of

first motion polarities from the Valentine, Texas, earthquake of August .,

16, 1931. In his study of this event Byerly (1934), care_ully noted the

polarity, azimuth, and eplcentral distances of waves at al _ stations '

recording this earthquake. He concluded that the observed polarity A

pattern could be explained by normal movement on a shallow fault striking

N35°W, and dipping very steeply to th_ west. He also noted that

certain stations did not fit this pattern and attributed mo_t of these

disctew_ncies to difficulties in observing the true first arrival, which

was apparently lost in the noise at these stations. Fortunately, all

polarity readings were listed in Byerly's paper Eor this earthq:lak_,

which was recorded at distances ranging from 5.8 ° to 104.8 °.

Applying the recent techniques of stereographlc projection to Byerly's

data, Sanford and Toppozada (1974) obtained an independent but very

' similar solution shown in Figure 5.4-ia. This solution indicates J

predominantly dlp-slip motion along a normal fault striking N40°W and

dipping 74° southwest, or motion of a similar nature on a fault

striking NI9°W and dipping 18° northeast. The fzrst possibility is

preferred because of the structural fabric of the epicer_tral region with

which lt is consistent. The inconsistent polarity readlngs are those

noted previously by Byerly. It is wort._ mentioning ti_at the regional

stresses implied by this solution (P-axis or axis _f maximum compresslve

@
J



5-61

stress striking N51°E and plunging 62 ° to the northeast and _-axis or

axis of least compressive stress striking S61°W and plunging 28° to

the southwest% are the only ones for this region that are

ineontrovert_b!y of so_e tectonic significance.

The remaining two focal mechanism solutions available at this time for

the site region have been very recently determined from data recorded at
-q

the Kermit array. One solution is a composite of data from three small "

earthquakes thdt occurred within a 7-day period in Janu3ry 1976 and is

reproduced from Rogers and Malklel (1978) in Figure 5.4-Ib. The other

solution is from a single earthquake on April 26, 1977, in the dame area

as the other three near array station KT5 (see Figure 5.2-5) and is

reproduced, also from Rogers and Malkiel, in Figure 5.4-Ic. These are

the only events occurring during array operation that have produced a

sufficient number of clear first motion polarities to allow focal

mechanism solutions.

The earthquakes f_(,_ which the composite solution of Fig. 5.4-1bottc_m was

derived o_.curred on Jant:ary 19, 22, and 25, !976 and had U.S.G.S.

assigned magnicudes of 3.47, 2.83, and 3.92, respectively. It has

.: already been noted in Section 5.2 that these magnitudes appear to be
_

almost a unit larger than those most recently calculated for shocks in

this area by Sdnford and his colleagues at the New Mexico Institute of

Minlng fznd Technology. The preferred fault plane, based on the geologic

stLucture of the Central Basin Platform, strikes NI9°W and dips to the

'_est at 53 ° . The sense of fault motion is that of normal faulting.

Similarity to the solution for the Valentine earthquake is clear. The

= data for the April 1977 event do not fit this type of solution and do not

permit a unique mechanism, to be obtained Normal, thrust, and

strike-slip mechanism are possible. 'lh_ n_rmal solution shown in Figure

5.4-ic is the only one considered by Rogers and Ma/kiel tO be relatively

consistent with the composite mechanism and the regional tectonics.

The tectonic significance of those last two focal mechanisms is confused-

- by their occurrence in an area where both active fluid withdrawal and

-

O-
s

'.
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- injection are taking place. This con_usion Is apparently not le.'_senedby

considering the in sltu stress data. Hydrofracture data from a well in

Howard County, Texas to the east (Fraser and Pettit, 1962) indicate a

tension axis that trends south-southeast. Overcoring data frcm Hooker

and Johnson (1969) even further to the east in Burnet County, Texas, on

the Llano uplift show reversion to a southwest trend for the tension

axis. According to Rogers and Malkiel (1978), both the Howard and Burnet

County data show a horizontal axis of maximum compression. This is in

disagreement with the focal mechanisms, for which the greatest

compressive stress _s steeply plunging. Also, von Schonfeldt et al.

(1973) have indicated that the greatest principal streFs in this area ts

a vertically crien_-d, overburden induced compressive stress because

hydrofractur.._ experiments generally produce vertical fractures in Texas,

except in some shallow wells (Hays, 1977). In the face of such a variety

of interpretations, it is premature to speculate on the significance, or

lack of it, of these data. Any such speculation will have to wait on the

collection of new data Or additional analysis of existing information.

0
5.4.2 Tectonism and Earthquake Recurrence Relations

In Section 5.2 the seismicity of the Los Medanos site region was

studiea. It was noted _hat most of the activity of recent years had

occurred in the Central Basin Platform in two particular areas located

such that Sg-Pg intervals at station CLN very near the site were 8 to 13

seconds and 22 to 24 seconds (Sanford, et al. 1978). Another group of

epicenters for shocks with Sg-Pg intervals from 31 to 36 seconds were /
/

found by the_e authors to occur in several tectonically active regions to

the southwest ond west of the site--notably near Valentine, Texas, and in

much of the Tularosa Basin. These three Sg-Pg intervals account for the

most important peaks on the histogram appearing in Figure 5.2-5. "

Earthquakes at other distances contribute a general background occurrence

level also apparent in thla histogram. At least some of these events are

known to have occurred in the general site region and not in association

,, with either the Central Basin Platform or the Rio Grande Rift source
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zones of the previo_s section. This characterization of the regional -

seismicity is interesting because there is abundant geologic evidence for

recent tectonic activity for the source zones to the west and none for

the Central Basin Platform.

This situation can be described more quantitatively by considering

earthquake recurrence statistics. Relations of the fo=m logN=a-bM for

the three source zones of Section 5.3 have already been shown. These

formulas, taken from Sanford et al. (1976b) add Sanford et al. (1978) may

be normalized tO equal time intervals and areas for comparison (assuming

s'_ch a comparison is meaningful) to give:e

" log N = 2.5 - M L Rio Grande Rift zolle

log N - 2.4 - ML H_gh Plains Province

log N = 3.84 - 0.9 M L Central Basin Platform

.....

where in each case the formulas give the number of occurrences, N, of

events with magnitude ML or greater per year in a 105 km 2 area. It

is clear that if these relations tru;y indicated sc_e measure of tectonic

activity in effect tor a long time period the relative tectonic

importan=e of these areas would be in conflict with that impllcd by the

geologic data. This is particularly true for the Central Basin Platform

, activity.

Several explanations have been offered to resolve _hls conflict (Sanferd

et al., 1978). One is that a recent change in regional stress may be

responsible. In this view, the tectonic implications of very recert

seismicity are preferred to those of the geologic record. The other

extreme posslbility is that the observed recent seismicity, especially In

the Central Basin Platform, has little bearing on tectonism in the sense

normally used In connectlon with magnitude recurrence relations. Thus,

,. the geologlc implications to past and recent (and, by extrapolation,
/

future) tectonism are preferred to those of recent seismiclty. Fipally,

1

./
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there is an intermediate position which attempts reconciliation of both

the geologic and seismic data by prescribing some particular mode of

crustal behavior in the High Plains physiographic province and the

Central Basin Platform. The only explicit property of this mode of

behavior is that large magn3tude earthquakes do not c_:cur; hence,

extrapolation of the recurrence formulas above to la=ge magnitudes is

fundamentall.y inaccurate.

The first possibility, that the regional geology of the High Plains

province and Central Basin Platform is in e_:sence misleading, is the

least satisfactory. There does not seem to be any implication of recent

regional stcess changes in the more active areas of New Mexico. Sanford

et al. (1972) performed calculations comparing the implications to

tectonic activity of recent fault of[set in the Rio Grande Rift (where

recent is deflned as lesS' th.ln 4 x 105 yeats old} with similar
I

implications from recurrence statistics both from historical earthquakes _

and from microearthquake studies (Sanforc] and Singh, 1968). These

calculations show tha_ if :he fault scarps are less than 4 x 104 years

old, the seismicity oDtained is compatible with the historical earthquake W

activity in the Socorro region. If the age span of the fault scarps is
5

increased to about 2 x I0 ?ears. the seismicity becomes close to that

indicated by the microearthquake studies. It may also be noted here that

the focal mechanism sol,jtion obtained for the Valentine, Texas,

earthquake is consistent with the sense of fault motion implied by the

g_ologic structL,re of that area.

Uslng similar types of arguments some limits can be placed on how

recently the change zn stress postulated for the High Plains province and

the Central Basin Pla:form must have taken place. Consider that part of

the High Plains province designated as the szte source zone in Sect:on

5.3. Then the recurrence relation is, after Sanford et al. (1976b):

Iog N = 1.93-M L

°'
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The Jse of t,_is formula in an uncritical way leads to the conclusion that

an earthquake of magnituc_e greater than or equal to 7.0 should acc,jr in {

this zone on the average of once in about 105 years. Such an

earthquake would certainly leave physical evldence of fault offset. If

the High Plains province of New MexlOo is taken as a whole, a similar I

earthquake would be expected on the average of once in slightly over 2 x 1

104 years. Assuming that earthquake occurrence is distributed as alj

Poisson process, it can be concluded that an earthquake of magnitude 7.0 I
I

or greater has a 63 percent likelihood of occurring in a given 2 x 104
i

year period and that it has a 90 percent likelihood of occurring in a i

given 2 x 105 year period. Nevertheless, no evidence is known of fault !
I

offset suggesting earthquakes of this size anywhere in the High Plains i
i

during comparable or longer time periods. Thus, if there have been i

changes in regional stress that are responsible for the observed conflict I
I

between geclogic and seismic data, these changes probably have taken
t

place more recently than within the last 2 X 104 to 2 X 105 yedcs. . ,

• 4
A similar calculation may be applied to the Central Basin Platform. In i

this case on the basis of seismic evidence the recurrei_ce interval for a 1
!

magnltude 7.0 earthql:ake is about 3500 years, as in the High Plains, j
b

there is no geologic evidence for such an eartr_quake. Thus, the geologic
I

and seismic evidence appear to contradict on-. another unless the current I

seismzcity is the result of _ tectonic stress change that took piace I

within the last several thousands or tens of thousands of years. The ]
I e

implications of recurrence intervals for large earthquakes developed from t "
!

short term seismic data should not form the basis for rationally J

discarding contradicting geologic evidence. J
!
i

The second possibility as it is presented here applies only to the i
i

Central Basin Platform. That is, the recurrence statistics for :/

earthquakes in thls small area are not related to tectonism in the usual

i.
sense of this concept and should not be used for tectonic implications of I

I
long time intervals. The principal support for this view is outlined in !

. i
Sanford and Toppozada (1974). Basically, it has been postulated that the _ - _

earthquakes on tne Central Basin Platform are related to massive fluld """

I

/
•.
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! In_.ctlon for secondary recovery of o11. Both tho spatial and temporal

i association of this seismicity with these seCondary recovery projects are

i very suggestive. This has already been discussed _.ngreater detail in

subsection 5.2.4 and will not be repeated here. The wide variety o£

hypotheses regarding the stress field in the area of the Central Basin

Platform neither preclude nor p_cve any causal relationship between the .-

earthquakes and secondary recovery operations (Hays, 1977), but, the

widely observed phenomenon of increased seismic activity during fluid

injection (Healy et al., 1968; Healy et al., 1972) argues strongly

against the uncritical extrapolation of short term magnitude recurrence

formulas under the present conditions.

'lhe third possibility, that the geologic and seismic data are not really

in conflict, is the most satisfying from a philosophical viewpoint. It

is certainly simpler to derive meaningful conclusions about the physical

properties of a system that is not changing than about one that is. It

has already been m._ntloned that such consistency exlst_ for the Rio

Grande Rift, at least in gross terms. A similar rec,_ncillation might be

possible for the High Plains province or the Central Basin Platform by

restricting the max_num magnitude of an earthquake that can occur in

either the High Plains physiographic province Or the Central Basin 1

Platform. i
f

The simptest restriction that can be applied to the magnitude of shallow I '
4

sei_nic events that have occurred in the past is imposed by the size or I

absence of observed faulting. _, argument of this type has been used 1
i

abeve in considering the questions of recent stress regime changes. In _ .
I

very general terms, it is believed that where recent geologic faulting t
i
S

exists, even in the absence of observed large magnitude earthquakes _, i

conservatisu requires that such seismic activity should be anticipated II

(Allen et al., 19_5; Sanford et al., 1972); that is, to a high level of

_" confidence, large recent f,_ults in an area impJy large magnitude I

earthquakes must be considered there. The converse argument, that large

magnitude shallow eazthquakes always produce episodes of large scale

" shal_ow faulting is even more widely believed. This assertion _ppears so {
)

i



'_ absolute because the deftnitton_, of "large" earthquake and =large-scale"

faulting have been left purposely vague• A more empirically useful

statement might be that the larqest recent fault offsets (in terms of

both fault length and fault displacement) that are found in an area um;_r

a given set of geologi0 conditions and after an adequate search impose an

upper limit on the magnitudes of past earthquakes. 1

The general relation between magnitude of shallow-focus earthquakes and

size or volume of the deformed region and the length and amount of

displacement of activated surface fau1_3 has long been recognized

(Tsubol, 1956; Richter, 1958). Tocher (1958) developed an early

j empirical relation between magnitude and fault length, and between

magnitude and the product of fault length and maximum displacement. Many

£ubsequent refinements have been formulated by adding additional data

point_ (Tida, 1959 and 1965), applying the method to specific a_eas, as

.'or southern California (Albee and Smitl,, 1966), and bI' refining the

source data either for the western United States (Bonilla, 1967 and 1970.

O Bonilla and Buchanan, 1970) or for the world (Ambraseys and Tchal_nko,
19681 BonilLa and Buchanan, 1970). Various dislocation models have been

proposed by seismologists (Aki, 1967; Brune, 1968; Chinnery, 1969; King

and Knopoff, 1968 and 1969; Press, 1967; and Wyss and BrUne, 1968) one of

which (King and Krtopoff, 1968) was used by Sanford et al• (1972) in

con,nection with fault offset-magnitude comparisons in the Rio Grande Rift

as discussed above A recent recompilation and reconsideratlon of fault

' offset data has been performed by Slemmons (1977). He finds, for North

' America data and faulting of all t_Ioes that

I

lOg D = -4.47 + 0.67M i

log L = 1.61 + 0.44M

,.

- where bot._D (fault dlsplacement) and L (fault length) are in meters.

Using these formulas, fault lengths of 6.46, 10.72, 1"1.78, 29.51, 48.98,

and 81.28 k|lometers are found for magnitudes from 5.0 to 7.5 in half

magnitude in=rements. The respective displacements arc 0.08, 0.16, 0.35,
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0.77, 1.66, and 3.59 meters. Titus, if an area has been mapped so well

that no fault of length about 18 kilometers end maximum displacement of

about I/3 meter could escape notice in strata of a given age, then it

could be maintained uhat no event of magnitude grea'.'.erthan or equal to

6.0 had occurred in that area in the time since formation of the strata.

Explicit statementr of the kind necessary about the minimum observable

fault are not generally available in the Izterature. If it is assumed

that the conclusion of Bachman and Johnson (1973), that no recent fault

scarps of a tectonic nature exist in the Permian Basin, is applicable at

the scale of the minimum observable fault associated with a magnitude 6.0

earthquake, then the conflict between the geologic and seismic recurrence

data is resolved, That is, the recurrence data may not be extrapolated

beyond magnitude 6.0. Arguments of this type, although they are clearly

over-simplifled and depend on relationships between magnitude and fault

offset derived from widely scattered data, are of interest at least for

purposes of comparison with sim111ar studies made in other areas,

A more complete treatment of this type wotlld have to address the issue of

qP[egional defot'matlon. This involves not only the offset associated with

a single earthquake but the deformation implied b_'summing the effects of I

i

all earthquakes _f total strain Pnergy r_:leased as sels_.ic waves is i" I

calculated from the magnitude recurrence relations, estlm tes of total i

atailable strain energy and tDtal implied steady state duformatlon l_laybe

derived. _nese are both oepenaent on the maximum mcgnitude _.ve.::. i
J

allowed, since significant strain and most of thf:energy ar._ associated i
with the l_rger events (Richter 1958). Thus, gerleral deformation rates i

ce derived as a function of maximum magnitudes, and observed Imay

deformatiun rates may be used to infer an acceptable maximum magnitude i

fo_ the region over which defnrmation is ohserved. Unfortunately, i

application of this type of anal,, is ts subject to more ccw,plicatJnn and

uncertainty than a simple fault argument, lt seems clear, however, that

' defoL_natlon of a type that would be associated with accumulation and

release of elastic strain energy h3s not been very important in the

Permian Basin for very long periods of time.

=
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Although other explanations cennor be precluded, it seems that the

"" most reasonable interpretations of soi_ic impiic_tion_ to cectoni_m

•,_" at this tune arel

,. 1} Observed goolcxjtc and seismic data are in general t,ureement in

the Rio Grande Rift and _outhern Basin and Range zones and that

future significant earthquakes can be eRpected thez'e.

2) The current level of activity on the Central Basin Piatform is

probably related to [iuid injection for secondary recovery cE oil.

This fluid injection makes lt unwise to question the geologic data

of the area solely on the basts o1_ this high seismic activity level

(see Chapter 10).

3) The geologic datn, principally the lack oi recent g,_ologic

faulting, and the seismic data (or the High plains province, in

ehicn the site lier, can probably be reconciled by impostn.q a

max_m_.m maqnitude limit on the ecrthquakes that may occur hero.

5.5 SUMMARY

Non-instrumental and regional instrumental studies of _._rthquakes

prior to 1972 in southeastern New Mexico indicate that the most

significant sources of earthquakes were the Central B¢.sln Piatiorm

region near Ke:mit, Texas, and the area about 200 km or more west

and southwest of the s_te (Rio Grande Rift Zone). The strongest

earthquake reported to occur wlthin 300 k.a is the intenslty VIII

Valentlne, Texas, event of August 16, 1531, at a distance of

approximately 210 km. _'h.._ closest shock (as of 1972) reported fro,_

these studies was a magnitude 2.8 event on July 26, 1972, about 40

km northw£st of the site. The record from regional studies of

events _._st and southwest o_ the WIPP slte 200 km or more is

consisteI_t wlt_. the record of Quaternary faulting in that area.
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InstrLmen_al studies near the WI;,P site since 1974 and near Kermlt,

Texas, since late 1975 have recorded additional _vlden_,,o of the

seismlo activity for the sltc and region. The pattern obtained frc_

near the site is simllar to that from regionaJ 'Studlesl about

one-half of the located events £n tim data set occur o_ the Central

Bauin Platform while most oE the rest occur to the west and

southwest of the site in the Rio Grande Rift Zone. The data set

also includes three ._vents within about 40 km of the WIPP site since

1972. TWo events have been assigned magnitudes of 2.8 and 3.6; the

third event (fro_ 1978) has only preliminary data available,

0

Data reported fo _ the Central Basin Platform from the Kerlnit, Texas,

ai'ray continue to show that locatio;i as the most active seismic area

withln 300 km of the site in terms of number of even'.._. The largest

earthquake known to occur in the Central Basin Platform had, by the

most recent estlmste, a magnitude of less than 3-I/4. The activity

appears equally likely to occur anywhere along the Central Basir,

Piatfor1_ structure without particular regard to small scale

structural details such as pre-Permian b_ried fan,Its. The spatial

and L_.mporal coincidence of this seismicity with secondary petroletml

recovery projects suggest a close relationship, but this has not yet

been satisfactorily established. The lack of Lnown Quaternary

faults Loom the seismically active region of _he Centrdl Basin

Platform is suggestive that large magnitude earthquakes are not

occuring or Imve not occurred within the recent geologic past in the

area.

Analysis of the regional and local seismic data indicate that the

i000 year acceleration is less than or equal to 0.06 g and the

I0,000 year acceleration is Loss than or equal to 0.I g for all

models tried. Probabilities at which higher acceleration levels

occur depend a] ,_ost exclusively on the assumptions made about the

seismic potenuiaL of the immediate slte area.
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, EXPLANATION

,. _ Locations of earthquakes wathin3OOkm

-...---,.,r---'-""_, -- _ = -_ of the repository site. Locations shownwith square symbols ore based un reports ..

. • ' _'"_ of felt earthquakes prior to 1961,

.....__._6o Epicenters shown with circles were deter. ,

-------i--------- mined instrumentally and cover the period

/ v/ 1961 through 1972. In the CentraIBosin
, |-- Platfor'n and Chihuahua areas where

n _'_0,,.0_ crowding occurs some epicenters are

slightly offset for drafting convenience.

The true epicenters are listed in Tables
0 E} 5,2-1 and 5,2-:3.
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EXPLANATION

Isoseismal map for the Valentine,
, ,_ ____ -_-. -- - -_ Texas earthquakeof August16, 1931

(after Sanford and Toppozaua,1974).-"-'---"" "" Intensitiesare in the Modified Mercalli
I

.___-_s ° scale of 1931(seeTable 5.?.-2).Also
.... shownare the instrumental,epicenters

for this earthquake as determinedbythe
U.S.C.G.S.(Neumann,1932) and Byerly

(1934). .,
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I 1 EXPLANATION

I Epicenters of earthquQkes within 300km

- - -_ _ -- of the repository site located after the

' I Z _ Z Z installatlon,ond with the help,or St,iion

_...___o weil located using phase arrival times

from at least three and usually many more

seismographicstatio01s,Epicenters shown as

I X's are only_enlativ,,., Iocalions as explained
in the text, In areos where crowding occurs
some el)icenters are ,=liGhtlyoffset for drafting

,'_t,,,.,,,,._ convenience,The true epicenters are listed in
Tables 5,2-5 and 5,?_-6.
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'_ .. o-...o. EXPLANATION

, . Earthquakeslocated using the Kerrmt array network,
,- "

. ,mali rectangular area in the map to the left, are
shownas wellas those shocks on the array's periphery
located by five or more array stahons, The hcjhtdashed
lines encloseperipheral epicunters wt_etheror not they

_0 i_:, }(____ satisfy thel,ve sta;,on cr,terion. So,'dl,nes ore pre-

P_rm,m faults, an_ the cross hatched lines the boundary
. of the Central Basin PIotforrn both o_ter Rogers and

both the total map area to tl_e left and the Kerr'nit
array limits ,n a Iorqe scale context,
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Origin time
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TUC

EXPLANATION

The area defined by arc intersections
i

using the 95% confidence intervals for

the origin time, NPM is the National
i

Potash Company Eddy County Mine
,.

location, Ali arcs shown are for
LOCATION UNCERTAINTY

PO wav,,.-s, Actual area of mutual

intersec i!on is shaded. FORTF'EJULY 26, 1972EVENT
@

REFERENCE' Caravella and Santord, 1977,
' FIGURE 5,,",7
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EXPLAN_,T!ON

TOP . geometricand attenuationlaw constraints

on limltsof integrationfortheannulararea

probability int0gral. +_he _hadedregion re,resent5
PARAMETERS FOR THE DETERMINATION

values over which the pr('.bability i+=valid. OF PROE_A BI LISTIC ACCE t E RATION

BOTTOM - ,.':.hem,ltlc of annular source area

• _,howing variables of integration, j

FtGtJRE 5.3.1
(Affer Cornell, 1958).
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EXPLANATION

Comparison of acceleration attenuation

curves for areas of the United RECOMMEI',IOED
States east" of 105"W longitude '
after Algermissen and Perkins (1976) ATTENUATION CURVES

(light !ines) with those used in the

, site hazard analysis of this report

. (heavy hnes). The equation for the FIGURE 5.3.2

recommended attenuation curves is
shown in the inter.
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.' EX PL ANATION

' "" l _-_ Seismicsourcezonesare taken from..... _- Algermissen and Perkins LI976).The

=' L'-- 1
numbering of the three zones shown is

.... -- " "" in conformity with that study. For pur. /' I
I _ ........ 36° pose_ of discussion Zones 4:3 and 45

'- 1 are ti_e Southern Basin and Range-Rioi Grande riftsource zone,; (northern andsouthern region respectively). ZoneI

46 is the Central Basin Platform source_ , zone. Earthquake epicenters are exactly

'_'_= as shown in Figure 5.2-1 of this report.0 []
._.--- z4o Ali information concerning them may be

I

.... _ , found in the explcnation for thatfigure.
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l

I Seismic source zones are as sho',m in
._ L __. _ Figure 5,3-3 of this report. Plotted

--.--..LI .... / Quaternary faulting features are taken

i from Sanford and Toppozada(1974; Fig,6)
. _. -- - ,,-'t__ and Muehlberoer et oi (1978 ; Fig, 2 ),

I -"-I The western boundary of the Permian Salt

I __.---36 ° Basin Is taken from Figure 6 cf Sanford

..... and Toppozada (1974). The outline of the
I Central Basin Platform shown is taken

froln Rogers and Malkiel (1978).
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EXPLANATION

Annul,lr segment source zones used
in _ i

I in the seismic risk study. These

I -------3s° source zones approximate the

irregular polygon zones of

• Figure 5.3-3 which are also

I shown in dashed lines.
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EXPLANATION

Plots of iower _ocal hemisphere projectionsof P-wave polaritiesfor
•

a) the August 16, 1931 Valentine, Texas earthc;unke, b) a composite

solution for three small earthqvakes on the Central Basin Platform

" which occurred in January, 1976, and c) one possible Solution

for on earthquake in the same area of the CBP ocurring on

April 26, I.°77. P is the maximum and T the minimum ¢ompres._ive

- stress axes for each solution.
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Table 5.2-1

EARTHQUAKESOCCURRINGBEFORE1961 AND
._ CENTEREDWITHIN 300 KILUHETERSOF THE SITE

DATE ORIGINTIME LOCATION INTENSITY DISTANCE

23/03107 04:03 El Paso, Tex. V 260

26/07/17 22:00 Hope and Lake III 90'
Arthur,N.M.

30/10/04 03:25 34.5°N 'I05.4"W _ (IV) 280

31/08/16 ii:40 Valentine, Tex. VIII 210

31/08/16 19:33 Valentine,Tex. (V) 210

31/08/I_ 19:33 Valentine,Tex. V 210

3]/08/_9 01:36 Valentine,Tex_ (V) 210

31/I0/02 ? El Paso,Tex. (III) 260

31/11/03 14:50 29.9°N I04.2°W (V) 295

35/12/20 0£:30 34.4uN I03.2°W III-IV 230
36/0]/0B 06:46 Carlsbad,N.:I. (IC) 40

36/08108 01:40 El Paso, Tex. (III) 260

36/10/15 -18:00 El .Paso,Tex (III) 260

37/03/31 22:45 El Paso,Tex. (IV) 260

3?/09/30 05:15 Ft. Stanton,N.M. (V) 200

43/12/27 04:00 Tularosa,N.M. IV 220

49/02/02 23:00 Carlsbad,N.H. (IV) 40

49/05/23 07"22 34.6°N I05.2°W IV 280

52/05/22 04:20 Dog Canyon,_:.M. IV 1SD

5_DI/27 0D:37 Valentine,Tex. IV 210



5- q
Tao1e 5.2-2 page I of I !

MODIFIED MERCALLI INTENSITY SC._LE OF 1931 i

[Abridged]

"_ h Not felt except +bYa yew few under especiallyfavorabSe circumstances.
(I Rossi-Forel s,:ale.)

lh Fel._only by a few personsat rest, especia!lyon upper floors of buildinp.
Delicately suspendedobjects may swing. (I to II Rossi.Forel scale.)

III. Felt qL'ite noticeably indoors,especially onupper floors of buildings,but
many people do not recognizeit as an earthquake. Standing motor cars
may rock slightly. Vibrat!on like passingo+truck. Duration estimateJ.
(111Rossi.Fo:el scale.)

IV. During the day fell indoors by many, outdoors by few. A,tnight some
awakened. Dishes, windows, doors disturbed; walls make cracking
sound. Sensationlike heavy truck striking budldinib."Standingmotor
carsrock noticeab,v. (!V lo V Rossi.Forel scale.)

V. Felt by nearly everyone; many awakened. Some dishes,windows, etc.,
broken; a few instancesof cracLedplaster; unstableobjectsovertcrned.
Disturbance of trees, pol¢_, and other t,,ll obje.ctssometimes noticed.
Pendulum clocksma.,,stop. (V lo VI Rossi.Forelscale.)

VI. Felt by all; many frightened and tun outdoors. Some heavv furniture I
moved; a few instancesof fallen plasteror damagedchimne)'s. Damage
slight. (VI to VII Rossi.Forelscale.)

VII. Everybody' runs outdoors. Damagenegligiblein buildings of gooddesign
and construction; slight to moderate in well.built ordinary structures;
considerable in poorly built or badl) designedstructure_; some chim.
neys broken. Noticed by persons driving motor cars. (VIII Rossi-
Forel scale.)

VIIi. Damage slight in specially designedstructures;considerablein nrdinar)
substantial buildings with partial collapse; great in poorly built struc-
lures. Panel walls thrown out ,)f frame structures. Fall of chimneys,
factory stacks, columns, monuments, walls. Heavy furniture over-
turned. Sand and mud ejected in small amounts. Changes in well
water. Disturbs perso._sdriving motor cars. (VIII+ to IX Rossi-
Forel scale.)

IX. Damage considerable in speciallydesigned structures; well-designedframe
structures throw,_ out of plumb; great in substantial building,,, with
partial collapse. Buildings shifted off foundations. Ground +'racked
conspicuously. Underground pipes broken. (IX+Rossi.Forel scale.)

X. Some well-built wooden structures destroyed; most masonry at_dframe
structures destroyed w;;h foundations; Ivound badly cra_ked. Rails
bent. Landslides considerable from ri,'er banks a_d steep slope;.

+ Shifted sand and mud. Water splashed (slopped) over banks. (X
Rossi-Forel scale,)

XI. Few, if any (masonry), structures remain standing. Bridges destroyed,
Broad fissuresin ground. Underground pipe lines completely out of
service. Earth slump, and land slips in soft ground. Rait._bent greatly.

" XII. Damage total. Wavesseen on ground surfaces. Lines of sight and level
distorted. Objectsthrown upward into the air.

II
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Table 5.2-3 Page I Of 2

INSTRUMENTALLY LOCATED EARTUQUAKES WITHIN 300 KH
OF THE LOS HEDANOS SITE: 1962-1975

4 DATE CRIGIN TIi4E LOCATION MAGN ITUDF

Yr/Ho/Day GMT Lat N/Long W M
..... L .J t

3...... le:167 ......33.8 lO6.. -- 1.2

• 62 Mar 6 09:59:10 31.1 104.6 3.0

64 Feb 11 09:24:10 . 34.4 103.7 2.5

64 Mar 3 01:26:27 35.0 103.6 2.2

6zl Oun 18 20:20:18 33.1 106.1 1.2

64 Jm_ 19 05:28:39 33.1 106.0 1.7

64 Oct 20 00:53:00 30,7 106.8 3.1

6_ Nov 8 09:26:00 31.9 103.0 2.7
i

J

64 hor 21 _1:21:2_ 31.9 103.0 2.5

65 _'eb 3 19: 59:32 31.9 103.0 3.0

6,5 Apr 13 09:35:46 30.3 105.0 2.5

6,5 Aug 30 05:17:30 31.9 103.0 2.6

66 Aug 14 15:25:47 31.9 103.0 2.8

66 Aug 17 18:47:21, 30.7 105.5 2.9

66 Aug 19 0_:15:4_ 30.3 105.6 4.6

6(_ Aug 19 08:38:21 30.3 105.6 3.6

66 Sep 17 21:30:13 34.9 103.7 2.2

66 l_ov 26 20:05:41 30.9 I05.4 2.6

66 Nov 28 02:20:57 30.4 I05.4 3.3

66 Dec 5 10:10:37 30.4 105.4 3.3

' 67 Sep 29 03:52:48 32.3 106.9 2.0

68 Mar 9 21-54:26 32.7 106.0 2.9

68 _ar 23 11:53:39 32.7 106.0 2.3

68 Hay 2 02:56:44 33.0 105.3 2.6

" 68 Aug 22 02:22:26 34.3 105.8 2.

0
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Table 5. 2-3 Page 2 of 2 ]

I

_NSTRUMENTALLY LOCATED EARTHQUAKES W_THIN 300 KM
OF THE LOS ME DANOS SITE: 1962-1972

"- DATE OR IG IN T/a4E LOCATION MAGN ITUDE

Yr/Mo/Day GMT Lat N/Long W M

"69 May 12 ........ 08:26:18 32.0 100.4 3.0

69 May 12 08:49:16 32.0 106.4 2.6

69 Jun 1 17:18:24 34.2 105.2 2.0

69 aun 8 11:36:02 34.2 105.2 2.t4

69 Oct 19 11:51:34 3G.8 105.7 2.8

71 aul 30 01:45:50 31.7 103i, 1 3. 1

71 Jul 31 14:53:48 31.6 103.1 3.2

71 Sep 24 01:01:54 31.6 103.2 3.0

72 Feb 27 15:50:0;4 32.9 106.0 2.3

72 Jul 26 04:35_44 32.6 104.1 2.8

72 Dec 9 05:58:39 31.7 106.4 ' 2.2

72 Dec 10 14:37:50 31.7 106.5 2.2

72 Dec 10 I_:58"02 31.7 106.5 1.8
6

I

i

.
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page 1 (i2
: Table 5.2-5

'- WELLDETERMINEDEPICENTRALLOCATIONS
FOR r

EARTHQUAKESAr-rERINSTALLATIONOF STATIONCLN

DATE ORIGIN TIME LOCATION DISTANCE CLN
,Y,r7_"67"Da? La't°N/Long°W to-CL,q(km) MAG'N'TTUDE ,

74/08/26 07:33:22.0 34.4 105.8 305.9 2.4 1

74/09/26 23:44:08.5 32.8 106.2 235.8 2.4

74/10/15 10:07:57.9 33.9 106.5 316'9 2.3

74/11/01 10:45:49.6 33.8 106.6 314.9 2.0

74/11/12 02:31:57.3 31.9 100.8 288.9 2.5

74/11/12 07:14:28.5 31.9 100.8 273.7 2.2

74/11/21 16:22:58.6 32.5 106.3 240.3 2.4

74/11/21 18:59:05.8 32.1 102.7 105.7 2.1

74/11/22 08:54:05.1 32.8 101.5 213.6 2.0

. 74/11/22 14:11:13.2 33,B 105.1 2_.1.7 1.9

74/11/28 03:35:20.S 32.6 104.1 43.1 3.6
i

75/02/02 20:39:22.6 35.1 103.1 317.3 2.7

75/07/25 08:11:40.0 29.9 102.5 309.8 2.8
!

75/08/01 07:27:47.3 30.4 104.6 23_.3 3.9 t
1

, 75/10/10 11:16:55.9 33._ 105.0 160.4 2.1 J

76/01/10 01:49:57.0 31.7 1C?.8 123.4 2.1
.

76/01/14 07:01:31.5 34.1 106.8 353.7 2.0

76/01/19 04:03:30.4 31.9 103.0 93.8 2.4

76/01/22 07:21:57.8 31.9 103.0 89.1 2.0

76/01/25 04:48:27.5 32.0 103.1 80.2 '?..9

76101/28 07:37:48.5 32.0 101.0 262.9 2.4

76/03/18 23:07:04.8 32.2 102.9 77.9 1.6

76/03/20 16:15:58.0 32.Z 103,1 63.8 1.4

76/03/27 22:25:22.0 32.2 103.1 64.1 1.8

J
I

d



Table 5.2-5 (Continued) page 2 of 2

DATE ORIGINTIME LOCATION DISTANCE CLN
. Yr_IT6TDay Lat_N'/L6ng=W to CLN (rEm) MAGITrFUDE

76/04/01 14:46:58.0 33.9 106.0 275.5 2.6

76/04/06 18:09:00.2 3_.9 105,0 , 208_6 2.7 i

76/04/18 03:48:18.5 33.9 106.0 271.2 2.1

76/04/21 08:40:05.5 32.3 102.9 81.4 1.7 j
i

06:52:59.0 32.4 105.6 182.4 2.4 I

B

76/05/03
/

17:18:23.8 32.0 103.2 71.9 1.8 I
76/05/06

q

76/05/21 13:1_:35.0 32.3 105.3 149.0 2.2

76/06/15 02:19:5B.3 31.6 102.4 158.4 1.7

76/06/15 08:50:20.0 31.5 102.4 164.0 2.1

76/08/I0 09:03:11.6 31.8 102.2 158.0 1.4

76108110 I0:15:13.8 31.8 102.2 166.0 1.7

76/08/25 01:27:48.5 31 5 102.5 156 3 I 8
j

76/08/26 15:22"12.7 31.8 102.2 160.8 1.7 1
I76/08/30 11:51:25.2 31.5 102.6 145.9 1.4

76/08/30 13:07:47.5 33.9 106.3 297.8 2.3

76/08/31 12:46:22.4 31.5 102.8 130.6 1.9

76/09t'05 10:39:45.7 32.2 102.8 93.8 1.4

76/09/17 02:47:46.9 32.2 103.1 62.7 2.1

76/09/19 10:40:46.4 30.6 104.5 222.9 3.0

76/I0/14 11:02:59.7 32.3 ]03.1 63.9 0.9

76/10/22 05:06:11.8 31.5 102.2 176.2 2.0

76/10/23 12:S1:35.9 31.6 102.4 l 161._ 1.6

" 76/11/03 23:24:14.7 31.0 102.5 199.3 1.8

77/01/29 09:40:43.5 30.6 104.6 220.0 2.1 "

77/02/10 01:22:49.4 32.3 103.1 60.2 1,0
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Table 5.2-6

TENTATIVEEPICENTRALLOCATIONSFOR
EARTHQUAKESI_,FIERINSTALLATIONOF STATIOtlCLNLe,

I

DATE ORIGIN TIME LOCATION DISTANCE CLN
Yr_Day_ LaZa'E/C'E6"_'°W _) MAGITI'TUDE

74/08/17 07:35:18 30.4 105.8 300 3.5

76/03/20 12:42:20 31,2 105.0 180 2,3

76/04/01 14:40:26 34.1 105.8 280 2.8

76/04/01 14:51:17 , 33.9 105.9 270 2.8

76/05/04 15:05:40 32.0 I03._ 70 1.9 J

76/05/08 11:46:38 3Z,O 102.8 100 1.8

76/05/11 23:04:38 32.3 102.8 90 1.9
J

76/05/'26 11:5,":26 32.4 102.6 110 1.7

75/06/14 23:29:50 31.6 101.9 200 2.3

75/06/16 14:05:12 31.6 I01.9 200 2.3

76/08/05 2?'23:29 30.8 lOl.8 260 3.0

76/08/2_ 01:21:01 32.8 101.1 250 2.8

7_/09/I0 23:17:48 30.9 I01.7 260 2.B

76/10/13 19:11:06 "_2,0 10,".0 90 1.5

77/03/14 10:10:22 32.9 100.8 290 3.5 I

31.3 I02.8 160 2.2 !77/03/19 21:27:49

77/03/20 07:54:05 32.3 IO?.8 90 2,3 j
!

77/04/12 23:18:27 31.2 102.6 170 2.9 |
L

S77/04/16 , 06:44:22 31.2 102,9 160 2.I

77/04/17 21:47:07 31.5 I0;'.0 190 2.I

" 77/04/26 09:03:05 31.9 103.0 100 . 2.6

77/06/07 23:01:17 32.7 100.6 300 4.5

77/06/08 00:51:29 32.8 100.8 250 4.0
Ce

77/06/',7 03:37"03 32.8 I00.9 270 3.9

77/08/03 r_2:l!:48 32.8 105.3 150 2.5

"/7/08/21 03:01:16 30.8 104.8 210 3.4
......... ..i.. J
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TableS,2-7 paoel of ]
CentralBasinp',atfonnearthnuakesrocord_,dat Ft, StocktnnStotlon(FO....I.[X),

FOTX-P FOIX-S-P LC-P
Date ArrivalTime Interval Arrlvallli',e

Yr/Ito/Day . : (;HT Sees, GHT

.. 64/06122 07:07:47 14 07'08:22

64107/11 12:20:03 14

64/07/13 16:18:17 14

6410711g 02:34:16 13

64100/14 14:56:37 14, 14;57:11

64109107 13:42:36 14 13;43:10

64109108 22:06:20 15

" 64/09111 12:33:08 14

64111/08 09:26:19 Swu 09:26:53

64111r16 02:06:03 15

64/11 _17 08:05:14 14
64/11/16 10: 20:30 14

64/11 r l 9 1I: 39:59 14
64/11/19 11:40:30 14

64/11I71 11:21 :42 5 'eq I 1' '_'_,,..:17

64111t?3 03:30:1B 14

64/11/25 23:18:43 14

64/11/76 00:03:13 14
6_/11I ?7 16:29:53 14 16:30:2_3

64/l1/25 23:46:55 14

e 64/12101 20:b9:50 1364/12/01 05:49:47 13
64112105 23:09:43 14

£4117107 06:24:12 14

6411_107 06:31:40 14
64/12/G3 _ 17:16:02 14

64112113 19:19:19 13
64112114 15:_.'0:26 14

64112125 00:_:79 14

65/01/0_ 14:01:13 14

65/01/12 20:35:19 14

65101/I 2 20:49:38 14

64101121 11:51:51 14
65102/0Z 09:59:19 13
65107103 1g:59:52 S_'_ 20:OC:27

6510310,9, 71:00:01 14

65103109 03:46:10 14
65/0,I/(12 07:30:58 14

= 4 Ltsttn9 of she:ks restricted to events whnse_axt_um peak to peak a,,%_lttudes
" exceeded20 mm.

x [arthquak( too $tron9 or. the seismogram to reed S-P interval

..... _ ........ / , '
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Table 5.2-8

EARTHQUAKESIN THE CBPLOCATEDWITH
REGIONALSTATIONSBETWEEN1962-1972

, Q

Dk,E ORIGIN TIME LOCATION MAGNITUDE

.Yr/Mo/pa.y ....._MT) Lat°}ULong°W ...........

" 64/11108 09:26:00 31.9 103.0 :'.7

64/1i/21 11:21:24 31.9 103.0 g,5

65/02/03 lg:59:32 31,9 103,0 3.0

65/08/30 05:17:30 31,9 103.0 2.6

66/08/14 15:25:47 ' 31.9 103.0 2.8

71/,r17/31 01:45:50 31.7 103,1 3.1

71/07/31 14:53:48 31,6 103.1 3.2

71/09/74 01:01:54 31.6 103.2 3,0

" t
L ...... _....., ,_ --
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'Z'able 5._-9 Page I of 3
EARTHQUAKES LOCATED WZTH_N THE
KERHIT ARRAY NOV 75-JUL 77

Date Oragin time Lat N Long W Depth ML #sta

_ i i i , i i i _: : :_- -- i, ii ,,, ,

Jan 19 04:03:30. q 31.91 103.07 0.12 3.47 6

22 07:21:57.0 31.90 103.08 0.01 2.83 9

25 04:_8:27.7 31.90 i03.08 0.89 3.92 9

_eb 25 22:22:59.4 31.78 103.23 0.03 - 4

Fay 03 08:00:40. I 31.99 103.29 5.56 1.96 5

03 11:27:41.8 32.00 103.27 6.54 2.00 5

04 15:05:39. I 31.97 103.24 0.16 2.32 5

06 17:18:23.6 31.97 103.23 6.88 2.59 6

08 11:46;41.8 31.90 103.18 1.17 1.90 , 6

27 21:1_,:06.9 31.89 103.30 5.00* 1,60 3

28 16:15:23.6 31.89 103.32 5.00* 1.49 3

J_m 18 16:51:18.4 31.79 103.32 5.00* 1.68 3

Auq 05 18:53:09.2 31.57 103.02 9.29 3.01 4

Sep 05 16:10:27.7 31.61 103.31 5.00* 2,24 3

10 19-18:43.4 31.91 103.09 5.00* 2.25 3

_ov 04 23:27:54,0 31.67 103.26 0.12 1.74 4

05 22:55:30.4 31.65 103.22 5.00* 1.63 3

C6 22:30:23.6 31.68 103.26 O. 16 1.64 4

Dec 18 18:27:45.7 31.62 103.02 0.17 2.26 6

24 07:34:53.3 31.61 103.30 5.00* 1.45 3

25 1_:58:34.9 31.63 103.29 0.41 1.18 4

26 12:;5:04.6 31.63 103,26 0.00 1.17 4

..

. .

• _..
.



Table 5.,_-9 Page 2 of 3
EARTHQUAKES LOCATED WITHIN THE
KERMIT ARRAY NOV 75-JUL 77

Date Origin time Lat N Long W Depth _ # Sta
- , L u i, ,li i i _ ..... . ii, i __ i, ,,,,._ , i , i H,, , ,

Jan 08 20:20:27,2 31,50 102,98 5,00* 1,95 3

14 13:33:33.4 31.60 103.31 5.00. 1.12 3

18 04:39:59,5 31,61 103,27 0,52 0,25 4

20 23:01:01,2 31, 61 103,27 5,00* 1,75 3 _i

Mar 12 00:05:23 8 31,62 103 29 5,00* 1,90 3 i;

24 10:31:36,3 31,61 103,27 3,93 0,81 q

24 21:13:10,4 31,67 102,95 2,65 1,77 4

29 00:35:34,9 31,62 103,27 3,43 1,67 5

Apt 03 13:48:09,2 31,49 103,17 0,12 2,36 5

03 14:_.4:07, 1 31,49 103,17 0,04 2,43 6

04 00:_:05,3 31.48 103, 17 0,29 2,37 3

04 04:35:56,8 31,50 103,17 0,41 2,11 6

0q 04:47:29,9 3t,49 103,17 0,17 1,77 5

04 21:40:16,3 31,59 103.31 5,00* 1,68 3

0_ 22:55:54,0 31,59 103.30 5,00* 1,77 3

05 19:23:03,2 31,50 103,30 5,00= 1,60 3

06 23:22:30,9 31,59 103.31 5,00¢ 1,66 3

07 18:56:55,6 31,59 103,30 5,00* 1, 67 3

07 22:32:29,3 31,60 103,30 5,00* 1,78 3

09 09:44:39,5 31.62 103, 28 4,12 0.64 4

09 11:04:14,2 31,62 103.27 1.80 0,56 4

16 01:21:11.4 31.61 103.30 5.00* 0.51 3

16 06:_4:22,0 31,62 103,26 , 3,91 1,26 4

16 14:38:39,6 31,61 103.25 0.34 0.52 7

17 20:52:38,3 31.63 103,31 5,00= 0.63 3

-- _ -- . _= _ =__=_:Jc _.:z . 2 • ........... .._±._ ._ ....."RIE_&_ ....... __.=_:_--...__. r .._,,_.. - . , . , ......

• .



Table 5.2-9 Page 3 of 3

O EARTHQUAKES LOCATED WIThTN THE .'KERMIT ARRAY NOV 75-JUL 77

. Date Origin time Lat N Long W Depth ML # Sta

18 18i08:20.1 31,,(.,1 .... 103.2"/ 6.63 ..... 2.10 - 7

20 12:59:58.7 31.61 103.31 5.00* 0.74 3

23 18:58:46.7 31.59 103.14 0.01 0.69 4

26 09:03:07.3 31.90 103.07 _.02 3.10 8

26 09:05:50.4 31.89 103.09 2.67 1.06 5

Hay 19 Or4:25:30.6 31.62 103.26 0.20 1.0C 0

Jun 09 11:37:35.4 31.61 703.26 5.00* 1.33 3

29 23:59:06.6 21.54 103.30 O. 14 2.76 5

Jul 25 17:_5_48.1 31_, 5i 103.30 5.00* 1.27 3

* Focal depths constrained to 5 km
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_able 5,2-10 Pa_e 1 of 3 I
EARTHQUAKES LOCATED AP'_UhD THE PERIPHERY OF TBE

KER_ ARRAY BY 5 OR MORE 'T_Y STATIONS
I

• Date Origin _ Lat N Long W Depth _ | Sta •

Mar 15 02:30:_8.3 32.15 102.96 0.12 1.55 5

20 16:15:55.5 32.30 103.05 0.35 1.70 5

27 22:25:21.0 32.21 103.10 0.06 1.49 9

_pr 12 08:02:35.9 32.17 103.11 0.45 2.38 5

2t 08:40:07.4 32.21 103.10 0.25 2.53 6

Hay 01 11:13:40.8 32.27 103.14 9.92 3.04 8

Jun 15 02;20:00.5 31.58 102.65 0.76 2.39 7

15 08:50:20.9 31._5 102.48 6.85 2.67 13

Aug 10 09:03:12.2 31.86 102.35 0. 14 2.39 7

10 10:15:18.2 31.80 102.55 0.55 2.87 9

25 0_:27:49.3 31.56 102.58 3.89 2.79 9

26 15:22:17.7 31.79 102.59 0.75 3.03 11

31 12:46:21. 1 31.56 102.73 7.84 2.78 9

Sep 05 10:39:49.4 J2.16 103,11 0.18 1.68 5

17 02:47:45.4 32.21 103.10 0.20 2.9c_ 10

17 03:56:2_.9 31o_2 102.54 1.66 3.44 T

19 10:23:24.4 32. Iq 103.09 7.29 2.41 6

Oct 14 11:03:00.1 32.21 103.07 2.74 2.32 6

22 05:06:15.9 31.57 102.54 3.03 2.94 7

25 00:27:04.2 31.81 102.58 6.59 2.95 7

25 10:52:27.3 31.85 102. _0 0.17 2.15 5

_6 10._,: 4_. 1 31.33 103.28 0.46 2.81 7

Dec 12 23:00:'14.0 31.52 102.53 7.59 3.21 11

12 23:25:56.0 31.55 102.58 0,, 13 2.33 7
,j

19 21:26:16.0 31.79 102.6=$ 0.25 2.61 5
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Table 5.2-10 Page 2 o_ 3
EARTHQUAKES LOCATED AROUND THE PERIPHERY OF THE

KERM_T ARRAY BY 5 OR MORE ARRAY STATIONS

Date e:igin_ LatN U,ngW Depth _% # Sta
19 23:54:22.7 32.18 103.11 1.48 2.26 6

19 23:56:_6.5 32.26 103.08 1.0_ 2.85 6

Feb 10 01:22:50.5 32.17 103.10 2.04 2.03 6

18 14:10:36.8 32.20 103._0 3.89 1.17 5

Mar 0.5 22:56:10.0 3i.30 102.65 2.14 2.35 9

17 15:14:13.3 32.1_ 103.07 2.21 0.95 6

20 07:5_:08.0 32.21 103.10 0.99 2.22 i_

23 11:02:51.8 31.81 102.51 4.69 1.93 6

Apr 04 01:47:50.q 31.44 103. 18 3.96 2.11 5

07 05:45:39.4 32.24 103.17 1.53 2.91 7

12 23:18:26.4 31.26 102.61 0.21 2.24 9

25 10:12:51.1 32..08 102.80 5.94 1.35 6

28 12:5_:36.9 31.81 102.51 0._6 2.16 7

28 12:55:40.5 31.79 102.59 4.21 2.17 7

28 12:57:20.3 31.80 102.59 4.77 i.73 7

28 15:12:37.7 31.79 102.61 3.14 2.46 8
,.

29 03:09:40._ 31.80 102.58 1.25 1.73 6

Jul 11 12:31:55.7 31.79 _2.73 2.93 2.74 10-

11 13:29:49.8 31.79 102.73 2.49 2.19 9

12 17:06:06.3 31.79 102.71 4.86 2.44 9

18 12:37:30.6 31.80 102.74 0.97 2.90 8

22 0_:01:10.1 31.80 102.73 3.42 3.35 8 |

I-22 04:18:10.5 31.80 102.73 2.30 2.50 7

22 04:36:51.0 31.81 102.75 0.38 1.67 6 !

( ........ j
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Table, 5.2-10 Page 3 of 3
EARTHQUAKES LO_TED AROUND T_E PERIPHERY OF T_._

KERMIT ARRAY BY 5 OR MORE ARRAY STATIONS

Date Origin t/_e Lat N It_ W Depth ML # Stm

211 09:23:00.5 31.80 102.73 2.011 2.'49 10

26 02:01:09.3 31.81 102.77 0.27 1.115 9

e
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Table 5.2-11 Page I of I

DIFFERE_qCES IN ARRIVAL TXMES EETWEEN THE EARTHQUAKES ON

JULY 26, 1972 AND NOVEMBER 28, 1974

, , i , , ,,,,---- .. _

Earthque:,e on Earthquake otJ

O Station Phase July 26, 1972 Nov. 28, 197_ AT

LUB Pn 0_: 36:20.3 03: 35:58.25 22.05

ALQ Pn 04:36:36.8 03:36 :13.35 23.45

SNM Pg 0,: 36:36.9 03:36:13.85 23.05
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HYDROLOGY

• 6.1 INTRODUCTION

The location of the proposed WIPP site is within the surface water

boundaries oE the Rio Grande Water Resources Region and the groundwater

boundaries of the Unglaclated Cet_tral region of the Permian Basin. In

addition, the site lles within the boundaries of the Delaware Basin, a

porti_ c5 rh6 Unglaclated Central region that includes some of the least

pr_]uctlve aquifers In the United States. The Delaware Basin is

,' ch3tacterlzed by a semiarid climate with low rainfall and runoff, high ,

evaporation, and frequent strong winds. The oroposed site contains

nelther perennial streams nor surface water impoundment, and the water

,, _ bearlrg strata beneath the site ck) not yield large quantities of water to

wells. ,_hallow wells in the local area are generally used only for

' watering livestock and typically priKluce non-potable groundwater with

/. total dissolved solids (TDS) concentrations in excess of 3,000 parts Per

/ million (ppm).

Hydrologic studies of the water re:ourc--s surrounding the site have been

supported by universities and state and federal agencies since the late

ti 1930's (Robinson and Lang, 1938I Thels and Sayre, 1942_ Hendrickson and

Jones, 1952; B_orklund and Mc.tts, 1959; Nicholson and Clebsch, 1961;

Brokaw et al., 1972_ Hiss, 1975a). The early studies were primarily
I

concerned with the control of water quality in the Pecos River for

agricultural 'usage downstream from the brine discharge at Malaga Bend

(Rubinson and Lang, 1938; Hale et al., 1954). The first investigations

of hyd_ogeologlc parameters describing the occurrence and flow of

groundw_tor in close proximity to the proposed WIPP location began in the

late 1950's wl.'.h Project Gnome (Cooper, 1962; Gard, 1968; Cooper, 1971).

Hydrologic studies at the "°._.te and adjacent site _reas have concentrated

on defining the hydrogeolog7 and associated sal. _ disuolution phenof_ena

(Griswold, 1977; Lambert and Mercer, 1977; Hercer and Orr, 1977; Mercer

and Orr, 19781 Anaecson, 1_J78). These investigations are directed toward

a more quantitative evaluat._on of the salt dlFsolution process, the
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hydrogeologic parameters affecting groundwater movement, and the major

elements of surface and groundwater quality affecting water resource use

and local ecology. The collection of hydrologic data Js p_ojected to

continue for several years to provide site-specific information for a

detailed safety analysis of the WIPP.

Hydrologic test results to date have been used to make bounding

calculations of hypothetical occurrences based upon simplifying

assumptions of the physical system. Future measurements obtained trc, n

the e_per_ental programs and analysis of the test aata will be t:_ed to

refine the initial bounding calculations and to provide a more detailed

description of the physical system and system dynamics. The use of

computer models as predictive tools is expected to b_ closely coordinated

with current test results from an established monitoring network.
/

Compatible chemical tracers will be injected _Irectly into the

groundwater system as a test of the predictive coml.uter results. Also,

the use of chemical tracers during construction phases o_ the WIPP may

provide an early indication of _eaky borehole plugs or faulty reposlt_ry

seals, if any, tar in advance of radionuclide concentrations in the W

,_roundwater system.

6.2 SURFACE WATER HYDROLOGY

T;m area proposed for the Waste Isolation Pilot Plant (WIPP), located in

southeastern Eddy County, New M_xico, lies at an average elevation of

341C feet above mean sea level (MSL) in the Northern Chihuahuan Desert.

Although the area belongs to the drainage basin of the Pecos River,

surface dralnag_ patterns at the site are not well defined. Prelimlnacy

studies indicated that areal requirements for the surface facilities,

underground storage, and safety considerations during the operatior| of

the reposlto-y would be as shown in Table 6.2-I (see also Table 2.1).

6.2.1 Surface Water Features

The Rio Grande Water Resources Region, which includes the Pecos R_ver

basin, is an area uf 88,968 square miles. The Pecos River basin has a
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total drainage area of about 44,535 square miles (approximately 20,500

square _iles of which do not contribute to river flow), a maximum basin

width of about 130 miles, and an overall length of about 500 miles belt,re

combining with the Rio Grande River. The Pecos is generally perennial,

except in the reach below Anton Chlco and in the reach between Fort

Sumner and Roswell, where the low flows percolate into the stream bed.

About 60 percent of the annual flow occurs between April and September.

The Pecos River is located west of the site and flows southeast through

Carlsbad. At the closest point (river mile 430), the Pecos River is

approximately 14 miles west of the WIPP Site center. The total drainage

area of the river at this location is 19,000 sq. miles. A few small

unnamed creeks and draws constitute all tributaries flowing westward cE

the Pecos River within 20 miles north or south of the site. From the

west, the Black River (drainage area of 400 square miles) Joins the Pecos

at a point approximately 16 miles southwest of the site near river mile

436. The Delaware River (drainage area of 700 square miles) joins the

Peco_ near river mile 446, and a number of small unnamed creeks and draws

Join at various points along this reach. Pecos River flow in this reach

is regulated by storage in Lake Sumner (river mile 401.9), Lake McMillan

(river mile 404.2), Lake Avalon (river mile 407.2) and several other

smaller upstream dams that divert water for irrigation. The salient

features of the five existing dams on the Pecos River in a reach

extending 25 miles upstream and 25 miles downstream of the WIPP site are

listed in Table 6.2-2. The approximate slope of the Pecos riverbed in

the vicinity of the WIPP site _s 4.5 ft/mile (U.S.G.S. Topographic Maps

NI 13-11 _ N_ 13-12).

There are no major lakes or ponds within I0 miles of the WIPP site

center. Laguna Gatuna, Laguna Tonto, Laguna Plata and Laguna Toston are

lakes located to the north more than I0 miles from the site. Ali these

i lakes are at or above elevation 3.450 feet. Therefore, surface runoff

from the site would not flow toward any of the lakes to the north. To

the west and northwest, Red Lake, Lindsey Lake, Salt Lake, and a few

unnamed ponds are located more than I0 n.iles from the site, between

" elevations 3,000 and 3,300 feet (U.S.G.S. Topo. Maps, Iz250,000).

/
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Surface water and groundwater wlthdrawals in the Pecos River b_sln are
4

listed in Table 6.2-3.

6.2.2 Preclpltatio_i P_tte:ns

Tho nearest station to the WIPP site for which climatologlcal records are

- available is 1coated at Carlsbad, about 26 miles west of the site, at an

elevation of 3,120 feet MSL (U.S. Weather Bureau, 1961). Over a period

of more than 71 years (NOAA.1977), the annuat precipitation at Carlsbad

ranged from 2.95 Inches to 33.94 inches. The average annual

precipitation over a period of 30 years (1931-1960) was 12.43 inches

(U.S. Weather Bureau, 1961). The average annual precipitation from 1951

to 1974 was 9.78 inches at Artesla (elevation 3320 feet), which is about

48 miles northwest of the WIPP site. At Hobbs (elevation 3615 feet),

which is about 44 miles northeast of the site, the average annual

precipitation for the period 1951-1974 was 14.29 inches. Interpolation

of precIFitatlon data for Car!sbad, Artesia and Hobbs indicates that the

average annual precipitation at the site should be approximately 12

inches, which is nearly equal to the average annual precipitation at

Carlsbad. Therefore, the precipitation patterns at Carlsbad are assumed

t_ be representatlve of the conditions at the WIPP site.

Maximum, average, and minimum monthly precipitation at Carlsbad over a

period of 30 years (1931-1960) are given in Table 6.2-4. The maximum

monthly precipitation, 12.28 inches, occurred in May. With the exception
/

of May and August, when the record minimum monthly precipitation were

0.18 and 0.01 inch, respectively, the recorJ minimmn precipitation for

all other months has been 0.00 inch. The maximum daily precipitation

since 1905 occurred in August, 1916, and was 5.12 inches.

, The maximum dally Lhd monthly snowfalls at Carlsbad since 1905 have been

10 inches (Decembec, 1923) and 17.8 inches (February, 1905), respectively

(U.S. Weather Bureau, 1961).

/
i
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In general, stm_er rain is more abundant than that oE other seasons and

. is oause_ by thunderstorms generated by the southeasterly circulation o_

moist air _rom the Gulf of Mexico. Approximat,sly 75 percent o_ the total

annual precipitation occurs from April through September. Winter

// rainfall is least abundant and is caused mainly by frontal activity

associated with the movement o_ the Pacific storms across the country

frcrn west to east (NOAA, 1977).
/

,P_N

/ 6.2.3 Drainage

The site is located between elevations 3,25U and 3,570 feet HSL

(Griswold, 1977). General ground slope in the vicinity is approximately

39 feet/mile from the northeast to southwest. Average ground slope from

north to south is approximately 13 feet/mile. A topographic a,d surface

water divide (Antelop_ Ridge) exists approximately 8 miles east of the

site center and 4 miles from the exterior boundary of Zone IV (Refer to

Table 6.2-1_.

In general, the surface in the site vicinity is hummocky and cove_ed by

sand dunes. The local slope is poorly defined, and rain collects in

pools between sand dunes and evaporates, is transpired, or sinks into the

sand. Surface runoff from an area of about l0 sq. miles to the

northeast, along with that from the site area, drains throug% a number of

small draws which terminate in unnamed ponds to the southwest. Runoff is

typically 0.1 to 0.2 inches annually.

6.2.4 Floods

Historically, floods for the Pecos River are reported to have occurred in

1904, 1905, 1915, 1916, 1919, 1937, 1941, 1942, and 1966 (NOAA, 1977).

The earliest flood for which discharge information is available occurred

/ on October 2, 1904, following the failure of Avalon Dam. During this

/ " flood, the flow at Avalon gaging station (river mile 406.3) exceeded

90,000 cfs. The corresponding river stage is not available. The river

stage at Red Bluff (river mile 459.8) is reported to have reached 28 feet

./
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/I" (gage datum of 2850.05 feet) during this _lood. Another major flood
occurred on August 7, 1916, when t_e discharge at Carlsbad Station (river

mile 419,1) reached 70,000 c_s.

A third major flood occurred in September, 1919, when the river sta9e at

Malaga gaging station (river mile 432.2) was recorded as 29.4 _eet (gage

datma of 2895.64 _eet). The corresponding discharge was 49,400 ors. _he
J

highest flood of record (through 1976) for the Peoos River occurred on

August 23, 1966, when the discharge and stage at Malaga were 120,000 cfs

and 42.1 feet, respectively (U.S. Geological Survey, 1976). The minimum

surface elevation of the site is more than 310 feet above this maximum

historic flood level.

6.2.5 Evaporation and Transpiration

In New Mexico, potential evaporation is much greater than the average

annual precipitation. In the southeastern valleys, evaporation from a

class A pan is on the order of Ii0 in,,hes per year. During the warm

/ months, Hay thdough October, evaporation in the southeast portion of the

state is approximately 73 inches.

The record high temperature at Carlsbad is l12°F (June, 1902). The

record low temperature at this station is 7°F (January, 1911). The

maximum, average and minimum monthly t_mperatures at this station ove_ a

period of 30 years (1931-1960) are given in Table 6.2-5 (U.S. Weather

Bureau, 1961). June, July and August are the warmest (average

temperature of 80.7°F) while December and January are the coldest

months of the Velar (aver&ge temperature cE 44.3°F).

In this type of desert climate, more than 90 percent of all JnF.iltrated

water evaporates or transpires. The high rate of evapotransplratlor', is

aided by the frequent winds, the low relative humidity (typically 36

percent during daylight hours), and the high mean annual temperature

(61°F).
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6.2.6 Infiltration

, Soils at the site are generally comprised of sands extending to a depth

of as much as 25 feet. Actual sand dunes cover a good portion of the

site area. With pervious sand on the surLaoe, infiltration rates are

high and probably similar to the 1.6 Inch-per-hour intake rate of Harkey

Sand Loam (75 percent sand) near Carlsbad (Blaney and Hanson, 1965).

\ Groundwater in the area of the site is more than 50 feet below surface%

elevations. Because the surface sands are underlain by a callche layer

about ? to 8 feet thick, percolation of rainfall through the sands to the

nearest groundwater _uld be on].y a portion of the total infiltration.

Most infiltration will return to the atmosphere by evapotranspiration.

/
6.2.7 Surgace Water _cuality

Water qual_.ty in the pecos River basin is a£fected by mineral pollution

frc_ natural sources and from irrigation return flows. Springs near the

O headwaters of the basin below Colonla_, New Mexico, are estimated to
/ discharge approximately 707 tons per day of dissolved solids into the

/ Pecos Rive_. Below LaKe McM_llan, springs flowing into the river are

usually submerged and difficult to sample7 however, dissolved solids

concentrations between 3350 and 4000 ppm have been measured in springs

that could be sampled. The chemical quality of these mineral discharges

indicates the nonpotable character of the ground water in cont£1butlng

source beds. Inflow of concentrated brine solutions at Malaga Bend

' Inurease_ the chloride content of the Pecos River by an estimated 370

tons per day (see account by Swensor. in Bachman and Johnson, 1973).

Time-welghted averages of water quality parameters for three sampling

stations on the Pecos River between Carlsbad and Malaga Bend are shown in

Table 6.2-6. In general, natural spring flows and irrigation return

flows progressively concentrate salts downstream. Further downstream at

" Red Bluff Reservoir, the water is useable occasionally during high flow

periods.



' 6.3 GROUND I_ATER H_DROLOGY

Detailed investigations of ground water conditions at the proposed site

are being conducted to identify the presence cE ground water, to measure

ground water quality, and to determine hydraulic conductivity and other

characteristics of the stratified rocks. The data will provide a basis

Eor assessment of the continued isolation of the proposod repository from

ground water olroulatlon. The thick halite beds of the Salado Formation

at the WIPP site are isolated from circulating ground water by beds of

low hydraulic conductivity, both above and below the formation. In the

vicinity of the proposed site, fresh ct potable ground water is not

present except in m_all, isolated, near-sUrface perched bodies.

I

' Investigations to evaluate the transport of radionuclides by ground water

flow in the southeastern New Mexico portion of the Delaware Basin were

made by the Water Resources Division of the U.S. Geological Survey for

Project Gnome in the late 1950's. Since that time, several studies have

' been carried out by individual aonsul_ants, the U.S. Geological Survey,

Oak Ridge National Laboratories, and Sandia Laboratories. These studies

have been directed to the specific task of ?roviding a _etter

understanding of the relationship between the proposed waste repository

and grouted water movement. The following is a description of ground

water occurtenco and flow as understood from the studies completed to

date. Ground water is first described on a regior_l basis, t_._n the

, results of site specific studies are reviewed, cna, finally, dissolution

of salt evaporltes is discussed.

6.':_.I Regional Ground Water Condltions
I

Ground water within the Delaware Basin is predominantly of poor quality,

with total dissolved solids concentrations in excess of 3,000 ppm. The

only large quantities of pGtable ground water are found in agt,_fers west

of and along the Pecos River. To the west in the Guadalupe M_untalns,

many reck units of the basin crop out, and the soluble salts have been

leached from the Ochoan evaporites.
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Important aqlllfers of the _egion are the San Andres Limestone and the

' Capltan Limestone and related reef limestones. The San Andres is a major

source for irrigation waters in the Roswell basin, and other areas Lo the

north and northwest oE the site, The Capitan aquifer southwest of the

community of Carlsbad is the primary scurce of municipal water. An

important aquifer in the region east oE the proposed site is the Ogallala

Formation. Unconsolidated alluvium along tne Pecos River yields large

amounts of rulat=vely fresh ground water in some areas, a]though it is

commonly of marginal quality for drinking purposes.

From the outcrop areas we_t of the Pecos River,. ground water moves

eastward. The shallow aquifers, those cut by the Peco_ River, discharge

to the river, either directly or to alluvium of the river channel. The
,,

Capitan aquifer is the oldest permeable formation that may have contact

with the river. Ground water in permeable formations older than the

Capltan Is not directly affected by the r_ver, is present under confined

conditions, and migrates eastward into the Delaware Basln.

East of the Pecos River, thick beds of evaporites are present at depth,

and brines are common in ti_e underlying permeable formations. Ground

water in any of the rock units east of the river in Eddy County is of

brackish quallty, at best. F_esh meteorically-derived ground water does

not flush cut the poor quality waters in these aquifers. Consequently,

the major utilization of ground water in the central and eastern Delaware

Basin is for oil-fleld floodlng_ The predominant source of the ground

water is the Capitan aquifer.

The s_mllow aquifers east of the Pecos River are limited in extent, are

low yielding, and usually contain water of poor quality. Recharge to

these shallow aquifers is pres_ed to be from precipitation on outcrop

areas or from overlying formations, and migration of th_ water generally

follows surface drainage patterns, eventually reaching the Pecos River.
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In discussing ground water ooaurrences in relation to the proposed

, repository, Jt is convenient to relate them to the Salado Formation

because the Salado and its associated evaporite formations have very low

hydraulic conductivities and form a battier to Vertical flow (see

Table 9.2.3-1). Aquifers stratigraphJcallF below th, 5alado are wide-

spread and contain large quantities of brine under confined conditions.

Aquifers present abov_ the Salado in the proposed site aces are either

limited in extent or very low-yielding. This uppor ground water is of

poor quality (TDS concentrations gr-.ater than 3,000 p_,) and occurs under

uncon:ined, as well as confined, conditions.

6.3.2 Hydrology of Rocks Underlying the Salado Formation

The halite _Jds of the Salado Formation that are proposed for the

repository eru underlain by tnick anhydrite and salt beds of the Castile

Formation. '_'heyact 18 an nquiclude, separating the Salado from the

underlylng sandstones of the D_laware Mountain Group. The sandstones are

p_.esent at a depth of about 4,200 feet in the site area. The hydraulic

conductivity oZ the sandstones of the Delawaru Mountain Group, associated

with the relatively high hydraulic conductivity of the shelf-margin

facies (the Capitan Limo-_tone) and the shelf facies (which includes the

San Andres Limestone) make this group the most important hydrologic

system underlying the Salado. The hydrology of these Guadalupian-age

rocks has peen investigated in detail by Hiss (1975a).

I

Considerable informs,ion derived from hydrocarbon exploration in the

basin is available cn the hydrologic propeL ties of the formations

underlying the PermLan evaporites. As reported by Lambert and Mercer

(1977), the Del_ware Mountain Group is the up?ermost of the oil- and

gas-prcduclnG horizons, which extend to the Ellenburger Group at a depth

of about 18,600 f,;et. Several zones are encountered that con n water,

oil, and/or gas that are under sufficient pcessure to maintain a

A_otentiomet_ic surface at an elevation above that of the Salado

Formation. Some of the zones have sufficient hydraulic conductivity to

allow flow rate_ of several hundred barrels per day. In addition to the
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Delaware Mountain Group, the Atoka zone at a depth of about 13,150 feet,

and the Strawn (De_olneslan) zone at about 12,900 feet are other oil and

gas production zones that are considered deep aqulfer_ by Lambert and

Mercer (1977).

Deep Hydrolegic Units. The hydrologic parameters of pre-Guadalupian

zones are not as well defined, nor are they as hydrologically significant

to the proposed repository as the Guadaluplan-age rocks. Nevertheless, a

i review of them is presented, based primarily on McNeal's (1965} analysis

' of hyd_odynamlcs of the Permian Basin. He described the potentlometric

surfaces of seven zones, using elevations of outcrops where cut by a

stream or body of water, static water levels in cable tool holes or water

wells, and formation pressures converted to potentiometric surface

elevations. McNeal prepared maps showing the regional potentiometric

surfaces in terms of fresh water, using density differences of the

" various hrlne conceutratlons and depths of the nearby wells. The three

deep hydrologic units reviewed are the Ellenburger Group, the Devonian

zone, and the Mississippian- Pennsylvanian zone.

I) Ellenburger Group. The _l!enburger Group consists mainly of

chert-bearing limestones and dolomites. It is a widespread unit,

' covering some 100,000 square miles in southeastern New Mexico andl

northwestern Texas (McNeal, 1965, Figure i). The unit is estimated to be

350 feet thick at the proposed s)te (L_mbert and Mercer, 1977) and as

much as I000 feet thick elsewhere in the region. The potentiometricJ

surface compiled by McNeal for the Ellenburger indicates an altitude

range from 4,200 feet MSL southwest of the site to less than 1,400 feet

MSL in central Texas. In the vicinity of the WIPP site, the ground

surface elevation is about 3200 feet MSL. The average gradient of the _

potentlometric surface is about 8 feet per mile in an easterly

direction. Water in the Ellenburger is a brine solution, with a

= dissolved solids range of 50,000 ppm to more than 200,000 ppm. No wate_

production data are available for this group.
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2) Devonian Zone. McNeal's potenticmetrlc surface for the Devonian

hydrodynamic zone ranges in altitude from 4,000 feet MSL in the vicinity

of the Glass Mountains to 3,200 MSL f3et along the Lea County - Texas

line. in the Midland Basin, there are nearly hydrostatic conditions at

an elevation range of 2,800 to 3,200 feet MSL. A high potentiometric

nose extending across southeast Eddy County indicates a potentiometric

surface at the proposed site of about 3,700 feet MSL. Salinity of the

formation water is less than 50,000 ppm In most of southeast New Mexico.

In west Texas, salinity reaches 200,000 ppm in one area.

The Devonian, as inferred from McNeal's potentiometric map, extends

throughout southeast New Mexico and northwest Texas. He has included

Silurian data in the eastern (Texas) subcrop area. The potentic_etric

surface generally slopes to the east, and the average gradient appears to

be about 7 feet per mile.

3) Misslsslpplan-Pennsylvanlan Zone. Mississippian rocks are thin and

. few data are available on the occurrence of fluids under the Delaware

Basin. McNeal (1965) dellneated a potentiometric surface for the

Mississippian zone of West Texa_, but has not extended it into New Mexico.

There are three water-bearing zones in Pennsylvanian age rocks. In

ascending order they are the Morrow, the Atoka, and the Strawn

(Desmoinesian). Lambert and Mercer (1977, p. III-2) report that the

Morrow may be a high pressure, low capacity reservoir with

water-production rates ranging from i0 to 20 barrels per day. The Atoka

also may be an overpressured reservoir with enough head to yield fluid

columns of 3375 to 6552 feet MSL at gradients of 0.47 psi per foot. The

water is produced from gas wells at rates ranging from 21.6 barrels per

day to as much as 214.4 barrels Per day (Texas American's Togd [ederal

Well No. I).

Lambert and Mercer (1977) report that several wells have been drill stem

tested in the Desmoineslan age Strawn zone and several others have been

completed a oil wells. On five drill stem tests, the calculated heads

l

i
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ranged from 3350 to 6203 feet MSL. Water production was reported to be

as much as 416 barrels per day in one dr111-stem test, and one well

(Philllp's Jamea "E" No. I) produced an average of 106 barrels per day.

A potentlometrlc surface of the Strawn zone is presented by McNeal (1964,

Figure 4), but the only area in the Delaware Basin for which data were

available was in the southwestern part of Eddy County. Elevatlon of

levels in that area range from 3,200 feet to 3,800 feet MSL. The

gradient is easterly at about 20 feet per mile.

Bone SPring Formation, According to Lambert and Mercer (1977), the Bone

Spring Formation (Leonardlan Series) can be considered an aquiclude.

They report that bottom-hole pressure data frOm the majority of seven

wells tested had insufficient heads to prevent downward movement of

shallower water. They suggest the pressure data indicate the formation

has a low capacity anu contains reservoirs of limited volume.

Guadalupla_n Age Rocks. The most important aquifers of the Delaware Basin

are part of a hydrologic system that incorporates rocks of Guadaluplan

age. The system comprises three inter=onnected aquifer groups; the shelf

aquifers (including the San Andres Limestone and the Artesia Group), the

Capltan aquifer (including primarily the reef deposits - Capitan and Goat

Seep Limestones), and the basin aquifers (sands of the Delaware Mountain

Group). These aquifers are depositlonally juxtaposed, but are

distinguished in most areas by co _rasting hydrauli= conductivlties,

water salinities, and potentlcx,etric levels. Along the north and

northwest interface, hydraulic conducti,,ity of the shelf aquifer,

although lower, is near the hydraulic conductivity of the Capitan

• aquifer. The basin aquifers have the lowest values of hydraulic

condtlctivity, and the Capltan is a discharge point for ground water flows

in them. Recharge to these basin aquifers probably occurs in outcrop

areas along the west flank of the Delaware Basin. Ground water then

moves generally eastward, downdip in the tilted beds. Data on aquifer

characteristics, comg.iled by Hiss (1975a), are summarized in Table

6.3-1. Hydrologic, litbologlc, and physical properties of the formations

in which these aquifers occur are discussed below.
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i) Delaware Mountain Group Aquifer. The Delaware Mountain Group,,

includes, in ascending order, the Brushy Canyon, Cherry Canyon, and Bell

Canyon Formations and comprises the basin facies of the system. The

combined thickness of these formations ranges from less than 2,000 feet

in the souti:ern part of the Delaware Basin to more than 4,000 feet In

southwestern Lea and eastern Eddy Counties, New Mexico (Hiss, 197ha).

The Brushy Canyon Formation is as much as 1,000 feet thick and consists

chiefly of sandstone with limestone lenses and occasional conglc_,erate at

the base. No wells are known to be extracting water from this formation

in Eddy County (Hendrickson and Jones, 1952).

The Cherry Canyon Formation is also as much as 1,000 feet thick and

consists of thln-bedded, flre-grained sandstone and some persistent

limestone beds. The lower one-fourth of the formation persists as a

sandstone tongue striking northwestward into the Guadalupe Mountains

which may yield water to some wells and springs in that area (Hendrickson

and Jones, 1952). W

The Bell Canyon Formation ranges in thickness from 670 to 1,040 feet and

consists mainly of sandstone and thin beds of limestone (King, 1948).

The formation Interfingers to the northwest with the reef limestone of

the Capitan Formation, providing the potential hydrologic interconnection

of the Guadalupian Age rocks. Large springs near the base of the reef

• escarpment we_t of the Pecos River are probably supplied by ground water

moving through the upper beds of the Bell Canyon Formation (Hend_'ickson

• and Jones, 1952)•

=

An average hydraulic conductivity of 0.0].6 ft/d (feet per day) and a

porosity of 15.65 percent were d_termired by Hiss (1975a) from analyses

of approximately 4,500 sam!_s of rock core cut from the Delaware

Mountain Group in Eddy and Lea Counties, Nuw Me_ico, and Ward and Winkler

Counties, Texas. Riss also c_mputed a similar hydraulic cond_ictivity

_czo_ productivity indexes (approximately equivalent to specific
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capacities) obtained from an oii company for two wells in the El Mar

field located on the boundary between Lea County, New Mexico, and Loving

( County, Texas.

Hiss {I_75a) indicated that similar values of hydraulic conductivity were

reported by earlier writers for much of the same pact of the Delaware

Basin.

Hiss compiled a potenticmetric surface map of the Delaware Moantaln

Group, of which the northern Delaware Basin portion is shown in Figure

6.3-1. The data used by Hi_s in c-._mpiling the map were taken at

different times over a period of about 25 years between the late 1940's

and early 1970's. However, he believes the contours are representative

of conditions during the period 1960 and 1970. Although some local

changes to the potentiametric surface are due to oil and water

withdrawals during that period, no data suggest that the regional

directional trend has changed. The potentiometrlc surface data for the

brines have been coL'rccted to mfresh-water" density, indicating a

pot entic-_etric elevation of 3350 feet MSL in toe vicinity of the proposed

WIPP sit-.. The hydraulic gradient in the norther" portion of the basi_

dips northeasterly at approximate)y 15 feet per mile.

Quality of the water in the Delaware Mountain Group i= generally poet.

An i.gochlor map compiled by Hiss (1975a, Fl_ure 25) sh3ws a chloride-ion

concentration range from 50,000 to 150,000 ppm in thr east half of the

' Delaware Basin. Concentration diminishes to approximately 1,000 ppm

southw&rd In the vicinity of the Glass Mountains and northwestward in the

vicinity of the Guadalupe Nountains. These are outcrop areas where the

Guadalup_an Age roc_.s probably have been recharged by precipitation.

However, am_alyses of water sdmples take._ from the hydrologic system in

the vicinity of ._he repository site indi:ate that the brine solutions do

not contain oxygen and _ydrogen isotopes in rati_.s characteristic of

meteoric waters. _he relative proportiong of 01B/O16, and deuterium/

hydrogen ratios ha'_e probably been altered throu3tl interaction with the

rock of the formation (Lambert, 1978; see _1:O Chapter 7 of this report}.
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According to Hiss, recharge to the basin aquifers is through

, precipitation on the outcrops in the Guadalupe, Delaware, Apache, and

Glass Mountains, and from downward leakage through the younger rocks in

areas where the overlying soluble 0choan evaporites have been removed.

The Dotentiometric surface (Figure 6.3-I) indicates water moves north and

northeastward, and discharge is to the overlying Capitan and shelf

aquifers.

2) Cap iran Aquifer. The Cap:tan Limestone and the underlying Goat Seep

Limestone constitute the main body of the Capitan aquifer, which is the

reef facies of the Guadalupian rocks. Hiss (1975a) desc[ibes the aquifer

as a lopg con,-inuous unit that extends in an arcuate strip along the

north and east margins of the basin, with exposures in the Guadalupe and

Glass Mountains, as well as the Delaware and Apache Mountains. The

thickness of the aquifer ranges from a few hundred to more than 2,000

feet, and the average width is approximately 10 miles (Hiss, 1975a,

Figure 11). It is one of the most important aquifers of the region and

" is a major control in the hydrologic syste._ (Mercer and Orr, 1977).

Relatively few aquifer tests have been performed to measure the hydraulic

conductivity of the Capitan aqui£er. The data ccmpilecl by Hiss (1975a)

are summarized in Table 6.3-1. Hiss calculated that the hydraulic

conductivity of the Capitan aquifer along the western margin of the

Central Basin Platform in Texas and New Mexico ranges from I to 25 ft/d

and estimated that for most of so,lthern Lea County and for about 15 miles

east of the Paros River valley from Carlsbad it is about 5.0 ft/d.

Although Hiss was unable to conduct any aquifer tests in the area west of

the Paros River, he concluded that high production wells, the presence of

caverns, and high porOSity sugger.t that the hydraulic conductivity cf the

Capitan ts higher west of the river than east of the river. The

hydraulic conductt¢ity is probably very high, as weil, in the Glass

Mountains, because of numerous small caverns (Hiss, 1975a). The

coefficient of transmissivity of the Capitan aquifer along the northern

..... and eastern margins of the Delaware Basin is estimated by Hiss to cange

from I0,000 ft2/d (square feet per day) in thick sections to le_'s than

500 ft2/d tn the vicinity of eroded, thin sections of the reef.

, D,- -- ..........

I
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The Capitan aquifer receives some recharge by direct infiltration or,
J

outcrops in the Guadalupe and Glass Mountains, and probably more by

percolation of discharge from the basin and shelf aquifers along the

'. north and east margins of the basin. Water-table conditions exist in the

aq_ife: west of the Paros River and in the Glass Mountains, but to the

north of the Glass Mountains and east of Carlsbad water in the aquifer is

confined. Hiss believes that water entering the Capltan aquifer in the

Guadalupe Mountains moves northeastward toward Carlsbad where most of the

water discharges into the Pecos and CaElsbad Springs. The Paros River

controls the movement of ground water in the Capitan aquifer in the

vicinity of Carlsbad, and east to the ground-water divide near the

Eddy-Lee County line (figure 6.3-1).

HIss (1975a) believes that a deep submarine canyon cut into the Capitan

Limestone is present near the Eddy-Lea county line, and a hydraulic

restriction is formed to constrain the eastward movement of water in the

aqulfeL _rom the vicinity of the Pecos River. Apparently there is little

• movement of water between the Pecos River and the Eddy - Lea County

llne. East of the hydraulic restriction, the potentiometric surface

declines with an eastward gradient. Hydrographs of observatlon wells,

establ_shed by the U. S. Geological survey in the Capltan aquifer from

/ Carlsbad east and south to the Texas - New Mexico state llne have
' recorded these water level differences. Water levels during the years

/ 1967 through 1972 indicate that from Carlsbad eastward to near the Eddy -

Lea County line, t_e potentlometrlc surface has remained noarly constant,

responding to minor fluctuations of the Pecos River. East of the county

line, water levels declined mnre than I00 feet, at a constant rate,

during those 6 years (Hiss, 1975a, Figure 24). The eastward gradient and

decline in potentlometrlc surface are caused primarily by the large

_' withdrawals of water for oil-field water flooding in eastern New Mexico -

and western Texas (Mercer and Orr, 1977). These withdrawals are

apparently the primary discharge from the aquifer at the present time.

The similar potentiu, etric heads and directions of movement of the

. Capitan and shelf aquifers along the northeast and east sides of the

' basin (Figure 6.3-1) suggest sc_ne discharge from the shelf aquifer also

.. . .... _r....... t° ' " ...................
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occurs. In analyzing potenticmetrlc data prior to 1950, when large

extractions of water from the Capitan had not developed, Hiss (1975a),

/ conclude_J that discharge at the time was east, into the shelf aquifers.

Water of good quality, although hard, is available in the Capltan aquifer

in the area west of Carlsbad (Hendrlckson and Jones, 1952}, and

apparently in the Glass Mountains. However, in the major portion of the

\ aquifer, east of the Pecos River, quality is poor. Chlorlde-lon

concentration increases from 200 ppm just west of Carlsbad to as much as
%

k: 23,000 ppm east of the community. Along the east flank of the basin,

salinity of Capltan water is significantly lower than that in the

adjacent shelf and basin aquifers, ranging from about i,I00 to 5,000 pl_,

in most wells (Hiss, 1975a, Figure 26).

, 3) Shelf Aquifers.

The shelf aquifers do not have a direct impact on hydrologic conditions

underlying the proposed site because the Capltan aquifer is a hydrologic

boundary. Nevertheless, they are in close hydraulic connection with that

aquifer, and would apparently accept some discharge from the Capitanr

should the extensive pumping from the Capltan be discontinued.

The lowermost unit of the Guadalupian age shelf or "back-reef" facies,

known as the San Andres Limestone, extends over much of southeast New

Mexico and into northwest Texas. The average thickness of the unit is

about 1500 feet. Overlying the San Andres are formations of the Artesia

Group. Strata in these formations that yield significant quantities of

water are the shelf aquifers. The contact between the Capitan and shelf

aquifers is gradational and difficult to differentiate in some areas. In

the Pecos River Valley between Carlsbad and Roswell, and to the west of

that area, the shelf aquifers are quite porous and yield large quantities

of potable water to wells (Hendrickson and Jones 1952). The hydraulic

conductivity of the aquifers east of the river and in the Central Basin

Platform are significantly less than those to the west, and water quality

is poor (Hiss0 1975_).

|............................

i
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Measurements of hydraulic conductivity and porosity of core samples of

the shelf aquifers were collected _y Hiss (1975a) and the data are

s_marized in Table 6.3-1. lt can be seen that the hydraulic

co|l_uctivities in this area are at least one order of magnitude less than

hydraulic conductivities of the Capitan aquifer. Potentiometrtc levels

of the shelf aquifer, shown on Figure 6.3-1, are similar to those cf the

Capitan aquifer along the east side of the Delaware Basin. In the

vicinity of Carlsbad, however, the levels are as much as 200 feet higher

than those of the Capitan, suggesting poor interconnection between

aquifers in that area.

The major areas o_ recharge to the shelf aquifers are probably north and

west of Carlsbad in the Guadalupe mountains and areas west of the Roswell

basin. Water in the shel_ aquifers to the north moves either

southwestward to the Pecos River, or southeastward onto the Central Basin

Platform. Water quality in the shelf aquifers varies considerably from

one area to another, but ts generally poor east of the Pecos River.

Chloride-ion concentrations in excess o_ 150,000 ppm are indicated by

Hiss (1975a, Figure 26) north of the Capitan aquifer and along the east

flank of the Delaware Basin. However, a narrow band o_ better quality

. water (salinity less than I0,000 ppm) in the San Andres Limestone is

= indicated to the northe'ast, between the shelf and the Central Basin

Ptatform.

Castile Formation. The Castile Formation overlJ.es the Delaware Mountain

Group and consists predominantly of anhydrite with halite Interbeds, and

subordinate limestone. It_ thickness ranges from 1,300 to 2,000 feet

over most of the Delaware Basin. In most of the basin hydraulic

conductivity of the Castile is very low so that this formation acts as a

confining layer for the underlying Delaware Mo,_ntaln Group (Mercer and

Orr, 1977). However, west of the Pecos River, the salt bed._ n_-¢e be?n

removed, hydraulic conductivity of the residuum is higher and ,:at_i'is

available to wells (Bgorklund and Putts, 1959).

In the central Delaware Basin, isolated pockets of brine: and associated

hydrogen..sulfide gas have been encountered by various oil companies in
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the Castile, and also in the Sandia Laboratories exploratory hole, ERDA-6

,." (Mercer and Orr, 1977). High-pressured brines encountered in three oil

wells east of the proposed site reportedly hav_. had flow rates as high as

20,000 barrels per day. These brines are present near the top cE the

' formation, suggesting a brine zone, but since no other .wells have .

encountered brines, the zone is apparently not continuous (Rose, 1977).

Brine frol_ ERDA-6 further suggests a long isolation time on the order cE

one million years for that pocket (Barr, Lambert and Ca_'ter, 1978).

Salado Formatlcn. Massive beds cE halite of the Salado Formation are the

intended host rock for the WIPP repository. The format.lon extends more

than i00 miles both north and east of the Delaware Basin a_.d underlies an

area of approximately 25,000 square miles (Pierce and Rich, 1962).

Formation thlokneso in the Los Medanos area is 1,976 feet, as measured at

ERDA-9, and the depth to the top is 848 feet.

Porosity Of the halite is very low and interconnected poreu are virtually

non-existent. Lack of open fL'actures is assured because of the high

of the material. As a result, hydraulI_ conductivity of theplasticity

beds is effectively zero. As reported by C. L. Joqes (1973), microscopic

to very small angular cavities in grains of halite contai'_ very minor

amounts of brine and gas. Less comon are much larger cavities or

pockets in the halite beds that contain halite-saturated brine and

nitrogenous gas confined under pressure sufficient to p_oduce a

"blow-out" when encountered during drilllrlg. New_theless, the brine

pockets do not appear to be interconnected, but _.,Jemto be isolated fluid

bodies within the rock.

iI

., Because halite is quite soluble, it would readily dissolve if the beds

came in contact with circulating, unsaturaced solutions. Wes_ of the

proposed site, where the S._lado rises to the surface, progressively less

halite is present as a ref_ult of leaching by percolating grour_d water.

Where expobures existed, all of the salt has been removed (see Section i
l

4.3.2.).

oo
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As discussed z_; Section 4.3.2., :emoval of salt from the Salado Formation

. in the western portion of the Oasin where it ts exposed, or near the

surface, has fon_ed a residuum o_ slay, gypsum and sand. Xn the Carlsbad

area along the Pecos River and ¢o the west, BjorklLmd and Mo,ts (1959)

report that these clays are dense, and are referred to as "red beds".

They suggested that the residue has slc_ed ground-water infiltration and

subsequent salt removal.

Underlying Nash Draw, a salt dissolution zone is present in the residuum

at the contact between the Salado and the overlying Rustler Formation.

As repeL'ted by Mercer and Orr (1977), the dissolution zone extends Erom

. the recharge area north of Hash Draw to its termination in the vicinity

of Ma?ags Rend. Water penetrates the overlyin9 unitb through fractures

anc solution zones in the recharge area and moves southward along the top

salt, and discharges into the Pecos River at Malaga Bend (Figure 6.3-2).

The dissolved solids content of the brine at the river has been reported

to be in exces_ of 300,000 ppm. Theis and Sayre (1942) calculated the

discharge fEom the brine aquifer into the Pecos River at Malaga Bend to

be about 200 glint1.Hale (in Hale, Hughes, and Cox, 1954) calculated a

value of _ransmlssivlty of 8,000 ft2/d from aquifer tests in the area

between M_laga Bend and Laguna Grande de la Sal. Apparently, as salt has

been progressively leached from the overlying beds, th_ residuum has

developed a base of low hydraulic conductivity, preventing further

downward leaching, and the dissolution zone has developed along the same

structural control as Nash Draw (Robinson and Lang, 1938).

6.3.3 Hydrology of Rocks Overlying the Salado Forma_lon

Nearly all of the water bearing formations overlying the Salado in the

Delaware Basin are of materials with low hydraulic conductivity and which

contain limited amounts of poor-quallty wate.'. The major hydrologic unit

in the area that yields moderate ql_antities of marglnal-quality water to

wells is the alluvium of the Pecos River valley. Information on the

hydraulic characteristics of these water bearlng formations is limited,

and only regional desc=Iptlons of potentlometric levels and hydraulic

conductivity can be established.
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Rustler Formation The R0stler Formation extends laterally beyond the

limits of the Salado Formation and consists of Interbedded anhydrite,

' dolomite, siltstones, clays, and halite. Two dolomite beds in the

formaulon are water-bearing Units, other than the Rustler-Salado contact,

dlscusse,J above. The thickness of the dolomite beds ranaes from 20 to 30

, feet/ these beds are areally extensive. The Magenta Dolomite is a _ine_V

crystaili_e, dense dolomite, and the Culebra Dolomite is vuggy and

co.only associated with some anhydrite. The Magenta transmits only

mino_ amounts of water and is not considered an important aquifer

t (Lambort and Mercer, 1977).

i Although hb0 Culebra Dolomite is aceal]y persistent, yields of wate_ vary
i
t

considerably fc_a plaue to place. Cooper and Glanzman (1971) suggested
,' that the variability of yields l_ related to the size and number of

fractures and ol,enlngs in the dolomlte, whlcb in t_rn, could be related

to its depth. In thu northern part of Nash Draw, the dolomite Js near

'_ the surface and Js reported to yield as much as 700 gpm. East of Bash

Draw, where the dolomite is covered with Triassic arld younger _ook_,

yields are typically at least two orders of magnitude less.

Measurements of the hydraulic properties of the Culebra in the region are

scarce, primarily originating from studies related to Project Gnome

investigations (Cooper and Glanzman, 1971). Aquifer-performance tests in

holes drilled for Project Gnome studies indicate a transmissivity of 460

ft2/d, a, average hydraulic conductivity of 16 ft/d, a storage

coefficient of about 10-4 , and an average effective porosity Of i0

percent.

Mercer and Orr (1977) prepared a map of the poten_iometric surface from

water levels measured in wells open to the Rustler Formation in the north

portion of the Delaware Basin (Figure 6.3-2). The data were taken from

several sources and represent a composite of the Culebra and Magenta

dolomites, or o_her zones. However, it is believed that most wells are

open to the Culebra dolomite bed because it is the most ccnslstently

producing sock in tilevicinity.
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These data lndtoate that waLer in the Rustler Formation moves west and
I

' _outhwestward across the Lea- Eddy County Line, and southedstward Erom

' the community of Ca_Isbad toward Hash Draws and the Peace Rive_ to the
l

; south. Only the Magenta is exposed locally on the flanks of Nash Draw,

and both the Culebra and _.he Magenta form the floor cf wide sections of
I

Hash O_aw in the vicinity of Laguna Grande de la Sal,

!
t
, A slngle water well in Lea County is reportedly deep enough to haveq

i reached Permian beds (Nioholson and Clebsch, 1961); otherwise noi

I additional information is available on occurrence of water in the Ru,_tler

% Formation in the area.

I
: The Dewey Lake Redbeds. The youngest formation in the Oohoan Series, the
l
. Dewey Lake Redbeds, consists of orange-red siltstone with some mudstone

and sandstone. This formation has been removed from the western and

' southeL'n parts of the Delaware Basin by post-Permlan erosion but is
S

i present in the subsurface throughout most of the site area. The

thickness of the formation varies from about 200 feet to as much as 600

feet (Hiss, 1975a).

The Dewey Lake Redbeds are not an aquifer, although some permeable sand

lenses are present and yield small quantities of water to a few wells.

Regionally, the beds act as an aquimlude, restricting water at the

surface from percolating downward to more permeable units in the

underlying Rustler Formation.

Dcckum Group. The Dockum Group consists of thre_ formations. In

ascending order, they are, 1) the Tecovas Formation, which consists of up

to 300 feet of red shale, slltstone, and fine-grained sandstone, 2) the

Santa Rosa Sandstone, whlch is compos0d of 100 to 650 feet of red, brown,

and gray sandstone, and 3) the Chlnle Formation &_ulvalent, which

consists of up to 1,300 feet of red, macoon, and purple shales and

siltstones with lenses of fine-grained red-to-gray sandstone (Hiss,

1975a). The group is present only as a thin wedge In Eddy County,

. thickening to the east in Leu County and in Texas.
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Both the Chinle Fon_atton equilval_nt and the Teoovas Formation are

present only as t_in, isolated remnants in southeastern New Mexico,

primarily in Lea County. The few wells drilled into these formations

yield small quantities o_ poor-quallty water (Hiss, 1975a). In contrast,

the Tecovas and Chlnle are not considered aquifers in the Delaware

Basin. The Santa Rosa Sandstono is a principal aquifer in s,_veral _reas,

particularly in Winkler and Ward Counties, Texas (Hiss, 1975a). lt

produces both fresh and saline water, depending on location. The

westernmost extent of the Santa Rosa Sandstone is just into Eddy' County,

as shown in Figure 6.3-3. Water levels in wells open to the Santa Rosa

Sandstone, reported by several sources, are the basis of th_

l potontlomet_ic surface by Mercer and Orr (1977) shown in Figure 6.3-3.

Well_ completed in the Santa Rosa Sandstone have low yields with specl£ic

capacities of 0.14-0.2 gpm per foot of drawdown (Nicholson and Clebsch,

1961)I the formation porositl ° is about 13 percent.

Ground wab.r recharge to the Santa Rosa Formation is from precipitation

on the outcrop and percolation through sand dunes and the overlying

Ogallala Formation tc the east (Nlch_Ison and Clebsch, 1961). Movement

is generally southwest, but additional recharge apparently occurs along

the potentiumetric high that trends southwest along the eastern side of

Eddy County. Discharge is to underlying formations at the edge of

outcrops and _eportedly downward through collapse zones such as San Simon

Swale.

C_allala Formation. The High Plains (Llano Estacado) region south of the

Canadian River is mantled by the Ogallala Formation, which consists of

Pleistocene sediments from 0 to 500 feet thick. South of Mescalero Ridge

in Lea County the formation becomes discontinuous, and there are no

definite remnants of the Ogallala west of easternmost Eddy County.

Recharge to the Ogallala is by direct precipitation on the outcrop and by

percolation through overlying sand dunes and alluvium. Nicholson and

Clebsch (1961} reported that the saturated thickness of the Ogallala

.. ranges from 25 to 175 feet. This variability can be attributed to the

veKy irregular Triassic surface that underlies it. Movement of water in

o.
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the Ogall_la is controlled to a great extent by the generally

southeastward slope of the underlying Triassic ted beds (Mercer end Orr,

1977).

_uaternary Deposits The Gatuna Formation is the oldest known Quaternary

formation in the area and fills channels an_ steep-walled valleys cut

primarily into the Dewey Lake red beds and Rustler Formation. In the

type section and in the vicinity of Nash Draw where the Gatuna is readily

recognizable, it is overlain by an extensive caliche zone that marks the

Mescalero surface (Bach_an, 1974). East of Nash Draw, there are few

outcrops of the formation.

The Gatuna Formation Fields limited amounts of water to wells where the

water is in isolated gravel and sand lenses. Yields of one to five gpm

are small but are usually sufficient for stock and domestic use. Ground

water from the Gatuna probably percolates downward into Triassic

sandstone or the Rustler Formation (Mercer and Orr, 1977_.

Younger quaternary deposits are represented by alluvium. The most

_y extensive alluvial deposits are along the west :_ide o_ the Pecos River

north of Malaga. Isolated patches of alluvium, however, occur along the-

Pecos to the south. In some areas the thickness is nearly 300 feet, and

= yields are reported to be as much as 3,000 gpm (Hendtickson and Jones,

1952). The source of '_ater is primarily underflow from west of the Pecos
l

River augmented by leakage from canals and from irrigation return flow.

Alluvium east of the Pecus River is restricted to relatively small closed

depressions. Nash Draw and Clayton Basin contain Quaternary alluvium,

and, in places such as Laguna Grande de la Sal, contain lake or playa

deposits. The thickest alluvial deposits occur within San Simon Swale

where they ire in excess of 500 feet. Ground water present in the San
_

Simon alluvium may be derived from discharge from the Santa Rosa

Sandstone (Mercer and Orr, 1977). The lake and playa deposits often

yield some water, although it is generally highly mineralized.
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6.3.4 Regional Ground Water Us__ee

Ground water is used in the region for irrigation, munlcipal supplies,

rural domestic supplies, stock watering, a few Indu_jt=ial purposes, and

for secondary oll recovery (usually referred to as ,oil field

flooding'). In southeastern New Mexico and western Texas almost all the

ground water produced Is used for this latter category. The Capitan

aquifer is the largest source, but supplies are also taken from the Santa

Rosa Sandstone and the Rustler _ormatlon (Hiss, 1975a).

Demand for water throughout the region has increased steadily over the

past three decades and is expected to continue into the 1980's.

Production from the Capltan aquifer alone increased from approximately

80,000 acre-feet in 1950 to about 700,000 acze-feet in 1970 (Hiss, 1975a,

Figure 38). The increase has been fairly linear over the 20 year

period. Most of the increased demand has been for oil-field flooding

which began in the early 1950's. The largest amount of pumping for this

purpose is in Ward and Winkler Counties, Texas, and is primarily

extracted from the Capitan aquifer. The other major source is the San

Andres Limestone. According to Hiss (1975a), the cumulative total of

water produced from these aquifers for the period 1920-1969, in thousands

of acre-feet, is as follows:

...-" Eddy County Lea County West Texas Total

Industrial G5.4 - - 65.4

Irrigation 151.0 - 223.7 374.7

Municipal 162.0 - - 162.0

Secondary Recovery 0.6 2.8 293.0 296.4

TOTAL 379.0 2.8 516.7 898.5

Listed below (in acre-feet) is a summary of usage in Eddy County for the

year 1949 (Hendrlkson and Jones, 1952) and in Lea County for the year

1954 (Nicholson and Clebsch, 1961). It is reasonable to assume that the

quantities reported for industrial, &rrigation, municipal, and rural use
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have increased a moderate amount. The quantity listed for secondary

recovery has increased moderately in southeastern New Mexico and

dramatically in west Texas, as noted above.

Eddy County (1949) Lea County (1954;

Industrial 4,000 2,710 .

Irr igatlon 130,000 2,600

Secondary Recovery 0 40

Rural Domestlc/Stock . 2,0.00 45____O0

. TOTAL 141,000 6,350

Occurrenc_ of large quantities of potable ground water is restricted to

west of the Pecos River, and most oi this water is extracted from the

Capitan aquifer. Hiss (1975a) reported that the municipal water supplies

for the communities of Carlsbad and Whlte's City are obtained from wells

completed in the Capltan aquifer. Hiss al._u reported that water pumped

O from the Caplt:m aquifer ts used to irrigate about 2,300 acres of
farmland in the Pecos River valley, the _ediate vicinity of Carlsbad.

In addition, water pumped from the Capltan aquifer at Carlsbad is

transported _l pipeline to a potash ruflning plan_ located about 18 miles

east of Carlsbad. Approximately 3,740 acre-feet of water per year was

used to refine potash ore during the period 1965-1969.

Oil Field Secondary Recovery. In the early 1950's, the petroleum

, companies operating in the region ini'_lated a process to rec_ er crude

oll that could no longer move to wells under existing reservoir

pressure. This secondary zecovery technique is one in which water is

inj_(:ced under pressure into the oil-bearing formation to drive the

L'e'_zdualoil to the pumping wells. Injection may 5e into existing

depleted wells or into wells constructed slm:cificazly for this purpose.

According to Hiss (1975a, Table 15), a cumulative total of nearly 300,000

acre-feet of water has been produced from the Capitan aquifer for

"0
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secondary recovery versus a total of about 725,000 acre-feet actually

used in the flooding process. The difference of 425,000 acre-fe3t has

been supplied from other sources including the San Andres Limestone and

the Ogallala and Rustler Formations. The major areas of extraction for

this use are in Ward and Winkler Counties, Texas.

Ground Water Utilization East of th_ Pecos River, Southeast New Mexico.

In _hls area, small amounts of ground water are used _or rural domestic

supplies, stock watering, gasoline plants, and gas stripping. The

Rustler Formation, the Sant_ Rosa Sandstone, and the Artesia Group are

the principal hydrologic units pumped for those purposes. _n the Nash i

Draw acea, relativel_, large quantities of ground water have been taken

fro.; the kustler Formation for use in potash refining. In the past,

considerable amounts were pumped for irrigation in Lea County, but this

has apparently been dlscontinued (Nicholson and Clebsch, 1961).

Gasoline plants use a considerable amount of water for their cooling and

boiler systems. Nicholson and Clebsch (1961) report that in Lea County a

to_,al of 2400 acre-feet of ground water was used _oL" this purpose: in

1959. Gas stripping plants in the area also use water _or extL'acting

hydrogen sulfide and carbon dioxide frown residual gas. Nichol,-._. 3hd

Clebsch (1961) estimated that 150 acre-feet per year is used for this

purpose.

In 1972, Cooley (1973, Table 4) inventoried the existing and abandoned

wells in a nine-township block in east-central Eddy and west-central Lea

Counties, New Mexico. Most of these wells are of low 5,telds and are used

mainly for domestic supplies and stock watering. Table 6.3-2 is

extracted from the Cooley survey; well locations are shown on Figure

6.3-4.

6.3.5 Ground-Water Occurrence at the P_o_osed Site

The wells in the vicinity of the site (Figure 6.3-4) indicate that ground

water above the Salado Formatio_ is found only in limited quantities, and
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is commonly cE such poor quality, that it is not usable. Where the

quality is marginal, it is utilized for watering stock, and i& considered

a valuable resource (Nicholson and Clebsch, 1961). Below the Castile

Formation, at considerable depth, the _ell Canyon Formation might yield

large quantities of water, but it would be brine. Although these unlt_

are technically regarded as aquifers, in the following discussion, only

the hydrologic characteristics of fLuid-bearlng zones underlying the

proposed site will be de3crlbed. These zones are not identified as

aquifers because an aquifer readily yields good quality water to wells.

.FlUid-bear ing Zones. The hydrologic exploration at the propose.1 site

performed by the U. S. Geological Survey to date has been directed

prlmaril_. _o the fluid-bearing rocks of the Rustler Formation, and to the

Rustler-Salado contact zone. They directly overlie the Salado salt and

' furnish a potential, although remote avenue for salt dissolution and

, radionuclide transport (Mercer and Orr, 1978). Addltion_lly, brines in

the sands of the underlylng _ell Canyon Formation have been tested.

These fluids are unde_ sufficient head to allow them to reach the Salado

salt. Because the brines are undersaturated, they could dissolve the

salt. Eowever, to reach the Salado, these fluids would have to first

p_,:netrate the Castile Formation. Permeabilltles (or lack of

permeability) of the Castile and Salado Formations at the site have been

determined by chill-stem tests in two exploratory holes: ZRgA No. 9 and

A__ No. 8. The tests, summarlz-_d by Lambert and Merc._=, 1977, Tables i

. and 2, indicate .,,.t the two formations are extremely tight. The tests

gave no indication of fluid c_nt in either formation.

Other zones that were oriefly tested include zones in the Dewey Lake ted

beds where circulation was l_st during drilling, or where hydraulic

.... conductivity was believed to be measurable. However, no appreciable

amount_ of fluid we_e eI:cour.tered (Mercer and Orr, 1978).

When the exploration and testing were completed, Mercer and Orr (1978)

; made several conclusions concerning the occurrence of fluids in theI
. . ,,

rocks. These include the following:

r
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Monitoring of fluid-beading zones in the Rustler Formation indicate
/

that stabilized heads decrease with depth_ consequently, potential

fluid movement would be downward in rocks above the salt. However,

the large h'_ad differences between fluld-bearlng units within the

Ru_t]er indicate little or no vet'tical connection.

, .o .-

' Head d,stribtltion determined for the Culebra dolomite indicates
,.

........... fluid movement to the southeast across the site. Gradients range

fzom 7 to 120 ft/mi and vary as a function of hydraulic conductivity.

Head distribution within the Magenta dolomite has been determined

, only in three holes and indicates fluid movement to th_ couthwe_L.

The hydraulic gradient is 50 ft/ml.

Fluids ,n the Culebra and Magenta are expected to move primarily

along fracture systems, and measurements of the ef£ective porosities

and hydraulic conductivities in low-yieldin_ fractured rocks are

very difficult to obtain.

Brines were found at some locations along the Rustler-Salado

contact, but extremely low yields were measured.

_Ithough evaluation of the testing of Bell Canyo|; sands is not

complete, preliminary results at AEC-8 indicate the potentiom_etric

surface, corrected to fresh-water density, is higher than similar ily

corrected levels of fluid zones in the Rustler Formation.

Rydrolo@ic Testin@. The geologic and geophysical exploration performed

at the site provides a detailed understanding of the stratigraphy and

structdre of the underlying formatio1|s. This work was described in

\ previous sections. In coordination with the exploratory drilling, a

program of hydrologic testing and monitoring was established. As a

result, considerable data on the occurrence of ground water have been

collected. The ground-water studies are co_tlnuing and the data

collected will further our understanding of the site conditions.
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' In addition to continued monitc:Ing of the existing observation wells,

long-term pumping tests to measure vertical connection between zones, and

other tests have been planned. Also, som_ hydrologic information is

available from the recently completed ERDA I0 test hole, located

approximately 8.5 miles southwest of the proposed site.
/

i

/ One of the major problems faced in this program is the difficulty of

/ measuring hydrologic parameters in materials of extremely low hydraulic

conductivity in the Eleld. Thorough testing of even the more permeable

/ zones, such as the Culebra Dolomite, requires long periods of time, aa
/

well as close control of the interval being test¢_. To collect a

sufficient quantity of water from these materials for proper water

,nquality sampl, g requires long periods of time. Recovery of water levels

in observation wells to static conditions is very slow; level_ in some of
;

t the wells on site _._d not stabilized after more than 12 months of

monitoring. Nevertheless, the data collected are sufficient to provide a

good measure of the hydraulic characteristics and an understanding of

ground-water occurrence at the proposed site. Hydrologic test data as of

O August, 1978, are available f_om 9 exploratory holes within the proposedland withdrawal boundary, and from the hole designated AEC 8, which is

Just outside the boundary, as shown on Figure 6.3-5. The U. S.

Geological Survey Water Resources Division has been 4ireuting the _estlng

program. A summary of drilling and testing operations is given for each

hole in Section 6.4. A full description of the testing program and the

data collected is presented in Mercer and Orr, 1978. The following

discussion is extracted from that report.

The objectives of the program have been to determine the static head or

reservoir pressure, the water-yielding potential {i.e., hydraulic

conductivity and transmissivity) of the rock strata, and the chemistry of

formation waters. These hydrologic tests are made in the exploratory

test holes _oth during drilling and after the hole has been drilled to

total depth.

' / _ .f,
Q
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Five cE the test hu]es were specifically designed Eor hydrologic testing

(H-l, H-2 complex, and H-3); the others were drilZed for other purposes

as well (potash mineral evaluation and/or geologic exploration) but were

adapted for hydrologic testing. After m:illlng and testing wells H-I and

H-3, triangular arraTs H-4, H-5. and H-6 complexes were designed similar

to the H-2 complex but with a 100-feet well spacing. The additional sets
/

/.' of triangular arrays (H-4, H-5, and H-6) have been completed recently and

testing has started.

The H-series test holes were drilled with air and detergent to avoid the.#

.,'

undesirable mudcake that occurs when drilling with gel. This method also

allows detection of fluid-producing zones that are encountered during

drilling. When detected, some of these zones were tested before

completion of drilling for a preliminary estimate of yield. On

completion of drilling, geophysical _0gging was performed in all hole_.

These logs provided detailed information on lithologic changes,

formational characterstics, potential zones of water yield, and borehole

diameter changes. These data are used to select intervals to be tested,

as well as provide information on hole conditions in the selection of

packer seats.

Following logging, each potential zone of water yield was isolated with

packers, and a drill-stem test (DST) was conducted. The DST is a

temporary well completion designed to furnish hydrologic data, such as

representative samples of formation fluid, undisturbed formatlcn

. pressuress and indications of the formation permeablity, and/or

transmiss_.vity. The standard DST, as used in oil-field exploration, was

_'un in test boles AEC 8 and ERDA 9, but in the other tests the proceduL-es

were modified. The modificaticn most commonly made was in the method of

recording formation pressures. In the standard DST, pressures are

recorded througbout the test by a Bourdon-tube pressure recording gage

(pressure bomb) located near the bottom of the drill string. Data from

this pressure bomb cannot be retrieved until after completion of the

test. In the modification DST used in these investigations, the fluid

was initially removed frcm the tubing, and the stabilizing fluid levels

. , tl

t. '_ '

_

__

.... ....................
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were measured in the drill string. This modification allowed for

' continuous monitoring throughout the test. Additionally,

pressure-monitoring devices were placed above and below packers to

determine the degree of isolation of the zone £rom the rest of the

borehole.

The test zones were bailed or swabbed untll temperature, conductivity,

and density of fluid in the casing stabilized to assure that the fluid

was representatlvs of formation fluid. Samples were then collected,

treated according to standard U. S. Geological Survey techniques, and

chemically analyzed fox tlm major and trace elements and for

radiochemistry. Resr,lts of these analyses are listed in Table 6.3-3.

The geochemistry cE these fluids is discussed in Chapter 7.

During the bailing, the volume and rate of fluid withdrawal were

monitored. The rate of_ recovery following withdrawal was measured, and

yields from test zones were then calculated. The results of these tests

are summarized in Table 6.3-4.

After all potential water zones were tested in the open hole, casing was

Installed and grouted in all holes except ERDA 9. Selected intervals

were perforated for monitoring potentlcmetric levels, and provision was

made for long-term hydrologic testing. Radioactive tracer tests were

,,, conducted in Some of the holes after they had been cased and perforated
e
i,

, to examine the cement-bond for leaks between casing and the borehole

wall. These tests alqo yielded some information on vertical dLstrlbution

of permeability across the test interval. The perforated zones were then

tested for yield by bailing or swabbing, as was uone in the open hole,

and results are sun_narlzed in Table 6.3-4.

When the testing of the cased holes was compleLed, the holes were!

prepared as multiple obser,vation wells. The holes are used to monitor

potentiometric levels of two separate zones with the use of packers and

inner tubing. In some wells, a third zone was perforated, but a bridge

plug was set above it, and the zone is not available for periodic

i

=
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monitoring. Figure 6.3-6 illustrates the method of completing the wells,

and Table 6.3-5 Indian.tea the zones monitored at each observation well.

Periodic monitoring cE the fluid levels in the wells began after

completion of testing. Because of the low yield of the zones tested,

considerable time is required after bailing for the recovery of fluid to

:each a stabilized level. Most levels had stabilized by October 1977, as

indicated in Table 6.3-6. These levels provide a measure of the

potentiometrlc surfaces of the monitored zones, and an indication o_

. hydraulic gradients.

Bell Canyon Formation.. During the WIPP hydrologic testing program, core_

were taken in the Bell Canyon Formation in exploratory hole AEC 8.

Analyses of these cores indicated the presence of two sandstone units

whose permeabilitles were higher than those of the., Jrrounling rocks,

These units are referred to as the lower sand and upper sand; their

depths are, respectively, 4,C44 to 4,860 feet, and 4,821 to 4,827 feet.

Hydrologic testing of the two sand units was made only in cased,

perforated zones. There was no Open-hole testing. These tests included

formation pressure testing, fluid level monitoring, aquifer yields,

recovery rates, water sampling, and geophysical logs. Radioactive tracer

logs wPro also run on this hole. Analysis of the data had not been

coRpleted at the time of the report by Mercer and Orr (1978).

After the fluid in the casing had been removed by swabbing to a depth of

approximately 4,200 feet, the lower sand yielded 31 gallons of fl J in

166 mlm_tes (average 0.2 gpm), recovering to a depth of 4,095 fee_. The

zone was then shut-ln, and a static formation pressure of 2,037 Ibs/in 2

was reached in 44-1/2 hrs. The upper sand was not tested for yield.

Static formation pressure was 2,044 ibs/in 2 after 57 hours.

Samples collected from the two _and units indicate that these ul_Its

contain dense brines. For example, the upper slna contains 189,000 ppnl

of total dissolved solids, 175,000 ppm of which is sodlt_ chloride

0
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(Mercer and Orr, 1978, p. 80). The major constituents ftu, the analyses

are listed in Table 6.3-3. Density cE the brines of each zone was

determined to be I.ii gm/c_03 Eor the upper sand, and 1.12 gin/cre3for

the lower sand. These Values were used to correct static heads to

f_esh-water equivalents (Table 6.3-6).

_Rus_t_lerrSalado contac,t,, ,. The contact zone between the RUstler and Salado

Formations was tested in holes B-l, H-2cw E-3, 9-14, P-15, P-17, and P-18.

Both open-hole and cased-hole tests were run on the Rustler-Salado

contact in H-I and E-3, and cased hole tests were run in H-2c, P-14, i
P-15, P-17, and P-18. Without exception, all tests showed very low

y_eids, typically producing a few gallons per day in the cased holes and

onlF slightly more in the open holes (Table 6.3-4). A yield of 9.1

gallons in a 20-hour period (in H-l) was the highest yield recorded.

Based on the collected data, Morcer and Orr (1978, p. 83) calculated

transmlssivltles from the yield data, ranging from 10-1 ft2/day (in

P-14) to 10-4 ft2/day (in P-18). Recovery rates in rho monitoring

O wells are so slow that the level had not stabilized P-18, after
in 4

months (Table 6.3-6) •

T

Samples were taken from all of the test wells except P-18. Analyses of i
!

these samples show that the fluid in the Rustler-Salado contact zone is a i

saturated brine containing more than 300,000 PLan total dissolved solids i

(Table 6.3-3).

Culebra Dolomite. The Cul_bra dolcq_ite was rested in holes H-l, H-2b,

H-2c, H-3, 9-14, P-15, P-17, and P-18. Logs of these holes indicate that

the thickness of this unit is about 28 feet and that its depth ranges

from 410 to 940 feet below ground level.

Both Open-hole and cased-hole tests were run in the Culebra in H-I and

H-3, and ca_ed hole tests were run in H-2c, P-i4, P-15, P-17, and P-18.

Yields varied considerably. At P-14, 720 gallons of ][luld were bailed

with no notlcable drawdown, whlle P-18 produced only 16 gallons of fluid
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in 33 days uf monicoL'ing. Preliminary transmtssivity values calculated

by Mercer and 0_ (1978) also reflect the variability with values of 140

ft2/day et P-14, 10"I ft2/day at R-L, and 10-4 ft2/day at P-18.

+

Mercer and orr (1978) reported that fltllds in the Culebra have a total

dissolved solid _ange of 21 700 to 118,300 ppm, and a sodium chloride
I

range of 17,900 to 89,200 ppm. The major constituents cE samples taken !

from the Culebra are listed in Table 6.3-3. !
t
l

Magenta Dolomite. The Magenta Dolomite wr,s tested only in H-I, Z]-2a, and

H-3. In these holes the Magenta is 25 feet thlok and the top of the unit

is 502 feet below ground level.

Both open-hole and cased-hole modlfie_ drill stem tests were run on the

Magenta in H-I and R-3; well number H-2a was constructed as an

observation well for the Magenta. The open-hole drill-stqm test on the

Magenta IrlH-1 produced only _3 gallons of fluid in 13 hours. A

subsequent swabbing of the permeable zone produced 107 gallons of fluid,

which indicated higher productivity tbaa the DST displayed. In the

cased-hole test, the Magenta zone was bailed constantly tntil a pump.+ng

level of 424 feet (depth) was attained. Alter bailing was stopped, the

fluid lev_l recovered 'to a depth o_ 340 feet in 33 days. In H-3, an open

hole drill-stem test produ.-.ed23 gallons of fluid in 33 hours, but 442

gallons were sw=,bbed from the hole a_ter the DST was discontinued. In

the cased hole test, 1 hour of bailing produced 6 feet of drawdown, and

recovery was from 405 to 40_. feet in 33 days oE monitoring. Preliminary

transmlsslvlty values cc_,puted by Mercer and Orr (1978) range Ercml 40

ft2/d to less t_n l ft2/d.

The quality of the Magenta fluids is poor (Table 6.3-3), with a tot&l

dissolved solids range of 10,300 to 29,700 ppm. The sodium chloride

range is from 6800 to 24,300 ppm.

Salt-Resldue Zore. Rocks of the Rustler Formation in which halite beds

have been removed by leaching--salt-residue zones--were considered to be
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areas £or possible fluid retention. A potential zone was identified _rc_,

geophysical logging and drill stem tests performed in H-1 an d. H-3.

Results show that ve=y little _luid now exists in those zones. In H-l,

thc suspected zone yielded 11.2 gallons o_ _luid in 12 hours of

mon i tor i ng •

6.3.6 Dissolution of Salt in the Permian Evaporites

Features apparently caused by solution and/or subsidence are co_on in

southeastern New Mexico. The extensive karst plain of the Llano Estacado

/ (the High Plains or Caprock region) indicate the prominence or rock

solution as a geologic process. Depressions near the WIPP site range

from small features no more than a few meters in diameter to large

£eatures such a_ Laguna Grande de la Sal (Salt Lake), 11 miles to the

west-southwest of the WIPP site, and Laguna Plata and Laguna Gatuna, 14

miles to t_e north. Not all depressions in the region, however, have

been formed by solution and collapse. Some have been formed by wind

action, and o_h_r_ are th_ result of soluticn or etching of the callche.

Salt Lake does appear to occupy an area of coalesced collapse dissolution

sinks, but Laguna Plata and Laguna Gatuna appear to have formed as

solution blowouts in wJndborne sand deposits.

A report to S&._dla Laboratories by R. Y. Anderson was prepared in early

1978. This report served to assemble and su_narlze available data

regarding the dissolution of evaporites in the Delaware Basin. The

Anderson (1978) report also proposed a set of working hypotheses for the

origin of various dissolution features, in order to gulde future Sandia

investigations of evaporite dissolution relevant to the potential

integrity of the WIPP horizons and adjacent evaporites. In the text that

follows, an attempt is made to distinguish available data from working

hypothesis, whenever Anderson f1978) is cited.

lt has been estimated that as much as 50 percent of the original salt of

the Delaware Basin evaporites has been removed (Anderson, 1978) either by

surface erosion or by subsurface dissolution and transport by ground
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water. These processes have been in progress intermittently through more

,, than I00 million years (Bachman, 1974). At _ea_t four erosional periods,

in which the removal of salt could nave been accompttshed, can he

recognized. These include, I) Early Triassic time, 2) OUrasslc through

Early Cretaceous time, 3) a Late Cretaceous through mld-Tertiary period,

_nd 4) post-Ogallala uplift and erosion.

Of the processes which acoomplisl_ed the removal, t_ types of salt

dissolution have been recognized in the Delaware Basin. The more

familiar dissolution is the removal of salt by waters percolating

downward from above (primarily from precipitation falling directly on the

ground surface above the salt). The percolating water removes soluble

_ salts, leaving behind a residuum of insoluble material that is referred

to as a leached zone (Vine, I_63). The shallow dissolution beneath Nash

Draw is such a zone and is apparently the route of lateral migration of

the leached salts that discharge into the Pecos Rivet.

A second type of salt dissolution has been recognized as having dissolved

salt from somewhere within the body of evaporites, generally resulting in

the collapse and lowering of the overlying stratigraphic units. Ande:son

(1978) recognized the resulting insoluble residue as a blanket

dissolution breccia which occurs to the west of the present salt edge in

the basin. In addition, deep dissolution phenomena within the evaporites

may have developed mote localized collapse features that have been

recognized around the margin of the basin and within the basin (Maley and

Huffington, 1953). The origin of these deep dissolution features and

breccias is more problematical than the origin of surface dissolution and

the rates of dissolution more difficult to assess. Source of the water

to dissolve the salt is hypothetically assumed to be aquifers underlying

the salt beds, communicating through fracture systems in the intervening

anhydrlte beds.

Shallow Dissolution. The depth of shallow dissolution in the evaporites

(base of leached zone) is highly irregular, but is usually less than 300

feet in the vicinity of the proposed site (see Section 4.3.2). It is

......................................... F....
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developed in the wester,= pact of th_:Delaware Basin where the evaporltcs

are exposed, or near _he surface. F3E example, in Nash Draw, where the

Rustler Formation i.e exposed, leachlqg extends into the Salado, and the

permeable resldutml contains brine (Vine, 1963). It appears that

percolating ground waters move laterally toward Nash Draw, eventually

discharging to the Pecos River after becoming saturated with salt.

East of Nash Draw, down dip into the basin, the evaporlte formations

become progressively deeper, and the present-day top of salt becomes

pL'ogresslvely higher in the strutigraphlc section. The top of salt is at

the top of th_ Salado Formation about 2 miles west of the center of the

proposed site, al,d becomes progressively higher in the Rustler Formation

across the site (Figure 6.3-7, also see Figure 2-6).

Jones (1972) reported the solution front in the Salado ?ormatlon to be

between 2 and 3 miles west of the center of the site. Bachman (1974)

described a thinning of the upper member of the Salado Formation to the

west and north that he _ttributed to a combination of thinning inherent

in the original deposition processes and thinning due to subrosion

"during the alddle and late Ce,,ozoic. West of the line marked "edge of

Salado salt" in Figure 6.3-8, there is almost a fourfold reduction in

thickness of the upper member of the Salado Formation to as little as

• 150-170 feet in some places. This is the :esidue of a 500-foot thick

section from which the soluble portions have been leached by circulating

ground water. Wherever the upper member of uhe Salado has been thinned

by dissolution, the section of rock between the upper surface of the

remaining salt and the top of the formation consists of clay with crudely

interlayered seams of broken gypsum (from rehydration of anhydrite) and

fine-grai ned sandstone.

As dissolution progresses and the salts are carri >d away, voids develop

and the residual layer is weakened until it is nc longer able to support

the overlying material. Slumping of the residu? and the associated

collapse of the roof can extend to surface elevations, resulting In a

m

--
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topographic sink. The distinctive pltte'_ _O_ography that results is

termed karst. Such topography, in which t_'.t_facecka__nage is poorly

defined, _s extensive in southeastern New Mexico.

Bacluaan (1974) reported that dollnes (that are believed to develop into

shallow sinks on the rock surface beneath the soll mantle) are x,ery

', common, and suggested tha_ the course of the Pecos River southward from

I Carlsbad to the proximity of the New Mexico-Texas state line lies in a

' major belt of collapsed sinks. For example, along the east side of the

Pecos River, southeast of Carlsbad at Malaga Bend, a linear scarp is

believed to nave formed along a collapse structure that is now occupied

by the river. Other major collapse features mentioned by Bachman include

Clayton Basin and Nash Draw. Bachman believes that these features formed

as coalescing sinks, probably during Pleistocene time.

Another large depression cited by Bachman is San Simon Sink, located 22

miles east of the proposed site. Shallow _issolution is a factor in the

development of this sink, which is apparently still in process. The last

recorded collapse _n San Simon Sink occurred approximately 40 years ago

(Nicholson and CJebsch, 1961). Many sinks along the Pecos River Valley

have collapsed in historic tLme (Bachman, 1974). As recently as 1973 a

small collapse sink formed at Lake Arthur, N.M., about 50 miles (80 km)

north of Carlsbad.

[

Deep Dissolution. Large, deep dissolution features filled with Cenozoic

sediments overlying the inner margin of the Capltan reef (Figure 6.3-8)

were recognized by some of the first geologists working in the Delaware

Basin (Maley and Hufflngton, 1953). The source of water to dissolve the

salt was assumed to be the Capltan aquifer.

The extent of large-scale dissolution structures is shown on Figure

6.3-8. The dissolution wedges were identified through varve correlation

across the basin in the Castile Formation and recognition of dissolution

breccia beds in the western part of the basi_ (Anderson et al., 1972).

These studies suggest that deep dissolution wedges in the Castile
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Formation occurred in the lower Salado and upper Castile salt beds

(Anderson, 1978}. The position of the eastern margin o£ the western

wedge coincides w,th the location of dissolution features containing deep

Cenozoic fill (Figure 6.3-8). The development of these features _nd the

wedge was apparently a complex process, lt probably included initial

wedge development adjacent to the reef, similar to that seen in the

eastern wedge (Anderson 1978), and later combined with shallow

dissolution.

The most prominent small-scale, (less than i mile across) dissolution

features in the vicinity of the Delaware Basin have been describcd by

Vine (1960} as "domal karst features". The subsurface projection of one

of these (dome "C") was encountered at the level of the McNutt potash

zone by Mississippi Chemical Curporation. Zt was found to be a chimney

in the Salado Formation filled with clay-cemented brecclated rock

belonging to strat_ above the 7th ore zone. There are othsr

eroslon-breached _cmes slmllar to Vine's dc_e "C" in the vicinity of Nash

O Draw. The subsurface expression of the domes, if any, is virtually
unknown. A chimney containing cemented rubble (incorrectly termed a

"b_eccia pipe") was encountered in commercial exploratory drilling within

the proximity of a low circular hill near the Wills-Weaver Mine, but this

childney was not associated with a breached-dome at the surface. Recent

geophysical surveys of the region have revealed that some of these hills,

including the "Weaver Pipe" and dome "C", are associated with resistivity

lows. Both Vine (1960) and Anderson (1978) have proposed mechanisms for

origin of these features, all of which remain to be tested by field

investigations of their subsurface structure and composition {see Chapter

i0). These mechaJ%isms involve various combinations of differential

solution, hydration of anhydrite to gypsum, and salt intrusion. An

attempt to reconcile these mechanisms and apply them to the origin of

domes near Queen Lake southwest of Nash Draw was made by Reddy (1961).

Anderson believes that the dissolution giving rise to'these features is
=

an ongoing process. The proposed site is in an area of the Delaware

Basin that is free of regional deep dissolution, but localized features



I

I .

I ,

I

6-42

are present in the vicinity. Nevertheless, ':he extensive investigation

carried out at and near the proposed site, includin_ explicatory holes,

ERDA-10, ERDA-II, ERDA-9, and AEC-8, indlcatethat deep dissolution is

not taking place there. ERDA i0 was located and drilled specificnlly to

evaluate the suggestion of Anderson that the absence of _aLite ZTI in the

Castile south of the _IPP zlte was due to deep dissolution. Examinationi

of the core revealed no apparent solution Lesidue or collapse breccial

' the recently collected data indicate nondepositlon rather than

dissolution since this was the nearest probable location of regional deep

dissolution, its absence implies alack of threat to the WIPP site from

this phenomenon.

Rates of Dissolution. Zt is evldent that dissolution is an active

process, and can be expected to continue in the future. The potential

hazard to the proix)sed site by continued dissolution in nearby places

such as Nash Draw, 7 tc 8 miles west of the site, can be evaluated if the

rates of dissolution are known. I_ relation to human activity, the rate

of dissolution is almost immeasureably slow. However, in terms of

geologic processes, an attempt to estimate the rate is not altogethe:

impractical. As stated by Bachman (1974): "Active geologic p,ocesses

have not changed since the close of Tertiary Ogallala time, about 3-4

m.y. (million years) ago. However, the rates of these processes have

varied considerably. It is assumed that the rates of these processes

will continue to vary and that prediction of future events can be made by

assuming that the extremes of past conditions will not be exceeded in the

future."

With this in mind, Bachm_n analyzed the rate of dissol,.,tion in Nash Draw

since the development of the Mescalero caliche, estimated to be 600,000

years ego. The following summarizes his analysis (Bachman, 1974):

Collapse of the Muscalero caliche along the margins of Nash Draw

indicates that this depression has formed, at least in part, since the

deposition of the caliche.

, ' , ....... ' ............ ii ""_, ....
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.-. Along Livingstone Ridge on the east side of Nash Draw, the Mescalero

. callche is undeEormed at elevations above 3,300 feet. Zt dlps steeply

_ . into the depression along the ridge and occurs at elevations of 3,200

' feet, and less, within the depression. Along Quahada Ridge on the west
/ '

side of Nash Draw the Mescalero i_ likewise undeformed at elevations

• about 3,300 feet, but it dips steeply into Nash Draw and occurs as

'" collapsed fractured masses wILhin the c_._p:ession (NE 1/4 sec. l, T. 22
4'

" " S., R. 29 E.).
i

A cr,_s: ._ecti_n through pettish explore.tory holes in Nash Draw indicates

... the approximate extent of salt dissolution in the Salado Formation since

, Mescalero time (Figure 6.3-9).
/

I

- Nash Draw appears to have subsided between Livingstone and Quahada Ridges

" a._much as 180 keet since Mescalero time. At one Iccality the surface of

Nash Draw is 180 feet below the projected altitude of the Mescalero

caliche (See figure 6.3-9_. However, the interval between the top of the
".

"_.... Salado For_atic,% and the top of marker bed 124 at the same location is

420 feet, or 730 feet les _,than at Livingston Rid9e where relatively

little Salac}_ salt has been removed. It is therefore interpreted that

about 150 feet of Salado _ rlt was removed before Mescalero time and about
L

.... 180 feet l,as been removed since Mescalero time. At another locality,

....",. Nash Draw subsided appL'oximatley 160 feet below the projected elevation

_" of the Mescalero caliche while about 120 feet of Salado salt was being
0

.. .,: removed. There is a discrepancy here of about 40 feet that could De

! explained by surficial erosion.0
• I

:... '

":' Thus, in the area of Nash Draw that subsided 180 feet, the average rate

of vertical dissolution over the 600,000 years was about 0.33 feet per

-'_7." I000 years (_achman, 1974).
--

"'

-'.:':'.." These conclus,ons are based on the available geologic evidence, but the

assumption should not be made that this rate of dissolution is a constant

for the region. At least two other factors must De considered in this
.

_-_ ,,

--;-_ interpretation, but geologic information is not currently available to

"'" permit evaluatior, of them. The factors are:

>

• .. , . _ __ , , , ,,, -_..--'/-.-_,, . . ,

, , _ • ....... ,
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' Dissolution and subsidence rates probably have not been constant in
_.0

Nash Draw during the past 600,000 years. A major part of this

,: subsidence may have occurred during pe_'iods o_ high humidity in late

_leistocene (Wisconsin time),
" r

' " ",' / The subsidence in Nash Draw, whenever it occurred in tile ,

_" "/, _ , Pleistocene, is not an average rate for the region, In the area of
x

"t,h,P, Divide," between Antelope and Livingstone Ridges, the Hescalero

caliche is relatively, undisturbed and _probabiy no dissolution has

occurred there since Mescalero time,

Calculations have also been made of the removal of salt from the Rustle_

and Saiado Formations in Nnsh Draw based on the rates of discharge of

dissolved sodium chloride and calcium sulfate into the Pecos Rive= by

brine seeps at Malaga Bend. Active dissolution of hallte from the upper

part of the Salado Formation occurs in the solution breccia zone at the

base of the Rustler Formation in _ash Draw (Bro_aw -P al. 1972). The

brine solution is believed to be recharged by aquifers in the Rustler and

above, and its discharge is thought to be primarily at the Malaga Bend

brine seeps and the salt lakes in Nash Draw. Piper (1973) calculated

that the salts discharged into the Pecos River between Mala_,_ Bend and a

" point 6 miles (10 _m) downstream amount to 310,000 tons (' 108 kg)

of NaC1 and 170 tons (1.5 X 108 kg) of CaS04 each year. _s

" equ|valent to a loss of 0.16 vertical feet of salt sec '_ thousand

years, a rate of the same order of magnitude as that _d from th_

subsidence of Nash Draw.
, ..

An alternative approach of estimating vertical dis;,_,,,ticn was used by

F.A. Swenson (Bachman and Johnson 1973). He investigated the tonnage of
q

salt dissolved and discharged by springs and st'_eams along the east flank

of the basin and found the maxim%m tonna_e for the many subbasins to be

955 tons per square mile of draihage area each year. If the discharge

continued at that rate Lt would mean a vertical dissolution of about 0.5

foot of salt in 1,000 years, provided the dissolution was distributed ' '

evenly over the area drained.

• ..

•
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A rate of lateral shallow dissolution of salt in the western part of the

Delaware Basin has been estimated to be about 6 to 8 m_les per million

• years horizontally (Bachman and Johnson 19."3). These estimates were

'.'. based on the assumption that the salt-bearing Salaflo Formation extended

to the Capitan reef escarpment on the western edge of the basin at the

end of Ogallala time lt is now recognized that dissolution of this salt/ •

could have occurred at previous times in the past, and the average rate

of salt removal by shallow dissolution is believed to be much slower than

those estimates which establish an upper bound.

As stated previously, it is estimated that about 50 percent of the

original volane of salt has been removed fram the Basin. In considering

the rate at which the salt was removed, it is generally recognized that

much of the erosion and dissolution probably occurred since the beginning

of Cenozoic time. This is a period of major uplift and erosion.

Anderson pointed out (1978) that the d(ssolutlon features are closely

associated with Cenozoic and postuplift hydrologic and structural

controls. Nevertheless, as early as Jurassic time the basin was tilted

O and the western portion shown on Figure 6.3-8 was exposed and subject to
erosion (Bachman, 1976). The hydrologic and structural conditions were

apparently similar at that time to those of the Cenozoic, and the

Jurassic climate is recognized to have been wet. Thus, it seems quite

likely that the deep dissolution and erosional processes of salt removal

could have been significantly accelerated during the Jurassic period.
/

,

The rate of deep dissolution is d4ffiCult to assess, and Anderson (1978)

does not believe that estimates can be made with any degree of

confidence, considering the. available data. He suggests that if it is

assumed that I) deep dissolution progresses at a constant rate, and 2)

that significant di.csolution did not begin until after stripping of the

Ogallala Formation from the basin (3-4 million years ago), projection of

that rate would imply all of the lower Salado salt would be r&moved in

.... about another million years. However, he does not believe the

'. assumptions are valid.

b

/

,.
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,4:

Deep dlssolution, as hypothesized by Anderson, would seem to have been a

significant geologlc process in Jurassic time, as well as in the

Cenozoic. It is apparent that further study of these factors is needed

to fully assess the impact on the proposed site. Sandia Laboratories and

the U.s. Geological Survey are currently performing studies to provide

data which should aid in this revaluation (see Chapter 10).

6.4 HYDROLOGY DRILLING AND TESTING SUMMARY

6.4.1 HOLE NO. H-1

LOCATION: T. 22 S., R.31 E., Seo. 29

ELEVATION= 3,403.2 feet (ground le'tel)

DEPTH DRILLED, 848 feet

DATE COHPLETED: June 9, 1976

DRILLING CONTRACTOR= Sonora Drilling Co., Carlsbad, N. Mexico

DRILLING METHOD" Auger ig inch hole (0-40 feet)

Rotary 7.88 inch hole with air-alr/mlst (40-731 feet)
i

, I

.: Core 4.75 inch hole with air mist (731-842 feet) '

Ream 9.88 inch hole (40-848 feet)

CASING RECORD: 10.75 inch O.D. steel surface pipe, (0-40 feet) cemertted

_o surface

7 inch O.D. steel casing (0-848 feet), cemented to surface (cement plug
f

to 797 feet, drilled to 831 feet)

GEOPHYSICAL LOGS: Differential TempeLatu_es

BHC Acoustic

Compensated Densitog

DUL -Laterolog
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Mtoro-Laterolog

Compensated Neutron-Gamma

Sperty-Sun Mag|mtic Survey

HYDROLOGIC TESTING (OPEN HOLE) :

A. 699-842 reefs DST, o£ RUStler-Salac]o Contact, 9.1 gallons of water

in 20 hours

B. 667-699 feet: DST of Culebra Dolomite, 10.6 gallons of water in 11.5

hours

C. 626-667 reefs DST, of suspected salt residue, 11.2 gallons of water

in 12 hours.

D. 562-592: DST of Magenta Dolomite, 13 gallons of water in 13.5 hoursl

after hole was drilled to 592 feet inflow of 490 gpd was observed.

HYDROLOGIC TESTING (CASED HOLE) z

E. 803-837 feetz Perforated zone, Rustler-Salado contact, water level

rose from 826.5 to 811 (25 gallons) in 33 days.
0

F. 675-703 feetl Perforated zone, Culebra Dolomite, fluid level rose

from 665 to 406 (416 gallons) in nine days.

G. Tracer, 1311, no annulus leaks, no flow in 694-703 Interval, major

loss in 675-694 interval, tracer injection rate of 8 gpm, total 1634 gal.

injected.

H. 562-590 feet" Perforated zone, Magenta Dolomite, after bailing, i

A

water rose from 424.5 to 340.7 feet in 33 days (53 gallons), could not i
ball below 424 feet.

[
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1. Culebra water lev_l stable at 390 feet depth. (October 1977)

J. M_gqnta wGter level stable at 249 feet depth. (Octob6r 1977)

DRILLING & TESTING SUMMARY

6.4.2 H_LE NO. H-2a

LOCATION: T.22 S., R.31, E., Sec. 29

ELEVATION: 3,377.1 feet (ground level)
i

DEPTH DRILLED: 563 feet

DATE COMPLETEDz February 19, 1977

DRILLING CONTRACTORi Pennsylvania drilling Co., Carlsbad, N. Mexico

A
DRILLING METHOD: Auger 18 inch hole (0-33 feet)

f v

I Rotary 8.75 inch hole with alr-air/mlst (33-513 feet)

Core 4.75 inch hole with air/mist (513-563 feet)

(cut 2.25 inch diameter core)

CASING RECORD: 10.75 IrJohO.D. steel casing (C-33 feet) cemented to

surface

6.63 inch O.D. steel casing, (0-511 feet), cemented to surface

Geophysical Logs: None. Available from H2C_ 90 feet away.

HYDROLOGIC TESTING:

A. 0-188 feet: Stopped drilling after encountering wet zone at 185

feet; interval produced no appreciable fluid in 5 hours



6'-,49

B. 513-563 feets Open hole, Magenta Dolomite, water rose from 556.8 to

538.7 in on'._ day (22 gallons).

C, Magenta s_atio !eve1 at 249 feet, October, 1977

DRILLING & TESTING SUMMARY

6.4.3 HOLE NO. H-2b

LOCJ_TION: T.22 S., R. 31 E., 8eo 29

ELEVATIONa 3,377.1 feet (ground level)

DEPTH DRILLED: 661 feet

DATE COMPLETED: February 12, 1977

DRILLING CONTRACTOR: Pennsylva, ia Drilling Co., Carlsbad, N. Mexico

DRILLING METHOD: Auger 18 inch hole (0-33 feet)

Rotary 8.75 feet hole with air-air/mist (33-611 feet)

Core 4.75 inch hole with air/mist (611-661 feet) (cut 2.25 inch diameter

core)

CASING RECORD: 10.75 inch O.D. steel casing (0-33 feet) cemented to

surface

6.63 inch O.D. steel casing, (0-609 feet)., cemented to surface

Geophysical Logs: None. Available from H2C, 75 feet away.

, }i

HYDROLOGIC TESTING: I

A. 611-661 feet: Open hole, Culebra cored interval, water rose from

636.9 to 458.0 feet In one day (260 gallons). Level stable at 352 feet

(February 3.977)
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B. dole | Hi-2o was bailed from the Culebra while monitoring H-2b in the

Culebra, First response in H2b was detected 50 minutes after bailing o_

H2C star ted.

C. 510-538 feet: Perforated zone, Magenta Dolomlte, water rose fro_ 560

to 420 feet in one day (210 gallons).
A

D. Well constructed for monitoring at Culebra Dolomite via tubing and

1 Magenta via annulus. Culob_ static level at 35] feet, Magenta static

,_ level at 292 _eet (perforations may be blocked).

l
L DRILLING & TESTING SUMMARY

6.4.4 HOLE NO. H-2c
t

LOCATION: T,22 S., R,31 E., Ssc 29

ELEVATION: 3,377.1 feet (ground level)

DEPTH DRILLED" 795 feet

DATE COMPLETED: February 5, 1977

D_ILLING METHOD: Auger 18 inch hole (0-33 fee_

_tary 8.75 inch hole with air/mist (33-743 feet)

Core 4.75 inch hole with air/mist i743-795 feet)

(cut 2.25 inch diameter core)

CASING RECORD: 10.75 inch steel casing i0-33 feet) cemented tO surface

6.63 inch O.D. steel casing, (0-742 feet), cemented to surface. ----

Geophyslcal Logs: Compensated Densilog

Dual-L_terolog

BHC Acoust ilcg

Micro-Laterclog
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Compel,sated Neutron-Ga_na

4-Arm Cal ipe_

• U_GS Lithologio-log

H_DROLOGIC TESTINGs

A. 743-795 feetz Open hole, Rustler-S_lado cored interval produced 14

gallons in 18 days.

B, 624-652 feetl Culebra perforated zone, water rose from 656.4 to

446,6 in one day (310 gallons)° Static level at 352 feet. (March 1977)

C. Tracer 1311, no flow below 642 in casing, fluid loss zone was

, between ._31 and 644, especially 640-644 where core ihdlcates pitted and

fractured dolomite, tracer injection rat_ was 8 gpm, tot,l 697 gal.

injected,

D, Dual completion monitoring (Rustler-Salado via tubing and Culebra via

annulus) shows Culebra stable at 355 feet (Octobec 1977) and

Rustler-Salado still recovering at 34 feet per month, (June 1978)

DRILLING AND _.ESTING _UMHAR¥

6.4.5 HOLE NO. H.-3

LOCATIONs T. 22 S., R.31 E., Seo. 29

ELb_/ATION: 3,388.7 feet (ground level)

DE_.I DRILLEDz 894 feet

DATE COMPLETED: August 12, 1976

DRILLING CONTRACTOR: ;_ni_sylvania Drilling Co., Carlsbad, New Mexico

_. .... " ' .. _. _.;'.; l-._ _-;.; ....._- ._..i._ :---.---.- ,._'-_r&_1_,--,.;-. ,.....................
0
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DRILLING METHODs Auger 18 inch hole (0-38 feet)

Rotary 7.88 inch hole with alr-alr/mlst (38-894 feet)

Ream 8.75 inch hole (38-894 feet) "

CASING RECORDI 10.75 Inch O.D. eteel surface pipe (0-38 feet) cemented

to surface.

6.63 inch O.D. steel casing, (0-891 feet), cemented to surfao_ (cement

plug to 804 feet drilled to 864 feet)

Geophysical Logsz Compe,mated Densilog

Micro-Laterolog

Dual-Latero og

BHC Acoustilog

Compensated Neutron-Gamma

Differentlai Temperature

HYDROLOGIC TESTING (OPEN HOLE) O

A. 800-868 feetz DST, Ru_tler-Salado contact, produced 1.8 gallons of

water in 16.5 hours;

B. 672-703 feet: DST, Culebra, produced 2.1 gallons of water in 21.5

hours.

C. 703-780 £eetz DST, salt residue, 2 gallons of water in 26 hours.

D. 558-608 feetz DST, Magenta, 23 gallons after 37.5 hours, after

developing operation via swabbing.

HYDROLOGIC TESTING (CASED HOLE)

E. 813-A_7 reefs Perforated Rustler-Salado contact; produced 37 gallons

in 32 days.

0
......... .°....................

, i
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e
F. 675-703 feet, Perforated Culebra, bailed hole and monitored,

recovery was up to 410 from an initial level of 550 feet (200 gallons in

8 days).
L

G. Tracer 131I, sh_ed no flow below 696 feet; major fluid losses in

intervals 684-692 and 692-695; tracer injection :ate was 8 gpm, total

injected 450 gal.

H. 562-590 fe,_tt Perforated Magenta, bailed 360 gallons in one hour

with 6 feet o_ drawdown.

I. Dual-completion monitoring (Culebra via tubing and Magenta via

annulus) indicate Culebra static level at 404.5 and Magenta static levo1

at 245.1 as of October 1977.

DRILLING & TESTING SUMMARY

6.4.6 HOLE NO. P-14

LOCATION: T.22 S., R. 30 E., Sec. 24

ELEVATION" 3,358.1 feet (ground level)

DEPTH DRILLED: I,545 feet.

DATE COMPLETED: October 3, 1976

DRILLING CONTRACTOR: Boyles Brothers Drilling Co., Las Cruces, New

Mexico

DRILLING METHOD: Rotary 8.75 inch hole with air (0-20 feet)

Rotary 7.88 inch hole with air-air/mist (20-784 feet)

Rotary with air/mist (784-1,168 feet)

Core with brine mud (1,168-1,545 feet)
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C_.SI_K; RECORD: 8.6_ inch O.O. steel casing (0-20 feet)

4.50 inch O.D. steel casing, (0-775 feet) cemented to surface, hole

_l*Jgged back from1 1,3_.5 feet to 759 feet with cement.

Geophysical Logs: Ga_aa

Gamma-Gamma

Neutron

Caliper

HYDROLOGIC TESTING (CASED HOLE)

A. 676-700 feet: Perforated Rustler-Salado, Eluid t-.vel _ose from 730

to 620 feet in one day (75 gallons)o

B. 573-601 feet" Perforated Culebra, bailed 720 gallons oE water in

three hours with no drawdo%tn.

C. Tracer 131I, showed 63 percent fluid loss in _llter,,al583-590,

eremaining los_ in interval 573-583; no loss below 5_0 feet. Injection

rate 7 gpm. Total injected 1634 gal.

D. Dual-completion monitoring (Rustler-Salado via tubing and Culebra via

annulus); Rustler-Salado stabilized at 386 feet, Culebra stabilized at

324 feet (October 1977)

DRILLING &..TESTING SUMMARY
t

6.4.7 HOLE NO. P-15

LOCATION: T.22 S., R.31 E., Sec. 31

ELEVATION: 3,309.7 feet (ground level)

DEPTH DRILLED: 1,465 feet

i

.... °......

i i

/ /
/
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DATE COMPLE'_ED: October 14, 1976

DRILLING CONTRACTOR: Boyles Brothers Dril_Ing Co., Las Cruces, New

Mexico.

DRILLING METHODz Rotary 8.75 inch hole with air (0-20 feet)

Rotary 7.88 inch hole with air-air/mist (20-515 feet)

Core 4.75 J_.ch hole with airmist (515-600 feet) (cut 2.25 inch dlamet_r

core)

Ream 7.88 inch hole with air/mist (515-637 feet)

Rotary 5 inch hole with air/mist (637-1,038 feet)

Core with brine mud '.I,038-i,465 feet)

CASING RECORD: 8.63 inch O.D. steel casing (0-20 feet)

4.50 inch O.D. steel casin9, (0-635 feet), cemented to surface, hole

plugged back from 1,465 to 600 feet with cement, cement drilled out to

620 feet,

Geophysical Logs: Gamma

Ga_a-Gamma

Neutron

, Caliper ,

Spectralog

....,

HYDROLOGIC TESTING •

A. 532-556 feet: Perforated Rustler-Salado contact, fluid _ise from 618

to 497 in 42 days (81 gall_ns).

B. 410-438 feet: perforated Cu!ebra, fluid rose from 496 to 420 feet in

one day (50 gallons)_ 125 9aliuns in 33 eayg

C. Dual Completion monitoring (Rustler-Salado via tubing and Culebra via

annulus) shows Rustle_-Salado static level at 324 feet and Culebra at

308 feet as of October, 1977.
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@
DRILLING AND TESTING SUMMARY

6.4.8 HOLE NO. P-17

LOCATION: T.23 S., R.31 E., Soc. 4

ELEVATION: 3,339.5 feet (ground level)

DEPTH DRILLED: 1,660 feet

q

DATE, COMPLETED: O_tober 26, 1976

DRILLING CONTRACTOR: Boyles Brothers Drilling Co., Las Cruces, New

Mexico.

DRILLING METHOD. Rotary 8.75 inch hole with air (0-20 feet)

Rotary 9.88 inch hole with alr-air/mist (20-755 feet)

Rotary with air/mist (755-1,220 feet)

eCot6 with brine mud (1,220-1,660 feet)

CASING: 8.63 inch O.D. steel casing (0-20 feet)

4.50 inch O.D. steel casing, (0-751 feet), cemented to surface, hole

plugged back from 1,660 feet to 720 feet with cement, cement drilled out

to 731 feet.

Geophysi cal Logs- Gamma

Gamma-3amma

Neutron

Cal iper
--

HYDROLOGIC TESTING (CASED HOLE)

A. '702-726 feet: P_,,rforatedRustler-Sclado contact; fluid rose from 726

to 622 feet (71 aalions in 73 days).
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B. 558-586 feet: Perforated Culebra, single packer set at 683 feet,

" bailed and monitored for 29 days with fluid rise from 622 to 372 feet•
L

C• Dual Completlon monitoring (Rustler-Salado via tubing and Culebra via

annulus) indicates fluctuating levels; problem could be leaking bridge

p_;ker or communication in cemented annulus.

DRILLING & TESTING SUMMARY

_" 6.4•9 HOLE NO• P-18

LOCATION: T.22 S•, R°31 E•, Sec• 26

1

,._, ELEVATON: 3,478.7 feet (ground level)

.i: DEPTH DRILLED: 1,998 feet

.._... DATE COMPLETED: November 5, 1976

O DRILLING CONTRACTOR. Pennylsvania Drilling Co•, Carl_bad, New Mexico.

.,:+ _ DRILLING METHOD: Rotary 8 75 inch hole with brine mud (0-18 feet)?. . •

.... Rotary 7.88 inch hole with bcine mud (18-1139 feet} to casing depth•
,:.°

:, Rotary with brine mud (i,139-1,630 feet)

"-"_- Core with brine mud (i,630-I,999 feet)

_i._ CASING RECORD: 8.63 inch O.O. steel easing (0-18 feet)

:_._ 4.50 inch O.D. steel casing, (0-I, 138 feet), cemented to surface, hole

+'. plugged back from 1,998 feet to 1,125 feet with cement.

%

_. Geophysical Logs: Gamma

_" "" Gamma-Gamma. ,

¢.". Neutron

.+'. Caliper

'!,i
o,

°..

t l+

+ '.

.+..

• ., , . %+. , ,, .'. ,. . , , / '_ ", ...... _ ......
' ,t ",, ' • , , ,.,+..,,_/...%. . ..
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/
#'

"' HYDROLOGIC TESTING (CASED HOLE)

A. 1076-1100 feet. Perforated Rustler-Salado contact, fluid rise from

1123 to 1073 feet in 73 days (34 gallons)
¢

" B. 9i2-940 feet_ Perforated Culebra, bailed and monitored t._covery for

33 days with fluid rise from 1045 to 1022 feet (16 gallons).

I I. C. Dual completion (Rustler-Salado via tubing, Culebra via annulus)
, indicated Rustler-Salado at 755 feet and still recovering as of October,i

/ ' 1977. i, i

,r DRILLING & TESTING _UMMAR_
'\

6.4.10 HOLE NO. AEC-8

:, LOCATION" T. 22 S., R.31 E., Sec. ii

ELEVATION: 3,531.9 feet (ground level) ....

DEPTH DRILLED: 3,019 feet (1974), deepened to 4,910 feet (1976)

DATE COI,_LETED= August 5, 1976

DRILLING CONTRACTOR. Sonora Drilling Co., Carlsbad, New Mexico

, DRILLING METHOD= Core, ream, rotary 7.88 xnch hole with brine mud

"" (31-3,019 feet)

Core, ream, rotary 7.88 inch hole with brine mud (3,018.5-4,910.5 feet)

CASING RECORD. 8.63 feet O.D. steel casing (0-874 feet), cemented to

s'.Irface.

5.50 inch O.D. steel casing, (0-4,907 feet), cemented 'o 880 feet.



I"

' 6-59

G _ophysical Logs! Co_npensated NeUtron

ML, ro-Later log

Duaa -Laterolog

Gamma

EYDROLOL :C TESTING (CASED HOLE}

A. 4,844-_,860 feet: Perforated lower sand lense of Bell Canyon

Formation; £_uid level rose from 41'2.6feet to 4095 feet in 166 minutes

. , (31 g_llons).
,#

/

E. 4,832 - 4,91_ feet: production packer with sentry monitoring device

showed formational pressure of 2037 Ibs/ in2 reached in 44.5 hours;

fluid density was i.'i g/_3

•:: C. Tracer 131I, along wlth tumperature lo_,s, indicated major fluid

loss in interval 4839 to _860 feet; minor cc_unication down casing to

4870 feet; tracer injection rate was 14 gpm. Total injected 2289 gal.

O D. 4,821-4,827 feet: Perforated upper sand lense of Bell Canyon
Formation; single packer set at 4835 feet; swabbed fluid to 2600 feet;

pressure monitor installed at 4805 feet; shut-Lh pressure recovered to

2037 Ibs/in 2 in 57 hours, fluid density was 1.12 gin/cre3,

<,
E. Tracer 131 I, showed no upward or downward conununication; injection

rate at tracer was ii gp=. Total in3ected 300 gato Injection was

occurri,_g uniformly in the lower 4 feet of perforations.

F. Dual completlon monitoring (lowering sand via tubing and upper sand

via annulus) indicate lower sand stabllzed at 615 feet and upper sand at

•" ' 560 feet as of November, 1977.'

• • r_".
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6.5 SUMMARY

The propose_ site contains neither perennial streams nor surface water "t

impoundment, and the water bearzng stratl above and below the evaporlte _

, section do net yield large quantities of water to wells. At its closest
/

point, the Pecos River is approximately 14 miles southwest of the WIPP

site. Water bearing strata in the loCal site area at stratlgraphic

horizons above the proposed repository include the Santa Rosa Sandstone

and the Culebra and Magenta members of the Rustler Formation. Hydrologic

units below the repository horizons include the Bell Canyon Formation of

the Delaware Mountain Group. Ground water -elooltles vary with porosity,

hydraulic conductivity, and head gradient but are typically 0.3 ft/d in

the Santa Rosa Sandstone, 0.5 ft/d in the Rustler Formation, and 0.0006

ft/d in the Bell Canyon Formation. Shallow wells in the local area are

generally used only for watering Zivestock and typically produce

nonpotable ground water with total solute concentrations in excess of

3,000 ppm.

Natural potentiometric levels of fluids from rocks above and below the
0

evaporites at the WIPP site (from the Rustler and Bell Canyon Formations,

respectively) are comparable (about 2950 to 3050 above mean sea level).

The head differential' between up$_er and lower units varies within about

200 feet on the periphery of the site, the sign and magnitude of the

differential depending upon precire geographic location.%

Gentle eastward tilting of the Delaware Basin resulting in the exposure

of the Salado Formation to near-surface waters has given rise to the

removal of a wedge-shaped mass of soluble salts between th,_ Guadalupe

escarpment (30 miles due west of the _ite), where there rern_,insno rock

salt, and a point about 3 miles d_:e _st of the site center, where the

Salado Formation is intact,

The proposed site is in _ area of the Delaware Basin that is free of

regional deep dissolution, but localized shallow features are present in

the vicinity. A shallow salt dissolution zone (called the "brine

aquifer") occurs in Nash Draw at the contact between the Salado and
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Rustler Formations. This local shallow dissolution area ranges in width

from 2 to i0 miles and has a length of approximately 30 miles. The brine

solution flows southwesterly at a rate of about 0.2 ft/d and discharges
,,'

into the Pecos River at Malaga Bend. The average rate of vertlcal

dissolution has been estimated to be between 0.33 and 0.5 feet per 1,000

years, and the average rate for l_teral dissolution has been estimated to i

be between 6 and 8 miles per million years.

i
i

Climatological records show that mean annual precipitation of the site is !

approximately 12 inches per year. Aided by the lOw relatlve humidity

(typically 36% during daylight hours) and high mean annual temperature

(SIOF), most of the anntlaL precipitation returns to the atmosphere

through evaporation and transpiration. Runoff is typically 0.i to 0.2

inches annually.

A

/
/
J
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_. oo
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Table 6.2-1. AREAL REQUiR_-24ENTS OF THE WIPP SITE

Zone Zone Use Approximate Acreage

.. I Surface Facilities 60.-(100)

II Underground Storage 1,860

III 1-mile wide zone surrounding Zone II
No mining or drilling. 6,230

IV 1-mile wide zone surrounding Zone III.

Mining and drilling in conformance with ERDA
specifications are allowed. 10___8810

TOTAL 18,960

29.6 square miles

/

• I

'. !
"-,. t
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TABLE 6.2.3

WATER USE DATA FOR THE PECOS BASIN

Surface-water and

groundwater withdrawals (m_d) i.......... i Jl _ __ --I I L__I I

Use category 1975a }1

Agriculture 1546
Steam-electricity 12 "
Manufacturing 0
Domestic 47
Co...erc1_l 8

Mining 151
Public lands 4
Fish hatcheries 3

Total 1771

SOURCE: U.S. Water Resources Council, Second National

Assessment of Water and Related Eand _iesour6es,
xn press.

aThe total groundwater withdrawal for 1975 was 1079 mgd.
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TADL_ NO, 6.2-6

, WATER OUALI'ITPARAMETERS (TIME-WEIGHTED AVERAGE)
.FORSAMPLINO STATIONS ON THE PECOS RIVER,

OCTOBER, 1975, TO SEP_EMBER, 1976

Dissolved-solids concentration (m /I)
, _ . : : ___ •.... _ ,_, _ _ _ _ ,__ _ __ ___

Station Discharge

No. (cfs) p.H Total Chloride Sulfate Sodium Calcium__ _" '__ ' _ - . __ emmamamma,.mm,i liBimm_ ,,mm ..........

08405000 12 7.7 2,500 531 1100 322 334
•' (Carlsbad)

"' 08406500 26 7.7 5,390 1690 1820 1030 524
(Nea=-Malaga)

. 08407000 28 7.5 13,900 6500 2280 4020 551
(Picree
Canyon
Crossing)

,

. SOURCE: U. W. Geological Survey, Water-Data Report NM-76-I.
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TABLE NO. 6.3-5

OBSERVATION WELLS - MONITORING ZONES

WELL NO.

(GROUND ACCESSIBLE INTERVALS
ELEV.) ZONE TESTED DEPTH ELEV.

H- 1 Magenta 562-590 2841-2813
(3403) Culebra 675-703 2728-2700

Rustler-Salado 803-827 2600-2576

H-2a Magenta No tests except levels

H-2b Culebra _I0-538 2867-2839

H-2c Culeb_a 62_-652 2753-2725
(3377) Rustler-Salado 743-795 2634-2582

H-3 Magenta 562-590 2837-2799
(3389) Cule_ra 675-703 271_°-2686

Rustler-Salado 813-837 2570-2552

P- 14 Culebra 573-601 2785-2757
(3358) Rustler-S_lado 676-700 26_2-2658

P-15 C_,!ebra 410-438 2900-2872
(3310) Rustler-Salado 532-556 2778-2734

• P- 17 Cuieb_a 558-586 2782-2754
(3340) Rustler-Salado 702-726 2638-2614

P-18 Culebfa 912-940 2567-2539
(3479) Rustler-Sllado 1076-I100 2403-2379

]_EC-8 Bell Canyon
(Upper) 4821-4827 _1289-1295_*

(3532) r_ll Canyon
(i,ower) 4844-4860 [I312-1328]*

t
i

•Elevations in brackets are below mean sea level; ali other ]
elevations are above msl. All depths and elevations are givea in

feet. 1

I
I
i
i

1

i

t

!
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TABLE JO. 6.3-6

POTENYIOMETRICLEVELS
OCTOBER 1977

(Elevation in Feet)

Ground Rustlm,-
Observation Surface Magenta Culebra Salado Delaware Sands .a

Well Elevation Dolomite Dolomite Contact "Upper'T"5ow6r" 1

H-I 3,403 3,154 3,013 Not i
MonitoredI

• iH-2a 3,377 3,128 Not Not
Penetrated Penetrated i

H-2b 3,377 3,081 3,026 Not I _1
Penotrated , Xi ,

H-2o 3,377 Not 3,021 34'/Month 2
Screened

H-3 3,38o 3,141 2,984 Not
Monitored 1

P-lq 3,358 Not 3,034 2,970
Screened

P-15 3,310 Not 3,002 2,975
_reened

P-17 3,340 Not 2,968 2,970
.Screened

P-18 3,479 Not 8'/month2 40'/month2
Screened

AEC-8 5,532 Not Not Not 2,927 2,933
Screened Screened ,Screered

NOTES:

IT he Rustler-Salado contact is accesslhle, but fs temporarily off.

2.,_coveryRate: Level in tubinE had not reached static level in October, 1977.

J
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GCR CHAPTER 7

O GEOCHEMISTRY

7.1 INTRODUCTION

In the context of this Geological Characterization Report, "geochemistry"

is taken here to include a description of chemical properties of geologic

media presently found in the suLface and subsurface environments of

southeastern New Mexico in general, and of the proposed WIPP withdrawal

area in particular. "Chemical properties of geologic media" might be

extended to include a description of present understanding of chemical I

processes wnlch have taken or are taking piace in southeastern New Mexico

rocks. This geochemistry chapter c_ the WIPP Geologica_ Characterization

Report does not consider any aspect of artiflcially-ln_roduced material,

t_mperature, pressure, or any other physico-chemical condition not native

to the rocks of so_.theastern New MeKico. These as-yet hypothetical

considerations belong in the realm of interactions between radioactive

waste and rock, a subject of the experimental programs initiated as part

of the WIPP gtudles that are not yet c,_=..._leted.Early experimental

results of radionuclide interactions with southeast New Mexico rocks and

fluids are reported in Chapte_ 9.

A substantial fraction nf this chapter consists of original source

material, P.ever before publiched in any format aside from reports of

Investigations resulting from research contracts. Much oi this _aterinl

is, however, in the p_oce_s of belng recast so as to be suitable for

presentation in various professional forums. Some material h_s already

bee:. so presented.

Information contained herein was offered if the work involved was at a

sultable stage of completion so as to allow conclusions to be drawn.

Some sub3ects of investigation related to geochemistry require several

years more investigation, even for final site characterization, and are

discussed In Chapter I0, mContinuing Studies." Sub3ects o_ the present

chapter are those which provide background data of relevance to (I)

• 0

f
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. experimental programs involving radloactive waste and its interaction

with geomedia,_ (2) borehole plugging, (3) the intrinsic physlco-chemt_.ai

stability of southeastern New Mexico rocks in the geologic Fas_., and (4)

safety assessment, which is desc[tbed in othe= major, documents relating

to the proposed WIPP. These data xnc!ude mineralogy, volatile

constlt,ents of [ocks, the constitution, origin and history o£ l_quids

and gases round in rocks, and the lengths o£ time which have passed since

the latest episodes of tJ_ermodynami: Instabillt¥ resultlng in rock/fluld

interactions.

In the absence of a satisfactory theoretically-formulated mathematical

model which can accurately predict phase equilibria among complex

evaporite minerals, an empirical approach, based on observed assemblages,

is adopted here. Such modelling is beyond the s.-ope of this document.

lt wlll be noted that voletile contents of evaporites were determined by -"

three different methods: static heating (Section 7.5.3),

thermogravimetric analysis (Section 7.5.2) and counting of fluid

inclusions (Section 7.6). Bach ssc of data was collected for a different

geochemical purpose, but results from _1'. techniques show comparable

a_ounts o¢ volatile constituents in the evaporites. The most accurate

results, however, are prcbably those derived f[om static heating.

7.2 T_E MINERM_OGY OF DELAWARE BASIN EVAPORITES AND RELATID ROCKS OF

THE LOS ,_LEDANOSAREA

7.2.1 Introduction

The foregoing sections on geology and stratigraphy have briefly me||tioned

generalized mineralogies of Delaware Basin rocks of the I.cs Medanos

area. Here it becomes of tnterest to present ._ more thorough expos_.tion

of mineralogies. This is done for a variety of reasons: (1)

mineraiogl_s affect properties of cocks important to physical aspects of

mining, (2) soluble minerals in rocks potentially give rise to _olutions

which can interact with waste and Ir.scontainers, and (3) minerals in

lp
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rocks have various degrees of sorptive af_inities _or radionuclides and
can serve to decrease their mobility. While this section is devoted

mainly to an account of the minerals found' in the main 0choan evaporite ,

section (Castile and Salado Format_,ons), mineralogies of some Guadalupian

, rocks and some rocks above the main evaporite section are included. This

in£o_mation is pa:ticularly useful to the consideration o_ radionuclide

mobility in rocks containing substantially more fluid than the

evaporites, and iq of fundamental importance to in situ experiments

involving waste-rock interactions. Also, investigations of fluid

inclusions, souL ces of volatiles, groundwate_ geochemistry and age-dating

of rocks and waters are clouely related to mineralogy.

7.2.2 Previous Work

Southeastern New Mexico evaporites have been economically important {or

many years because they contain the well-known McNutt Potash Zone in the

middle part of the Salado Formation. Descriptions of mineralogies of the

McNutt and adjacent Portions of the Salado have been given in several

previous reports covering much of the Permian Basin, and environs of

southeastern New Hexico (Brokaw et al., 1972; Jones, 1973! Jon_R, 1974a;

Jones, 1974b; Jones, 1975}. A detailed re,_iew of the economic mineralogy

of the HcNutt Potash Zone underlying Los Medanos appears in Chapter 8 o£

this report. This section on _ineralogy has been developed as background

critical to mine design_ waste-rock-fluid interactions, and other aspects

of 9eochemistry,such as a_e-datlng and radionucllde migration.

I

7.2.3 Overview of Evaporite Mineralogy

_-ray powder diffractlon examination of 50 core samples from ERDA 19 in -

the center of tW-' study area (Figure 4.1-2) has been completed. Only

qualitative information was obtained from these preliminary cores in

order to assess mineralogical variations among selected horizons.

As-received cores were crushed aild ground to bulk powder to provide a

representative sample of that zone, x-ray specimen mounts weres scanned

/

/
/

•
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' at l°/min on a diffractometer equipped with copper x-ray source,

graphite monochrometer and scintillation det_tor.

Eight min_,rals were identified in the 50 samples:

10 anhydr ite CaSO 4

2. clay AI2SI4OI0(OH) 2 xH20

3. halite NaC1

4, loewelte Na12Mg7 (SO4) 13 15H2C

5. magneslte MgCO 3

6. polyhalite K2Ca2Mg (SO4) 4 2H20

7• quartz SiO2

8. sylvi te Kel

Their occurrence is given qualltatlvely in Table 7.I with a corresponding

graphical distribution shown in Figure 7.1. Trace amounts of the

potassium minerals sylvite and polyhalite were found in the proposed TRU

horizon (2034-2110'), and the bigh-IA.vel horizon (2594-2692') was vold of

potash. ,'

7.2.4 Mineralogy 6f Fluld-Boa_in_ Zones in the Rustler Formation and

Delaware Mountain Group

Mineralogies of certain fluld-bearlng rocks above and below the main

evaporite sequence have been determined as background information for

radionuclide sorption studies.q

Magenta Member, Rustler Formation (AEC No. 8)=. The Magenta member of the

Rustler Forma:,on is largely ferroan dolomite, probably containing minor

ankerite which gives rise to the reddish color in weathered outcrops.

_his rock also contains detrltal quartz, and 9ypsum forms _.s crystals,

filling the rugs in the dolomite, %_hich can be up to several cm across.

Culebra Member_ Rustler Formation (AP_ No. 8). Like the Magenta, the

Culebra member is largely dolomite, with traces of detrital quartz. In

addition, small amounts of calcite are found.

e
)

/
i

i
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Bell Canyon Sandstone (A_3 No. 8). The Bell Canyon Formation is the

uppermos_ unit in the Delaware Mount,_in Group immediately underneath the

main evaporlte sequence, Zt is mostly _0trltal quartz and major _eldspar

with a matrix cE kaolinite and chlorite c_mented with aalclte and minor

amounts of dolomite,

=

Cherry Canyon Sandstone (plne Sprln_s OUtCrop)., Although the Cherry

Canyon Formation was not sampled in any WIPP exploratory borehole, its

stL'atlgraphia position directly underneath the Bell Canyon made it of

interest in preliminary radionuclide sorpt._on measurements. The detrital

component is largely quartz, and the cement is mostly dolomite. Minor

amounts of albite and microcline contribute to the det_tal component,

and minor amounts of gypsum and calcite are found in the cement.

7.3 DETAILED CHEMISTRY AND MINE_.ALOGY OF SOLUBLE AND INSOLUBLE

COMPONENTS OF THE SALADO FORMATION

7.3.1 Introduction

While this section deals primarily with results obtained from cores _rom

AEC No. 7 and AEC No. 8, exploratory holes three mile8 northeast of the

present study area (Figure 4,1-2), these holes provide_ material of

sufflclent llthologlc similarity to ERDA No. 9 so as to be of value. The

analytlcal strategy employs a normative-type calculation, in which

mineralogical compositions are derived mathematically from bulk chemical

compositions. The results of those calculations then can be compared to

mineralogies determined petrographic_lly or by x-ray diffraction. This

section serves as fundamental background information for the chapters on

_ilicate mineralogy and sources of volatile components within the

evaporites.



,t

(_(t - 7-6Ims, ra,,_ "

7.3,2 Materials and Methods

Sample Preparation and Handling. The core samples as received we=e

halved and one-hal_ was retained while the re_aining half was crushed and

ground. The ground sample was slze-distributed as shown in Table 7.2.

The samples were all double-Wrapped for storage in plastic bags due to

their hygroscopic nature. A portion o_ the crushed sample weighing

approximately 20 grams was accurately weighed and dried in &n o,en at

70°C for two hours to determine weight loss. The dried sample was then

added to 200 ml of distilled water, stirred for I hour, and filtered.

The _iltered material was dried and weighed to determine the insoluble

portion of the sample while the filtrate contained the solublo portion of

the sample.

An_._sls of Soluble Portion. The elements potassium, calcify, magnesium,

silicon, iron, aluminum, and strontium were analyzed by standard atomic

absorption methods using a PerkilP-Elmer 403 Atol,lc AbsorptLon

Sp,,ctrophotometer. Sodium, typically difficult to analyz_ precisely, was

analyzed using an Orion Specific Ion Sodium electrode and an Orion

Research Model 801 pH meter. Sulfate was determined gravlmetrica].y as

barium sulfate; chloride was determined volumetrically _ tltratlng with

mercuric nitrate (Vogel, 1961)

Analysls of Insoluble Portion. The inscluble portion was separately

analyzed only if the insoluble percentage was gre_t_r than 0.5% of the

total sample weight. Samples containing less than 0.5_ Insolubles did

not provide sufficient material for analysis, and it was deemed that even

a ma3or constituent in such a small percentage of the total would not

contribute significantly to the sample behavior. A portion of the

water-_nsoluble material weighing about i00 mg was dissolved in HF, using

the following procedure in a teflon-lined high pressure bomb (Bernas,

1968; 1973) obtained from Parr Instruments. Nitric acid (I ml) was added
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to wet the sample and 3 ml of 50t HF Were added. The bomb was assembled

and placed in a 70°C oven for 2 hours. The contents of the _omb were

quantitatively tranQferred to a polypropylene beaker containing 2.8 g of

boric acid and about 30-40 ml deionized water, The boric acid was

allowed to dissolve with stirring and the solution diluted to I00 ml in a

volumetric flask and stored in a polyethylene bottle, A solution

containing ali o£ the matrix material was prepared for use in making "

standards for the atomic absorption spectrophotometer. All analyses were

performed as described in the preceding section, Samples were tested for

the presence of carbonates using concentrated BCl but only occasionally

was a trace amount detected.

4

Therma) Analysis. Samples analyzed for weight loss upon heating were

ground so that greater than 90% of the sample was sm_ller than I00 mesh,

Each sample was dried for at least 3 days au 65°C in a ,,_hermostatically

regulated oven. This temperature was chosen to avoid the long-term

dehydration of gypsum described elsewhere in this report. Low

temperature weight loss ( 70°C for 2 hours) was used to measure

absorbed water. This weight loss is probably higher than for rock

distant from the sample collection point owing to absorption of drilling

water. Samples of 1O0 mg weight were heated for differential thermal

analysis (DTA) using a Fisher 200A DTA apparatus at a rate of 10°C/mln

from 250C to 500°C.

Thermogravimetric analysis was carried out with a Fisher 100A TGA

apparatus and a Cahn Model R6 electrobnlance at a rate of 5°C/_In from

60°C to 500o C using I00 mg of sample material. A few samples w_re

heated to 800°C and are described elsewhere in th_s subsection.

Results of At.al sy_sEs. Whole-rock chemical analyses, soluble-lnsoluble

fractions, and weight losses upon heating are presented in Appendix 7.A.

These analyses are converted to relative numbers of moles of components

by multiplying weight percents by app_'opriate values of 1000/molecular

weight. The results are listed in Appendix 7.B. If the insoluble

fraction of a sample exceeds 0.5 weig.qt percent, separate calculations
J

are provided for both the soluble and insoluble fractions of the sample.
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7.3.3 Results and DLsousa:,on

' Distribution o_,,MLno_al Phases. Chemical anall, se8 may b(: used to ,

estimate, semiquantitati_ely, the amounts o_ oonstltuent minerals present

in a rock. This is accomplished by distributing :he quantitatively

determined chemical components among mineral phasus known qualitatively

to be. present in the rock The method was as follows:

The distribution o_ the total number of moles (Nt) of a given

chemical component (c) n,,on9 the various mineral phases (p) present

in a rock is described by the equation l

Nt,c - _ (Np) (Na,p)

where:

Ht, c = the total number cE moles of the component c in the rock

Np = the total number of moles o_ each of the mineral phases p in the

rock,

Nc,p - the number of moles of the component c in one mole of phase p°

This equation is simply a statement of conservation cE mass, indicating

that the total amount of a 9iven chemical component must be distributed

among the minerals contalnlrg that component; this distribution is

controlled by the specific chemical compositions of the mineral3.

' An expression of the form of the above equation may be written for each

of the components present in a rock sample. For a given rock, one of d

//three conditions are possible fo_ the set of simultaneous equations

describing the distribution of all components in that rock:

I) if the number of equations (I for each component) is equal to

the number of unknowns (the moles of each of the phases), an I

exact solution to the equations may be determined.

2) if the number of ccmponents exceeds the number cE phases (more

equations than unknowns) the system La overdetermined and a

solution t_ the equations may be evaluated by a method suci_ as

least squares regression.

3) If the number of components is less than the number of phases ,

(more unknowns than equations), the system is indeterminate.

¢

/ # /

, .....



._- *_ 7-9 ,.

Zt_ either of the £irst two criteria are met, the cimmiaal composition of ' --

the rock can be employed to calculate the quantitative amounts of

minerals kn'_n, qualitatively, to be present.
J
i

An important assumption for the treatment described above is that the

chemical composition of all miner,al phases is known. This is necessary

in order to define Ncep for all phases in the mass balance equations. If i

a mineral cE variable composition is present in a rock sample (i.e., a

solid solution), an additional variable is introduced to the s_t of

equations; that is, the composition of the solid solution. This

additional variable may change a set of N equations and N unknowns

(condition 1 above) to an indeterminate set _ontaining N + 1 unknowns.

If such is the case, _t is necessary to employ some additional analytical

technique to detormine the actual composition o_ the unknown. On the

other hand, if the solid solution is present in a rock moating condition

2 above, it will suffice to simply introduce two values o£ Np for the

phase; in other words, an unknown for the number of moles of each of the

pure end-members of the solid solution present. The comp3sition of the ....

mineral is then defined by the relative number of moles of each of the

end-members preset_u.

Qualitative mineralogy may be carried out by a variety o£ methods such as

x-ray diffraction and thln-sectlon analysis in addition to

straight-forward examination. The chemical data obtained during this

study have been used to attempt to estimate relative amount_ of minerals

present in the various samples. With only a few exceptions, the rocks

e."e mace up essentially of halite, and other mineral phases are present

in comparatively minor or trace amounts.

Samples from the Carlsbad boreholes consist of two chemically distinct

fractions. (I) water-soluble chlorides and sulfates of _odlum,

potassium, calcium, and magnesium, and (2) water-insoluble silicates of

potassium, magt|esium, and aluminum wJth quartz and iron oxide. Minerals

of the first group generally contain stolchiometric compositions, whereas

those of the second group exhlblt extensiv_ co=.posi_ional vari:.tlon. In
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the ca_e of the soluble portion, sodium occurs mainly with chloride as

halite, while the other cations combine in various proportions with

sulfate (and only occasionally chloride) forming minerals such as

polyhalite, anhydrite, and kainit,_. These sulfates are of importance

because they contain hydrate water which may be released upon heating.

Silica,'es also undergo dehydration at elevate_ temperatures, but

generally mush higher temperatures are required than for the soluble

salts because the water must be derived through destruction of hydroxyl

, groups. Compositions of minerals from these two classes are listed in

Table 7,3.

Recognizing that soluble potassium, calcium, and magnesium are combined

with sulfate, a semiquantitatlve estimate of various sulfate phases may

be made by plotting the relative numbers of moles of the cations on
i

triangular composition diagrams. The compositions of various

stoichiometrlc mineral phases in the sulfate group are shown on such a

diagram in Figure 7.2. No sulfate of potassium alone is common in

nature, so sylvlte is placed at the potassium apex of the triangle. Also

_hown on this diagram are the chloride and chloride-sulfate of potassium

and magnesium. Not shown on Figure 7.2 are the soluble sulfates

containing sodium. After plotting a given sample composition in terms ut

relative numbers of moles of soluble K20 , CaO, and MgO, the total

number of moles of these cations is compared to the number of moles of

sulfate determined analytically; if th_.two are equal, then the minerals

in the rock are estimated uslng the location of the sample on the

diagram. If the cation sum is greater than available sulfate, an

appropriate amount of chloride is added to make up the charge balance.

Relative amounts of chloride and sulfate are then used in conjunct Dn

with the cations to determine appropriate amounts of carnallite, kainlte

and/or sylvlte. If on t,_e other hand, cations are deficient relative to

sulfate, then sodium is added to the sulfate group to form bloedlte,

glaserlte and/or glauberite.

The addition of sodim_ or chloride must be compatible with the relative

amounts _,f these two components in the analysis. Generally, these are



present in such large amounts that a small erEor in their contents

provides sufficient amounts for addition to the potassium-calcium-

magnesium-sulfate fraction. In many instances, it ir found that when it

is/necessary to do such addition, the appropriate component (sodium or

chloride) is present in excess of the other necessary to form halite.

Where such addition is not compatible with the chemical analysis,

examination must be made of the insoluble portion of the sample. Where

anhydrlte-gypsum is present in significant amounts in a sample, the

relatively low solubility of CaSe 4 (and possibly polyhalite) causes

this phase to appear in both the soluble and insoluble fractions.

Minerals of the insoluble fraction consist of quartz, iron oxide, and a
,.

variety of clay minerals which are difficult to identify due to

fine-grain-size and compositional variability. Iron probably occurs

chiefly as either hematite (much of the halite is tinted orange) or an

equivalent hydLated form although it may substitute for aluminum to a

minor extent in clay minerals.

According to our chemical analyses, the remainder of the insoluble

fraction is made up of the components K20, A1203, MgO, and SiO 2.

Because the first three of these generally occur combined with the

fourth, potential mineralogy of the samples may be evaluated by comparing

insoluble analyses to mineral compositions plotted on the composltonal

triangle K20-AI203-MgO shown in Figure 7.3. On this dla§ram,

mixed-layer solid solution among potassium and magnesium montmorillonites /

" and _.awater-illite is indicated by the shaded area between these three

endmember components, lt should be noted that the chlorite composition

plothed on Figure 7.3 is that which has been observed in present day

seawater sediments and evaporites. Relative proportions and amounts o£
/

minerals occurring in a given sample are evaluated by distributing -
,/

potassium, aluminum, and magnesium along appropriate limiting phase

!,
compositions. Silica is then distributed among these phases according to 1
stoichiometry, and any excess occurring in the sample analysis is

considered to be free quartz. "'"
•
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Halite is by far the most abundant mineral in the soluble fractions of
o.

the samples. In only a few cases is halite a minor or trace

constituent. Polyhalite and anhydrite/gypsum are accessory minerals in

most samples, and in two of these, Ca_) 4, is a major component, in

normative calculations for sulfate deficient samples, kainlte anu _ ......

carnallite are included, whereas thenardite, glaserlte, bloedite, and

kieserite appear in sulfate-excess and balanced samples. These phases

are rarely present in more than trace amounts and are calculated to occur /

in such small quantities as to be insignificant in terms of contributions
!

to hydrate water. Sample 8-1652 (i.e., 1652 feet depth in AEC No. 8) is

significantly different from other soluble material in that it is

calculated to contain relatively large amounts of the soluble salts

sylvite, polyhalite, leonite, and glaserite. The drilling log reports _I

loss of mud at this point, so it is unce, tain as to whether a rock is of 1

exotic mineralogy, or one from which certain cations have been leached by 1
]

moving drilling mud, or one which has exhibited the inco._gruent

solubility of polyhalite, leaving a sample of abnorma_ chemistry.

Most of the insoluble analyses plot within the triangle bounded by the

phases Mg chlorite-K feldspar-talc on Figure 7.3. These minerals are

recognized to occur in evaporite sequences which have undergone mild

diagenesis (P <I00 atm, T <100°C), forming as a result of interaction
%

of brine with amorphous aluminosilicate detrital material (Braitsch,

1971). The only other phases calculatedto occur in the insoluble

fraction are mlxed-layer illite-montmorillonite, quartz, and iron oxide.

lt s_uld be noted that the presence of the mixed layer silicate as well 9 -
i

as chlorite and talc may be difficult to establtsh if they occur in very

flne grain size. None of the observed silicate phases undergo

dehydration below 500°C, according to the DTA.

Effects of Heating 5@mpl es. A number of different responses to heating i

were exhibited by the samples, lleating to 70°C was Oe_igned to measure

absorbed water recognizing that gypsum dehydrates, acco[d_ng to

thermochemical data, at about 70°C. In normal differential thermal

analysis, gypsum undergoes stepwise dehydration to hemihydrite and
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anhydrite at about 150° and 185°C, respectively. Kopp, (Universit_

of Tennessee, pets. comm.) has observed that gypsum dehydrates upon fine

grinding and prolonged heating at 70°C, hence the observod DTA

breakdown is probably a result of kinetic factors. Consequently, samples

analyzed u_tng thermogravimetric analysis were powdered and placed in an

oven at 70°C for several days prior to ana_lysis of weight loss at

elevated temperatures. Samples 7-1171 and 8-2563 both contain major

CaSO4, but only the latter showed gypsum-type dehydration. This

appeare¢. _o indicate that sample 7-1171 actually contained anhydrite

whereas sample 8-2563 contained gypsum since only 8-2563 showed

significant weight loss at 70°C but both analyses su_.;ed to near 100t.

Essentially isothermal dehydration was observed over a continuum of

temperatures from 100° to 500°C for a large number of samples. In

addition, weight loss ove= a 50° to 100°C span in temperature was

observed for most samples, but generally at temperatures above 300°C.

These t_ types of weight loss probably indicate single-mineral

dehydration for Isothermal loss, and dehydration as a result of

_ineral-mineral c.hemical interaction for th =. weight loss occurring over a

large temperature span. Such solid interaction is demons rated by sample

8-1953 which contains both anhydrite and polyhalite but m. ima[

bloedtte. Figure 7.4 shows the DTA curves for pure polyhalite and

gypsum. C._mparison of these two curves to that of sample 8-1953 shows

the 325°C exotherm of polyhalite to be lacking while the lower

temperature endotherms o= gypsum are present. We suggest the missing

polyhalite endotnerm is a result of chemical interaction between

polyhalite and anhydrite somewhero between 200 ° and 325°C. Such

interaction among evaporite minerals should probably be iz=vestigated in

some detail in terms of retention of hydrate H20.

A few samples were heated to 800°C to get an indication of how much

weight might be lost from samples at high temperatures (>500°C). Of

the nine samples examined under these "extreme" conditions, four Degan

gaining weight at about 700°C. One sample increased in weight by about

15% between ;25 ° and 800°C. This gain in weight is not a result of '_



I

_{j # . 7-14

oxidation of iron (eg. Fo+2. in chlorite) since sample 8-2050 did not

contain _uty iron. That the gain in weight may be caUSed by formation of

an extremely hygroscopic phase at high temperatures as a result of

solld-solid cbeaical interaction upon heating. Whether or not such a

phase forms would u_.doubtedly depend upon the initial mineralogy of the

rock to provide the correct reactant phases since net all sample

exhibited this weight gain. The water necessary for this rehydration is

probably a result of the fact that the testing labor.atory is cooled

during the smnmer months (the analyses were run in earl_' June) by

evaporation which results in high relative humidity.

A composite histogram of weight loss of all samples at elevated

temperatures is shown in Figure 7.5. The distribution appears to be

log-normal with the maximum density near D.25t weight loss upon heating

500°C. Over half of tne samples (56%) show weight loss of 0.5% or

less, and only 15 sam@los exceed It. Figures 7.6A and 7.6B are plots of

sample wei_h_ loss vs depth for the two dci]l holes. Samples showingm

more than lt weight lOSS upon heating are scattered throughout the depth I

lrange but are generally separated by more than one hundree feet oE

low-water-loss material. There is a broad correlation between higher

weight loss and increasing insoluble content of sample, bL' no clearcut

relationship is seen between weight loss and silica content. Zt is

concluded that high temperature weight loss is contributed _ both

. silzcate and sulfate minera._s. Zt can be stated in general, however,

that samples showing less than I% weight loss contain less than I0 wt t

insoluble material.

7.3.4 Conclus3 on

Most of the samples showed very little water loss between 200 ° and

300°C and there were only small water losses at te_.peratures 200°C

and 300°C. As can be seen by examining the data, there are several

zones where there is essentially no change in sample behavior with

heating to m_lerate temperatures. These areas _.how good potential as

bu 'al sites _or nuclear waste.

4mm
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7.4 DETAILED PETROLOGY /LND SILICATE MINERAU_'_Y OF SOME PERMIAN B_IN

ROCKS

7.4.1 Introduction

The purpose of this section iS to describe and evaluate the petrologic,

mlneraloglc and geochemical properties of designated core samples,

primarily from the FP.DA - 9 drill hole and various grab samples exposed

in ,.linesand at t.%e surfac3, in connection with the WIPP (Waste Isolation

Pilot Plant) site evaluatio_1.

ERDA - 9 penetrates the Mescalero Callche, Gatuna Formation Santa Rosa

Sandstone, Dewey Lake Red Beds, Rustler Formation, Salado Formation and

the uppermost 50 feet of the Castile Formation (Figure 4.3-3). Primary

interest is focused on selected intervals within the Salado and uppermost

Castile Formations.

O The general problems under study are: I) the genesis of the dominantly• evaporite succession with associated silicates and 2) the extent of

post-deposltional alteration of these sediments. The baslc approach (and

analytical method) is broadly threefold. First, detailed study of the

occurrence and mineralogy of silicates, particularly clay minerals, in

the evaporite succession (dlsaggregation, size fractionation, x-ray

d!ffractometry). Second, bulk chemical analysis of whole rock, water

, soluble, acid insoluble, and clay size fraction (x-ray fluorescence,

atomic absorbtion spectroscopy, other rapid procedures}. Third,

macroscopic and microscopic petrography Lhandspecimen and microscope

mineral )dentification, description of form, texture and lithology of

mineral ;kssociations, and x-ray diffractor_etry of bulk samples).

7.4.2 Procedure

After core intervals _re selected for study, cores were cut lengthwise,

mostly in tile form of 1/2, less con_nonly I/4, of the core. Crlterla for

selectzon and additional procedures for analysis of these samples ace

!
s
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_escribed in the following sections on the silicate mineralogy,

geochemistry and petrography.

b

7.4.3 Silicate Mineralogy and Geochemistry

Systematic lo_ging of ERDA- 9 co,:e and accompanying gross mineralogy

have been described in Chapter 4. This section is focused on selected

segments of the core and examination of the paragenesis of minor

constituents, namely the silicate minerals, their composition, and their

interpretation in te_ms of deposltional and postdepositional phenomena.

Silicate mineralogy and geochemistry have not been comprehonsi,,ely

studied within the Ochoan rocks and the Perm.,'n 5_sln. Adams (1969) has

reported briefly on the occurrences of talc in argillaceous rocks as a

part of this extensive study of bromine distributloa thro_Jg_out the

section; specialized clay mineral determinations by Grim et al. (1961)

and Fournler (1961) have b Jen undc_taken on a limited number of samples

and witi4 minimal regard to thei, detailed stratigraphic setting and

geneses.

In an effort to provide substanti_ily more complete understanding of the

silicates associated with the Permian evaporites, some 70 samples of the

ERDA - 9 core cangin_ from 300 feet below the Salado-Rustler contact

(1163.3 foot depth) down to a few tens of feet below the Salado-Castile

centact (2867,6 foot depth) were selected. The following criteria we-e

used in the selections (I) representation of magor llthologies; (2)

detailed representation uf an apparent "cycle" of evaporate deposition

which occurs repeatedly through the Salado Formation section; (3)

representation of intervals under consideration for waste storage sites;

(4) detailed representatlnn of selected polyhalite-anhydrite occurrences

toward interpreting the genesis of the unusually abundant polyhalite; and

(5) representation of the sequences which may provide data for

interpreting postdeposltional solution and recrystallization phenomena.

In Table 7.4, we llst the samples by depth, gross lithology, and

stratigraphic position, a_ well as by character of data obtained; Table

7.5 provides a cross-listing for relating sample number to depth.
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Sample Preparation and A.naly_is_. The uore was split and one split

rebagged for future reference. One to I0 cm segments of the remaining

half were selected for analysis (petrographic, mlneralogic, and/or

chemical; and sectioned off. A 1 cm slab of this was retained for

petrographic examination/ the remainder was coarsely crushed and a split

retained for whole zock analysis. The larger fraction of the sample was

leached with excess demineralized water to di:.solve the halite host.

This was repeatedly centrifuged, decanted, and rewashed to remove all

traces of dlssolv.'_dhalite _rom the residue. The residue was dried,

reweighed, and a split susper_ed in boiling EDTA solution in order to

separate the "acid-soluble" salts (sulfate and carbonate minerals)

followinq the procedure of Bodlne and Fernalld (1973). Again, after
/

repeated centrifuging, decanting and washing to remove EDTA and to /

dissolve solid components from the insoluble residue, the suspension was

dried and reweighed. Table 7.6 depicts the quantities of sample residues

insoluble in water and EDTA. A split of this fraction was resuspended in

water, thoroughly disaggregated with an ultrasonic probe, and separated

into the >2 _m and < 2 _m (effective spherical diameter) fractions by

timed gravity settling. Oriented diffractometer mounts of the fine

fraction were prepared by plpetting several drops of each suspension onto

glass slides and air-drying. Smear (paste) mounts and mounts using the

conventional commercial powder mounts were used for the < 2 Um insoluble

fractior, as well as for the other fractions. In addition, pellet or

uniformly compressed mounts or "briquettes" of these fractions prepared

for x-ray fluoresence were also used for diffraction.

Where sufficient sample was available, normal procedure for the silicate

fraction included. (I) diffraction data for the whole EDTA-Insoluble

fraction using the b=iquettes or paste mounts; (2) oriented (sedlmented)

clay-size mounts on glass which were alr-dried, glycol saturated, heated

to 300°C, and hea_ed to 500°C. Conventional x-ray diffractometer

traces were obtained at a scanning speed of 2°20/sin with Cu-radiation

and a c_rved crystal monochromator.
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X-ray fluorescence work involved br iguett_ mounts using the vacuum-path

Noreloo fluorescence goniometer with quartz and gypsum _nalyzing

crystals. In this study, standard repression procedures are usod along

wlth matrix evaluation for calculating abundances from the Paw data.

HoWever, at this time the data can only be reported in terms of a

unlt-slope regression from one standard. Because of th'_ severe errors

such a procedure may induce, only "seml-quantltatlve" chemical results

are claimed for this report, t

Silicate Mineralogy. The follcwing silicate minerals have been

identified in the course of this study; their distribution is given in

Table 7.7.

Ouartz - Quartz occurs throughout the entire interval of the

stratigraphic section analyzed_ however, it does not occur ilJ every ,'

sample. Quartz is generally fine-gralned (<10_Im), subhedral to

anhedral, and readily identified in diffraction traces Dy its very strong

peak at 3.34_ and moderate peak at 4.26 _; interference by the micas and

mlca-clays with the former and by potash feldspar for the latter only

rarely preclude its ready identification.

Zlllte 0mica-clay) - Zlllte also occur_ thL'oughout much of the

stratigraphlc interval. _;t is readily observable in difEraction traces

with its strong 10_ and 3.34_peaks and its moderate 5.0A peak (001, 003,

and 003 respectively). All lllites observed in the core are dloctahedral

as based upon (060)< 1.52_ and (0Ol, 002, and 003) <I.0, 5.1, and 3,44_

respectively. Hany of the illites contain recognizable but small

quantities of interlayered smectite, presumably saponite or other

trioctahedral varieties, based on the slight asymmetry of the (001)

reflection.

Feldspar - Feldspar occurs frequently, but generally in _aall quantitles,

throughout the section and its identiflcatlon is based principally on one

or more diffraction maxima in the 3.17 - 3.30_ range. Unfortunately, its

abundance is usually low and when coupled with the presence of other
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minerals Its di_raotion maxima for resolving its composition and its

thermal character are not interpretable; both plagioclase and K-_eldspar

have, o_ occasion, been recognized.

Chlorite - Chlorite is co,only a minor constituent and its presence is

often difficult to establish. With a 14_periodicity its maxima can be

masked by smeotities, various interlayered species, and by the 7_

minerals, kaolinite and serpentine. In glycol saturated specimens, the
, ,4

14 _peak from expandable olays can be removed and at 500°C the 7_ peak

from kaolinite is lost. Even so with only a small amount present in such

an assemblage it can remain undetected.

Talc- Talc is rare throughout the core. It is co_on in the ore zones

(Adams, 1969) but appears to be nearly absent from the other

llthologies. Talc 13 identified by very sharp, strong reflections at 9.5

and 3.15 _(00i and 003); the former is quite distinct from the broad

reflection at 9.0 - 3.7 from *, regular interlayered chlorite-saponite

(corrensite).

Serpentine - Serpentine, like talc, is relatively rare in the section and

is confined to the lowermost i_terval (below 2820.3 and at or below the

Salado-Castil-- _ntact) in rock salt and anhydrite. Serpentine is

identified by strong pet.ks at -7.3_ &nd --3.6A (001 and 002 respectively

for a slngle-layered variety). These maxima are noticeably greater than

the 7.0 - 7.2 _and 3.5 - 3.65 _ reflections attributable to chlorite. In

our samples, these larger spacings are characteristically sharp and are

not accompanied by the odd (00) reflections cE the 14_ minerals.

Expandable Clays - Expandable clays, the smectities, vermiculites, and

mlxed-layer clays containing either of these constituents, are the

dominant clays of the section and are ubiquitous (Table 7.8). We have

recognized at least four such clays; however, their definitive identity

has not yet been resolved.
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a. Saponite (e.g. JS-CS-9 at 1466.9') expands to >16J_ with glycol

saturation and collapses to _, 14A upon heating, (further heatin,_

would yield an--9.5 _ peak),

' !

b. (?) Zllite-saponite (e.g. JL-CS-2 at 1440.5' JL-CS-IO at 1325.3')

with an air-drled _aximum at 10.2 - I0.3_ glycol saturation at

10.0A and with or without a less Intense shoulder or separate peak

at 11.3 - 12.1_, and collapsing to 9.8}_ at 300°C. We have not

ruled out a mlxed-layer talc saponite identlt_oatlon for this

phase. '.

I
c. Chlorlte-saponite (e.g. MB-CS-21 at 1404.6' and MB-CS-32 at

2541.5') exhibits a 14_peak expanding to 15.5A with glycol

saturation and collapse to <14 _ upon heating. The

chlorlte-vermiculite phase described by Pournier (1961) and G_im

et al. (1961) is probably this chlorlte-saponite; the expansion

with glycol is too great for this to be a chlorite-vermlculite. .,

In some cases the Interlaying is random; in others it is regular

and produces a distinct superlattice peak (*-291); in most there is

some regularity with a slight shoulder present in the 25-30 ° 28

present (these shoulde_ "maxima" are exceedingly difficult to plot

pceclsely and all contain +-0.3-0.5° 20deflnition).

Nearly all of the diffraction data in Table 7.8 can be assigned to one. of

these three clay phases, yet data from several samples are not yet

resolved, e.g. MG-CS-13 at 2518.3. It should be noted that smectitles

are smectite-bearing mixed-layer clays which commonly appear to be

"stripped" by the EDTA-dissolution of nonsillcates; they commonly show

12-13.8A alr-dried spacings. However, st:spendlng these clays in MgC12

or NaC1 solutions and then rewashing and redrylng restores the

appropriate 14-15_ spacing.

Tn Appendix 7.C, we present a number of the diffraction diagra,ts

illustrating these silicate assemblages.
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Distribution of Clay Hatorials. some general but tentative observation_

regarding these mine_aZs _hrollghout the section area

(1) Serpentine appears to be restriated to the lower

40 feet of the analyzed section; it most co,_oniy occurs in

anhydrite and assoaiated teak salt.

(2) Talc is not restricted to assemblages from bitterns as suggested

W Adds (z969).

(3) Znterlayered illlte-saponlte (or tale-sapanlte) appearsto be
_esricted to polyhalite litt_logies or adjacent anhydrite, It

appears to be absent from alay beds and associated rock salts and

fro_ the polyhalite-free remainder of the section.

/

(4) Expandable clays appear to show somewhat less relative abundance

in clay beds (1244.8, 1247.2, 1328.(, 1441.'1, and 1468.1 Et.) than

in the silicate assomblages from the evaporite rocks.

(5) Furthermore, the mixed-layeL'ed clay species in each of these clay

sean.': consists solely of the well developed regularly

tnterstratl£ted chlorite-saponite (corrensite).

7.4.4 Mineralogy of Dural Mine Samples

Several samples of wall-rock were taken from the 4th ore zone

(langbeinlte level) of the Dural Nash Draw potas_ mine, about 5 miles

west-by-southwest from the study area. Those samples include a dark

brown clay parting (the DV-4 series) taken from the upper boundary of the

4th ore zone.

Untreated oriented powders were scanned from 2 to 60 degrees two theta.

The untreated slide was glycolated by vapor-soaking on a rack in a

container filled partially with ethylene glycol. An additional oriented

powder was heated at 450°C. Both _he glycolated and the l,eated

specimens were scanned from 2 to 3 degLees t_o theta.

r



Whole rook samplea were analyzed by loading a mall amount o_ randomly

oriented rock powder i, a Norelco powder holder. This poWde_ was sc_mned I

_rom 5 to 80 degrees two theta and the resulting dif_raocogram compared

to values compiled in the Joint Committee on Powder Di_raotion Standards /

'file to determine bulk mlnecalogio composition. Hineraloglo abundances

noted were estimates baaed on comparative peak intensities.

All samples x-rayed (both clays and whole rocks) were scanned with

Ni-_lltered CuKc_ radiation, A time constant o£ two seconds was used with

a scintillation counter detector and pulse height analyzer. The

goniometer slit system consisted of a divergent and anti-scatter slit o_

1 degree and a 0,003 inch receiving slit,

The results _or Dural Hine samples appear in Table 7.9. For comparison,

"dirty salt" _rcm about 2100 _eet depth in ERDA No. 9 has about 8_ by

weight inaolubles. /

7.4.5 Chemical Composition

Since appropriate regressions Icr each component baaed on several

standards have not ye_ been calculated and matrix efEeot corrections have

not yet been made, the analyses in Table 7.10 must be considered as only

semiquantitative. In most caL,ea, most totals are between 85 and 98%;

perfectly reasonable totals with the -emainder being chiefly water. A

few totals exceed 100% and a few others are less than 85%; these are

unquestlonab]y in e'ro_. These data, however, do illustrate a number of

important relations and are compatible with the mineralog_c data.

Thus for example, those analyses with high alkali content (JS-CS-2 at i

1440.5', JC-CS-6 at 1441.5, MB-CS-27 at 2067.0, MB-CS-31 at 2512.5,

MB-CS-13 at 2518.3, HB-CS-10 at 2705.8, and MB-CS-36 at 2758.4) show

substantial feldspar with or without abundant mlca-clay.

In general, the chemical data support the mineralogic determinations.

The silicate fractions are extraordinarily high in MgO (--20-30 wt % MgO)

, I
i i

t
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and correspondingly low in CaO (bl Wt % CaO); AI203 is low (_-8-12 Wt

% AI203) Ecr clay mlneral assemblages. Thus, except for illite, out

clays are triootahedral with only chlorite ocntaJnlng approciable

AI203 •

7.4.6 Petrography

Petrographic analysis, both macroscopic and mlc_oacopic, is used 1.n three

waysl first, determination of the mineralegy of samples/ second, given

the mineralogy of a sample, description of lithology; third, the primary

utility of petrographic analysis in this stu_, description of the

texture of the sample. Texture refers to grain or crystal slz_, shape

(h,bi_. or form), orientation, relationshlps (such as nature of contacts i

between crystals or grains) among dlfterent minerals and li_hologios.

Macroscopic Petrography.

Sample Preparation and Procedures - Slabs, approximately 1 cm thick, were

cut lengthwise using a band saw, from the 1/2 or 1/4 core samples. One
J

face of a remaining core sample was then pol_shed using a sander with

various grit sandpapers. The sample was not to be used for silicate

mineralogy-geochemistry analysis in order to avoid contamination. The

polishing enhanced textural detail. Faces were also polished on some

slabs.

Samples were selected from the core in which mineralogy based on

macroscopic identification was obscure or uncertain for x-ray

dlffractometry of the bulk sample. Conventional diffractometry methods,

as descrlbed previously, were used.

Macroscopic Petrographic Description - The mineralogy, lithology and

texture in the polished sections of all the core intervals selected were

described. Appendix 7.D is a brief extract from 54 pages of sketches

accompanied by textural descriptions of these core intervals. Table 7.11

is a summary of the gross lithology reported largel- as macroscopic
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mineral identification and core footage. Table 7.11 indicates that

macroscopic mineral identi_ications are generally reliable, especial.f2

for coarse-grained minerals, but visual estimation of the relative

minerals abund_-_noes are less reliabie. Estimates of _elative abundance0

based on x-ray diffraction analysis are regarded as "semi-quantltatlve"

and maybe in error, but it is still more reliable because of its greater

precision, if not accuracy, compared to visual estimation.

Plates 7.1 through 7,6 are photographs of polished faces of cores or

slabs illustrating typica.I.te._tures. Plate 7,1 shows a variety of shapes

of halite in anhydrite. The occurrence as beds or laminae or irregular

lenses is inferred to be primary becaupe halite and anhydrite can

precipitate Jointly Or alternately from evaporating seawater. Thr

apparent swallow-tail form of halite in laminated anhydrite is a problem

because no primary occurrence of this form of halite is known. The

swallow-tall form can occur as a twinned crystal of gypsum, but J
/

coprecipitaticl| of gypsum and anhydrite is thermodynamically impossible.

One interpretation is primary precipitation of calcium sulfate only as

gypsum in the form of rapidly growing swallow-tail twins and finely

crystalline aggregates. Then post-depositional alteration Of the f.inely

• c_ystalllne aggregates to anhydrite takes place, and the twinned crystals

alter either directly to halite or first to anhydrite which then alters

to halite, with preservation of the primary swallow-tail forms. This

interpretation is favored by the almost exclusive dominance of gypsum

rather than anhydrite as the primary precipitate in modern environments

and lab experiments. Controversial thermodynamic analyses also favor

gypsum as the primary precipitate, even metastably.

Plate 7.2 also illustrates occurrence of halite in well laminated

anhydrite. This is interpreted a_l prlmary coprecipitation of halite and

gypsum with these textures followed by post-depositional alteration of

gypsum to anhydrite with prcservation of primary texture.

Flat_ 7,3 illustrates an occurrence of halite and pol}halite. The

triclJnlc c_ystal system of polyhalite is unlikely to produce a

rectangular outline in cross section wher0as the cubzc habit of halite or
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the orthogonal morphology of anhydrite _would. Thus, the rectangular

outline of the ,polyhalite body suggests post-depositional alteration of

anhydclte, (to a lesser extent of halite) to polyhalite as does the /

occurrence of most polyhalite in irregular masses among halite masses.

Thermodynamic and experimental considerations as well as observation of

modern evaporites indicate that polyhalite does not precipitate from

evaporating seawater.

Plate 7.4 illustrates coac._e, relatively pure halite with anhedcal, I

granular texture. The halite contains small crystals of anhydrite,

probably a post-depositional alteration product of a primary

coprecipitate of halite and gypsum. I

Plate 7.5 illustrates another texture of halite in anhydrite with traces

of magnesite. As previously indicated, it is believed to result from

primary co-preclpitation of halite and gypsum with post-depositional

alteration of gypsum to anhydrite with preservation of primary texture.Magnesite is not known to preclpitate from evaporating seawater but

calcite does, suggesting post-depositional alteration of a primary

(probably calcium) carbonate to magnesium carbonate.

Plate 7.6 illustrates textures in a dominantly anhydrite rock. The

occurrence of the swallow-tail form near the strat_graphic top of the
r

specimen as well as p_eviously related discussions suggest primary
I

precipitation of gypsum followed by post-depositional alteration of

anhydrite, which could occur shortly after deposition, with preservation

of primary textures.

Micro scopi c Pet ro_raph_/'.

Sample Preparation and Procedure - The 1 cm thick slabs were converted to

standard and oversize thin sections following conventional procedures

(with the follcwing exceptions) to minimize chemical alteration of the

sample. Fluid in contact with the sample was a pure vegetable cooking



oil. Temperatures during the thin sectioning process d_d not exceed o

30°C. Samples were put in dessication Jars during impregnation to

mlnimiue contact of fluid acetone with the sample.

Microscopic Petrographic Description - Plates 7.7 through 7.12B are

photomicrographs of thin sections of rock samples from the Permian Basin

of southeast New Mexico. The samples are not from ERDA-9 core but are

representative of mineralogles, lithologles and textures commonly

encountered in the core.

Plate 7.7 is a photomlcrugraph of relatively finely crystalline euhedral

to subhedral halite. The cry_tal form, relative clarity (although

containing very fine crystals of anhydrite) and occurrence of fluid

inclusions as both ncgatlve crystals and subspherical forms all suggest

little post-depositional alteration with the exception of alteration of

primary gypsum to anhydrite.

In Plate 7.8 also dominantly of halite (typical of th_ rock in Plate D

7.4), there is a startling contrast to the texture in Plate 7.7. 1
ICrystals in Plate 7.8 are anhedral to subhedral, clcudy, coaruec and

devoid of fluld inclusions (the apparent void in the lower left was

produced by plucking of a cleavage fragment from the specimen during

sectioning). Because the texture shown in Plate 7.7 is regarded as

Indicative of little post-depositional alteration, the texture in Plate

7.8 is considered as indicative of extensive alteration, greater than

that required for the postulated gypsum to anhydrite alteration which is

also postulated for very fine crystals of anhydrite within the halite in

Plate 7.8. These contrasting textures are also apparent in thin sections

of carbonate rocks. Bathurst, (!975, especially Chapter 12), deals with

recognition of chemically precipitated calcite (analogous to Plate 7.7)

versus calcite post-deposltic'lally altered from argonite or some other

form of pre-existing calcite (analogous to Plate 7.8). Bathurst uses and

builds upon terminology and concepts of the causes and processes of these

alterations developed by Folk (1965).

e
1
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Plate 7.9 shows an occurrence of halite with sylvite. The irregutar

bodies and irzegular contacts of the sylvite (as well _s th_. anhedral

nature of the hallte and bodies of intimately mixed halite and sylvite)

are interpreted to be the product of post-deposltional alteration. This

interpretation is also favored by the fact that sylvite does not occur as

a primary precipitate in the marine evaporlte succession.

Plates 7.10A and 7.10B show the irregular and gradational .nature of the

contact between polyhalite and halite and the &_ncentration of opaques,

probably hematite, along the contact. These observations and those

discussed under Plate 7.3 are interpreted to be products of

post-depositional alteration of either anhydrite or halite to polyhalite.

Plate 7.11 shows the microse_plc texture typical of many laminated or

banded anhydrltes of the Castile and Salado Formations. Neither x-ray

diffractometry nor staining techniques have been used to determine the

O mineralogy of the carbonate. Th_.s texture is interpreted as annual
varves by Anderson et al. (1972).

Plate 7.12A and 7.12B show dominately massive anhydrite, typical of much

of the unlaminated anhydrite in the Salado Formation but atypically cut

by a veinlet of gypsum. The rock sample was taken from outcrop and the

gypsum veinlet is interpreted to have been produced by alteration of

anhydrite to gypsum during uplift and exposure.

The petrographic descri?tions and interpretations generally agree with

those in the classic and relevant report of Schaller and Henderson (1932).

7.4,7 Interpretations and Tentative Conclusions

i. All of the samples discussed tu macro&copic and microscopic

petrography exhibit mineralogy, lithology and textures which are

indicative of post-depositional alteratlon of the sediments (dated at

204 million years in Section 7.8). It is hef/eyed that fluids
!

I

1
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migrating through the sediments are responsible for most of these 'I

alterations. Interestingly, the altoration oE primary gypsum to ),
anhydrite would liberate abundant volumes of fluid.

2. The abundance of polyhalite and the atypical me_eral assemblages

(sylvite-langbeinite vs kalnlte/carnallite-kieserite) of the pre zones

suggest either drastic recrystallization or a former primary evaporlte

deposltional environment. The areal extent of the Oct.oan rocks and

their great thickness coupled with paleog-.ographic ew.dence and the

marlne char&-_,ar ot the underlying Permian strata appear to preclude

the second alternative. Further evidence of the post-depositlona_

origin of the present assemblage includes the low and highly variable

bromine values in the Salado Formation rock salts (Holser, 1966;

Adams, 196o). Age dates on K-bearing salts, discussed later in tnis

chapter, further suggest recrystallization shortly a£ter deposition.

3. The general mineralogy and chemistry of the ZDTA-insoluble (silicate)

fractions of the evaporite beds throughout the Salado dnd uppermost

Castile Formations preclude their detrital origin.

4. The silicate assemblages and their chemistry further supports the

hypothesis of post-depositional alteration of these rocks -- at least

throughout much of the Salado Formation.

a. The predorainanc_ of smectities (saponite) and trioctahedral

smectite-bearing clays suggest relatively i:.mature ass_.mblages.

The silicate assemblages of the Zechstein (Pe.-mian) of Germany are

almost entirely nonsmectitic except for the _,ell-cry_tallized,

well-ordered regula" interstratified

chlorite-(smectite/vermlculite) mineral corrensite (Fuchtbauer and

Goldsc_midt, 1969). The Haselgebrtge (Permo-triasslc) of ".he

Austrian alps similarly contains no smectites nor even

smectite-bearing mixed-layered clays (_odine, 19]:), and the same

i_ true for the Silurian salts of New York (Bodine and Standaert,

.. 1977). The develol_ent of the UhUsUal illite-saponite/talc/
. ,

saponite phase with polyhalite suggests immaturity of the silicate
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phase with respect to the evaporite ph,se. Any further phase

_hanges that would take place in the silicate appear to be

kinetically inhibited,

b. The variability of the clay assemblages and their lack of

correlation with major evapo.rite ltthologies bespeaks Jtrongly of

recrystallization accompanying migrating post-deposltlonal pore

flulds. Except for th_ unusual 10,3_phase with poly'nallte, the

only other llthlc correlations are= (I) reasonably well

crysta_llzed corrensite as the only expandable clay in the

discreet clay seams and (2) the occurrence of serpentine in the

11_-_ermostCastile Formation. The forme¢ is tentatively attributed

to the "closed system" nature of the impermeable sa]zton beds!

they were not subject to the attacks by a variety of migrating

pore fluids of different cumposltXOno The latter relates to the

vertical dlstan_a between _-Mg-bearlng salt beds and the Castile

Formation, which essentially comes in contact only with less

mobile fluids in equillbrit_ with hallte-anhydrlte.

c. It is very tentatively suggested that many of the salzton seams

formod through accumulation of silicate debris included in salts

which have been dlssolvedx their association w_h the soluble K-MS

salt o_e zones and with the extent-ire polyhallte reF[acement of

anhydrite beds appears remark-.ble _L_d may provide the gPometry for

the "plumbing system" in which migrating pore fluid_ circulated.

lt is also recognized that some of the salzton beds may well

repL'esent recrysta[llzed detrital accumulations during periods of

no evaporite deposition as suggested by Adams (1969). If

migrating grounCwaters do flow Jn some such controlled pattern,

ore m_neral distribution In each ore zone should reflect this, i -

i.e. remnants of the primary carnallite-kieserite farthest flora
-----

the source of the brines, enveJ.oped by langbeinite and

langbexnite-sylv_te assemblages, in turn enveloped by langbeinite

_nd langbeinite-sylvite assemblages, in turn enveloped by sylvlte,

and finally by barren halite. Similarly polyhalite

t
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crystalllzatlon should be at a maximm, under the

langOeinite-sylvite assemblage within a given 'cell" and _x)uld

likely decrease both away fro_ and toward the lateral pore fluid

sou[ce.

In summary, substantial evidence has been accumulated that there has been

extensive salt recrystallization, m_st noticeably within the HcNutt ore

zone. This l_ consideEably less noticeable in the lower Salado and

Castile Formations, but may slmply reflect the far simpler evaporlte

mineralogy and persistence of substantldlly nx)ro homogeneous compositions

within the poce fluids.

Preliminary computer modeling does, for exa_mple, substantiate that a

typical primary marine cvaporlte salt assemblage of

ca:nallite-kieserlte-hallte con, when undor continued attack b7 migrating

halite-gypsum saturated pore fluids flowing down dip in a hypothetical

cell, grnerate a progression of salt facies with remnants of the primary

assemhlages farthest from the source. Toward the source, the following

succer-lon of assemblages would be found: langbeinite-carnalllte-halite

(or langbeinlte-kieserlte-hallte) then langbeinlte-ha:.Ite, then

langbeinite-sylvlte-hallte facies, then sylv.dte-halite, culminating

toward the source In a barren halite facies. At the s_me time, the K-Hg

r£ch pore fl'Jids which were generated through ore mineral dissolution and

alteration would no lone;ct be in equilibrium with anhyJrlte; anhydrite

would alter to polyhalite until the solution c:_emistry reached the

polyhalite-anhydrlte equilibrium composition. The precise thermodynamic

conditions an_ mlneralogic reactions which governed these alterations are

not knownl however, the age of this recrystallization _f evaporites has

been determined to be in excess of 204 all[ion years. For more details

regarding this recrystallization which closely followed depositlnn, the

reader is _eferred to Section 7.8.

°.
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7.5 VOLATILES AND FLIJID INCLUSIONS IN MINERALS OF THE SALADO FORMATION

7.5.1 Introduction

Sources of liquids and gases native to the evaporites must be

considered. One source is the intergranular fluid to be found in the

pore spaces between mineral crystals and llthlc fragments. These fluids

are discussed in detail ._na sobsequent section (7.7), Another fluid

SOULOe IS the water of crystallization chemically bound in hydrous

minerals. Yet a third source is fluid inclusions inside the mineral

crystals themselves, which can behave as separate mlcro-geochemlcal

system s.

Data presented in the overview Section 7.5.2, and Section 7.5.3 result

from heating bulk rock samples to recover all types of fluid. In the

, major portion of the Salado, the total recovered amounted to less than

0.5 weight percent of the rock. As discussed in the overview section, it

was possible to separately identify: (I) loosely-bound volatiles, (2)

chemically-bound volatiles, and (3) fluid inclusions. ,..

The sections on mineral sources of water and on fluid inclusions endeavor

to place the data in the context of the mineralogy of the cocks serving

as hosts for the volatiles. It will be noted that geochemistry in the

context of the mineralogy is a pervasive them _.in all parts of the

geochemistry section of this report. This iR true for the sections which

follow on groundwater geochemistry and radiometric age-datlng also, It

will also be noted that the characterization of geochemical proportles of

solutions in the Salado confirm the qualitative measurements of fluid

inclusion solute contents.

This chapter contains considerable data which wlll assist in the

anticipation of short and long term physico-chemlcal conditions likely to

arise during the experiments _nvolvlng heat-produvlng radioactive wastes.
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7.5.2 Overview of Volatile Conterts of Eva_x_rite s

Themogravimetri¢ analyses of 35 selected core samples from ERDA No. 9

were made. These were many of the same samples which were qualitatively

examined for mineralogy by x-ray difEraction (refer to Section 7.2.3).

These analyses were made by suspending powdered samples from a

microbalance while dry nitrogen flowed above the sample. The samples

were heated by 5°C/minute until the temperature reaohed 500°C and

were held there until gas evolution had ceased. A hygrcmeter was

inserted downstream to registor qualitatively whenever moisture was

e_olv_d.
i

The as-received salt core _pecimens were mas_ve pieces approximately 4

inches in diameter and 1-2 inches thick. No attempt was m_de to obtain

homogenized samples by powdering the entire piece. Inctead nuggets were

chiseled from the center of the specL_or,. The nuggets were crushed and

ground to a powder just prior to the weighing and transferring to the

microbalance system. A maximum of ten ,_inutes elapsed between the start

oE crushing and the start of analysis, Thus, the possible loss or gain

of moisture prior to testing was minimized, Powdered samples were

necessary to minimize docrepitation,

The complete te_t results are presented in Table 7,12. Figure 7.7

Illustrates the typical kinds of weight-loss curves observed. About half

the spocLmens showed 0.5% weight-loss (curve A), Curve B is common with

the rapid weight-loss occurring sometimes at 300° and sometimes above

400°C, Some samples show two stages. Only two samples followed curve

C, where weight-loss was observed from the beg_nning of the run. The

weight-loss curves for all samples are _iled and are available for

il,spectlons.

Replicate runs were made in several cases, predominantly those which

showed the large: weight-losses, and good agreement, i.e. withln 5_, was

observed.
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Ali mass-loss is not due solely to,water. Only the weight-loss below

300Oc can be attributed largely to water! the welght-loss at higher "-

temperatures is in part due to decomposition of carbonates or other

volatile-bear ing mlne_als.

i

Results were correlated witl_ the x-ray diffraction results previously

reported in an effort to Ide_tlfy which minerals may be decomposing. No I

definite conclusions could be reached so selected samples were analyzed

for the evolved gases by gas chromatography/mass spectrometry. In ,,

particular, this was done for t:he samples 2302.6, 2516.3, 2658.5, 2786.5

and 2821.0.

/

The highest weight-loss was exp_triencod by sample 2302.6. Its total ion

chromatogram (Appendix 7.F) sho_m data channel numbers calibrated

approximately in terms of temperature. Conspicious peaks occur at

100°C, 250°C and 300Or. DetaiJed mass spectra _re given for

50°C, 100°C, 150°C, 200°C: and 250°C; the most prominent mass

peak is 18, correspondin, j to water. At higher temperatures, mass 14

(monoatomic nitrogen) be:oF, es abundant. Even at lower temperatures, mass

28 (diatonic nitrogen) i_ present.

Sets of peaks separated by 12 mass unitse corresponding to carbon, (95,

83, 71; 81, 69, 57, 45) probably represent fragments of hydrocarbons

present in the diesel oil _hich was the lubricant used to Core the i_le.

The contribution o_ mass 44 (CO2) to the spectrum is a minimum at

200°C and rises again at hlgher ten,peratures. The low-temperature

contributlon is agaln probably due to the contaminant diesel oil.

At the highest temperatures, the mass peaks 15, 16, and 17 (CH3, CH4,

O, OH) are accentuated along with 14, 18, and 28 (N, H20 and N2)

All the individual ion chromatrograms for mass numbers 14, 18, 19, 20 and

44 have coincidental peaks at about 25°C and 300°C. Water and carbon
%

dioxide are almost continuously evolved over t_a entire temperature

range, but the coincidence of all the peaks for N, H20, F(?) and CO2

(mass peaks 14, 18, 19, and 44, respectively) implle_ that evolution of

/
/



these components at 250°C and 300°C is related to a co_on source.

Since halite decrepitates, releasing its fluid inclusions at about /
250°C, those inclusions appear to be the most probable source of

volatiles evolved at 250°C. Similarly since polyhalite dehydrates at a

temperatu_'e slightly above 300°C, fluid inclusions in that mineral

might be also released at that temperature (see Section ?.3). A detailed

treatment of fluid inclusions appears in a subsequent discussion.

Mass numbers 32, 48, 64 and 80 have sharp coincidental chromatogram peaks

SO_2
at channel 517. These mass numbers most probably represent 02, ,

(possibly 03 made inside the mass spectrometer) SO2 and SO3

released from the sudden decomposition of a sulfate. Similarly mas_ 36

(HCi) is released in major quantity at this point. Ali these phenomena

occur at a slightly lower temperature than the main 200°C event, and

their relationship with that event possibly indicates the presence of a
I

very volatile sulfete phase rapidly decomposing when the halite fluid

inclusions begin to rupture. Daughter crystals of gypsum in halite fluid

inclusions would indicate a high concentration of sulfate in the

inclusions (see r.ubsequent discussion) and such a solution might give

rise to the observed sulfur species in the mass spectrum.

The sample with the next greatest total mass loss (2786.5, 3.64_) is

considered next. Many of the same features of the chromatcRrams in

Appendix 7.E are observed here as in the previous sample. The main

difference is the appearance of a large hump of many volatiles (H20 , F,

N2, 02 ) released at less than 100°C. This is consistent with the

occurrence of clay minerals which can absorb various volatiles at surface

and interlayer sites. Volatiles would be expected to be weakly bound at

these sites. The same hump as before appears at 250°C, incorporating

N, H20, HF(?), N2, 02 , HCI, CO2 and SO+2, but only the

postulated SO2 species appears to be catastrophically released and is

probably a product of ionization in the mass spectrometer.
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A _ump tnoorporating N, H20, HF, N2, 02, HC1, CO2 and SO+2

ocot,,rs substantially below 300°C, This peak probably corresponds to

release cE water and other v0iatiles born cE OR and fluid inclusions in

thr slay minerals, when the clays decomposo upon dehydration.

/

/

Sample 2516.3 (2.15t mass loss) was unusual in that it contained

magneslte. As is seen in the ohromatograms in Appendix 7.E, the losu of

H20 and N2 from various sources provides most of the pattern, whloh

was not sampled at ._temperature greater than about 240°C. There Is

almost a conclnuum of absorbed 02 released. The most significant

feature of this sample is the hlgh-temperature loss of CO 2, presumably

from the decomposltion of magn_site.

J

Finally, the most abundant-type sample is consldeEed_ those which have

mass losses less than 0.51. These are characteristic of most of the main /

cvaporite section and contain very little other than l_alite and

anhydrite. Typical examples of these rocks aL'e samples 2558.5 and 2821.0

(Appendix 7.E). The main difference between these two is the apparent

larger number of types of volatile sites in the shallower sample.

Absorbed N, H20, N 2, and 02 forn. a large, broad hump at low

temperature, with catastrophic release (of fluid inclusions?) of H20,

N2, BCl, and CO 2 at higher temperature in 2821.0. Zr,2658.5, the

catastrophic release of H20, N2, BCl, and CO2 (with possibly some

SO+2) appears to occur in smaller episodes as various sets of fluid

inclusions are ruptured -/thigher temperature.

7.5.3 Mineral Sources of Water in the Sala_o Evapor,te Sequence
QI

I

_ntroductlon. The purpose of this section is to d_escrlbe the mineralogy r

and petrologic characteristics of sample_ taken from two coreholes of the

Salado salt from the boreholes AEC Nos. 7 and 8 in Lea and Eddy Counties,

near Carlsbad, New .Mexico, and the degree to which the evaporlte rocks

present would dehydrate if subjected to the heat generated by containers

of radioactive wastes (,:adwaste). In a previous study, (Fallis, 1973)

the general characteristics of evaporite deposits and their minerals were

0



described and a detailed mineralogio and petrologic study o_ two acres

from the l'utohinson Salt near Lyons, Kansas, was made. The results at

that time indicated that water losses ranging _rom 0.4 to 19.0 weight t

might be anticipated iE the surrounding _ocks were heated to 100°C.

Sample splits corresponding to ones in thin section were also discussed

in Section 7.3. A comparison o_ those results and these is pr asented in

the l_ollowing section.

Sampling and Sample Preparation. Segments of the original 4 inch (10.2

om) cores were split in hal_, lengthwise, ¢o_ chemical analysis and

weight loss dete_mination by thermog_avimetrio _nalysis (previous

section). Eighty-three samples (coded by core number and depth) arrived

wrapped in plastic to reduce the possibility cE absorption of moisture

during shipping and handling. CoL'e AEC-7 was drilled in Lea County, New

Mexico, and core AEC-8 in Eddy County, New Mexico.

Throughout the sample preparatiori, care was taken to not expose any of

the samples to water; however, since it was necessary to cut, grind and

sieve various portions of the samples, it was not possible to complet.el-,

protect them from exposure to moisture in the air. During those peric_]s

when samples were not actively bein9 wor_ed upon, they were kep'.'in

plastic bags, tlghtly-stoppered bottles, etc.

Since several different analyses were to be made, it was necessary to

obtain representative sample splits which would correspond to each other

as closely as possible. A more complete discussion of sample preparation

is g_ven in the thesis by Combs. However, for convenience, a brief

summary of the methods usPd in sample preparation is given below¢

i. A representative segment of each core sample was chosen and

removed by sawing the original core (:.ormal _o the axis of the

core) wlth a dry blade, masunry-type saw. This new segment was

typically about three inches (8 cre) long.
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2. Next, a slice was cut from each core segment (parallel to the axis

ot' the core) with the approximate dimensions 3 x 2 x 1/2 inches (8

x 5 x I ota) for use in pre_aring the thin section.. The sections

were prepared by Fred Roberts Petrographic Seatlon Service,

Monterey Park, California. The_ were cut using oil rather than

water and mounted with an epoxy cement which was not heated.

3. About one-half of the remainder of each core segment was crushed

and sieved, and represcntative portions selectee; to be analyzed by

x-ray diffraction, x-ray spectroscopy and by static hoati,j9

methods for water loss determination. (Later, some additional

separations were made and portions of tpe jamples selected for

bromine analysis u_ing x-ray spectrocopy. These procedures will

be described briefly in the following sections.)

Analytical Methods Used in This Stud's. Several dlffeL'ent kinds of

analyses were performed on the samples received. The methods used

include static weight loss determinations (water loss), mlnei'alcgical and

petrological analysis, and some chemical analyses using x-ray spectrocopy.

The weight loss determinations were made in essentially rho same manner

as for samples studied from Lyons, Kansas, and which was reported

previously (Fallis, 1973). Splits of the several s_mples (sample size

generally ranged from 1.5 to 2.0 gins and in the 60 to 120 mesh size

fraution) were heated to I02+5°C for periods ranging from 2 to 42

days. The results of repeated analyses indicated that the precision of

weight loss determinations was generally _+0.I to 0.2%. When new sample

splits were used, the "precision" dropped to approximately + 0.2 to

0.3%. Some data concerning precision are presented in Appendlx 7.F.

In addition to the weight loss determinations performed near 100°C,

weight loss determinations were also made for several samples which had

been heated to 170+5 ° (for 2 days) and 300+10°C for (2 to 3 days).

The results of the weight loss analyses are reported in Appendix 7.G and

discussed in the followlng section.

@ ,
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Mineralogical and petrological analyses were made using x-ray diffraction

and standard petrologloal techniques. A summary cE important

mineralogical and petrologloal data is given in Appendix 7.H and

discussed followlng the next section. The ohemlcal analyses were made

using two variants of the x-ray spectrographic method, x-ray fluorescence

analysis (wave length dispersive) and x-ray emission spectroscopy

(non-disperslve). The chemical analyses were made primarily Eor bromine,

which can be used to aid in the interpretation of the orl]in cE _porite

deposits, and s_ml-quantltatlve analyses were made for chlorine, s111fur

a|_d iron. i

t
Weight Losses for Cot,sf AEC. I_O. 7 and 8. Weight loss data for the ti

samples studled are tabulated in Appendix 7.G and illuRtrated in Figure I

7.8. Zn general, the weight losses are much less than those round for

aamples from the site at Lyons, Kansas. The range cE weight losa values i

at I02+5°C for the Carlsbad samples (Salado salt), Cores Nos.7 and 8

was from 0.0 to 3.5_ with the majority of samples showln_ losses leas

than 0.5%, while the Hutchinson salt, Cores Nos. 1 and 2 was frum 0.5 to

19.0%, and most of the samples showed weight losses from 1 to 5%. A plot

of approximate range of watar loss at I02+5°C to be expected at various

depths Is shown _n Figure 7._. This is based on data from both Lyons,

Kansas and Carlsbad, New Mexico sites.

Based on the results of the various heat treatments, the followlng

conclusions can be drawn concerning the behaviour of the samples from

Carlsbad:

I. Samples consisting almost entirely of halite and/or anhydrite

show weight losses (up to .'00°C) which are typically less

than 0.51 and probably less than 0.3%. The f_nal total loss

will depend on the amounts of clay minerals and minor hydrated

evaporlte minerals, such as polyhalite, which are present.

2. Larger water losses (>1% at i02_+5°C) are generally

assoclated with the presence of clay minerals (and/or gypsum)

in more than trace amounts. The exact losses will depend on
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the kinds and amounts of clays present, the temperatures to

which they are heated and the length of time £or which they

are heated.

3. At some temperatures between 170 ° and 300°C, polyhalite,

which is a common accessory mineral constztuent in some parts

of the Salaao salt, will start to break down. It can

contribute water to the extent of about 6% of it_ weight in

the rock being heated.

4. Although present in only minor amounts (or absent) in the

samples that wet? analyzed, there are other evaporite minerals

such as carnallite, kalnite, leonite, etc., near the potash

ore zones (the McNutt potash zone at approxlmately 1600' to

1800')•

The weight losses determined in Section 7.3 are compared with th_se in
•

Appendix 7.G. lt should be noted that the earlier data were determined

by thermogravimetric analysis; hence, weight losses were not determined

at any fixed temperatures but at the actual temperatures at which the

decompositions were detected. In order to make the data more comparable,

the previous data were rearranged and weight losses taking place within

l certain temperature ranges wo_e combined. The reader is referred to

Section 7.3 for the specific temperatures at which weight losses

occurred. It should also be noted that the two sets of data are not

directly comparable, since the weight losses of this section were

a,:complished by heating under statzc heating conditions for perils of 2

or more days, while the previous data were obtai,-ed under dynamic i

conditions (much more rapid heating). As a general rule, the i

decomposition temperature of any given mineral will be higher under

conditions of dynamic heatino rather than static heating.

Even so, there is generally go_ agreement between the two sets of data

" which were obtained by different investigators using different

• techniques. _ost minor discrepancies can be explained on the basis of

=
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dlfferences in the methods of analysis. Only a few real discrepancies

seem to exist (such as for sample at 1697 in Core |7)_This is Zo be

expeotecl since each group rcelved different halves of the core and since

Section 7.3 involved sample splits of the entire core segment while this

work involved only a sample split corresponding to the portion of the

core used in preparing the thin section. Since there are both vertical

and lateral variations in mineral content within the cores_ samples might

occasionally have been analyzed which were mineraloglcally different.

The rocks being considere4i at the proposed WIPP site, New Mexico, appear

to be much more favorable than those from Lyons, Kansas. Even so, some

mineral water is still present and is apt to be released during the

pericx_ when the rocks are heated by the waste containers. Zt will be

important to determine the maximum temperatures to be reac_,ed, the volume ..,

Of rock which will be heated, and the probable maximum volume of water _

which will be released.

Mineralogy and Petrology of Cores No. 7 and 8. In some respects the

mineralogy and petrology of the core samples from Carlsbad are similar to

those of the core samples from Lyons. Both cores were taken through

_vaporite sequences and hence encountered sedimentary sequences

containing typical saline minerals such as halite, anhydrite and

polyhalite. In addition, clay miner&Is, magnesite, gypsum, quartz,

feldspar, carnallite, celestite (?), glau.:onite and kalnite (?), were

detected in _naller amounts. The presence of any of the other less

common evaporlte minerals in the samples studied is uncertain. In

general, they only occur in such small amounts and/or such fine grain

sizes that positive identification was not possible using the

diffractometer and petrographi= miscroscope. In Section 7.3 it was noted

that sevpral of these less common mineral_ are apparently present in many

of the samples analyzed. Readers of this section should be aware that

the analyses are based on the actual minerals observed (modal at_alysi_)

in thin section as supplemented by X-ray diffraction w,lile the analyses

- presented in Section 7.3 t_ere done by computer manipulation of the

chemical analyses determined for earn sample (normative analysis). Such
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normative analyses can be quite useful, especlaly when working with very

fine grained or glassy materials. However, it should be noted that

normative analyses may generate mineral assemblages which do not agree

with the actual minerals present, as was pointed out in section 7.3.

Summaries of the mineralogic and petrologic features of the individual

samples studies are presented in Appendix 7.H. For the reader's

convenience, some general comments about the mineralogy and petrology of

these samples are presented below. An excellent study oZ the mineraJogy

and petrology of the rocks in this region is given by Schaller and

Henderson, 193;. Brief description of the major mineLals noted in the

Carlsbad samples follow.

f,

Halite. Most of the halite is _lorless and shows excel=ent cubic

cleavage. These features, coupled with less low relief and isotropic

optical character, make its identification easy. Sometimes the halite is

_:_lored red or orange by minute inclusions of hematite (or other iron

oxides) or other minerals such as polyhalite. The grain size showed a

wide range, fr_ less than 1 mm (fine grained), to greater than "cm

(coarse grained). Grains between i mm and 1 cm are considered to be

medium grained.

Because halite fractures and cleaves so readily, it is difficult to

determine whether the numerous breaks observed in thin sections were

already present at depth or whether they developed during the cor)ng

operation, shipping, handling, thin section preparation, etc. More

fractures are noted at the outer margins of each of the thi:i sections.

However, some of them must have occurred prior to t:Je taking of the core

because they are filled (at least in part) with other minerals,

petroliferous material, etc. In several cases fracture zones could be

traced across the entire width of a thin section.

Inclusions (liquid, solid and gas) are common in the halite. During the

preparation of some samples hydrogen sulfide (gas) was released. In many

cases the inclusions are oriented with respect to the cubic crystal

t
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|planes. These oriented inclusions appear to represent hopper crystals

which grew at the water surface in times of quiet water and are inferred

to repres.-nt deposition from shallow water.

Zntergrowths of relatively well-formed, cubic crystals of halite with

clay and silt-size minerals are likewlse inferred to represent very

..... shallow conditions, perhaps even subaerial exposure fo_ brief period.

"Patches" (regular to irregular, more or less eguidimensional areas) and

"stringers" (regular to irregular areas which are generally elongated in

one direction) of anhydrite, polyhalite, clay and si.!t-slzed minerals are

common in halite. Sometimes these patches and stringers follow grain !
.l.

boundaries, but often they cut across grainb. Where they follow grain

boundaries, they may represent (nearly} simultaneous growth of the halite

crystals and smaller amounts of the o_ner mineral phase(s). Where they

cut across grains, they presumably represent deposition of the minerals

along zones of weakness or along which solutions passed. Enough of this

latter material is present to demonqtrate that there were opportunities

fOr solutions to migrate through these relatively impermeable rocks, even

though it is not possible to determine just how far the solutions

actually traveled.

Anhydrite. Anhydrite was recognized on the basis of its relatively high

biref_ingence, differences in relief upon rotation and cleavages at right :

angles. Normally, anhydrite shows parallel extinction, too, but becau-e

of twinning, replacement phenomena, etc., this characteristic was not

always useful.

Anhydrite occurs in three major types. "Primary" anhydrite, which is

i

ccmmonly bedded, is very fine grained (much less than ! i_m) anO somewhat

fibrous in character. It also occurs in coarser-grained crystals and

twinned crystals (sometimes over Icm long). At least some of those

larger crystals appear to be pseudomorphs (replacement} after

previously-exlsting gypsum crystals. Sometimes, very small amounts of

questionable gypsum ace noted nearby, pe=ha[_s as a result of partial t

g
.*.

]



rehydration of the anhydrite. Finally', there are more or less isolated

crystals and crystal clusters of anhydrite which occur in patches and

stringers within the halite oE are inteLgranular with halite. The_e may

be associated with polyhalite and/or clay and silt-slzed m_.nerals. This

type of anhydrite is thought to be authigenlc (formed in place from

fluids contained in the pores of the rock or passing through the rock).

Anhydrite can be replaced by polyh_llte if fluids containing potassium,

magnesium and additional sulfate ic_s are present. Many examples of this

replacement wore observed.

A few examples of bedded, nodular anhydrite were observed. The nodules

may have originally been composed of gypsum which was later replaced by

anhydrite. The origin of such bedded nodules is thought by some workers

to represent depositions in very shallow water which was periodicaJly

exposed (Sabkha facies).

Polyhalite. Polyhalite was r,:cognlzed on the basis of its relatively low

birefringence, rnclined extinction and complex twinning. (Unfortunately

in some fine-grained mater_al and/or mixtures, polyhalite and anhydrite

can be confused because t,_ir optical properties of relief and

birefringence are eLmost the s_me in certain orientations).

MucJ_ of the polyhalite observed is rather fine grained (much less than 1

mm in size for the individual cyrstallltes) and often fibrous. However,

some larger crystals are numerous, isolated crystals and cry3tal clu3ters

were observed. Polyhalite is often reddlsh due to iron oxide Jnclusions,

but this is not universally true.

Some of the pcl_,halite appeared to be a bedded form associated primarily

with halite and lesser anhydrite. Polyhalite also is found replacing

anhydrite and associated with nearby patches and stringers of clay aP.d

silt-sized minerals. Whether the clay, etc., provided some of the ions

necessary for formation of polyhalite or just acted as a pathway for

solutions passing through the rock cannot be determined.
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Minor Minerals. Minor minerals were identified on the basis of their

optical [roFerties and X-ray diffraction analyses, which were

occasionally,aided by information contained in t_e well logs for the

cores, iJ_ a few brief c_ments for each mineral are given here.

4/ F_

Clay !i_i_'_,J_,IS,,il overall, much les_ clay is present in the ,,,imples from

Car_sbad than was present in the Lyons samples. X-ray diffraction peaks

attributed to clay minerals were noted in nine samples frc_ Core #7 and

in fourteen samples from Core #8. Based on the X-ray }_tterns and peaks

noted at approximately 7, I0, 11.5, 14 and 15 angstro._,s,major clay

minerals _r.-_c1_tinclude illite, chlorite, mixed-layer clays and possibly

some kaolinite.

Magnes_.te. Although well-crystallized magnesite was not detected in thin

sections, some very flne-grained, relatively high birefringent phase was
i

noted in some thin sections and magneslte peaks were detected in some

thin sections and magnesite peaks were detected in a number of X-ray

patterns. Schaller and Henderson (1932) stated that many of the clays in

the samples they studied were magnesitic. The common association of

polyhalite with clay and silt-slzed minerals may be due in part to the

magnesium ions in the magnesitic shales and clays.

Gypsum. Gypsum is monoclinlc and in thin section has low birefringence

and low, negative relief. Twins ("swallowtail") are fairly common.

Well-crystallized gypsum was detected in only one thin section amQrg the

samples studied. In addition, several of the sections contained small

zmounts of questionable gypsum in association with anhydrite and/or

polyhalite. Hgwever, the amounts present were much less than I% and

could not be confirmed by X-ray diffraction.

Quartz and feldspar. These ninerals are pr sent in two forms, as

detrital (silt and very flne sand-sized) material deposited along with

the clays, and also as authigenic minerals which formed Ln or near

patches and stringers of clay and silt-sized minerals.



Sylvite. A f_w thin section_ contain small amounts of sylvi'.'ewhich was

recognized on the basis of its dlstinutlve reddish purple c,_lor (dl_e to

iron oxide inclusions) and lower relief than halite. Most of the sylvlt_

observed was associated with polyhalite as well as with halite. There

were no samples from the sylvinlte (mixed halit_ and sylv_te) zones.

Adamr, (1967) reported that not all sylvit e is colored; however, in the

thin sections Btudzed, the distinctive color was useful in locating the

small amounts present.

Carnallite. Only one section contains detectable carnallite. This

mineral was suspected on the basis of nearb3' carnallite as noted in the

well log. Its high negative relief and "metallic" luster due to
/

inclusions were used to confirm its presence.

Celestite (?). In two or three thin sections some isolated spear-shaped

crystals and clusters of crystals with relatively high relief were

noted. Although no positive identification could be made, it is

suspected that these are celestite, which is the most common strontium
i

mineral present in evaporite deposits,

Glauconlte. A few greenish, rounded grains of glauconlte were noted,

generally associated with the clay and silt-sized minerals. Not enough

of this ma_erlal was present to attempt to determine its origin or source.

Kainite(?). Kalnlte (?) was observed in 9nly one thin section, lt is a

" monoclinic mineral With modera_ birefringence and negative relief.

Summary and conclusions. The. results of this study indicate that the

Salado Salt in the samples received is composed primarily of fine to

coarse-gralned halite w_.th polyhalite, anhydrite, and clay minerals.

Other minerals detected in small amounts include gypsum, magnesite,

quartz, feldspar, sylvite, carnallite, celestite (?), glauconite, and

kainite(?). It should be noted that the s_mples received for analysis

were selected from hallte-rich zones in most cases; hence, some of the

rarer evaporite mine:als such as kieserlte, langbeinite, leonite,
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btschofite, etc., noted by Scha_ler and Henderson (1932) were not

detected either because they were absent from the specimens analyzed or

present in amounts too small (or too fine grained) to identity.

There is much petrographic evidence that the Salado salt was deposited in

rather shallow water and may have been exposed subaerially at times.

This evidence includes the presence of nttierous hopper crystals (which

can develop at the air-water interface of quiet, shallow s_as) and the

Intergrowth o_ euhedral grains o£ halite with clay and silt-size,,

mlnerals, anhydrite, am] polyhalite. The latter texture can develop in

an exposed, mud-flat type environment. Previous workers, such as

Anderson, et al. (1972), have concluded that the underlying, Castile

Formation was deposited In deep water, perhaps as much as 2100' (650 m)

deep. Hence, there must have been a major change in environmental

conditions between the deposition of Castile and that oE the Salado.

Petrographic evidence also suggests that local fluids native to the

Salado have been able to move through uhe Salado salt (during

recrystallization) along beds and seams of clay and silt, and to a lesser

degree along fractures (see Section 7,8). These paths are now marked by

entrapped fluid inclusions, zones of altered minerals and zones along

which new minerals have been deposited.

Water loss determinations for over eighty samples from cores #'l and #8,

Inaicate a range of water los._ (upon heating to I02+5°C) _rom 0.0 to..

3.5%, which is considerably below the water losses for samples from

Lyons, Kansas. lt _ould be noted that the samples from the Lyons site

came £rom much shallower depths than those fr,_ the Carlsbad area. In

the section on welgh_ losses, the ranges of dehydration to be anticipated

with respect to depth are shown grapr.ically. It appears that the ranges

determined for the relatively shallow Lyons site merge with the ranges

deterl,,_ned £or the deeper Carlsbad site.

,

Mo',t of the d_hydration water at relatively low temperatures (near

IJO°C) appears to come from clay minerals, although gypsum may make a

e
• .°

..
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contribution Eor samples taken at shallow depths. At higher

temperatures, polyhalite will start to contribute to the dehydration of

water. This dehydration takes plaoe somewhere between 170 ° and

300°C. ' Pure polyhalite rock can lose up tc 6t water. In general, the

pu:er halite beds have weight losses below 0.3 to 0.St.

As far as can be determined from the samples available for study, the

rock units present in the Salado salt seem to release much lesa water

when deh_'drated than do the rocks o_ the HLltchlnson salt from Lyonu.

Hence, the site near Carlsbad would seem to be more favorable (in so far

as dehydration water goes} than Lyons. However, these rooks are not

totally without water, and most units will lose from 0.0 to 0.3% water

when heated and some unlts may lose up to 3.5% water.

Finally, it was noted during the preparaton of some of the samples that

H2S (and possibly some natural gas) was released when the samples were i

crushed. No H2S was detected mass spectrometrlcally (previous 1

section), which probably attests to a sensitivity of the human nos_ for 1
,:

H2S that is unapproachable even with the most sophisticated available I

instrumentation.

7.6 FLUID I_CLUSIONS IN CORE SAMPLES FROM ERDA NO. 9

7.6.1 Introduction

Fluid inclusions in the host rock are of interest to several aspects of

nuclear waste disposal. Firs_.____t,determination of tho_r origin and nature

may provide insight into the complex sequence of processes and events

fr_ original deposition of the salt through to the present; such insight ',

may well be of value in site evaluation. Second, fluid inclusions

provide one source of water (and other volatiles) that would certainly

aid in the corrosion and eventual breach of the waste containers, and

subsequent leaching of the waste itself. Thir_____dd,fluid inclusions, and

their reaction thnder the thermal pulse from hot wastes, could have an
,

effect on important physical properties of the hot host rock, such as

deformation rates au,d particularly melting.

0
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7.6.2 Samples Studied

Most samples st0died were taken from ERDA core No. 9, and came Ecom the

following footage intervals!

From To

1799.0 1799.5

1902.0 1902.3

2065.0 2065.4

2095.1 2095.5

2272.4 2272.7

2391.0 23qi.3

2611.5 2611.8

2658.7 2659.0

2760.0 2760.2

2820.8 2821.2

2058.8 2059.0

2070.4 2079.6

2606.5 2606.9

2617.2 2617.7

2_26.7 2627.0

2659.0 2659.2

2665.0 2665.1

2692.4 2692.6

2699.8 2700.0

t

In addition to th-, above "representative" samples, tour nonrepresentatlve

samples from ERDA Eo.9 were selected because they contained plainly

visible large inclusions, suitable tor special tests.

20_1.2- 2061.6

2064.5 - 2065.0

2614.7- 2615.0

2518.5 - 2619.0
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In order to test certain Rample preparation and inclusion extraction

procedures with no loss of important core, two pieces of core from AEC B

were also picked:

2059.S - 2059.8

2462.0- 2462.9
q

In the Kerr-McGee potash minee Lea county, New Mexico, nort|zwase, of the

WIPP site a 4-m igneous dike has out potash ore beds. As this represents

a natural simulation of some cE the heat effects of canister storage, it

is instructive to examine the fluid inclusions in s_mples taken at

measured distances froa this dike:

MB-77-8 White halite I-2 cm from dike

MB-76-3 Barren salt 0.2 m from dike

MB-76-4 "Ore" horizon 2.5 m from dike

MB-76-5 "Ore" -21 m fL'om dike

Of these samples, the field evidence indicates that only MB-77-9 has been

molten. The oti_ers show some mineralogical effects of the heating, but

as sedimentary structures are preserved, they !ave prcstn_ably not melted

(M. Bodine, personal communication).

7.6.3 Sample preparation

Se_._ctions.A thick slice was cut from each sample using a diamond saw and

e._/l alcohol iubrlcart. One side was fine ground with an alcohol slurry

of abrasive (1200 grlt), ultrasonically cleaned in alcohol, mounted on

glass with cold-setting epoxy resin, and cured in 16 hrs. at room

temperature. The section was then ground down on a lap, using an alcohol

slurry, tD 3-8 mm thickness (depending on opacity) and then polished by

finer aorasives, ending with either 1200 grit or 0.3 _m AI203.

Plates with fine-ground surfaces were examined using a matchi|tg silicone

oll or saturated brine and coverglass. Coar£e cleavages could be

examined directly, without polishing. I

A small section ( --2 X 4 cre) was cut first, perpendicular to the core

axis (when nature of sample permitted orlenting), then one or more larger

plates %5 X 8 cre) were cut parallel with the eor.= axis.
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' Coarse water-soluble _esidues, I00- to 150- gram samples were dissolved
f

in tap water at room tomperatu're with frequent stirring. The solution

was decanted frequently to removo dissolved salts and finely divided

solids such as clays.

7.6.4 Methods of study

Petrographic Examination. Ali slides and preparations were examained with

the petrographic microscope, but phases present other than halite were

not determined due to the short time available and the redundancy with

extensive mineralogical work by othe_; Most examination time wac spent

on finding and characterizing the nature, size, frequency and

distribution of the fluid inclusions.

Considerable time was spent determining the volu_e of fluid inclusions in

the plates, through counts of representative portions. This

determination was based on measurements with a graduated ocular

(calibrated with a stage micrometer) and several assumptions. First, the

inclusions were considered to be. cubes (based on observation); one edge

was measured and then the volume calculated. LaLger inclusions ( .-imm

edge length) that were obviously not cubes were estil.ated from the

summation of a series of smaller cubes. Second, since bubbles were very

rare (only about 0.I_ of the Inclusions), and small ( *- 1% of inclusion

volume), they were ignored. Th4rd, most inclusions in these samples were

of one or th_ other of two types (essentially the same as the types "A"

and "B" discussed in a later section on Res_11ts), and any given s_all

portion of salt contained only one t.%_e. As the bulk of the sample in

any plate could be characterized easily into those two types the

approximate volume Percent of the samples for each type could be
3

estimated. A --500 mm volume of the plate was then selected from each

type, visually estimated to be representative of that type in that plate,

and the volume percent of inclusions determined in it by measurement and

counting, using a transparent grid term!plateat 500X. The total volume

percent of inclusions was then calculated from the weighted average. The

weight percent of inclusion fluid was calculated, assuming the salt to

have a density of 2.2 and the brine to be J.3 g,'cm3. Large rumbers of

very tiny inclusions were estimated from counts and estimates of small
• J
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but visually represerltative volumes. Although the relative errors

involved in this step are large_ the total oo,_tribution by these small

inclusions, even though they are extremely abundant, was very small.

Most of the fluid found was present as a muall number of large inoluslons

that could be measured more accurately. Ali inclusions over 200 _m

(edge length) in the count volume were mQasured. The overall measurement

error in volume percent of inclusions present is belzeved to be on the

order of +5% of the value stated for a given plate. Other variable3,

particularly rare, still larger, centim,_ter-slzed inclusions that were

opened during coring or sample pre_aratlon (and hence not counted), and

the large difference between dJ.fferent plates from the same 8ample,

introduced much larger errors.

ljeatlng Stage. The liquid in inclusions trapped as homogenous fluid at

above surface temperature shrinks on cooling, forming a bubble that

provides a measuL'e of the amount of differential shrinkage of liquid and

host crystal. As the bubbles in the inclusions were small, relatively

little heating was needed to cause homogenization. Hence a new heating

stage was set up, consisting of a bath of silicone oil with an electric

immersion heater and thermometer. Temperature equilibration was achieved

through convection and frequent stirring. The individual runs were

approximately 2-3 hrs. in length, Many inclusions that had no bubble as

received developed one on cooling the silicone to - -6°C with solid

CO2. On subsequent heating this bubble would decrease in volume but
s

persist as a very small bubble at room temperature. Heating was done on

the stage of a low power binocular microscope, since the inclusions were

large and scattered.

Freezing. The depression of the freezing polnt of the fluid in an

inclusion (i.e., the "freezlng temperature") is a zunction of the

composition of the fluid. Using this techique under the microscope can

permit a quick measure of the salinl, v of i0"I0 g of fluid, a far

smaller sample than can be measured by any other method. Metastable

supercooling is common, so most inclusions had to be cooled to very low

temperatures (three _urs in C02-acetone at -78 ° or even LN2 at

-196°C) to cause freezing. Subsequent clew warming of the sample while
b

i
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surrounded by rapidly circulating refrigerated acetone of known

temperature under the microscope permits recording the temperature ce

disappearance of the various solid phases formed on _reezinq (salts,

hydrates, and ice), under equilibrium conditions..

If an inclusion is frozen completely to a mixture of solids, with no

liquid, it becomes rather opaque. On warming, the first melting wets the

crystal interfaces, suddenly making the mass more trunslucent, and

permitting recrystallization to coarser crystals with time. This is

called the "£1rst melting temperature." lt ranges _rom-21°C for pure

NaCl solutions to-51°C fo_ CaCI 2 solutions.

Crushing stage. If a host crystal containing an inclusion with a bubble

iS surrounded by a flui(l and gradually crushed while under the 1_icroscope

so that the b_havlor of the hubble can be observed, the presence cE

nonoondensable gas in the bubble, and Lts pressure, can be determined,

The test is only crudely quantitative in terms of pressure (based o._ the

volume precent expansion), but it is extremely sensitive as a detect:or cE

small amounts of gas. Less than one billion moleculere of gas can b_

detected readily. Numerous cleavage fragments of salt containing various

types of inclusions were crushed on several models of crushing stages to

determine the amount and pressure of a_y noncondensable gases present,

Coarse water-soluble residues, These were studied in oil in_nersion

mounts in hopes that some of these phases Were sufficiently coarse to'

contain fluid inclusions that would provide data on their conditions of

formation.

Decrepitation. A portion of the core weighing approximately i00 g was

split out with a rock splltter; where possible the outside core surface

was avoided, due to the probability of physical deformation and resultant

leakage of inclulons. Thls piece was wrapped loosely in aluminum foil,

weighed, and heated to the run temperature (]50-250°C) over a period of i

8 hours to avoid thermal shock, held at run temperature for 3-4 days,

cooled and reweiched to determine weight lo_s, Following this the

homogenization temperature range was redetermined for a so_es of

! ,.
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inclusions that appeared, on petrographic examination, to be

representative. Crushing tests were also repeated on the heated samples

to detect the presence of noncondensable gases under pressure.

7.6.5 Results of Petrographic Examination

l'nclusions type A. This is the most abundant type by far. lt consists

of slightly rounded cubic cavlties (Plates 7.13 and 7.14) filled w_th

liquid and generally no other phase, except for rare tiny vacuum

(shrinkage) bubbles that comprise *-1% by volume of those inclusions

having bubbles. Only about 0.1% of the inclusions have bubbles, usually

the larger inclusions only, but there are exceptions (see below). Type A

inclusions occur as dense irregularly shaped clouds of randomly

disttlbuted but cry_tdllographlcelly oriented inclusions (e.g., Plate

7.16). In such dense arrays, individual inclusions are rarely over 20_ _

m on an edge (Plate 7.18), few are >5 _ m, and most are in the range I

X0.5-2.0 _ m, with the highest concentrations in the s_allest sizes tPla_e

O 7.19). Estimates of the maximum number of such inclusions, based on

counts of representative volumes, show about one inclusion per I00
3 10 3 3

m , or 10 per cm . If these are assumed to average one _ m _n

volume, such cloudy halite would contain about one volume percent of

fluid.

In addition to these irregular clouds, abundant t_e A inclusions occur

in crystallographically arrc nged (cubic) planes and zones in the host

halite, frequently with parallel inclusion-free zones (Plates 7.13 and

7.14).

In some zones type A inclusion3 grade into more sparsely distributed h_It

larger inclusions ( < i00 _ m), as seen in Plates 7.14 anC 23-24. 'fhese

coarser inclusions may represent incipient recrystollization of the

Lost. The distinction between these larger type A inclusions and type B

(next section) may seem inexact, but actually there is little overlap.
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Incluslo..n tyDe B. Type B inclusions, although far less abundanU th_n

type A, carry most of the inclusion fluid in the.'-e samples, since they

are much larger ( > 100 _ m to several millimeters). A/though large,

many have no bubble as found (Plate 7.20), but may 0evelop one if cooled

slightly (_- -7°C) and warmed back to room temperature. They are

generally irregular if large ( > 500 _ m) and are m_re nearly euhedral

negative cubes if smaller (Plates 7.15 and 7.17). They occur as single

isolated inclusions in otherwise almost optically clear halite, and as

dense groups of many inclusions, in part interconnected with tubular

extensions (Plate 7.15).

The host halite for type B inclu3ions may occasionally have cloudy wisps

of type A Inclusions, but they are never immedlately adjacent to a large

inclusion (Plates 7.15 and 7.17). These f_,atures suggest that salt

originally containing only clouds of "primary" type A inclusions has been

partly or completely recrystallized to _orm coarser crystals of clear

salt with type B inclusions. This interpretation is supported by the Iie

grain s4.ze of the host sal_, which is almost always coarser in those

parts of a sample containing type B inclusions _see Table 7.13 in next

section on weight percent of fluid). The boundary between cloudy primary

a_ clear rec_ystalllzed salt is sometimes curved (Plate 7.16). I_ it

were straight, it might not be possible to distinguish it from a primary

growth zone boundary between fast cloudy and slow clear growth. Most

areas of type A occur as irregular masses within single crystals of

mainly recrystalllzed halite (Plates 7.15 and 7.17).

,.°

Relatively few samples, particularly sample 1902.2, show birefrin._ent

crystals of an unidentified phase inside what appear ctherwise to be type

B inclusio;is. These are equant to bladed crystals of moderately high

birefringence ( --0.06) and moderate index o£ re£raction (but well abov_

t_at of the surrounding brine). M_ny a:e twinned (Plates 7.25 and 7.26),

and when prismatic or bladed, the extinction positions are strongly

inclined to the crystal elongation. As the distribution of these

crystals is irregular, and as a similar birefrlngent phase occurs in some

of the s_.ae samples (Plate 7.27) the occurrence in the inclusions might

be interpreted as accident_l trapping of solids present at the time of

i e



trapping of t.he inclusions. All I0 inclusions in one group in zample

I_02.2 (Plate 7.27) contain these crystals, in roughly the same amount

(estimated at -- 5% by volume), thus suggesting that they are true .
.

daughter crystals, formed by precipitation from the trapped fluid.. .....

Another plane of inclusions in this same sample, only 400 _/ m away,

contains only liquld (Plate 7.28} so it is concluded that the fluids

present during recrystallization changed in composition with time.

Inclusions Type C. This type is similar to type B in size, shape, and

occurrence, but rarer, and differs only in containing a relatively larger

gas bubble, of variable volume, but > 1% by vol. (Plate 7.29). A large_

gas oubb!e can origlniate by several processes -- leakage, necking down,

higher temperature of trapping, or primary gas. The gas bubbles in these

inclusions are found to be under pressure (see "Results of crushing stage

studles"), so it is believed that such Inclusions have trapped a mixture

of gas and liquid (i.e., primary gas). In some (e.g., Plate 7.30), such

inclusions have apparently formed by a refilling of an earlier type B

O inclusion with a ga--liquid mixture along a crack.

Inclusion Tyep_._D. This type occurs in curving planes outlining some of

the individual crystal boundari.es (Plates 7.31 and 7.32). It was

probably full of fluid under natural conditions, but as the grain

boundary permitted leakage and desiccation, these are now full of gas

(presumably air).

7.6.6 Wei@ht Percent of Fluid

A summary of the results of measurements of the volu-.,epercent of fluid

in the inclusions is given in Table 7.13. In calculating these volumes

some simplifying assumptions had to be made, in addition to those

mentioned In Section 7.6.5. For simplicity the host salt volume counted

was categorized as type A or B on the basis of the maxiumum si. of

inclusions it contained. If these were < 1 mm, ic was called type A.

This division is not the same as given in the descrip-ions of type A and

B inclusions, where -- 100 _ m inclusions are considered as probably

indicative of recrystallization, but this has little effect on the

results, since oI_ the average, over 90% o£ the fluid is 9resent as type b

0
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inclusions > Imm in about 30% _f the volume of the salt. Table 7.13 !

..... shows that these samples no___wcontain a total of from 0.17 to 2.86% fluid

by volume, and average 0.61. These values correspond to 0.I to 1.7 i_

weight percent fluld as extremes, and average 0.36 weight percent. These

results ar_ compatible with those reported in Sections 7.5.2 and 7.5.3.

I

These values have a measurement error of about + 5% of the amount found, i

Huch larger, however, is the variability introduced by the samples

themselves. Thus three parallel plates were cut at --3-cm intervals _

through samples 2272, and yielded 1.23, 0.36, and 0.20 volume percent

fluid.

Even more important to consider is the bias i,-_herentin these

measurements due to substantial and unpreventable loss of inclusions.

Examination of the cores showed some centlmeter-slzed cavities, the sites

of former fluid inclusions. No inclusion this size could possibly be

included in our count since the plates counted had to be < 1 cm in

thickness to be translucent. In addition, in situ all natural ,_

intergranular porosJ.ty in these salt beds was possibly full of fluids,,

The type D inclusions found represent probably only a tLiVial past of the :i

total in sltu wate_ content present as such "imperfectly sealed fluid !

inclusion." Large scale in sltu porosity tests would be needed tO

evaluate this variable. :]]

7.6.7 Results _f Heatlnq Staue Studies

Only 35 inclusions were run, as listed in Table 7.14. These are mostly

fc_m type B inclusions. Some of these inclusions had to be cooled to

below room temperauure to nucleate a bubble before the run (Plates 7.20,

33 and 34). Why some very tiny inclusions haro vapor bubbles (Plate

7.36), yet many 1at'ge ones have persisted metastably as stretched liquid

(i.e., one phase} is puzzling. The data are too sparsely distributed to

determine whether the range of values (20.4 to 45.5°C) represents a

real difference, between samples. One group of inclusions in sample 2821

with birefringent daughter crystals showed no change in the crystal_ on

heating to 24.50(2..
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7 6 8 R_,,lts of Freezing Staoe Studies

Inclusions in NaCl have a special type of behavior on freezing, as a

result of reaction of the water of the inclusions with the walls to form

the new incongruently-meltlng phase hydrohallte (NaCI.2H20i, at

temperatures below +0.15°C. As a result, the:Inclusi,on enlarges and

becomes full of blrefingent crystals upon being held at low

temperatures. Evidence of _his expansion remains on warming to room

temperature. Furthermore, the volume resulting fzom expansion to form .

ice is frequently larger than the original volume of the inclusion, and

the Incluslon'= wails crack to _elieve the pressure (Plate 7.35).

The freezing data are summarized in Table 7.15. If the solution present

is simply NaCI and H20, the last c_ystal of hydrohallte will melt at

+0.15°C, assuming equilibrium has been obtained (which is an extremely

slow procer.s for this phase), Altholtgh only relatively few large type B

inclusions were .un, many s_aller type A inclusions were also watched at

the same time. None were found to h_ve either first melting _c -21 ° orm_

[roezing at +0.15°C, ._o none consist of essentially pure NaC1

O solutions. Much hydrohallte formed in these inclusions, but as there
were birefringent crystals (generally with birefringence less than that

of hydrohallte) that persisted well above _0.15°C, the last solid is a

pW, se other th_ hydrohalite, and the solutions must contain signIEicant

quantities of materials other than NaCI (Plate 7.37). This is also very

evident from the first melting temperatures.

7.6.9 Results of Crushing Stage Studies

Bubbles in types B _nd D inclusions from several samples were examined on

the crushing stage. All disappeared immediately on c_ening, indicating

that they consist of water vapor (at -- 20 _n pressure}, and hence

collapse at one atmosphere. The bubbles' in several type C inclusiol s

showed considerPble expansion, however, indicating (,.asun._er pres._ure.

Thus the bubble i=_tAe inclusions shown in Plate 7.38 -.xpandod 270% by

volume on opening (Plaue 7.39), indicdting that neerly three atmospheres

of noncondensable 9as is present. The composition o_ this gas is unknown

at precent.
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A previously unrecorded inclusion deformation phenomenon was also

observed in some inclusions that were in a sample that was under unlaxtal

stress on the crushing stage at room temperature but had not been broken

to release the Inclusions. These inclusions developed a scalloped

pattern along the corners (Plate 7.40), presumably due to solution at

potz_ts of stress concentration and tedeposition elsewhere. This pattern

_. developed over a relatively few minutes at effectively constant stress.

At least some volume change occurred ,n this process, sin_e the bubble in

the Inc]usion disappeared at constant temperature.

...

7.6.10 Results of Study of _oarse Water-lnsoluble Residues

The _.elght percent o_ such residues ranged from 0.005t (sample 2391 to

0.3t (sample 2821). Unfortunately, however, altheugh there were a

vatlety of phases pre_.ent in the residues, none of the crystals contained

visible fluid inclusions. Some samples emitted a petroliferous odor and

showed oily films on the water surface during leaching; it is not known

whether these represent contamination from the oil-based drilling mud

used in part of the coring, or natural oll in the samples (as is present

in other salt deposits, as integranular films and inclusions). No oll

inclusions were seen in this work.

7.6.11 Decrepitation Tests ....
r

These tests were run only on the last nlne samples of the first 19. A

summary of the test data and results is given in Table 7.16. On

examination of the mateclal after the decrepitation tests, several

general features were evident. The nature of the test is such that

systematic inclusion counts before and after the test on the same sample

arc impossible. It was obvious that although most of the larger

inclusions had decrepltated, and were empty, many small inclusions

(< -- I00 _t m) had not. These small inclusions appear perfectly normal

in distribution, but almost all had dev,:loped appreciable vapor bubbles

(Plate 7.41), with a vapor/liquid ratio that is obviously higher after

heating than that present in two-_nase incluslons before heat!ng. Only

the 150°C sa_@le st111 had inclusions withou_ bubbles; a few 10-20 _ m

one-phase l_4:_id inn]'&sicns were found there. All three samples showed

so%_ "stea'_" inclusions - cubic negative crystals with fillets of liquid
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in the corners. No gas under pressuEe was found in any of the heated
/

inclus_.ons. In _ost cases, the weight losses increase with increasing

run te_erature; tl_ several exceptions are probably a result of

nonhomogeneous d_stribution of Inclusion in the s_pZe aliq_ots taken.

Homogenization temperatures were determined on two-phase inclusions

remaining in the samples after the decrepitation tests. The results are

given in Table 7.17, along witn the volmae percent of vapor phase,

estimated from measurements of bubble diameters.

7.6.12 Study of Suite of Samples from Kerr-McGee

The three samples closest to the lamprophyre dike (See Chapter 3) yielded

usable inclusions. (sample MB-76-5 was too fine grained and opaque to be

usable by the sample preparation techniques used here, and will not be

cons._dered futher in this report.) In ail three samples abouu 15% of the

small inclusions ( < _ 20 _jm) were without bubbles as received. Most

inclusions in al/ three samples were no_al, two-phase inclusions with a

small bubble. Bomogenlzation temperatures were determined on a

representative g_oup of these two-phase inclusions in each, with results

as shown in Table 7.18.

Freezing runs were made on inclusions in two of these samples, in both

cases the first melting temperatures were well below that of a pure

NaCI-H20 system ( < -28°C for MB-77-8 and <-31.0°C for MB-;6-4).

On warming, the last solid phase to dissolve In both samples was an

unidentif e_ phase, _cesumably a hydrate other than NaCI'2H20. This

dissolved at +II to +18°C (MB-77-8) and at +4 to +7.2°C (MB-76-.;).

One 75-Ijm inclusion was found in MB-7?-8 that yielded an entirely

difEerent freezing behavior. This inclusion contains a single homogenous

fluid at room temperature, presumed to be gas (Plate 7.43a). On cooling

to the range -70 to -_5°C thi_ inclusion develops a number of grains of

an unidentified solid (Plate 7.43f). On warming to about -68°C, a

llquid/vapor meniscus becomes vibible (Plate 7.43e), with solid grains

i
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still present. The 1ast of these grains disappears at ---56_C (Plate

7.43d) _ on further warming the liquid/gas meniscus becomes faint (Pldte

7.43c) and the two homogenize, by expansion of the liquid, at-20.9°C

(Plate 7.43b). This behavio_ is difficult to inteLpret in terms of

composition. C02 has its triple point at -56°C, _n exact agreement

with the dzsappearance of the solid phase at -56°C observed here, but

obviously the inclusions cannot contain just C02, as there is liquid

present at a lower temperature. The nature of the mixture of gases can

only be guessed at this time.

The crushlng te-_ts in the Kerr-McGee mine sanlples were most revealing.

The nob'mal, small-bubble inclusions contain a vacuum bubble (i.e., water

:per at --20 ,m 3resure). Many inclusions that either had a very large

bubble or appeared to contain gas only, from all three samples, were

found to contain either vacuum (Plates 7.44 and 7.45), or a partial

vacuum (Plates 7.46 and 7.47). These are probably from the trapping of

bubbles of sceam, with or without some noncondensable gas and brine. All

thre.= samples also contained a few inclusions with gas under greater than

atmospheric pressure. These inclusions were one-phase as first observed,

and except under special circus,stances, it is not possible tO distinguish

between a vacuum, dense gas, or even liquid, in such single inclusions.

It is only on crushing, when these inclusions formed bubbles of

noncondensable gas in the surrounding fluid, that the internal pressure

became evident. By measuring the size of the inclusions before crushing,

and the diameter of the bubbles evolved, we obtain a crude measur.= of the

internal pressure, assuming each unit volu_e expansion corresponds to one

bar pressure. In a fe,_ inclusions, the contents changed to a two-phase,

liquid + vapor system during the expansion (Plate 7.48), but usually the

pressure release was too sudden to reveal iE there was a transient

two-phase condition. The volume expansion varies for different

inclusions, fLom 30- to 40-fold (Plates 7.49 and 7.50) to a maxiumum oE

perhaps 100-fo!d (Plate 7.51). As t_e ix_nersion medium used is an oil in

which methane is probably readily soluble, this gas is more likely CO2,

since the bubbles dissolve in the oil very slowly.
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Interpretation of the data from the Kerr-McGee mine samples is difficult

at this time. The presence of an inclusion filled with a dense

CO2-rich (?) gas in sample MB-77-8, (in halite that was prcib._blymolten

at the time of intrusion of the dike) is not unexpected, since there is a

small amount (0.2-2_) of magnesite in the adjoining rock (M. Bodlne,

peLsonal communication). The dike shows no evidence of carbonate

alteration, however s and there is a problem in explaining the p.-esence of

inclusions of low-temperature, gas-free brine, apparently pure steam, and

dense CO 2 in the same sample. Formation of these typos at dlffe_ent

times is obviously required, but there is no other indication of

differences in conditions or time of origin.

/

The temperature at which the dense gas inclusion was trapped is of

interest. Although the melting point of pure NaC1 is 800°C, other

materials present here in the potash ore zone (such as KCI) will lower I

this temperature. If we assume that the gas inclusion contains pure

CO 2, the -21°C homogenization indicates a filling density of about

1.03 g/cre3 (Roedder, 1965). Combining this w_th the estimate of

confining pressure of -- 38 MPa (380 bars) yields an obviously erroneous

"trapping temperature" of 0Oc. The several inconsistencies and

difficulties in interpretation of the data trom the Kerr-McGee samples

cannot be resolved until additional studies are made.

7.6.13 Discussion

..

Geo!o3ical Significance. Several aspects are evident from these various ,i

results. First, the fluids in all the inclusions, both type A in Frimary

salt crystals and type B in recrystallized salt, are strongly saline

brines, wit_. significant amounts of other salts present in addition to

NAC1. These brines differ from one inclusion to another, indicating that

a range of fluids has been present at various times in these beds, but _

inclusions with simple NaCl solutions were found, as are found in other

salt beds and as might be expected if pure salt beds have been fractured

in the presence of meterolcaily-derived (fresh) ground water. The

original deposition of salt occuL'red from highly-concentrated brines, and



presumably all waters that have passed through these samples since have

had dissolved in them amounts of other minerals in addition to NAC1.

Such fluids have caused extensive recrystallization of the salt, and

presumably other mineralogical changes, so that little of the original

salt texture remains. Secon__.___d,at some stage in this recrystalliza_.ion,

gas-liquid mixtures were present in the pores of these beds. Thir__.__d,this

recrystallization occurred at near-surface temperatures (20-45°C).

Fourth, the movement of these fluids must have been slow, as the evidence

of extensive inclusion metastabillty indicates very clean _olutions, free

fr_ the solid nuclei present in most fast-movlng near-surface waters.

The fluids from which the salt crystals making up these beds originally

crystalllzed were ea_eedlngly saline brines with much materi_'l other than

NaC1 in solution, as shown by the freezing data on primary inclusions in

bopper salt. These hopper crystals a_,pear to have grown on the surface

and then to have sunk, as described by Dellwig (1955). All but about lt

oE this original hopper salt texture has been eliminated by

recrystallization at some unknown later time, !'ielding coarser, clearer

crystals of salt, and presumably gross changes in the mineral assemblage

other than halite. Some of the clear salt surrounding the chevron

structures may represent crystalllzation of these hopper nuclei on the

bottom of the basin, but most is believed to be from recrystallization.
/

This recrystallization occurred in the presence of exceedingly saline

brines and with much material other than NaC1 in solution. The brine may

nave been composed essentially of fluids from the primary fluid

inclusions, released during the recrystallizattc4° lt was trapped as

large inclusions in the recrystallized salt and comprised the bulk of the

liquid now present in the samples as studied in the laboratory. Although

the salt beds now appear dry to the eye, the samples contain 0'l to 1.7

weight % fluid as examined, and may contain more in situ. At some stage

or stages ea;ty in the history of these _-._3, the ftuids present in these

rocks varied in composition. (See section 7.7} A very few were

saturated with organic gases such as methane and actually contaiv._ed

bubbles of a seoarate gas phase. Others contained additlona] salts in

solution, resulting in the precipitatic_ of various c_ystalline solids
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" from the liquid within inclusions in halite. The relative time sequence

of these various fluids is not known, and most inclusions have neither

methane nor crystalline solids. The latest episode of any

recrystallization has been dated at 204 million Years, slightly younger

than Permian.

Homogenizatxon temperatures of Inclusions in recrystallized salt range

from 20.4 to 45.5°C. During burial, creep from recry_tallization in a

salt bed with intergranular films of solution should result in the

hydrostatic pressure on fluids (during trapping in a crystal) being

essentially equal to the lithostatic pressure. _f an overburden of 5000

ft. (1524 m) is assLlmed to have been present during the recrystalliza-

tion, the maxlumum pressure (llthostatlc) would have been -- 38 MPa

(380 bars). There are no PVT data on the spec_flc fluids present in the + ,'

inclusions, but if the +data on a 25-percent NaC1 solution are used, this : s

/

pressure would suggest a maximum pressure correction Of 36°C (Potter,
i

1977), and hence trapping (i.e., recrystallization) temperatures of
I

56-82°C. However, the true pressure correction may be lower,

particularly since the f_uids are more saline than 25-percent NAC1. Thus

there is a drop of 12°C in the pressure co=rectlon on changing from

i
20-percent NaC1 tO 25-percent NaCI. i

I

r

The presence of smooth planes of primary hopper salt inclusions of ,,

various slzes, separated by planes of inclusion-free salt, with the plane

, orientation, borizor, tal, p_oves that these minute Inclusions have not

moved measurably s_._ce deposition, although they have been in a

geothermal gradient pres_ably similar to thr_t of the present for about
f

225 m.y. i

The l:ide_pread occurrence of metastable phenomena in these inclusions,

even _n some large ones, suggests that fluZd flow in the past through

these beds has been very sl_w. Also, the fact that all inclusions that..--...

have been frozen prove tc contain bitterns, and none was found with just

NaCI-H20 solution, proves that at no time during the history of these

samples did ground water, saturated only with respect to NAC1, eve_

penotrate into these particular samples.
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Nuclear Waste Disposal Significance. The most signficant aspects at this

" stage in the study are as fullows: First, the amount of fluid water

solution no__wpresent in the samples as fluid inclusions averages 0.3_

.weig_htpercent,, second, although noncondensable gases are present under

pressure in some inclusions, the total amount is very m_all. Third, the

inclusions change dimensions signficantly with.ln minutes at room

temperattlres when the 'host crystal is subjected to unlaxial stress; this

might suggest more rapid movement of inclusions in a thermal gradient if

simultaneously under stress, as in mine pillars. Fourth, and possibly

most significantly, the distribution of primary inclusions indicates that

thes' have not moved visibly (i.e., less than a few micrometers at most),

in the _25 million years since they formed, yet they have been in the

small bu_ finite geothermal gradient all this time. All fluid inclusions

can be expected to move when placed in a thermal gradient. Since there

iS usually a thermal coefficient of solubility, material will dissolve on

one wall and precipitate on the other. The rate of movement is a complex

function of numerous variables (including inclusion slze), but the

temperature coefficient of solubility is probably the most limiting

parameter in the case of NaCl. In the _>Ire system NaCI-H20, the

solubility change per 100g }{20 is ic_, only 0.03gm/°C in the range of

0-100°C. This increases by approximately a factor of two at the

elevated temperatures expected n._ar the wastes. This coefficient is

comparable in the NaCI-MgCI2-H20 system.

All these aspects will now be treated in expat_.deddetail.

..

A_ount of Water in the Beds. Although this is the most important single

oat_ that might be obtained from inclusion studies, fluid inclusion

counting can provide only approximate values. The nature of the samples ....

and the necessary sample preparation are such that there is a bia.- toward

low values built into these data. Superimposed on this uncertainty in

accuracy is poor precision in the measurement, due to variability of the

sample material. For example, adjacent slabs of the same sample showed a

five-fold range, lt is probable tha_ precisely calibrated neutron logs,

reflecting the amount of hydrogen in the beds, give a more accurate

J°

/
• /
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- evaluation of the total water present, since they would effectively

integrate over a much larger sample and _uld include the effects of the

liquid-filled intergranular cavities which these tests inlss.

One important aspect of the inclusions on tASe properties of the salt is

the effect of the constitutents present on the lowering of the

temperature of _elting, and on the amount of liquid present at any given

temperature. In this connection it is important to note that the

inclusions' fluid is not water, but a strong bittern with probably

significant quantities of magnesium ions. This will certainly affect the

temperature coefficient of solubility, of NaC1 in these liquids, and will

have important effects on the vapor pressure of these liquids (see below). |

Corrosive Gases _n the Inclusions. Although gas analyses by mass

spectrometry are still to be made on the inclusion fluids, it is evident

from the crushing studies that the inclusions in these samples, at least,

contain very little noncondensable gases. Although hydrogen sulfide was

found as an important constituent ol gases in a gas pocket in another

drill hole, (ERDA-No. 6, Section 7.7), there can be very little, if any, ..-

in the_e inclusions. The human nose is a rather sensitive detector of

H2S, ordinarily responding to a minimum of -- 10-10g. No odor of

H2S was detected during preparation of these samples, when relatively

large volumes of inclusion liquid were exposed to the _Ir. Gases such as

HC1 formed within the inclusions or by reactions of inclusion fluids with

other minerals during heating, and under intense gamma radiation, may be

a much more important cause for corrosion t._an those now present in the

inclusions.

Effects of Water on Physical Properties of the Salt. The intergranular

poro._ity in these salt beds, in situ_ possibly contains some aqueous

solution. Such fluids will tend to be squeezed out of the salt beds over

geological time as recrystallization along grain boundaries and other
J

processes permit compaction, just as the residual, water in a sandstone is

eliminated during the formation of a quartzite. Such flow will occur,

however, only if there is an escape route for the fluid to take. As
0

® :
i
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- pointed out. very aptly by Baar (1977), there is much evidence fro,: high

pr,sour, _luid pockets that salt rocks in situ are generally impermeable

at depths exceeding about 300 m. lt may well be that under such

con_ttions, which preclude further "dewatering', the fluid in these

intergranular fllms is still able to migrate short distances, enough to

permit it to coalesce into "pockets', perhaps at points of slightly

reduced pressure, just as a plastic shale will flow to the c_est of _olds

in firmer rocks. These "pockets" might be represented in part as the

short-lived seeps observed in potash mines.

Even if the intergranular liquid were to be removed completely, yielding

a polycrystalllne texture with salt crystals in true co.T.tactwith each

other, there is no driving force to rmoove the fluid inclusions from

within the individual halite crystals, rf such a salt bed is deformed to

the point of rupture of salt crystals, any inclusions along th_ rupture

will provide water to "lubricate u the fracture and hence lower the

apparent st=ength of the rock. Although one might expect that a new
)

fracture would !,re_erentially follow planes of inclusions, as from the J

healing of former fractures, Gerlach and Heller (1966) have shown that Q

the salt recrysta._lized in the vicinity of such a healed fractu:e is

actually stronger than the adjacent tnt,crystallized salt, and new

fractures could not be mada through the inclusions. Actually, most of

the fluid in inclusions in the Carlsbad salt is in large, apparently

ranoomly arrayed inclusions in recrystallized salt, and examination of

fractures through such samples suggests that cracks induced in the

laboratory experiments reported here have preferentially taken routes

th.-ough such inclusions. ._ .-

I

One example of the surprising effects of inclusion fluids on the

properties of salt crystals is found in the behavior of fluid inclusions

in single crystals of salt under uniaxial stress (Plate 7.40). Under

these conditions, fluid inclusions visibly change shape, and volume,

within a few minutes, at room temperature. This is a new inclusion

phenomenon, never reported before.

e
,' /

/
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Evidence of _revious Solution Movement in These Beds. The fluid

inc_usl,on evidence obtained so far on solution movements is encouraging

in that it indicates at most only very slow movement, and suggests that

part of the fluids now present in these beds may even be nearly Permian

in age. The lack of any pure NaCI-H20 inclusions also argues against

any previous sudden inrush of groundwat._r that could be trapped as

inclusions in halite before it had time _o acquire a full complement of

ot heL' salts.

Movement of IncLusions It_ a _hermal Gradient. Al1 fluid Inclt_sions

should move wi_en the host c_ystal is placed in a thermal gradient. The

nature and rate of such movement has been the subject of numerous

studies, since it is of consequence in the chemical industry. Wilco;_

(1968) sumnarlzes this ex_ensive work (citing Iii references). Similar

migration of inclusions is also an important cause for degradation of

laser crystals grown at high temperatures by the Czochralski technique

(Hopkins et al.. 1976)o Most liquid inclusions move up the thermal

gradient, but if the vapor bubble is large relative to the liquid, and

particularly if boiling occurs, the movement may reverse
be in the

direction (Wilcox, 1969_ Anthony and Cline, 1972_ Chen and Wilcox,

1972). The rate of movement is independent of inclusion size in many

systems, but strongly (and directly} dependent on inclusion size in

others (Wilcox, 1969); t|._re may be a threshold size below which no ....

movement occurs ( --10 _jm in KCl; Anthony and Cline, 1971a). Large

inclusions may break up during movement (Wilcox, 1968_ Anthony and Cline,

1973). Many factors may affect the rate of migration, even in a given '

host, including gravity, compositlo;i, surface tension, inclusion shape,

crystal anisotropy and imperfections, presence of a foreign gas, etc. In

salt, since the thermal coefficient of solubility is small at surface

temperatures, but increases greatly with increase in temperature, the

rate ,f movement in a giverl gradient can be expected to increase with

increase in ambient temperature. Higher ambient temperature also

increases the travel rate by increasing the solubility, the d:ffusion

coefficient, and the interface kinetics, and the increase in rate was
/

found to be particularly striking in NaC1 (Wilcox, 1968, p. 20). The
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Z_ct that the inclusions in C_Isbad salt have not moved measurably

during geological time in the geothermal gradient is _erhaps an

Indlcatlon of exceedingly slow rate, or perhaps a reuult of a very weak

dr lylng force.

Accurate prediction of behavior of in situ incluslons in the thermal

gradient around a canister in ealt cannot be obtained at this time, as

there are too many uncontrolled var lables. Since most incluslons at

Carlsbad contain no bubble or only a very _nall bubole, they will move

toward the canister, as was shown to occur at Project Salt Vault

(Soldoway, 1974). The rate of this movement will depend most

particularly on the inclusion size, the ambient temperature of ti_e grain,

the temperature gradient, and the temperauure coefficlent of solubility

of NaC1 in the particular inclusion fluid involved. The average distance
!

that an inclusion must travel oefore it intersects a graln boundary will

vary with the grain size of the salt, but seldom would be over 1 cm.

What can be expected when the inclusion reaches a grain boundary?

Anthony and Cline (1971b) showed that grain boundaries in crystal

aggregates tend to trap migrating droplets, but Anthony and Sigsbee

(1971) showed that gas bubbles (10-50 _jm) migrating in polycrystalline

camphor could cross grain boundaries. However, migrating bubbles were

observed to drag grain boundaries when the bubble concentration on the

grain boundary was large. In Project Salt Vault, I]oldoway (1974) says

' only that "little migration across 9_ain-boundaries appears to have.

occurred," Ohvlously: if a grain boundary is very tight, a large

inclusion could cros_ it without effect. But if the grain boupdary is

composed of different material, the fluid could spread out along it as a

film. Any such film should act as an incldsion, wi'h material diffusing

across it away from the heat source.

The behavior of an inclusion migrating to the wall of an open cavity

(e.g., that holding the canister) will be different. On contacting the

cavity, Anthony and Ctin,, (1974) and Wilcox (1968, 1969) have shown that
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some evaporation occurs, a vapor bubble forms, the inclusion seals

itself, and now that it has a large bubble, it reverses direction and

moves back the way it came, this time going down the gradient.

Decrepitation Release of Liquid Incl%tsions. In view of the expected slow

migration rates of liquid inclusions in the thermal gradients established

by the caristers, it seems probable that release of inclusion fluid by

decrepitation will be an important process. An individual inclusion, if

it is assumed to have rigid walls, to contain 25-percent NaCl solution,

and to homogenize at 40°C, will develop 70.0 MPa (700 bars) inter_al

pressure when heated to 100°C, and 200 MPa (_000 bars) at 200°C

(Potter, 1977). , However, salt cannot stand such internal pressures

without yielding. Even a strong, hard mineral such as quartz starts to

decrepitate when the internal pressure in its fluid inclusion reaches 80

_+ 3 MPs (800 _+ 3 bars) (Khetchikov and Samoilovich, 1970), and halite can

be expected to decrepitate when the internal (inclusion) pressure reaches

four times the yield stress for monolithic halite, under no confining

, Stress (Cline and Anthony, 1971).

When Carlsbad halites were heated, some of the inclusions a_crep_tated in

part causing the samples to fragment, and yielding an average wezght loss

of 0.13% (150°C), 0.22% (200°C), and 0.73% (250°C). This means

that this much volatiles left the system. More inclhsion fluid may well

have been exposed, and merely lost water until its concentration of salts

was such that th_ vapor pressL]re of H20 at that temperature was less

than one atmosphere. Salts in solutions in these brines (ir_cluding

materials other than NaC1 as well) have effects on the vapor presure and

hence on any vapor transport.

In addition to those inclusions that decrepitated, however, many

znclusions remain sealed as liquid inclusions in the sample after

heating, albeit in a changed form. These have permanently deformed their

walls to form a larger chamber, and now have a much larger shrinkage

bubble, proportional to th.= amount of expansion. (Why some decrepitate

and others expand is at present unanswered; residual stresses in the host

/



crystal may be involve_.) This expansion p0enomenon is not new- it h,_s

been reported at various times in the pe t. lt is the net result of

several volume changes during heating of the inclusion. On heating, the '_
t_ j

host salt expands, enlarging th_ cavity as weil. This effect is small,

yielding a cavity volume increase of only 1.2% from 40 b.o 140°C. Ti i_

fluid in the inclusion dissolves more salt from the walls on heating; the

net volume effect of this (generally a decrease; i.e., an increase in _.j

cavity volume) will vary widely with the composition of the solution. _o_

Thermal expansion of t,_e brine would develop high pressures if the walls i

were rig'.d, but instead, in the presence of liquid, the inclusion wall_

frequently just expand. The amount of expansion is roughly proportional

to the temperature of heating, i.e., the inclusion fluid streches the

walls until Its internal pressure drops Just below that needed to cause

further stretching at that temperature. Nucleation of a vapor phase may

even occur (Geguzin and Dzyba, 1973), in which case loss of wa er co the
/

expanding vapor phase also helps to limit the expansion. Some of the

thermodynamic variables of the process have been modeled by Cline and ._

Anthony (1971) for the pure halite system. "

7.7 THE GEOCHEMISTRY OF DELAWARE "ASIN GROUNDWATERS I_ RELATION TO

T_IR HOST ROCKS

7.7.1 Introduction

Geochemical studies of waters found in Permian and youn_er rocks of the

Delaware BasJn (Southeast New Mexico, West Texas) have assumed _ new

Imporhance in recent years. This began in 1975 when Sandia l._ratories,

in cooperation with the United Stares Energy Research and Development

Administration undertook studies of the suitabil_ty of Dela;_a._eBasin

evaporite deposits for the long-term storage of radloactiv._ wastes

generated by the national nuclear defense program.

In particular, three aspects of fluid geochemistry have bearing on an ii

of the geology of the area: ,!"understanding
(

_AI
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I. Roc_ history - the relationships between dissolution features

and nearby fluids which may have dlsqolved evaporites.

2. Fluid history - evidence of rock/fluld interactions preserved

in fluid chemistry, indicating the complexities of fluid

o)ov(_nent.

3. Fluid origins - the ultimate aources of fluids which have

participated or have potential for participating in

dissolution of evapocltes.

Many of rho waters considered here were bailed from preexisting wells

with the assistance of the United States Geological Survey, between

December, 1975, and June, 1976. In addition, b_reho'.es for subsurface

exploration of LOs Medanos (the ERDA study at:a) tapped some fluid

producing zones. These holes include ERDA No. 6,. which at a depth of

2711 feet producod saturated brine associated wxth H2S-rich gas from

the Castile Formation. In this hole, stratigraphic marker beds were

O found several hundred feet above their expected positioPs (Anderson and

%,

Powers, 1978). Nine holes penetrating the Rustler Formation have

facillted hydrological testing and sampling of Rustler waters. Finally,

samples of waters were collected frola _x_Is in Ca_lsbad Caverns. Table

7.19 is an inventory of water samples, together with their collecticrl

locations. New Mexico locations are given in Figure 7.10, showing their

distribution with respect to the Capltan Limestone.

Three g_ochemical approaches will be lo:lowed in this subchapter. Each

approach will consider a few exam:_les of varicus "types" of water-
...

I. Solute chemistry - dissolved solids content.

2. Thermodynamics - eguilibia and non-ecuilibria of a fluid-gas

system.

3. Stable i._otope ratios- variations in deuterium and oxygen -

18 content.

.. .,
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7.7.2 Data

Analytical results for the 29 waters are given in Table 7.20. Solute

analyses are expressed in mg/l, performed according to APHA (1971)

methods, with modi£icatlons by Collins (1975). Analyses by Martin Wate_

Laboratories have a precision _f about + 5 to 101; others + 3% (Table

7.19}.

Stable _sotope analyses were made according to Epstein and May_,la (1953)

and Blgoleisen etr al (1952), and are reported in " 6 " notation _:

deviation of the D/H or 180/160 ratio from the corresponding ratio of
I

Standard Mean Ocean Water (SHOW) (Craig, 1961b, Epstein and Mayeda,

1953), in parts pe_ thousand (_oo,"per mille") for example:

(D/E) sampl-- (D/H)SMOW
6 D- X I000

, I

(D/H) SM_W
I

The precision of 6 180 values is L._tter than + 0.1_ and that of 6 D

is betPer than + i"

Solutes. In this _iscussion "fresh water" is taken to contain less than

3000 mg/l total dissolved solids (TDS), and is potable at least to local

cattle. "Brackish water" refers to TDS contents between 3000 and 30000

mg/l. Brines aze waters containing more than 30000 mg/l TDS. According

to these definitions, ntmbe.r I, probably 18 and 26 thzcuqh 29 (Table

7.19) are fresh waters, f,gund in the Cap ttan and Santa Rnsa Formations.

Numbers 2, 6, Ii, 17, 22, 24 and probably 19 through 21 _re brackish, and

include ro)st Rustler waters, one Capltan and one Castile. The f.resh aud

bzackish wat._r._ contain the solutes expected to be found in carbonate and

anhydrltic or gypslferous aquifers. All the other waters are brines, and

include the Salado, Morrow, Det,_ware (Bell Canyon) waters, two Cast_le,

one Capltan, and even two Rustler wa_er_T these Rustler samples came from

the Culebra dolomite member, adgacent to halltu-bearing _%Irts of tt_e

Rustler Formation.

0

/



t Brines are treated lr the most detail here, since their presence has
<

implications regarding either their representation of original evaporlte

mother-liquors, or their solutes having been derived thro_(;n rock-waterI.

interaction. Their geochemical complexity cannot be understood from

solute chemistry alone, and a brine occurrence in a particular rock unit

does not necessarily Imply that the brine has interacted with its host

rock. ;

The chlor lde/bromi de ratios, where obtainable, of all the brines were

between 430 and 900, compared to 292 fcc modern sea water (Collins,

19"5}. If the Permian Basin water had a Cl/Br ratio similar to that of

sea water, as suggested by Holser (1963) for fluid inclusions In Kansas

salt, then the_e Delaware Basin brines do not contain "or_ginal" Permian

water as a major component. Since halite crystallizing from sea water

selectively excludes bromide from the NaC1 lattice, halite has a CI/Br

greater than 300 (Adams, 1969), as would brine resulting frcxn the

dissolution of halite. Hence, the sodi_ chloride in these brines has

been dissolved from rocks, but not necessarily the rocks in which the

brines were found.

Rather than discuss abundances of individual ions In brine solutions, it

Is more instructive to consider solute ions combined as solids which

might be expected to precipitate from solutio.i upon complete

evaporatloll. Following the crystallizat_on sequences compiled by

Braltsch (1971), not only some simil,_r,.tieswill be ncced between the

resulting normative mineral assemblages, but a_so some si%nificant

d,.fferences. Waters 16, 9, and 14 (Salado, Bell Canyon, Castile) will be

_usented a_ examples.

Water "tom the Duvul Mine Vent Ho!e is s_,_ilar to the other potash mine

seeps (Numbers 3, 4 and 5) all of which are saturated _lutions. Table

7.21 shows the relative proportions of =inerals expected to precipitate

from this solution. This assemblage is s_milar to that expected to

precipitate from sea water, even though the relative proportions are

.. d:fferent (n._te the overwhelming pre_,nderance of carnallite). In view

Q
a

i
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" of the incon._ruent dissolution of polyhalite resulting in a calcium-poor

solution, this brine is what one would expect for water which has

dissolved a potash deposit. Note the presence of normative borax, sn

evaporite mineral not commonly reported in the Carlsbad potash district

(of. Jones, 1975).
i

Waters from the more salir_ portions of the Capitan aquifer (numbers 11,

12 and 13) cor;tain the normative assemblage dolomite-anhydrite-kaintte(or

catnalltte)-hslite+sylvite, in various proportions, and are also

indicative of =olutes obtained by dissolution of adjacent evaporites.
J

Water number 9, from the Bell Canyon Formation, is examined in Table i
!

7.22. The solution is calcium-rich, as indicated by the less common t

ml;,_rals tachyh_,drite and antarcticite. These two minerals are not known

to precipitate from sea water, and together with a magnesium deficit

distinguish this water from a simple solution of primary evaporites.

(_raf et al. (1966), have given attention to the origin of calcium

chloride waters, and emphasi=ed shale ultrafiltration as an explanation.

Other possibilities inulude diagenetic reactions in which magnesium in i

solution displaces calcium in carbonates to form dolomite, or in which

_4g-rich sheet silicates are formed, having given up mote easily

replaceable cations such as Na and Cs (Grim, 1968), which were present in

the original minerals {kandites and _ectities). Mg-rich sheet silicates

are present in the Ochoan eva[_)rites overlying the Bell Canyon (see

subsection 7.4). Since brine number 9 is a saturated solution, and since

calci_e, not dolomite is the prevalent c',rbonate mineral of the Bell

Canyon, neither doloaitization nor shale ultrafiltration (which tends

also to produce a low-Ca water, whic|: has not yet been found) appears to

be a satisfactory me)del for the in situ evolution of Bell Canyon brine.

The sulfate deflclency could have arisen from bicgenlc degradation of

sulfate. The most likely explanation for tile in situ Ca-enrichm-_nt is

i_n xchange. This brine probably did not originate in the Bell Canyon,

but its solute_ probably came from nearby evaporites.

.b

',
' ,



s

Waters 8 and I0 have a much lower TDS content than does 9, but otherwise

yield most of the same minerals. The high strontium content of all three

could k_e taken to indicate that these waters have indeed participated in

the recrystallization of carbonates, but probably not within the Delaware

Mountain Group of sandstones, which Includes the Bell Canyon Formation.

According to the Sr/Ca studies of Oxburgh e.tta_!.(1959), this solution

would have been in equilibrium with a calcite containing about 4000 pin I
i

Sy, a value too hlgh for most natural calcites and dolomites. The Sr in
t

solution could easily have came from the diagenetic alteration of 1

aragonite outside the Bell Canyon. I

On July 30, 1975, borehole ERDA No. 6 produced saturated brine (number

14, Table 7.19) and H2S-rlch gas (0.16 cubic feet STP per gallon} from

a fractured, gray, laminate(_ Castile anhydrite ul_it 2711 feet below th:_

su: face. Similar i_enomenm in the Castile have been reported by oil

c_mnpanies, but with an order of magnitude more gas. The analysis of one

other such brine (Shell Bootleg, number 15 in Table 7.19) is given an

Table 7.20, and is quite similar to the ERDA No. 6 brine. The solutes i

are resolved in Table 7.23, and aside from thenardlte and LiCl (resulting

from an almost economic concentration of lithium) are similar to the case

of the dissolved potash deposit. Na2SO 4 has been previously :epoLted

in subsurface brines (I_eeves, 1963), and thenardite is known to

precipitate from local surface Lakes. Lithium is a commoll componenu of 4
I

evaporites formed near Igreous rocks, but the nearest igneous rock is

several kilometers away (Calzia and Hi_,Js,1978). The brine is i

, sodium-rich and magnesium poor. Onc_ again .in terms of ion exchdnge, a

loss of evaporlte-derlved magnesium In_o silicates, which glv_ up sodium, I

appears to be the mechanism here, altJ1ough this need not have taken place

in the Castile, Such llke processes may account both for magneLxium . ..

depletior in the solution and the formation of magnesium silicates in the

evapor lte sequence.

Thermodynamics. The ERDA No. 6 gas and brine are the only fluids which

]en." themselves to multiphase thermodyltamic conside atlon,._. The gas

amounted to 1.22 liter£ (STP) per liter of liquid, and consisted of



55t CO 2, =St H2S, 1St £ 4' 1.5 N2 and 0.St C21{6, determined

mass speotrometrically. The H2S _s not saturated in the solution, even

in the light of the salting-out e_fect of high TDS content (Randall and

Failey, 1927), and amounts only to 0.02 molal, In order to examine the

role of sulfur in Lbls system (the only multlvalent element common tct

both liquid and gas phases) a predominance area diagram (rf. Garrels ard

Christ, 1965), was constr,cted for the system S-U-H with the variables pH

and oxygen partlal pressure, and with total sulfur equal to 0.36 molal

(approximating _.h_ sulfate and H2S irtsolution). The resulting diagram

lr,Figuro 7.11, for the fleld-temperature of 25°C. The fleld-measured

?H is 6.3, and samples of the brine containing dissolved H2S were

observPd to precipitate elemental sulfur upon standing at atmospheric

conditions. The diagram shows tha_ at p_! 6.3, the sulfur field occurs

between the sulfate and II2S fields. Thus, the diagram correctly

predicts the oxidation of R2S to sulfur, and the sul_ate and R2S

cannot be in thermodynamlc equilibclum with one another at pH < 7.

Unfortunately, the oxidation potential was not measuL'od, and the precise

posltlor, of the ERDA No. 6 system on the diagram is not known. The moat

p:obable origin of the H2S is biogenlc reduction of sulfate, an ion

abundant in the surrounding rocks as anhydrite as well as in solution.

Kuznetsov et al (1963), have indicated that bacteria such as

Desulfovibrio aestuaril can exist in saturated NaC1 solutions, although

their activity is Inhibited by bivalent cations, which are not prevalent

in the ERDA No. 6 brine.

Stable Isotopes. Analysis of water samples for the:,r 180/160 and D/H

ratios has been found to be a useful m-.thod of Identifying the source of

water molecules, and to some degree identlfying the types of Interactions

the water has undergone In the presence of other phases.

Figure 7.12 is a 6 D versus 6 180 plot for Delaware Basin

, groundwaters. Most of the earth's meteoric waters ha%,_ Jsotoplc

compositions which fall between the lines described by the equations:

e



O - 8 6 180 + 5 (Epsteinet al., 1965; 1970)

and

D - 8 6 180 + 10 (Craig,1961a).

These llnes are Included in Figure 7.12, and the area between them is

labelled "Meteor Lo Field."

Most of the points in Figuru 7.12 lle in or heaL- the meteoric field.

Except for Carlsbad Caverns, a 6 180 ,_lue of -7_ and a 6 D value of

-50 _ appears to be a good approximation to local meteoric water in the )

Delaware Basin. The Caverns aL'epart of the hydrologic system i

inde_-.ndent of the rest of the Capltan. Their enrichment in D and 180
]

reflects the water's origin from air mass conditions different from those i

M

which produce other Basin rains, i
a
l
i

Bracketing the cluste_ of meteoric points are two dashed lines whose I

Interve_.incj field is labelled "evaporation." This field is the i

trajectory of isotopic compositions that the meteoric waters %_)uld follow I

during evaporation. The trajectory slope is 5, according to Craig et al. }
|

(1963). The few points that lle in or near the evaporation field (4
i

Rustler and i Castile) may indeed have suffered partial evaporation prior

to infiltration, but definitely originated as metoric water, i

The dashed line through the urlgln, also of slope 5, is the trajectory of,

isotopic compositxons of evaporating sea water. This line is also valid

for the evaporation of warm-climate coastal meteoric waters

" _ D ._ - i0,_ , as indicated by tl_e intersection( 6 180 _ -2_o ,

of this line with the meteoric field. Such waters were postulated by

Holser (1963; 1966) to have been potential contributors to the Delaware

Basin. The figure shows that the waters of positive 6 180 values are

not the products of partial evaporation either of Delaware t]asin water or

-- of modern meteoric water. This conclusion is the same as that drawn from

the Cl/Br ratios.
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The environments in which the Salado, Morrow and Delaware (Bell Canyon)

waters were found involved a rock/water ratio that was very large, as

deduced from the low productivity of these reservoirs, Consequently, any

interaction involving isotopic exchange between these waters and host

rocks would tend to a_ter the isotopic composition of the water

toward 6 D and _180 values consistent with equilibrium isotopic ii*fractionation between water and minerals in the rock. Calc._te in tns . _'_._

Bell Canyon Sandsto,e had a _ 180 value of +25. "' '"_'_1, c, a value only , ,,
I

slightly less than typical marine carbonate. This implies only' minor

isotoFtc alteration of e_sily exchanged carbonate oxygen in the rock

through the action of water, and indicates lack of calclte-water isotopic

equilibrium in the Bell Canyon. The oxygen and hydrogen in clay minerals

are known to be readily excha_zgeable with water (O'Nell and Kharak_.,

1976). The Delaware, Morrow and Salado waters have isotopic compositions

that are suggestive of at least partial isotopic exchange between local

meteoric waters and clay minerals in the sediments, in ,_hich the

mineral/water ratio was very large (of. Savln and Epstein, 1970) for at

least several thousand years. Other mineral _,ources of exchangeable

oxygen and hydrogen are fluid inclusions, whose stable isotopes have yet
//

to be studied, and the wa_er of crystallization of many evaporite

minerals. The potash seep w.ters may have interacted with hydrous

minerals. H_ever, gypsum-water is the only such mlneral-water system

for which the 180/160 and D/H fractionation factors are known.

Nonc of the waters have r-.sulted directly from the dehydration of gypsum

to form anhydrite. If ERDA No. 6 were such a water, the point markeo "G=

in Figure 7.12 would be the isotopic composition of the water from which

that gypsum precipitated (using the gypsum-water fractionation factors of

Fontes and Gonflan_inl, 1967). "G" is not consistent with evaporating

Delaware Basin water, whose anticipated 6 D - 6 180 trajectory was

discussed above. The isotopic _.omposition of ERDA No. 6 brine is

consistent with an approach to isotopic equilibrium between water and

clay minerals, not necessarily in the Castile. Its isotopic exchange,

together with Its history of cation exchange, has resulted in a brine

whose history appears to De similar to that of ell field brines of

Alberta and the Gulf Coast (of. Clayton et al., 1966).

@
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7.7.3 S_.Lt,,:!_

Many types of rock/fluid interactions are evident in tne geochemistry o£

groundwaters found in the Delaware Basin. It is not possible to

completely characterize these interactions fLom solutes or stable

isotopes alone, nor through a study of water alone without a similar

study of rock. In addition to fresh and brackish waters, which have

acquired solutes from their host rocks, the brines have here illustrated

three examples of various types of rock/fluid interactlons:

i. dissolution of evaporites (saline Capltan waters).

2. dissolution Of evaporlte_ with isotopic exchange between fluid

and rock (Salado potash seeps). ._

3. dissolution of evaporites, isotopic exchange, and cationic

.axchange (Delaware, Morrow and E_d_A No. 6 waters).

The latter two types indicaue more profound interaction than the first,

&ince ttase involve changes in the water ;._oleculesthemselves.

No original Permian waters could be identified. If much of the evaporite

section has been recrystalllzed, as Holser (1963) suggests, not even the

fluid inclusions are expected to preserve such waters.

1
7.8 RUBIDIUM-STRONTIUM S'/STEMATICS OF THE _ FOIL_ATION, SOUTHEASTERN

h _ MEXICO

7.8.1 Introductlon -

One of the important reasons for studying bedded salt deposits for a

_adioacti%,e waste repository is to determine their intrlnsic geological

stability and to underst_rd the behavior of alkali and alka!ine earths in

90Sr 13such a system assigning leakage of iaotopes such as and 7Cs.
I

...
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If it can be _emonstrnted that such isotopes are likely to be retained at

or very near the possible leakage area, then the potential danger of such i

leakage is minimized. Alternately, if it is found that there has been i

widespread migratioh of alkali and alkaline earth elements in the

prospective storage sites, then these sites may be unfavorable for

retention of 90Sr 137Cs, I, etc. assuming leakage orc,irs. Furthermore,

if the latest episode of diagenetic evaporite recrs,stalllzatlon can be

dated, arguments can be made for the geochemical requillbration of the

evaporite assemblage into a thermodynamically .stable configuration,

• -. reducing the liklihood of such events in the future.

To address this problem the WIPP study area and nearby sites were chosen

for investigation, utilizing the well-established Rb-Sr geochronologic

method of age determinatlon_. This method is especially well suited for

addressing alkali and alkaline earth retention and/ct migration because

of the species involved and its simplicity. Because of geochemical

similarities (ionic zadii, ionization potential, charge) Rb can be used

as an analogue for Cs, and 90Sr Will behave as any other Sr isotope.

Hence the Rb-Sr ages will allow, in theory, meaningful interpretation of

the stability of the Salado Formation in terms of Rb and Sr retention
J

and/or migration.
I

The basic age equation is:

(87Sr/86Sr)(67Sr/86Sr)m -
T i _

, (87Rb/86Sr) ( _, )m
where:

T = age in years
L

(87Sr/86Sr)m = mea._ured isotupic ratio normalized to

(86Sr/88Sr._ = 0.1194 (the average

abundance ratio in the earth)

(87S_./86• SL') = initial isotopic ratio beforeo

87Rb ( 13 -)87Sr radiogenic decay

(Po) occurs.



_e,,
"_%¢"_ 7-81 " "

(_17Rb/86Sr) = measured isotopic r_tiom

(calculated from Rb/Sr ratio).

( A ) - decay constant for 87Rb

- 1.42 x 10"11/y.

The (87Sr/86Sr)m term is the sum
of

('87 + 87N)sr/86S r

where *87 and 87N refer to radiogenic and normal mass 87 respectively.

The initial [atio (87Sr/86Sr) can either be assumed, determined byo

measurements on Rb-free phases formed at T =0, or determined by

extrapolation from an isochron ll.e. line of slope eTA- I along which

all samples of the same age and initial ratio but with different Rb/Sr

ratios will fall; see Faure and Powell, 1972). The last of these choices !

is considered the most reliable doe to natural variations of the initial

ratios in nature, even from supposedly uniform, Rb-free, reservoirs.

7.8,2 Previous Work

K-Ar dating of evaporites ha_ been shown _, numerous investigator_ to be

extremely risky (see discussion in Faure, 1977) due to loss of radiogenic

40At by diffusion and other processes. Some K-At ages have beeen

attempted for salts from the WIPP study area at Los Medanos (Shell Der.

Co.; 1973). For sylvites, minimum dates from 18 _ 8 to 74 Z 8 m.y. were

obtained while two langbeinite-sylvite mixtures yielded nearly identical

dates of 137 Z 8 and 147 _ 8 m.y. Only one very pure langbeinite (18%K)

yielded a date of 245 _ I0 m.y.; this date is in excellent agreement with

the 225-240 m.y. age range dssigned to the Late Permian evaporites of the

&

/

Castile and Salado formations.

i
The only other officially reported work is that by E. L. Tremba (1973; I

unpub. Ph.D. dissertation) in which he reports widely scattered data for }
i

evaporites from the Los Medanos area. Tremba's (1973) work was not 1
i

oirected toward problelas of local _l_ali cr alkaline earth migration, i

however, and composite samples were commonly taken which would, in 1

I

!
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effect, mask any such local effects, He reports two model Rb-Sr date_ cf

241 _+ 23 m.y. and 208 + 8 m.y. respectively for (1} a K-ore zone from the

Saunders Mine and (2) two separate aliquots of a water-soluble K-ore. An

initial ratio of 0.7077 was used in both cases. For water soluble

samples from mine faces within the Saunders Min_ , Tremba [eports a

129 _+ 5 m.y. Isochron but, without adequate justification, one point

(|3SS) is omitted from the isochron calculation. _s a model age for thzs

one point yields an apparent model date of 330 m.y. (Ro - 0.708), then

the significance of the 129 + 8 m.y. date, based on only 4 of 5 samples,

is difficult to laterpret.

Simllarly, five samples from Tremba's core 184, first ore zone, yield an

apparent isochron date of 120 + 28 m.y. bu_.ttwith an extremely high

inltial ratio of 0.7226 . 0.0C92. The argument is made that the two 120u

to i_9 m,y. Isochrons can be explained by some type of Cretaceous

"rehomogenlzation event". This interpretation can be criticized because

27 iow-K sample8 from core 184 yield a mean (87Sr/86Sr)m - 0.7077 +

0.0001; and any hypothesized rehomogenizatlon event must explain how

selective parts of the core can be affected whereas others are not. For g

example, Tt'emba argues that recrystallization involving polyhalite may J

have taken place at approximately 120 m.y. ago at which time the initial

ratio was _ncreased by rehomogen_zation to above 0.727 yet the data in _|

Table 7.24 yield at least one samp.e (ERDA-9, 1759.1-1759.8) with

87Sr/86Sr = 0.7064. Furthermore, if one L,ses the individualm

points for Tremba's 129 m.y. Isochron and assumes an initial ratio of

0.7077 (based on his data), a range in model dates results from about 185

m.y. to iG0 m.y. (not counting sample EV-13 with a very low 87Rb/86Sr

ratio). The reason for this apparent scatter is unanswered by Tremba's

work.

7.8.3 AAnalyt ical P,:ocedure

Sample Preparation. Samples studied thus far have boen core segments

from WIPP exploratory holes. The core segments were aDout four inches in

diameter lhd ranged in length from 4 to 12 inches. These samples first

0
..-- .



were trimmed by air saw to remove all outer surfaoes that may have

' contacted drilling brines or been otherwise contaminated. Only the

remaining prism of rock was retained for analysis; the outer portions

were stored for possible use in the future. .

Enough of the remaining inner portions were ground to-100 mesh to

produce approximately 200 g o_ rock powder. About 30 g of this powder

was quartered out and saved for whole rock analysis.

Separation o_ Water-lnsoluble From Water-Soluble Material. The

concentration of w_ter-insoluble residue fna sample was determined

during the separation of thesoluble from the insoluble material.
;

Approximately 60 g of powdered sample, Weighed to the nearest 0,01 g, wes

, placed in a 250 ml glass centrifuge tube together with about 175 ml of

distilled and deionized H20. The bottle was then capped and the

mixture shaken vigorously for about 3 minutes, centrifuged for 15 minutes

and decaz:ted into S and S 576 filter paper. This procedure was repeated ,|

with 175 ml of H20 followed by a third leaching of 150 ml of H20.

• 'The resulting _olutlon was transferred into a Pyrex 600 ml beaker, which

was placed on a 15002 botplate 'until no more liquid remained. The salt

residue was then guantit_''_ely removed from the beaker, weighed, and _

stored for analysis.
q

Separation of the < 2 Micron Fraction. TA= < 2 micro,, fr_tion was

separated from the insoluble residue remaining from the above procedure.

The insoluble residue was repeatedly washed and centrifuged until a

disperson of the. c?ay-sized material was obtained. The washed slurry was

then put into 10U0 ml cylinders for gravity settling. '#l_elength of time

necessary for s_ttling was calculated from the equation noted by Folk i

(1968). Fractions finer than 2 microns were siphoned off after the
!

proper length of time ad passed. A portion of the < 2 mizrcn fraction 1

was used for oriented slides (for x-ray diffraction analysis); the

remainder was dried, ground to -I00 mesh and used for Rb-St Jsotoplc and

other geochemical analyses. !

]

i
i
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X-ray DlfEraction Analysis of Clay and Evaporite Minerals. Thu_ Ear, Q_

identification of clay minerals has been based solely on x-ray iA

dlffractograms, obtained from a Norelco wide range dlffractometer.

Untreated oriented powders were scanned from 2 to 60 degrees two theta.

The untreated slide was glycolated by vapor-soaking on a rack in a

containe_ filled partially with ethylene glycol An a_ditional Oriented

powde_ was heated to 450°C. Both the glycolated lind the heated _[

Ispecimens were scanned from 2 to 30 degrees two theta.

I

Whole rock samples were analyzed by loading a small amount cE randomly !II

oriented rock powder in a Norelco powder holder. Tnis powder was scanned

from 5 to 80 degrees two theta and the resulting diffractogram compared .i

to values compiled in the Joint Committee on Powder DiffEactior Standards

file to determine bulk mineraloglc compos_ rien. Mineraloglc abundances

noted were estimates based on comparative peak intensities.

All samples x-rayed (both clays and whole rocks) we_e scanned with ' _I

Ni-filtered CuK radiation. A time constant cE two seconds was used

with a scint1110tion counter detector and pulse height analyzer. The ":

goniometer sllt syst_ conuisted of a divergent and antl-scatter sllt cE A_

qp.1 degree and a 0.903 inch recel'ring sllt.
,J

Rb-Sr Isotopic Analy_sls. Procedures for the dissolution of samples for '_

Rb-Sr isotopic analyses varied dependent on the samples mlne_al_glc

composition. Ali samples we_e first weighed accurately and placed into a ,_

I00 ml te_lon evaporating dish; the amount of sample to be. dissolved was i
;

determined to en_ure at least I0 mg Sr'land_Rb Rb would be in solution. 'l_he !s_u._plewas then spiked with 84Sr and solunions. Samples which

contain,_,d silicate minerals were dissolved with 30 ml reagent grade H_

and 3 ml vycor distilled HClf:4 on a hot plate. SamL)les containing only i_

Iwater soluble materi_tl were dissolved with 50 ml of distilled and

delonized F.,O al_d I0 ml of vycor al|stilled 6N IICI. Samples cont:in_ng

thenlarge treatedamounts withof sulfa__-L_and mineralsHci04,wet,_ first dissolved in aqua regia and i'_!
After complete dlssolutio.1 of rh? powder and evaporation of all HF .and

HC104, tLe _oJnples _ere digested with 25 ml of "120 and 2.= _I of HCf.

@
___..2r_.._ _ i i i L _l . II _ 1.T"_.,_.I°_EI_I._,_. " i_'_1_1 ._111_'_111_._ I -_--- " '" -- - ' _ ..........

• '\, , I . _ ..
•'. • _
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/ The mixture was then reduced to about 5 mA by slow evaporation and

allowed to cool overnight. After cooling the solution was filtered

through S and S 1576 filter pape_ and loaded onto the top of a

chromatography' column charged with sulfonated polystyrene, a

chromatographic grade cation exchange resin.

The coltrn was washed with 2N HC1 repeatedly while the effluent was [la_e

tested for cationic composition. Rb and Sr fractions were collected at

the appropriate intervals indicated by the flame test. The collected

fractions were subsequently dried, redissolved and transferred to

precleaned quartz mlcrovlals. The microvials, containing the samples,

were fused, cooled and stored for mass spectrometric analysis.

All Rb and Sr c_nc_ntratlons were determined by standacd isotope dilution

techniques. All Rb and Sr isotopic ratios were measured using a 2J inch,

90 degree sector, solid source, single filament Nuclide mass spectrometer

equipped with an electrometer and strip-chart recorder.

7.8.4 Results

Samples for the present study were provided from Sandia Laboratories

drill cores AEC-8, ERDA--6, and ERDA 9 drill cores. Samples were studied

for tbelr Rb-sr systematics by mass spectrometer and (Table 7.24, 7.25),

mineralogy by •x-ray diffraction (Table 7.26). Additional geochemical

studies are planned (i.e., rare earth elements, by instrumental neutron

activation analysis}.

Samples have been divided into whole rocks, water soluble portions, and

the m_nus-t%_9 micron fractions. This approach varies significantly from

T_'emba's (1973) approach in that he worked with water soluble and total

water insoluble fractions; the latter were not treated for separation of

authlgenic from allogenic fr&,ction. This will be discussed later.

Whole rocks may yield uncertain results due to the unknown nature of

. water insoluble fractions within them. Similarly, the water scluble

e fractions are meaningful only if the nature of the water insoluble
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_raotion is_ studied. This last point can best be addressed by detailed

study of th_ clay-size (minus-two micron), authigenio minerals common to

evapor I tes.

(1) Whole rocks: the water insoluble content of whole rocks

varies from less than 1 percent to 32 percent, with a

mean o¢ 6.5 percent if sample Dv-4D (clay rich) is

omitted. The basic mineralogy of these samples is a

halite rich assemblage with some samples rich in sylvite

and/or polyhallte _s weil. Langbelnite-rlch samples are

rare. The Rb-Sr Isochron for eleven _amples is shown in

Figure 7.13. The date of 132 m.y. must be considered

very approximate as nine Of the eleven samples plot

esset_tlally on the ordinate. CE these 1ast eleven, nine

,are used to yield a reasonable estimate of initial ratio

= 0.7081 +_0.0005 (in agreement with Tremba's 1973 value

/ O)e 0.7077).

(2) Water soluble samples: in working with water soluble

samples the assumption is made that ions released into

solution will not be absorbed onto the surface of the

Insoluble material. This is probably true only if the

insoluble material consists of allogenic quartz,

feldspars, etc. but not clay minerals. An Isochron for
t

,/ five water soluble samples yields an apparent date of

206 m.y. with R - 0.7084 (Figure 7.14). While thiso

date is not unreasonable for the Permlan-Trlassic

boundary, it is slightly low.

(3) Minus-two micron fraction: the authigenic clay minerals

' which one might predict for an evaFDrite sequence are

' present in this fraction (Table 7.26). Of interest is :

that this material is (a) authigenic as demonstrated by

the x-ray diffraction work and (b) is also the dominant

part of the water insoluble fraction. Thus the apparent A

g
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' isochron date (Figure 7.15) of 325 m.y. needs
$

explanation, If one remembers that many of the clay

partings in the potash mines are interpreted as being of

qeollan origin, then .tt is very likely that such aeolian

clay minerals will, in part, reflect their provenance,

' This t_s been noted before by Hurley e_t a11. (1962) for

minus-two micron clay .linerals from the Bermuda Rise.

Of interest _re ts that our 325 m_y. date (Figure 7.15)
t

: is vlrtually Identlcal with Tremba's (1973) 331 m.y.
Q

date for total water-soluble materlal.

' 7.8.5 Discussion

There are several ways to treat the data gathered ao far. First a

composite of whole rocks, w_ter soluble and minus-two micron size clay

e minerals yields an isochron date (Figure 7.16) of 165 + 20 m.y. with RO- 0.7115. This date must be interpreted as a minimum due to the fact
t

is 0.7081 + 0.0004 according to the datathat the best estimate of RO _

/ presented in Table 7.24.
f

It is also apparent that the whole rocks by themselves are, in general,

too hallte-rich and possess Rb/Sr ratios which are too low for Isochrcn

, work. When to this is added the uncertainty introduced by the insoluble

material mixed with possible pre-T s (i.e. time of sedimentation)

mater_al mnaller than two microns, plus sc_e detrltal feldspar, quartz,

etc., then the whole rocks can be assumed to be unsuitable for the

isochron work.

If the clay minerals in the minus-two micron fraction are aeol_an,

pre-T s material may account for the pre-Permlan date of 325 m.y.,/

/ (Figure 7.15). Similarly, since the clay mineralogy (Table 7.26) is very

typical of evaporlte clay minerals, then an alternate explanation is that

'87Sr.....-.--" these clay minerals have acted as ioc_l sinks for some presumably

remobilized during and after lithification and diagenesis. A lower age

limit for this event is set by the 206 m.y. date from the water solubleffaction.
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When only the water soluble and mlnus-two mlc¢on clay mineral fractions

are considered together, a 204 m.y isochron (Figure 7o17) results with

RO u 0.7137. This date is only scx_ewhat lower than the

Permian-Triasslc boundary and can safely be interpreted as a mlnimm_ due

to the high initial ratio (0o713_). This interpretation assumes,

however, that the clay minerals equilibrated with the evaporlte medium

(i.e. salts plus brine plus remnant sea water) at ths time o_

sedimentation and this point remains to be unequivocally demonstrated.

Many of the above mentioned uncertainties will almost certainly be

resolved by _¢Iditional samples now in various si:ages of analysis for

Rb-Sr systematlcs plus additional samples not yet treated, Furthermore,

scanning -.leotron microscope studies are planned to help resolve the

problems of aeolian versus non-aeolian authigenesis hypotheses regarding

clay mineral occurrences. Finally, rare earth element (REE) data, when

complete, will greatly enimnce understanding of the evaporite-lnsoluble

materlal systematics of the Los Medanos area.

7.8.6 Concluding Statements

These data are of import_nce to he WIPP in the Los Medanos _=ea because:

(1) Widespread recent rehomogenization of radiogenic 87Sr would be

obvious if consistently nigh 87Sr/86Sr ratios were determined either

from Rb-poor phases or by extrapolation from all samples with high Rb/Sr

._ to the ordinate (Figures 7.13-7.17). This is not the case, and in fact
/* /

values for whole rocks yield a mean of 0.7081, and several isochrons

yield extrapolated values from approximately 0.709 to 0.713. The entire -

", set of data argues against large amounts of radlogenic 87S_-enriched

brine, having been formed post-200 m.y. ago, subsequently leaving its

imprint in th_ recrystallized minerals. (2) the Rb-Sr isochron based on

water soluble fractions and clay minerals, Figure 7.17 yields a date cE

- 0 7137 (i.e. higher than 0.7084),204 m.y. This date, in view o_ RO .

" must be interpreted _s a minimum date pending further analyses. (3) The

clay minerals (Table 7.26) are of special interest in that they are

typical of evaporite clay mlntrals formed during evapo¢ite diagenesis,
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yet they have been interpreted as aeolian. I_ they are aeolian, then

some mixture of kaolinite-montmorillonite-illite would be expected rather

' than the saponite-chZo_ i te-mon_or lllonite-serpentine-talc- illtte

assemblage noted. Since the (:lay minerals yield (Figure 7.15) a

pre-sedimentation apparent date o_ 325 m.y. with high RO (0,7123), then

it is possible that these clays acted as local sinks for radiogenic

87Sr (and Rb?) released during early diagenesis from roughly 235 m.y to

204 m.y.l such an interpretation is consistent with the data obtained to

date. Tremba (1973) has argued for some mid-Cretaceous "rehomogenization

event" at about 120 n.y. ago but inspection of his data coupled with

these data do not support such en hypothesis. (4) _ are especially

sensitive as geochemical tracers and forthcoming data, coupled with

" continued Rb-Sr and other work, sl.ould permit rusolutlon o.¢ scm_e o_ the

problems concerning alkali and alkaline earth retention/migratlon in the

geologic past at rh( Los Medanos site.

7.9 URANIUM _SOTOPE D.TSEQUILIBRIUM IN GROUNDWATERS OF SOUTHEASTERN NEW

MEXICO AND IMPLICATIONS ILEGARDING AGE-DATING OF WATERS

7.9.1 Introduction

i
0

,' _. Regional exploration of bedded salt d_pcsits for a radioactive

waste repository in the Delaware Basin (Permian, New Mexico) included

boreholes into the evaporites and associated rocks. These rocks

contained various amounts of fluids, already described (Launbert, 1978).

Although th_ halite deposits of the Ochoan Epoch are the prime target of

consideration for waste storage, the older rocks of the Guadalupian Epoch

are included in the prusent study, because of the Capitan reef, a body of

cavernous limestone which encircles the Basin. The Capitan not only is

' the dominant rock in the Carlsbad Caverns, out also supplies potable

water to the city of Carlsbad. Therefore, it i_ appropriate to o,mmider

possible connections between the Capitan and accumulations of wetez' found

in pockets in the evaporites. Brine and gas pockets are known to occur

in the Carlsbad district potash mines and in the Castile Formav.ion

(anhydrite and halite) underlying the Salado Formation.

0
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One exploration hole, ERDA No. 6, drev national attention (l]o_ey, 1975),

when it encountered an accumulation o_ saturated NaCl brine laced with

Na2SO4, acoompani_d by H2S-rioh gas at 826 m below the surface.

Discovery oF this artesian fluid, together with bedding-plane dips in the

host Castile Formation exceeding 70 °, led to abandonment o_ that

particular site, Geophysical investigations showed that this and other

/ occurrences o¢ brine and gas were associated with closed structure

contours drawn for the Cast_le formation. These structures, restricted

to a narrow strip of evaporites near the test have been termed "salt

anticlines" (Anderson and Powers, 1978). co:e from the fluid-producing

• one o¢ ERDA No. 6 consisted o_ gray laminated anhydrite whose fractures
/

were tilled with massive crystalline white anhydrite (Plate 7.52). While

isolated fluid accumul=tions arc not rare in evaporites, the _ossible use

of the region for radloaotlve w_ste disposal requi_'es attention to tne

origin oF this particular t_e of accumulation. In the extreme cases,

the fluid originates directly from water from the Capltan Reef, or the

water was entrapped in the Castile Formatlon at the time for evaporlte

deposition in the Permian. In the tlrst case, the water Would have an

age little older than Capltan waters. In the second case, the water

would be in excess ct 230 million years old.

Implications. Indeed, the very presence of the ERDA No. 6 acc_mul_tion

of fluid poses several questions:

I. HoW long has the water been confJned in the pocket?

2. Does the time of the water's intrusion correspond to any

,.' significant known geologic events?

3. What is the source of the water?

4. How long has this pocket been disconnected from nearby

aquifers such as the Capitan Reef, it it ever was connected?

5. What are the limits to rates of influx (if any) or L'echarge

and discharge (if any) of this fluid pocket?

6. To what degree does the ERDA No. 6 occurrence (or any other in

the area) represent a flowing system?

_C... 6. Which radiometric clock should be used to age-date the water

and what should be taken as initial conditions for age-datlng?
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, 7.9.2 AnalYtiCal Approach

General G.eoche_mlstrY o_ Groundwater.q. A number of groundwaters from the

' Delaware Basin have been cha_acterlzed in terms of their general

geochemistry with respect to their host rocks (Lambert, 1978). In terms

of solutes, all waters from below the fresh-sallne interface in the

Capltan were similar to each other. In addition all shallow ( <--300m

depth) waters were similar to one another and all deep ( _> i000 m depth)

waters were similar to one another. The ERDA No. 6 water was unique in

its solute content, indicative of profound disequilibrium between

solution and host rock and also between solution and associated gas phase.

Xn terms of D/H _d 180/160 ratios, Capltan and shallow waters all

are similar and are of meteoric origin. (Carlsbad Caverns waters are

also of meteoric origin, but are not related to other waters in the

Capitan.) Deep water stable isotope ratios are similar to one another,

and are not c2Laracterlstically meteoric. ER-A No. 6 has uniquely

non-meteorlc isotopic raLlos among those cf Delaware Basln waters. No

water's were found which represent original evaporite mother-liquor.

Experimental Procedures. In spite of the evidence that this fluid has

experienced p:ofound interactions with rock (Lambert, ]'978),

radioisotopes were examined to establish that the ERDA No.6 fluid was not

of relatively recent origin. Plutonium concentration was dotermlned by

isotope dilution employing a spike of 244pu. The actual measurem'nt

was made on a three-stage thermal emlsslo_ solid source mass spectrometer

equipped with pulse counting for ion detection. The instrument has a

very hlgh abundPnae sensitivity (107) and low background, allowing for

the determln_ion of precise isotopic ratios on small samples amounting

to 0.i to 1 nanograms of plutonium. The plutonium concentration of the
-15

ERDA No. 6 brir,e was found to be le_s than i0 grams per gram,

"" corresponding to the lower limit o£ analytical detectability. The

absence of plutonium su-ggests the brine has been isolated at least since

1945, a date corresponding to the first atmospheric detonation of nuclear

weapons.
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Carbon 14 was measured in the CO 2, which amounted to 55% of the total

gas collected from ERDA No. 6. Carbon 14 content was counted in a gas

proportional detector whose efficiency was calibrated with the NBS

oxalate standard. The result was the same as the background, which was

about 2 counts Per minute in a 1.5 liter detector at 2 atmospheres

pressure. From this it was concluded either that the brine is older than

about 30,000 years or possibly that carbonates in the host rock have

diluted the carbon in the system with non-radloactlve carbon.

The disequillbritm_ of the activity of 234U relative to 238U in

natural waters has been attractive as an indicator of the age of

, groundwators (Osmond and Cowart, 1976). 234U and 238U :.re related by

the decay scheme:

= Pa _ L!

_, _2 U 4.5 x 109a 90 24d _* i min q2 (i)

234
It has been proF_sed that excess U builds up in confined waters as

an aging effect as _ result of the alpha-recoll of 234Th, which ejects
234

Th out of the host rock crystal lattice into the water (Kigoshl,

19"I; Kronfeld e__tta_.!l., 1975). From a knowledge of decay constants and

inztial activity ratio _0 (_ " _ 234 N234/ _238 N238)' the

time of confinement is calculated. It cannot De assumed, however, that

the earth's natural abundance ratio, c_ = 1.00, is a priori valid for a

confined rock-water system. The water carried in with it an initial

uranium concentration and original activity ratio, c_0 • The water

ultimately ccwnes to thermodynamic equilibrium with its host rock and may

leach or even deposit 234U and 234Th. Uranium concentrations and

-ratios of rocks and waters in this study were determined by isotope

dilution mass spectrometry, described above. Figure 7.18 shows the

locations of principal water samples of this study. Table 7.27 shows

uranium conentrations and values of t_ for varzous waters.



7.9.3 Results and D:3cusslon

The overleaf of Plate 7.52 shows the variations of U content and s in

anhydrite of rock core taken from the zone which produced fluid in ERDA

No. 6 (826 m, 2709 ft depth). Table 7.27 shows that in ErdA No. 6, both

U concentration and _ vary with time, until U concentration falls
• .

asymptotically to about 2 parts in 109 , and a rises asymptotically to

about 1.35. In the early part of a several-hour flow test, water samples

were found to be contaminated with dri1.1 mud and spallatlons from metal

pipe. By 1400 hours not only had the uranium reached steady state

values, but the iron concentratlon had fallen from 260 parts in 106

(1130 hours) to a steady value of 5 parts in 106 (I_00 hours),

indicating the flushing out of drilllng-introduced c_ntamlnants. Thus,
...

the later samples are probably representative of the fluid a_cumulatlon.

The total variation in a amcng all water samples is relatively small

(I.R to 5.2). In contrast, absolute uranium content in the waters of

Table 7.27 varies by more than two orders of magnitude. Similarly, rock

material illustrated in Plate 7.52 shows a wide variation in U content:

1 to 2 parts in 106 for "orlginal" laminated gray anhydrite down to 20
9

to 30 parts in I0 in the secondary white anhydrite fracture filling

only a few centimeters away.

7.9.4 Applicaton of the Uranium Isotope Disequilibrium Model

If N2 is the amount of 234U present in a phase, and N1 is the

amount of 238U, the change in 234U content with time in the brine is

<dN_ I = li Ni -,k2 N2 Q, Q_,

+ + (2)
d--t-- br ine

in which Q1 is the £ate of release of 234Th (the parent of 234U)

from the rock, Q2 is the rate of release of 234 U from the rock

and _ 1 and _2 are decay constants for 238U and 234U,

respectively.
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Release rates Q1 and Q2 can be modeled in the fashion of Kigoshi

(1971), who studied the release of 234Th from zircon powder. He gave

rhe accumulated activity of 234Th in solution after time t a_

()'Th STh) brine - 1/4 L Sp (N23e _,)rock (i - e-_Th t),
(3)

in which _Th is for 234Th, L is the recoil distance of 234Th in

decay scheme (I) above, S is the surface area of parent rock, p is its

density, and N238 is _xpressed as the number of 238U atoms per gram

of rock. Thus, the activity of 234Th in the brine is related to the

activity of 238U in the rock by a proportionality constant, and, of

courEe, the tlme-dependent term. When t >> 24 days, (3) can be

approximated as

_ fl " (I, N,)rock '(ITh NTh)brine (4)

in which fl is now the leach fraction of 234Th, incorporating

1/4 L S 0 in (3). In general, 238D activities in rock and Coexisting

brine will not be equal, but will be related by a distribution

coefficient r, which is theoretically an equilibriL_ constant, neglecting

the kinetics of dissolution and precipitation:

(,_ Nl)rock - r (I1 Nl)brln e (5)

/. In actual fact, the time required to achieve chemical equilibrium between

rech and brine might be very long relative to the half-life of 234Th.

Ql now becomes

Q1 = r • fl " (Ii Nl)brine (6)

Similarly, the amount of 234U released is dependent on the decay of its

precursor 238U, and on the equilibrium ratio r, and on the leach

fraction for 234U, f2:

Q2 = r • f2 " ( I I N1)brine (7)
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' In addition, some fraction, f3' of the 238U will be leached from the

rock,

- • + (X1 NI) (8)N1 r . f3 (11 Nl)brine brine

Now, equation (2) becomes:

( [ ]dN_ i = (Xl N,) 1 + r (fl + fa * f,) - X_ N_
dt / brine brine

(91

if f zs defined as a composite leach fraction (fl + f2 + f3)' the

solution to 19) is:

= _-_---_, (l+fr)N, (t)+N, (t=0) _ :_,(t_0) j _ (l+fr) e
P

(I0)

which allows us _o express the solution in terms of _ = I?N,. :
1,Nz

[ I' (i + fr)l e-(_2-1')t (iI)
= _= (I + fr) + _0 - _'2-:_('brin_ A7-i,

and since 12 >> II

_'brine _ I + fr + _u - I + fr e- _ eb 1121

The corresponding equation for the rock is.

IdN2_ = I, (i - f) - 12 (N2)rock
(N*) rock

d't--'/ rock
(131

Since for a clos_d system, the 234U/238U equilibrium activity ratio

is 1.000, the solution to (13) is:

%I____ -_2t,
_ 11 (i - f)N_(t)rock + 12 Nz (0)rock eN2 (t) rock 12-A| (14)

11 N_ (0) (i - f) e -l"t
- 72-A z rock '

e



which in terms of _ is

= _2 _ - -
_rock _ (I- f) + e "(12-_'_)t -_2-Xl (I - f) e (A_ _,)t i

(15)

The approx_nation 12 >> l ! reduces the equat'on (15) to

-12t 1

rock _ 1 - f + f e _ (zr (16) I

Let us now assume that _he c heroical conditions (i.e (J content and _) 1
observed in the ERDA No. 6 rc_k-fluld assemblage repreeent equilibrium

conditionS. This =equires the mutual consistenc%' _ equations (12) and

(16), and that

f = (ro - i) (a r - i)

u b - u0 + r (c_r - l) " (17)

Anhydrite found in the veins is the most recently formed phase in the

core, and using the. U values from 1709.4 white anhydrite (U = 33 parts in

109 , C_ = 1.04); Plate 7.52 overleaf), and the averages ::f the Idst

9 i
two ERDA No. 6 brines in Table 7.27, (U = 2.01 parts In i , e =

1.35) equation (17) gives rise to the plot in Figure 7.19. Note the {

prominent singularity at u0 = 2.01, and that (_0 < !.971 at _ _ 1
-

(corresponding to 100% leaching, and _ > 2.0_2 at f =-i (cor_espcnding
I

tO all th( uranium in the rock having precipitated from the _r_ne).
..

Solving equation (12) for t, we obtain an expression for the ::ge of the !
I

brine:

_b - 1 - fr>
In 1 fr

t = Uo . (18)
L

- _ !

For values of _0 < 1.971, negative ages 'result. Only for alues
,.

_. of _ 2.052 are realistic ages obtained• This result implies t_at

there uas been minimal le_zhJng ftcm the rock. Furthermore, it sugg_sts

rather %hat preciritation of uranium has c :ureC from brine co rock which

is consistent witi_ reducing condit,ons in._.._ed by th._ p:osence of H2S.

!
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Clearly, the amount og precipitation which has occurred (negativeq

leaching) is related to the original ao at the time of closure of the

rock fluid system.

Values uf a Eor nearby waters in the Capitan limestone (Table 7.27] which

by proximity afford a possible source of water for the EPJ3A No. 6 brine

, pocket, are mostly in excess of 1.35. in _ddltion, the ERDA No. $ ,_rir,e

is not saturated in CaSe 4 (Lambert_ 1978), and is not likely to have

been responsible for the precipitation of sub_tantxal amounts o_ vein

" anhydrite. Furthermore, the limlted volume of the brine pocket
t

(Griswold, 1977) could not realistically be expected to dissolve and

repreclpltate anhydrite in veins to the extent observed in the ccr.-

.' Therefore, the a, o O_ the ERDA No. 6 brine mtJst have been larger than

/ 2.052, with very little interaction w_th the reser%_It rock.

7.9.5 Model Ages Base_ on No Leact:i_

/ Values of _ and s0 will in this model allow an age determination of a

water to be made. The highest _ value thus far determlned is 14.2, the

result of isotope dilution mass spectr_etry performed on a sample trom

Israel supplied by J. Kronfeld, which gave an e value of i0.I + 1.6 b'.,

alpha-spectroscopy (Kronfeld et al., 1975). In addition, the occurrence

of waters elsewhere in the Delaware Easin (Table 7.27 suggests that a
..

reasonable (10 value mlg+:t be 5.14 (in the Capitan limestone), the

highest thus far found in the Basin. If the ERDA No. 6 brine represents

water escaped from the Capitan, and its ao was on the order of 5,

Figure 7.19 show? that its interaction with the ERDA No.6 reservoir rock

[fractured Cast_le anhydrite) precipitated less than 6% of the rock's

uranium from the brine.

t

Nelther total concentration net isotopic composition of uranium in the

ERDA No. 6 brine was inherited through interaction w_th the Capitan

limestone, for the ERDA No. 6 brine c_ntains substantiall}' more uranium

that the Capitan water- (Table 7.27) presently do. Likewise, un_.:or:nity

in the stable _sotope com,x)sition of Capitan waters (Lambert, 1978; shows
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that the pecul_a_ stable isotope oomposltlon of ERDA No. 6 water cannot

have arisen by intetaotion with t_m Capitan limestone. Composition of

stable and unstable isotopes in ERDA No. 6 brine mijht have arisen from

interact/on between water and rocks encountered by the water i_ lc moved

from the Capitan to its ERDA No. 6 environment.

In its r'mplest form, equatioL_ (18), under conditions o_ no interaction

between ERDA No. 6 b'rine and its reservoir rock, reduces to:

In (_b - l)t = _to l (19)
- A:

which very nearly corresponds to the combination of the solutions to the

equations dN I _ - i | NI
Ct

dN_ _ - ._2 N, + l_ Nz

dL " @

for which

.... /a b - I)ln_a - 1t _ u

1201
- _,_ + tz

The above conclusions allow limits to be assigned to the age of

confinement of the.ERDA No. 6 brine, and also to ages of waters in the

Capital. Equation (201 differs from equation (191 only by the

approximat ic_ that

i,

-I 234 Usince _ = 2.806 x 10-6 a for

2 i0-i0 -i 238U.and ,_, - 1.5_7 x a for
1

Figure 7.20 shows the family of curves obtained from equation (2B), using

observed values of c_ from Table 7.29, and various values for u0. The

model ages indicated on Figure 7.19 for the ERDA No. 6 brine are less
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than those in Figure 7.20 because 4 to 5 percent int-=raction between

brine and rock (uranium precipitation) involves loss of uranium from

solution by means other than radioactive duaay. There is xK_ evidence for

any degree cE chemical equilibrium between ERDA No. 6 rock and fluid. If

we realistically llmlt f {Figure 7.19) to have a value between-0.02 and

-0.50, the minimum age of the ERDA No. 6 occurrence is 570,000 years

( (I0 = 6). In actual fact, as the data of Kronfeld et al. (1975)

suggest, maximum oi0 values are universally in the range I0 to 15, and

the age is between 800,000 and 1,000,00O years. According to the

no-interaction model, (Figure 7.20), if water escaped from the Capltan

( _0 - 5.14) into the brine pocket, this must have occurred at le3st

880,000 years ago. The highest ci0 value (14°2) confirmed by isotope

dilution mass spectrometry gives an age of 1,300,000 years.

If the Carlsbad area (near the Pecos River) is a major recharge area for

much of the Capltan reef, and if Carlsbad water ( _0 = 5.14) is the

O basis for age-dating other waters in the Capltan, ages between 300,000
and I,I00,000 yea:s are obtained. The ma]:imum u0 (14.2) WOuld imply

tlmt Capltan waters are at least 400,000 years old.

7.9.6 Implications and Conclusions

A mathematical mod_J based upon analytical data has showed that the 5RDA

No. 6 occurrence of brine can be age-dated by the uranium-disequillb_lum

method. Combinations of leach fractions and ages were derived, and the

interaction between rock and fluid was Indic@ted to be minimal. If the

brine pocket was once connected to the Capltan Reef, the most productive

aquifer in the region, such connection was severed at least 500,000 years

ago, and probably more than 900,000 years ago. The brine pocket has been

stagnant ever since, and there is little evidence to indicate thati
{ chemical equilibrium has/been establ_.shed among the sol_d, liqu'.d and

gaseous phases involved in the brine pocket.
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Even though the ct value o£ the ERDA No. 6 brine Was close to those of

nearby meiotic waters taken from the northern apex of the Capit_ Reef,

these ct values are far removed from those of t_ore remote meter .'ally-

derived saline Capitan waters !com the east and west arms of tho reef
, I

I(Carlsbad No. 7 and Shell No. 28). In fact, the remote waters appear to

be younger than apex waters (Hackbe_ry and Middleton), implying the Ia
i

groundwater flow in the reef is indeed towaid the apex and recharge is in

,. the east and west part of the reef J
• {

Fresh and saline Capttan Reef waters have retained their meteoric D/H and I

180/160 ratios, even though the ages of some of them are comparable I
i

to that of ERDA No. 6. Although rees apex waters and ERDA No. 6 brine

are radiometrically similar, the solutes and stable isotopes of ERDA

No. 6 reflect a more profound rock/fluid interaction than Capitan waters

have experienc¢.d. This _nteraction, however, is more likely to have

taken place in rocks between the Capitan and the brine pocket than .J.n the

brine pocket itself.

The ERDA No. 6 reservoir ¢3ck has not replenished 234U to the brine in

spite of long contact. Furthermore, uranium mobility In_o the white

recrystallized anhydrite from the gray laminated anhydrite from the gray

laminated anhydrite was shown to be very low in this anoxlc environment.

, Dating by the urat_ium-disequilibrlmn method is not necessarily dependeht

on a closed system, and bounds on ages can be assigned. Requirements for

234U/238U dating includex ct values of fluid and rock, leach rate,

and knowledge of a value for original activity ratlo, _0 • The

a value for the rock is necessary to evaluate the degree of rock-fluld

6 _quillbclum. The loach rate might be negltglble even in a closed

system. A unique solution to an age-datlng problem, however, requires

knowledge o£ initial conditions, 9ust as in case of the well-establlshed

uranium-lead and -arbon 14 age-datlng technlquus.

/
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7.I0 SUt4_¥

Geochemical investigations of the WIPP site have been undertaken to

/ characterize and quantify the mineralogy and petrology of the Delaware

Basin evaporites and associated non-evaporites, ro)stile constlt_ents and

fluid inclusions native to the evaporites, the geochemistry of

;:! groundwate_s native to the rocks, and the lengths of time that the

/ evaporites and groundwaters have existed in their present environments.
' While these investigations have utilized a number of techniques of

analytical ohemls_ry, the choice and analysis of samples, together with

interpretatioqs of results, are carried out in the context of the WIPP

geology.

The most common mineral in the Permian (Ochoan) Salado Formation, which

is proposed for radioactive waste emplacement, is halite. Some of the

halite contains minor amounts of anhydrlte, and traces of trJoctahedral

clays and detrital minerals. Locally throughout the Salado Formation

marker beds of anhydrite and polynallte occur at intervals of a few tens

of meters. Local accumulations of potassium and magnesium sulfates occur

in the McNutt potash zone in the upper part of the Salado.

The petrographic textures, geochronology, and the presence of minerals

which are not primary precipitates of sea water, such as sylvlte and

polyhalite, indicate that much of the evaporite section last underwent

recrystallization more than 200 milllonyears ago, shortly after Permian

deposition. T_e trace clay mineral fraction of the rock salt has

efficiently entrapped and held radiogenic strontium for at least the last

200 million years. The aqueous solutlon_ involved in this

recrystallization were not in communication with fluids outside the

evaporice section.

, Volatiles presently occur _n the evaporlte section as the

chemically-combined water of crystallization, hydroxyl-groups bound in

sheet silicateS, short-lived seeps _xposed in mines, and as

physically-entrapped inter- and intracr]stalline fluid inclusio s. The

/
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total volatiles rqoovered from rock salt sated to 600°C typically
/

/ _mount to less than 0,5 weight percent (scoUt 1,5@ by me). In

addition to waler, traces of nltt'ogen, (.D2 ar:i contaminants from the

coring operation are recoverer £ro_ subsurface evaporlte cores taken from

boreholes. The fluid inclusions ar_ear to have been en' "apped at 20 to

45°C, and contain NAC1, MgCl 2 and • r amounts of other solutes.

' FlUid inclusions not affected by r stallization have not moved in the

ambient geothermal gradient since tns Permian de@osltion.

Isolated pockets of aqueous solutions now found in the evaporites have no

geochemical relationship to surface-derlved meteoric waters o_ to

9roundwatets above and below the evaporites_ n.-ither do they represent

original evaporite mother liquors. Such pcr s prooably are tell, £

the pcst-depos:tional recrystallization wh_c_ cook place more than _,0

million years ogo, at which time th_ -,ight have inherited _heir

geochemically distinct solute assemL ....ges and stable isotope compositons.

Stable isotope and solute content studies of meteorlcally-derlved

groundwaters west of the WIPP site and perlphe_al to the Delaware Basin t

" indicate that simple uptake of solutes from rocks with whlcn they have j
lcome in contact did not alter their meteoric isotope ratios. Thus,

water_ pa_tlcIpating in active dissolution o£ salt, which has not

occurred in the Salado Formation at the WIPP site, could be rea_.ly

identified by their _eochel;,_stry.

The origin and age of an artesian b-_ne pocket in the Castile FotR,. ton,

' northeast of the WIPP aide was evaluated by a uranium isotope

dlsequilibt_um model. It was concluded that this accumulation

(encountered in borehole ERDA No. 6) has no connect. _'Ith any other

known groundwaters, and has been _n its present environment for a east

880,000 years.

l

',l n fl I
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(=0 - I) (Sr - 11
i FIGURE 7,19 Graph ofthe equatlonf=

_b-=O + r (Sr--1)

for the ERDA No,6 assemblage of rock and brine, ,

lnwhtch r = 16,42, c¢r = 1.04, cxb = 1.35.

Uranium disequilibrium ages for the brine are shown
according to the equation

f , If"

0.05 - t '

. f ao = 1.971 - '_ 2
0.04 - at f = 1

0.03 -

0.02 - Uranium _Leaehlng
J

O.01 -

o _ _ , I '...... ' ' ' I " '' ' ' I
5 10 15

-0.01 (lo

-0.02

-0.03

5.7 X 10s yr. 7,8 X 10e yr. 9.4 X 10s yr.

-oo, . ----.,
, -0.05 _

-0.06 _

-0.07

-0.08
at f= -1

/
/ -0.09

Note that the ERDA No, 6 assemblage is indicative
of uranium deposition (f < 0) rather than uranium
leaching.
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TABLE 7.2

Size Distribution of Ground Samples

Mesh % of Sample *

>20 5.2

20-28 8.8

28035 19.9

35-65 57.0

65-100 6.1

100-200 2.9

/-200 0.2

*Total T_ I00 due to rounding
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i
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TABLE 7.3

Listing of Minerals Named in Subsection 7.3

Mineral Name Chemical Composlt_on

Anhydr lte CaSO 4
ii

Bloedite Na 2 Mg(SO 4)2 ' 4H20

Carnallite K Mg Cl 3 . 6 H20

Chlorite Mg5AI2SI3010 (OH) 8

Glaser Ite K3Na (S04) 2

C auber_te Na2Ca(S04)2i

Gypsum CaSO 4 . 2H20

Ha I ite NaC 1

llllte K0.6M90.9.5A12.3 sl 3.5010 (OH) 2

Iron Oxides (FEOX) Fe203 . XH20

Kalnlte KMgCI SO 4 • 11/4 H20

K-Feldspar K AI Si308

Kieserite MgSO 4 . H20

Langbeinlte K2Mg2 (SO4)3

LeonJ te K2Mg (SO4) . ' 4 H20

Montmorillonlte Mg0.16 A]2.33 Si3.67 010(OH)2

Polyhalite K2Mg Ca(SO4) 4 ' 2 H20

Quartz Si02

Sylvite KC!

Talc Mg3 Si4 010 (OH)2

Thenardlte Na 2 SO 4
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TABLE 7.16

Test data and weight loss (in %) from decrepitation tests.
Roman lJumera!s indicate amount of sample breakup after run:

I - unbroken; II - broken into 2 or 3 pieces;
• .'. III - broken Jntn more thar, 3 pieces.

- Temperature, oc

, ,

Core interval (ft) 150 200 250

2058.8- 2059.0 0.16 IT 0.23 IT 0.76 IIT

2070.4 - 2070.6 0.16 II 0.12 I 0.35 crr

2606.5- 2606.9 0.02 I 0.9.4 II: 0,95 III

. 2617.2- 26].7.7 0.06 I 0.30 T 0.62 rr

2626.7- 2627.0 0.19 T 0.28 I 1.04 III

2659.0- 2659.2 0.14 I 0.13 I 0.5g [[[

2665.0- 2665.1 0.19 ! 0.18 I 0.75 III

2692.4 - 2692.6 0.06 T 0.26 T 0.83 r[[

2699.8- 2700.0 0.1q ! 0.24 T[ 0.65 III:

Average 0. ]3 0.22 0.73
#

Heating sched'01e _boucs)• .

,.

'_<oomT to r.un T 7 9.5 8

Holrl at run T 79 q5 79

Run T t_ room T _9 _9 MI0
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TABLE 7.24

Rb-Sr Data for Evaporites from the Sa]ado Formation

A. Whole Rocks

Co_e hole (87Sr/86Sr)N Rb Sr 87Rb/863r
, Interval (ppm) (ppm)

AEC-
1622.4-1622.9 0. 7056 5.0 !12.4 0.13
1636.6-1637.1

(sylv[te rich
port ion) 0. 7816 120.1 8.0 43.77

1645.0-1645.3 0.7.!50 0.40 48.2 0.02
1671.2-167]. 8 0. 7097 5.6 39.8 0.41
1715.4-1715.7 0. 7089 0.07 90.9 0.02
1762.0-1762.9 0. 7099 I. 3 37.9 0. I0
1782.2-1782.4 0. 7137 0.30 5.7 0.15

ERDA-9
1404.8-1405.8 0. 7934 67. ] 5. I 38.41
1648.5-1649.0 0.7079 0.47 44.7 0.03
1759.1-1759.8

(polyhali te _ch
port [on) 0. 7064 4.9 793.5 0.02

ERDA-6
1421.0-1421.7 0.7095 0.60 156.2 0.01

B. Water Soluble Poctions

ERDA-B
1607.0- 1608 .0 0. 7173 26.7 44.7 i. 73

ERDA-9
1408.8__1405.8 0. 860! 70.8 4.0 51.87
1709.0- t709 .5 0. 7094 0.99 8.5 0o 34
1713.6-1714.0 0.7079_ 2.0 34. I 0.17
1772.0-1'772.4 0.7067 1.5 57.7 0.07

" . C. _.2 Micron F_actlons (Clays)

AEC-8
1607.0-1608 .0 0. 7229 42.9 82.2 I. 51
1671 .2-1671.8 (I.7273 43.9 35.2 3.62

ERDA-9
1404.8-1405.8 0. 7608 84.5 23.6 I0.40
1772.0- 1772.4 0. 7131 2q. 4 48.1 1.76
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Arrows in these photographs point stratigraphically upward.

.,

Plate 7.1. Core footage: 1165.4 to 1177.1 ft.

(including 0.1 ft. gap) Brownish halite in gray anhydrite.
I Halite occurs as a thin bed at top of specimen, then as

irregular lenses and thin laminae, finally as vertically

elongate crys :ils, some with "swallow tail" form, near

bottom of specimen. Locally horizontal lamiDae occur

within the anhydrite due either to color change of the
anhydrite or laminae of magnesite.

.... _ 'l _" "' ', _.," Li ' ', i,.,i, • . .i--_, !,. .,.,.: r,.. ,_ .. ,.,, ' - ,. _" ,,,I'_ "' ,_._L!_.,..I/
' : - ' ..:; ;',". _', .- .... " '.'._. i %".""....... ' _.'f4'_ _'_ "_',1,'_' ., ',.',._ '....a< ',,,, _. ¢;,_ ,c¢'.,id,,_.,e.,,,',_'._;..".4:wl,!." :1=."#_

] 117.5
-_,.,..... ____ .:.., ,,-_..!_

' " _'_" ' ',,":,' ",J'.'r li _:_.'- ':.,,,_i,. ' :' 7' ,:-_

...:. ' :_:_!, :..;,,, : '._:._,._al .:.,_
• " " _:r._1_ , : ,., i .,. i:,,.'.a_._:. "_ " 7, i:, ;......",, _ "', ,,ix ..:__.'._'# _._.....

. :-"'--"! "-" "- -- " "-- -t ,,4._

Plate 7.2. Core fcutage: I16_.5 ft. Dominantly light

" to dark gray, laminated anhydrite with thin, locally
discontinuous, laminae of white magnesite arid brownish,

elongate halite or_anted perpendicular to convex-uDwar_:,
discontinuous lamiaae of light gray to white anhydrite.



Plate 7.3. Core footage: 2065.8 to 2066.6 ft.

Dominantly clear to milky whzte halite crystals, approx-

imately 10 mm in size, and reddish brown to pinkish brown

polyhalite. Note rectang'dla: outline of polyhalite

body stratigraphically above the f_rst 6 in 2066; but most

O polyhalite occurs _round halite crystal boundaries below2066 label.

4-i .. ,,.,,_"LI, .,. ' ,. .'_ '. . :':,.:' ;: ':. '.,C.,.:,.,.;',
L' _ :4.: ,."_ .' ", '- ' . "'," '. ' '.",, "i.t'i ',_' ' ._''"_
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! ":, _,!, ', 'a , ' _ "'".... • . _' "t' ": ""_"+,.._'-"

I ' _,'. .1,/' .4. ,,r"., '. . • ;.,4,,:,_,, : ..:._
I' ' " : ' v ,:.'.',,a':, £_.,.,_.. ' ::...... ',.- .,,,," ',.

• ,' _ , " ' { _ ..... : ' • _ , . _.,_, ',.' ,",,1_, :.' a_
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,, ., . , ,',u lJ ', ;, ,' ' :_ "'t' :ii _+$ .t+" ,/..
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Plate 7.4. Core footage: 2615.0 to 2615.6 ft.

Dominantly coarse (ranging from 3 to 40, average 20 mm in

size) halite crystals, some with cubic form but most

' anhedral, locally separated by mi_rocrystalline white

anhydrite.

0,



Plate 7.6. Core footage: 2848 ft. Varicolored (white

and all shades o'" gray) anhydrite, some cry_ als near
stratigraphic to@ of sample exhibit *'swallow tail*' form.
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Plate 7.7. Photomicrograph (25X, plane light) of
halite: many euhedral (cubic) to subhedral, relatively
clear crystals locally containing fluid inclusions.
Crystal size range& from 0.5 to 1.5 mm. Compare with
Plate /. 8.
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Plate 7.8. Photomicrograph (lOX, plane light) of
halite: subhedra], to anhedral, cloudy crystals devoid of
fluid inclusions. Crystal size ranges from 1.5 to 4.5 mm.
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Plate 7.9. Photomicrograph (10X, plane light) of

sylvite (reddish, translucent to black, opaque in Fhoto)
and halite: halite anhedza size ranges from 0.4 to 5 mm.
Two subhedra dominantly of sylvite occur within halite anhedra,
one subhed_'on/anhedron of mixed sylv_te and halite occurs
within a coarse halite subhedron: but mosu sylvite occurs
as anas tomosin_ bodies having gradational contacts with halite
between halite anhedra.
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Plates 7.10A and 7.10B. Photomicrographs (10X,
' plane light in 7.10A, crossed nicols in 10B) of polyhalite "

(P) and halite (H) : Polyhalite occurs as a cloudy ani_edron
(pinkish in hand specimen) locally containing smaller anhedra
which are apparent due to concentrations of opaoue (black
in tile photo, red under microsc,_pe reflected iLght)
material, probably hematite. Concentrations of hemat'Lte
also occur along the contact of polyhalite with halite
which becomes extinct (black in 10B) under crossed nicols.
The contact is irregular and gradational.
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Plate 7.11. Photomicrograph (10X, plane light) of

laminated anhydrite and calcium or magnesium carbonate:

Dark thin laminae (approximately 1 mm thick) of dominantly
carbonate anhedra separate thin laminae (appi_oximately

2 mm thick) of dominantly anhydrite anhedra.
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Plates 7.12A and 7.12B. Photomicrographs (25X, plane

light in Plate 7.12A, crossed nicols in PI.ate 7.12B)
of anhydrite with veinlet (V) of gypsum. Anhydrlte occurs
as a mosaic of 0.04 to 0.4 ___.anhedra and subhedra with

high order interference colors in 12D. Veinlet somewhat
discontinuous, is more apparent in 12A and consists of
very elongate irregular anhedra of relatively clear
gypsum with lower order interference colors than the
anhydrite in 12B. The veinlet is approximatedly strati-
graphically horizontal and is 0.06 mm thick, the width

" of a single elongate gypsum anhedron.
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Plate 7.13 Group of dark unrecrystallized zones in

egsentially inclusion-free single crystal of halite of
sample 2065. For detail on central area see Plate 7.14.
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Plate 7.14 Detail of area in Plate 7.13 showing sharp

crystallograpLically controlled boundaries o_ inclusion-rich

z_nes (type A). Such boundaries may represe_t primary

crystallization features rather than recrystallization fronts.



Plate 7.15 Recrystallized part of sample 20_5 wi_h large
numbers of type D inclusions with small buDbles (e.g., see

arrow) and some dark, cloudy unrecrys_llized portions
(details in Plate 7.16).
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Plate 7.16 One of the dark areas in Plate 7.15 showing

dense cloud of primary type A inclusions with some primary

banding !arrow), and sharp but curving (solution?) contact

with cr_ .:al_o_raphically parallel but almost inclusion-free
recrystallized salt (at top).
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Plate 7.19 Detail of portion of Plate 7.18 that is

relatively free of larger inclusions. The smallest
inclusions are _ 0.5_m. All are type A. None of
these inclusions contain a bubble.

" Plate 7.20 Inclusion in sample 2272.5 that contains only

liquid, with no bubble, even though fairly large. Type B.
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Plate 7.21 Unrecrystallized part of sample 1902 showing

primary cubic growth zone feature, delineated by a cloud

of tiny type A primary inclusions.
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Plate 7.22 Unrecry_tallized part of sampie 1902 showing
thin inclusion-free :one through dense cloud of tiny type A

primary inclusions.
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Plate 7.23 Oval grain of salt from sample 2760 containing

unrecrystallized core with tiny type A primary inclusions.
See Plate 7.24 for detail. Top of core is shown by arrow.
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Plate 7.24 Enlgarged view of right central portion of
Plate 7.23, showing extremely fine banding of primary type
inclusions, with inclusion-free zones between. Top of core

is shown by arrow.
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Plate 7.25 _nclusion (type B) in sample 1902 showing
twinned birefringent daughter cr_stal of unidentified
phase.
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Plate 7.26 DaughtP: crystals of unidentifie_ phase in
type B inclusion in sample 1902.2, with partly crossed
polarizers. Note twinning in largest crystal. Many inclusions
in this same sample have no daughter crystal or just a few tiny

crystals (see ['late 7.28) .
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" Plate 7.27 Plane of type B liquid inclusions each with
a large number of unidentified bladed birefringent daughter
crystals, just 400 _m below another plane of inclusions
with n¢, daughter crystals (Plate 7.28). Inclusion in
Plate 7.26 with daughter crysta._s is similar in phase ratio
but not in same plane (out of foc'as in lower left here).

Sample 1902.2 partly crossed polarizersl birefringent mass
embedded in s_it crystal at top may be the same phase.

Plate 7.28 Plane of liquid type B inclusions, several with
bubble, but without daughter crystals, about 400 um above a

plane of type B inclusions with a large number of unidentified
daughter crystals (Plate 7.27). This lower plane is visible
but out of focus. Sample 1902.2. Inclusion of Plate 7.26 is
visible in lower left.
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Plate 7.29 Large irregular type C inclusions irl sample 2065
w_th "to0 large" Dubbles,
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Plate 7.30 Pair of inclusions in sample ].902. The one on
left (Type B) with small bubble is typical of those in this
sample; that on right (Type C) is on a healed fracture (see
arrow) and has apparently _,een opened and _he original fluid
replaced with a gas-rich J,,±xture under pressure.
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' Plate 7.33 Large tyre B inclusions in sam_le 1799.1
homogenizing at 20.5-C (lowe_" left) and 21_C (upper right).

Photographed at _ 19°C.

¥I ''I '
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Plate 7 _4 Large type B inclusi i_ sample 2760.1 homogeniz-

ing at 2,,.5°C. Photographed at _ 19-C.
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Plate 7.35 Znclusion (type B) in sa_,_ple 1902 after

freezing run, showing horizontal crack formed by expansion
on freezing, that is now a plane of tiny secondary fluid
inclusions: laraer bubble than originally was present (due
to volume increase); and rounded halo of tiny inclusions

formed during freezing run (arrows), as a result of water
in inclusion reacting with halite of walls to form
NaCI'2H20, thus increasing inclusion volume. See text.



Plate 7.37 Sequence of photographs of type B inclusions in

_ample 2095.3 taken at the temperatu!'es indicated during a
freezing run. At -75.5°C the inclusions contain a partly

opaque mixture of solid grains of ice and salts. No change

was visible o_L warming to -34.5°C, but at -32.2°C the mixture

suddenly became more translucent and the grain size started

to increase, indicating first melting. E::tensive melting
occurred around -4°C, and the remaining crystals decreased

to _ 20-25% at 0°C. These were probably a hydrate but not

all Nacl ._H20, since a few were present at +i _°., and the

last dissolved at +15°C. The room temperature photo was
taken after the run. The bubble size varies with phases

..

present and temperature.



-" ,I



,"_CI v'' I _ °
j',,,-"Jt " " ,



Plate 7.40 Sequence of photographs of inclusion in sample

2760 on crushing stage. A shows the inclusion as found. The

sample was then stressed and immediately cracked (at right in
B), but the area of inclusion was still under stress, since

changes took place along edges of inclusion during next I0

minutes at constant stress (photo B). After 16 minutes at

constant stress (C) changes are more pronounced and bubble

is smaller, after 18 minutes bubble is gone (D).

O



In each of the following plates, the length of the scale

bar is 100 _m.

Plate 7.41 (Photo I) Group of _mall primary hopper-

growth inclusions in ERDA-9 s_mple 2699.8-2700.0,
after 250_C dezrepitation run. These inclusions p_obably

had no bubble originally, and now have one as a result of

plastic deformation of the host salt. They now homogenize

at temperatures as high as 273°C (Table 7.17).

Plate 7.42 (Photo 2) Solid phases (daughter crystals?)

in inclusion in Kerr-McGee mine sample MB-76-4. The small
rod-like crystal has parallel extinction, and the large

cubic(?) crystal (Kel?) appears isotroplc.

Plate 7.43 (Photo 3) Dense gas inclusion in Kerr-McGee
mine sample MB-77-8, photog_'aphed at the approximate tem-

peratures indicated. (_C). See text, subchaDter 7.5.

Plates 7.44 and 7.45 (Photos 4 and 5) Steam inclusions

(arrow:s) in Kerr-McGee mine samples MB-76-3 (7.44) and
MB-77-8 (7.45), now contain_.ng essentially vacuum,

before (a) and after (b) being intersected by a fracture

during crushing tests. The surrounding oil has filled

the inclusions completely in (b).

Plates 7.46 and 7.47 (Photos 6 and 7) Gas inclusions

in Kerr-McGee mine sa'nple MB-77-8 containing gas at less
than one atmospher_ pressure, before (a) and after (b)
bein 9 intersected by a fracture during crushing tests.

Plate 7.48 (Photo 8) High Fressure gas inclusion in

Kerr-McGee mine sample MB-/6-4 before (a) and aft=r (b)
being intersected by a fracture during cz,lshiDg.

Plates 7.49, 7.50 and 7.51 (Photos 9. i0, and !I) "

High pressure gas inclusions in Kerr-McGee mine samples 1

MB-77-8 (7.49 and 7.51) and MB-76-3 (7.50), before (a)

and after (b) being intersected by _ fracture during s

crushing. The approximate volume expansion is 30-fold I,

in 7.49, 40-fold _n 7.50, and 100-fold in 7.51. Two 1

bubbles formed in 7.49, and one in 7.50 (arrows).

I
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PLATE CAPTION

Plate 7.52 and Overleaf: Core fragments from Castile
anhydrite serving as host rock for tile ERDA No. 6 brine
reservoir. Depths of origin, uranium contents and _U/23eU

ra-.ios are given in the overleaf for various parts of the core
fragmer, ts.
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GCR C_IAP_T.R 8

RESOURCES

8 .I INTRODUCTI C_l

The northern portion of the Delaware Basin is known for production oF

potassi_ salts and Eiuid hydrocarbons. An eEEort was made to select a

location For the WIPP that would minimize conflict with these resources.

Zt is likely, however, that some oF these potash and hydrocarbon

resources underlie the site. The extent of potash mineralization has J

been fairly well established because the potash mining industry has

released information concerning their exploratory drilling in the area.

Those Findings were supplemented by information from 21 additional holes

drilled by the Department o_ Energy. Site selection criteria described

in Chapter 2 prescribe that the site be no closer than one mile from a

deep drill hole. This means that the potential hydrocarbon resource must

be evalu-ted by inference utilizing subsurface information from

surrounding areas. An investigation was also carried out to determine

the significance oF other possible industrial minerals such as caliche,

gypsum, salt, uranium, sulfur, and lithium at or very near the WIPP

site. Table B-I summarizes the principal findings of resource studies.

Only potash and natural gas are considered to be significant exploitable

deposits as shown in Table 8-2. The economic resources denied in Zones

I-III are shown in Table 8-3.

8.2 ORG;J{IZATIONS INVOLVED IN RESOURCE EVALUATIOH, AND THEIR REPORTS

Numerous contractors representing both government and private companies

were engaged in the resource evaluation at the WIPP site, An outline of

,, work accomplished during tg.s phase of the site characterization is given

in Table 8-4.

The listed studies quantify in-place resources and evaluate what portion

of those resources would be extractabl¢_. A legal determination is now

under way to establish values to the various mineral and oil and gas

/ /
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lease holders within the site area. However, these studies deal with the

, present value of specific land tracts and as such are not pertinent to

site charter ization.

e

8.3 POTENTIAL RESOURCES IN RELATIONSHIP TO STRATIGRAPHY AT THE WIPP SITE

Resource evaluation at the WIPP site took into consideration the existing

stratigraphy of the site area, Each formation was evaluated for mineral

depoI:its that wore either known or that could exist based on the

characteristics of the sedlmonts present.

A stratigraphlc column is given in Table 8-5 that indicates where in the

geologic section specific types of deposits are considered to have a

reasonable likelihood of occurrence. The table briefly describes the

character, thlckneus, and median depth of each formation.

8.4 RESOURCE DESCRIPTION BY SPECIFIC COMMODITIES

The description of resources commences with the shallowest formation and

proceeds down the str_tigraphic coltmln to the Precambrian.

8.4,1 Caliche

A uhin layer of caliche (a whitish, calcium carbonate-rich material)

underlies most of the site area. ExposurPs are normally obscured by dune

sand, but it has been estimated that the caliche blanket covers

approximately 80% of the site area. The average thickness is 4.3 feet,

and the total resource has been estimated at 185 million tons (Siemers et

al., 1978). The quality of caliche as determined by insoluble content

(ranging from 21 to 69%) appears to be typical for callche for this

region.

i
a

#
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Caltche in often used to surface dirt roads in southeast New Mexico.

Small quarries dot the landscape, and several provided material for road

oonstcuotlon to various drill looatlons within the WIPP site. This fs

the sole use for oallohe in this _eglon. Callabe is so extensive in thisq

region that it can not be considered as either a limited resource or one

that has signifiaance to road construction of surrounding areas if land

is withdrawn for the WlPP site.

8.4.2 Uranium

Uranium could occur in sediments such as those of the Gatuna, Santa Rosa

or Dewey Lake Formations, However, no significant occurrence of uranium

has been found within the Delaware Basin. Reducing envlro_nents favoring

uranium deposition are absent as evidenced by the lack of organic debris,

,' pyrite or humates in these formations. No signal indicative of economic

or even marginal uranium concentrations was observed on gamma ray logs of

the 36 holes drilled through these beds during site evaluation. The

conclusion is thut significant uranium deposits are most unlikely, even

in beds which are considered to be the most favorable.

8.4.3 GypsUm

Dissolution of salt from the Rustler Formation has occurred over much of

the site area. Waters accompanying this dissolution have caused partial

conversion of anhydrite within the Rustler to gypsum. The conversion is

not complete, however, and it is doubtful that hign-quallty gypsum would

be persistent in any single bed. The maximum amount that could be

present, assuming an aggregate thickness of 40 feet, amounts to 1.3

billion tons (Siemers et al., 1978). The quality and bed thickness are

inferior to those in beds west of the WIPP site. Still farther west and

south, extensive outcrops of high quality gypsum of the Castile Formation

occur. The nearby availability of superior quality gypsum that can be

mined by open pit methods leads to the conclusion that gypsum in the

Rustler Formation can not be considered a likely economic resource.
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8.4.4 Halite (Salt)_

Halite is the dominant constituent o_ the Ochoan evaporites. The

shallower& salt iu in the Rustler, but dissolution of this formation has

remove_ much of the Rustler salt except in the southeast quadrant of the

WIPP site. On the other hand, salt beds persist under the slte !n the

Salado and Castile Formations. The thickest and purest salt beds in the

region are in the Castile. The State Bureau of Mines and Mineral

Resources estimated 118 billion tons of salt in the Salado within the

WIPP boundary (Siemers et al., 1978). The Castile Formation would add

approximately 80 billlon tons of additional salt resource.

As with gypsL_ and callche, the Immense hallto deposits are not
...

considered to have economic significance because of the prevalence of

these deposits throughout the general area and the existence of adequate

supplies closer to areas where salt Is in demand.

8.4.5 Su1_ur

A significant 6epeslt of native sulfu_ is being exploited by the Frasch

process approx_lately 50 miles south of the WIPP site in northeastern

Culberson County, Texas. The occurrence is associated with bre3clated

and carbonatize d anhydrite beds of the Castile Formation. Considerable

exploration _s been under way since discovery of the Culberson deposit,

but that exploration has been aligned along the southern ,hd western

parts of the Delaware D_sin where the Castile Formation either lacked

halite during deposition or the halite has b-en removed by dissolution.

The genesis of the deposits is believed to depend on a co_blnation of

bacterial action, induced fractur- |,ermeability and a source of

hydrocarbons (preslm_ably from upward escape of natural gas or crude oil -_-_-

along fractures free, the Delaware Mountain Group). The closest analogy

to such a setting in the northern part of the Delaware Basin and the

vicinity cf the WIPP site _K)uld be either "breccia pipes" or H2S.lade n

brine reservoirs. Careful attention was given in selecting the WIPP site

to avoid such structures/ further investigation has not revealed any such

' structures, therefore, no sulfur oeposlts are expected.
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- 8.4.6 Lithium

Lithium occurs in a ooncentration of 140 mg/L in a saturated brine

reservoir that was encountered during the drilling of ERDA 6. The hole

was located 2 miles northeast of the outer boundary of the WIPP site. A

similar reservoir was found 4n the Be!co Hudson Federal No.l gas well 1/4

mile outside Zone IV on the southwest side of the site. No analyses were

done for lithium in the latter well, but both reservoirs were at

equivalent stratigraphic positions (middle Castile), contained H2S, and

were fully saturated brines. The concentration of 140 ppm lithium in

EKDA 6 verges on being economically extractable if the reservoir is of

sufficient size. Griswold (1977) estimated the reservoir volume at ERDA

6 to be on the order of i00,000 to 1 million bblo If reservolrs are L

limited to this size, they would not warrant development. At current

market price the In-place v_lue of the lithium would not exceed $I

million.

There has been a deliberate attempt to locate the WIPP site in an area

free of brine Leservoirs in rho Castile. Extensive seismic surveys ;lave

been run across the area to ensure that no anomalous structures occur in

the Caztile Formation. The occurrences at ERDA 6 and at the Belco well

are associated with complex anticlinal structures and are easily

recognizable on seismic survey traces.

-
m

8.4.7 Potash

=

Method of Evaluation. SylvitP (KCI) and langbeinite

,g (K2Mg2(SO4) 3) exist under portions of the WIPP site (see Figures

8.2, 8.3, 8.4). Although an attempt was made to avoid such deposits

during the site selection process, it was not possible to do so

completely because other site selection factors such as avoiding deep oil

and gas test wells and the desire for uniform and thick salt beds at

reasonable depth took p_ecedence.
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The potash evaluation commenced in August, 1976, after the site was

chosen for detailed characterization. When chosen, the site was located

mostly outside the Known Potash Area defined by the Conservatio_ Division

of the U.S. Geological Survey. Considerable potash exploratory drilling

had been done on the flanks of the site area by private industry, but it

is a requirement that the results of that drilling be held in confidence

by the USGS. However, Sandia Laboratories contacted each mining company

that had drilled in the vlclnlty and was granted access to the drill

records on a private basis. These records indicated that deposits of

commercial quality probably extended into the site area. The Department

o_ Energy (then ERDA) authorized an exploratory drilling program to

evaluate the potash deposits within the WIPP site. Technical direction

of this exploratory drilling program was given to the USGS. The drilling

program commenced in August and was completed by the end of November,

1976.

The Roswell, New Mexico, office of the Conservation Division of the USGS

was given the task of determining potash resources by combining the

results of DOE-sponsored drilling with records of dri]ling in the

vicinity of the site. Findings have been reported by John et al. (1978). Q

The DOE also engaged the services of the U.S Bureau of Mines (USBM) to

evaluate the extent to which tr.e resources defined by the USGS could be

produced at a profit using ._xisting mining and beneticiation practices.

The results o£ the study have been reported by the USBM (1977). The

essential conclusion was that langbeinlte in the 4th ore zone could me

profitably mined in the northeast quadrant of the WIPP site. A band of

sylvite, contained mostly within the 10th ore zone on the north and west

sides of the sites, verged on being economically exploitable. Profitable

mining of the sylvite would require a higher price for muriate (KCI) than

current market value ($52/ton versus a current price of $43/ton).

Description cf the P?tash Exploration Drilling Phase. Figure 8-I is a

map showing a land block, centered on the WIPP site, that measures 8

miles on a side. This land block constitutes the area investigated by

@

•
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the USGS and USBM. All locations of dzlli holes are shown from which

information was available as to the depth, thickness, grade, and mineral

' suite of ore beds. Note that a different symbol is used to denote holes

drilled by DOE from those d¢illed by mining companies. _xamination of

the distribution of bol,., locations reveals _hat the dr._l'.ing plan

directed by the USGS included testing the entire WIPP area on a spacing

of not less than one b_le per square mile. The objective was to

completely cover the sl te area following industry practice for

reconnalsance exploration. The density of the holes is judged to be

quite adequate for resource appraisal.

Drilling closely followed standard industry practices (Jones, 1978).

Rotary techniques were used from the surface down to a point just above

the uppermost ore zone. Drilling operations were then converted to

coring using a brine saturated with potassitm chloride as the drilling

fluid. Core recovery was excellent in all 21 holes. The core recovered

was examined, and zones of Interest were "split" for chemical analysis.

Routine check analyses were done by an independent laboratory. All

cores, including the remaining half of sample splits and sample rejects

(excess after assay), have been permanently stored.

k

The results of the. analyses of the 21 exploratory holes are attached as

Appendix 8A. Included in the list are i_ole a_C 8 [drillc.d at the old

ORNL site) and 17 holes for which informat'.on is available for release

either by permission of the mlning company involved or because the lease

o: permit on which the hole was drilled has cxpired.

Calculation oC Potash Resource Distribution, Vnlume and Grade. As

previously stated, calculation of the in-plaoe vol_e and grade was

undertaken by the Roswell office of the Conservation Division of the

USGS. Technical assistance was also provided by the Special Projects

Branch of the USGS.

There are 61 exploratory holes in the 8 x 8 mile land block shown in

Figure 8 I. Ore intercept information was available to the USGS on all
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of tJm.se holes. Thus, while their calculations used all available data,

some spaclfic information pertaining to 22 industry drilled holes is not !
!

reported in Appendix 8A to protect proprietary information of individual

companies as they so requested.

The reserve calculation commenced with assigning depth intercepts to

significant minerallzatiun within the various ore zones. There are Ii

such ore zones within the McNutt member of the Salado Formation (see

Figure 4.3-3b). The next step consisted oE extrapol'_ting continuity of

individual cre zones between holes. The final step was to calculate tb_.

volume and grade for continuous blocks of mineralization. In addition,

the Conservation Division utilized criteria they have established fo_

classifying resources as either measured, indicated, unevaluated, or
d

barren. The criteria are:
.

Measured potash reserves - Tonnage is computed from dimensions

revealed In workings and drill holes. The grade is c_mputed from

the results of detailed sampling and analyses. A minimum of three

data points in any one ore zone meeting quality and thickness

standards, no more than 1 1/2 mLles (2.4 km) apart, have been used

to delineate measured reserveq.
!

Indicated potash reserves - Tonnage and grade ar_ computed partly

from specific measurements, samples, or production data and partlj

from projection for a reasonable alsuance on geolo:_ic evidence. The

sites available for inspection, measurement, and sampling are too

widely or inappropriately spaced to permit the mineral bodies to be

outlined completely or the grade established throughout.

Unevaluated potash areas - Tonnage and grade have not been cc_puted

due to l_w density drilling and s_p%i_, but are surrounded by

m=asured and (or) indicated reserves.

Barren and/or minor potash mineralization areas - Subeconomic

resources t_t would require a substantlally higher market value or

• a major cost-reducing technology for economical production.

=
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Subeconomic resources also include other bittern minerals not

presently being recovered.

Potash :esources were t_en quantified at three minimum grade and

thickness levels. Standard conditions for each class are shown in Table

8.8.

The intermediate conditions, termed =lease=, conform w%th established

policy of the Department of Interior that any area known to contain

potash mineralization meeting or exceeding that standard and located on

Federal land can be acqulre@ only through competitive bid. The standa;d

is based on Juagment along with reco'_,_ition that ores as low as these

grades have been successfully treated from time to time at one or mo_e of

the potash reflnerles in the Carlsbad district. The conditions termed

"high" are roughly equivalent tc the grade of langbeinite ard sylvlte

ores currently being minea in the district.

Results of the USGS Resource Estimate. The es_entlal results of the USGS

resource calculations are best shown by three consecutive maps (Figures

8-2, 3 and 4) which corrmence with the lowest resource grade standards and

progress to the highest. For simplicity, measured and indicated :

resol_rces were combined. The majority of the resource meets the criteria

for "measured" because the entlte WIPP site has been drilled on one mile i
B

centers. The resource maps do not segregate the several mineralized ore

zones, and at times they are "stacked", e.g. the 4rh and 10th may be

mineralized in the same area in pl_-n even though they are

stratJgraphlcally separated by about 180 feet.

Most o_ the WIPP site area is underlain by potash resources that meet the

low standards. No Eignificant planlmetrlc change occurs on raising the

standard to lease grades. However, at the high standard, which is

rollghly equivalent to the current standard of producing minus, the WIPP

is nearly clear of potash deposits of interest (particularly Zones

I-III). Mining operations may be allowed in Zone IV, the outer boundary

• of the WIPP site, under controlled conditions.
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- As grade standards are increased, the potash resources reduce, at more

rapid rate on a mass weight basis than on a planimetric basis. Table 8-7

lists the tonnage of by ore zone, type, and location by Zone boundaries

within _ne WIPP site.

For ease in interpretation, the data in Table 8-7 has been charted on

Figures 8-5 and 8-6 for langbeinlte and sylvite resources, respectively.

The USGS recognized the 4rh ore zone _ngbelnite) and the 10th (mainly

sylvite} as the two major mineralize& ore zones in the WIPP site area

(John et al., 1977). At lease grade, the 4th ore zone contains I15.4

m_llion tons of langbelnite resource, of which only 24 million tons (21%)

lles inside the outer boundary of Zone III. At the higher grade (8%
.

/20 as langbeinite) the tL .nage under the WIPP reduces to 59 million

l'ons, of which only 14.6 million tons (25%) lles inside the outer

•. _oundary of Zone III.

The 10th ore zone contains mostly sylvite, but a mixed assemblage

containing both laNgbeinlte adu sylvite exists on the east side of the

withdrawal area. At present only one operator in the Car!shad district

ha:_ a refinery capable of handling such ores. This operator is the

leaseholder over part of this mixed ore zone. However, the langbeinite

in the 10th ore zone would be difficult to beneflclate according to the

USBM study (US[_M, 1977, p.103). Therefore, t|Je 10th ore zone is

considered to be vlable only for its sylvite content. With this

. re£triction, the ]Oth ore zone contains 53.5 million tons of ore at lease

standard under the entire WIPP site, of which 30.4 mi; +on tons (57%) are
r

• located within the. outer boundary of Zone III. At the high standard, the
/

total tonnage reduces to 38.8 milllon tuns, of which only 9.8 million

tons (25%) are inside Zone III.

Results of tAe tSBM Valuation of Potash Resou_'ces. The USBM has

perfoLmed an economic asse,=sment of the potash resources that were

defined by the USGS. The USBM study included benefidiar,ion testing to

determine the amenability of the various mineral assemblages to refining

into marketable products. TOe USBM engineers v_sited most of the mines

• in the district to gather data conu_.rning mining and refinlng techniques,

power consumption, water use, etc. Then, knowihg the loca_ion and grade

@
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of potash deposlcs in the WIPP site area, they d:vised conceptual designs

of various mining and processing facilities that would provide both the

highest profit and efficient recovery of marketable products from the

potash deposits. The approach followed what private industry weuld do in

an evaluation of a potash prospect. No restriction was placed us to

wherr physical mining co',ld be done, or problems related to land
!

acquisition or permitting. Resources adjacent to the WIPP site were

considered in the mine developmeht plans. In all, the USBM conceived 12

different conceptual plans _or exploiting potash in this area. Each

plan, called a mining unit, was evaluated leading to a conclusion that 8

were worthy of full cost analysis. The full findings have been reported

by the USBM (1977).

The USBM concluded that only one mining unit (Unit B-I) could be

considered economic under existing markut condltlons and technology (see

Table 8.8).

Unit A-I almost meets the economic requirement of 15% rate of return on

invested capital set by the USBM. To make it viable one needs a price of

$52.04 per ton of murlate without any increase in production costs.

Murlate is currently selling at $43.40 for standard grade containing 62%

K20 (Source: July 1978 issue of Engineerln.o and Mini n@ Journal);

however, the price for murlate has exceeded $60 per ton in the past.

Data within the USBM report indicate that the langbeinite resources

associated with the Unit B-i that lie within the boundary of WIPP amount

to 48.46 million tons, of which only 13.33 million tons (27.5%) lle

inside the outer boundary of Zone IIl. For Unit A-I the corresponding

numbers are 27.4i million and 0.9 million tons.

Summary of C0nclusigns Concerning Potash Resources in the WIPP Site. The

site contains economically mlneable reserves of langbeinite and possibly

sylvite. If total rights withdraw'al is a requirement to satisfy waste

isolation, then the relevant quantities of potash resources are much

greater than if mining is allowed in the Zone IV, the outer butler -one.

The relevant quantities are presented in Table 8-9.
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The USGS has estimated that potash resources in southeast New Mexico

(exoluding the WIPP site) that meet lease standards are on the order of

5,_00 million tons of combined sylvite and langbeinite ores. Therefore, i

total withdrawal of potash lease rights at the WIPP site would account I

, for about 7t of those resources; withdrawal of Zone I, II, and III rights

would account for about 7%. No data are available for the Car)shad

pot,"sh district regardl what percentage of these resources would meet

the standards deem_d by the USBM to be mlneable_ under today's

condi'tions. In addition, the principal potash resource at the W_PP site

consists of langbeinite. No estimates, either by USGS or USBM standards,

are available for this ore alone. The Carlsbad district is the only area

mining langbelnlte in the free world. Langbelnite equivalent Is produced

in quantity, however, by combining sulfates of potassium and magnesium

obtained frca brine lakes. When the site was Inlt_ally selected, most of

the WIPP lay outside the Known Potash Area, however the 21 hole d_illlng

program conducted as part of the WIPP potash evaluation resulted in

discoveries sufficient to warrant expansion of that boundary (see Figure

8-I). The expansion conforms with USGS policy that Potash resources

meeting the lease standard must be placed within the enclave.

_.4.8 Hydrocarbons

Method of Evaluation. The WIPP site selection criteria dictated that

deep drill holes (defined as those that penetrate through t_e Ocboan) be

excluded from Zones I, II, and III. The ob_ectlve was to maintain a one

mile buffer between deep holes and Zone II, the zone in which wasL'e is to

', be stored. Thi_ particular criterion is restrictive, be:ause much of the
%

Delaware Basin has been penetrated by wildcat test hoJes with an average

density of about one hole per souare mile. The present site is one of •

the few remaining portions of the Delaware Basin in l_ew Mexico whlch wlll

satisfy the criterion pertaining to ._p holes. The absence of extensive

drilling is due in part to the great depth (greater than I0,000 feet) to )

potentially favorable gas formations. In additlon, potash deposi_,_ north i

and west of the site area precluded oil and gas exploration _n tl......e I

directions. Federal and State regulations have set aside potash
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mineralized areas to protect underground mining operations Erom

accidental entrance of methane gas. Therefore, most o_ the WIPP site is

untested for deep resecvolrs that might contain crude oil and natural

gas. The evaluation must rely on projection cE surrounding subsurface

geologic information into the site area. There are four petroleum test

holes in Zone IV o_ t._eWIPP site. Three holes tested the Delaware sands

and were unproductive. The fourth was a deep ga_ test (15,000 feet) that

was also unproductive.

The State Bureau of Mines and Mineral Resources performed a regional

evaluation of the hydrocarbon resources in southeast New Mexico which was I

then used t_ further evaluate a four township area centered on the II

original ORNL site (Foster, 1974). Thls report is useLul for the current i

WIPP site because, as indicated in Figure 8-7, the present site is still ;
I

within the area studied. I

Data contained in Foster's report provide a basis for estimating total

hydrocarbon resources that might underlie the site area. By using a

statistical approa=h, Foster arrived at a possible hydrocarbon content

for each potential productive zone, commencing with the "Ramsey Sand,"

down to the top of the.Precambrian basement. The Ramsey, the first

potential pay zone, is located in the upper part of the Delaware Mountain

Group. The lowest zones he considered to be potentially productive were

c]olomltlo reservoirs in the Silurlan/Devonian. His estil,ate was based on

full development of any prospective area_ therefore, total resources were

estimated rather than the economics assDclated wlth their extraction.

His resource estimate was based on the premise that geologic conditions

beneath the site were as favorable as elsewhere in the study area and

that each potential zone beneath an untested section would contain a

proportionate share of the statistical average of hydL'ocarbons for that

zone. The average was derived from success ratios and a conservative

e_tlmate of primary recovery of hydrocarbons as established by past

exploratior., development and production.

!
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A consulting petroleum engineering fi:m, Sipes, Willlamson and _ycock,

'. Ins (SW&A), was engaged by Sandia Laboratories to conduct an economic

evaluation cE hydrocarbons in the site area. Based on known drilling

costs and market conditions, they made a judgment as to what p_rtlon and

which formations under the site were worthy of testing. The basic

criterion was reasonable prospect for discovery with an economic reward

to the operator of at least 10% return on his investment plus full

recovery of costs. The essential conclusion _f the SW&A study was that

the Morrow unit has a high potential for successful discovery of natural

gas. All other formations present were considered too high a risk to be

the objective of a prudent wildcat test. Naturally, once a Morrow well

was drilled it could encounter shallower productive pay zones, but th_

odds of such happening were deemed too speculative to be considered in

the overall _conomias. The full findings of this study have been

reportea b_ Keesey (1976).

Structure maps of several horizons beneath the Ochoan evaporites have

been compiled from seismic surveys that were either purchased from

existing surveys or conducted as part of the WIPP site study. While the

main purpose of these selsmic surveys has been to understand the geologic

aspects of the site area, they are also valuable for interpretation of

potential hydrocarbofl reservoirs. These structure maps were not

available to Foster for his 1974 study, but they were to SW&A during

their 1976 evaluation. The seismic studies have been reported by

Mc_4illan (1976) and G. J. Long & Associates (1976). Updated structural

interpretations based on later seismic studies are now available. The

recent changes have had liLtle impact on the overall hydrocarbon

eval uation.

Total B_drocarbon Resources at the WIPP Site. The New Mexico Bureau of

Mines study forms the b_ is of the evaluation of the total hydrocarbon

resources in the site aLoa (Foster, 1974). We assume th.-re is a

reasonable probability that Foster's estimated resources could exist

under the site. However, this probably L_presents the upper bound of

exploitable hydrocarbons.

/
d
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The Validity of the resource estimate rests on the subcurface geology and

statlsti_al probability. _'he geoioglo setting under the Ochoan

evaporites is considered to ba quite typical for this portion of the

Delaware Basin; therefore the chance of finding oil or gas should

approximate what has L_en found in similar areas near the site which have

been more fully testsd. However, since it is a regional statistical

approach, it is possible that much more o_ much less than the average

expected resource would be foul_d if the site was actually drilled. The

hydrocarbon evaluation is not as definitive as that for potash, which was

actually confirmed by exploratory drilling. ThtD would be self-defeating

in the case of the deeper hydrocarbon resources since the area was

selected to avoid such deep drill holes.

Foster's evaluation (Foster, 1974) took into account the occurrence of

all known oil and gas accumulations in much of southeast Now H_xico

(Figure 8-7). The statistical base encompassed about 42 full townships

equivalent to almost 1 million acres. The reserves £or each oil pool oc

gas reservoir were estimated fro_ the standpoint of actual o¢, where

possible, projected production. Ar_as wece then classed as developed or

undeveloped based on the density and depth of drilling. From these data,

Foster (1974) then determined the expected resource per section of land

by assuming that the success o_ future drilling would have t'_e same

success ratio as in the par, t. A coincident assumption was that, while

past wildcat dzilling avoided the current WIPP site, _he past economic

incentive for drilling was low. Also, drilling restrlc_ions pertaining

to the Kno_,n Potash _.nclave have prevented drliling, p,irticltlarly on the

west side of the WIPP area. There were more attractive areas available

throughout the basin that satisfied the availability of private venture

for exploration capital. These past constraints do not enter into the

P,]drocarbon potential estimates because the characterization o_ the site

must take into consideratlon the long-term needs for mineral resources.

Figure 8-B is taken from Foster (1974). Formations that he considered as

potentially productive are shown opposite the stratlgraphlc column of

sedimentarl rocks underlying the Ochoan evaporites. Table 8-10 then
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shows the potential resource he assigned to the various speciEic

intecvals but which were composited to more gross intervals. Further

explanation is required pertaining to "wildcat" and "acreage" assignment

o_ reserves.

The acreage method tests the success ratio of producing acreage versus

the acreage considered to hav._ b, :n tested by wild0at drilling. The

wildcat method considered a field, regardless cE the number o_ wells in

that field, as a single discovery. A success ratio was then determined

by dtvi,._ing the number of wildcat discoveries by the number of dry holes

that were drilled to that formational depth. The acreage method normally

results in a higher success ratio and, therefore, higher reserve
/

estimates. In-place hydrocarbon resources for oach zone within the WIPP

site _'_,ibe readily calculated from Foster's data by combining his

estimate of in-place hydrocarbon resources per section (640 acres) with

the known area for each zone o" the WIPP site. The acreage method was

used to prepare Table 8-11.

While the quantities given in Table 8-11 may appear large, they are

brought into perspective by stating that all of the nearby region, i.e.,

the area studied by Foster, would contain 51 times the resource quantity

under the WIPP site. The factor is simply the ratio of the total a_ea

evaluated by Fosuer (1512 square miles) divided by the area of the WIPP

site (29.62 square miles). In addition, if hydrocarbon development is

allowed in Zone IV, e.g., by devlatcd drilling, then the resource that

would be wlthdrawn is reduced in propo_tlon to the excluded area, i.e.,

' from 29.62 square m_les down to 12.73 square miles for a 43t reduction in

restricted resources. The hydrocarbon resources rema.4nlng in Zones I,

II, and III would account for only 0.84_ of the total hydrocarbon

resources Foster has estimated in the area immediately su_roL1ndlng the

WIPP site.

Estimate of the Economically Recoverable Hydrocarbon Resources. Sipes,

Willi_son, and Aycock, Znc. (SW&A) estimated the potentially economic

hydrocarbon resources (Keesey, 1976). Their approach was to review the
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existing geologic information pertaining to the area in and around the

site and then to determine iE tim probability of cii and gas occurrences l

Justified the risk of drilling and completing a well. The base area

sCtldled by SW&A consisted of a 20 x 20 mile block uente£ed on the WZPP

site (Figure 8-7). All available data were evaluated on each test that

had been drilled within this 400 square mile ar_a, with particular

emphasis placed on deliverability and recoverable reserves.

SW&A found that 60 wells in this area were producing oll and/or gas from

reserVoirs in the Delaware Motmtaln, Bone Spring, Wolfcamp, strawn, Atoka

and Morrow. With the exception of the Atoka and Morrow, all other zones

were considered as presenting too high a risk to Justify the &ost of

wildcat drilling. Furthermore, even though an Atoka reservoir is bezng

produced from a well located near the southwest corner cf the WIPP site,

SW&A concluded that that particular reservoir is being effectively

drained by th_ single well. Offset drilling would enhance recovery rate

but not total recovery.

The Morrow was considered to be worthy of testing, because of the high

success ratio of wells drilled to tlm, formation in the area around the

site. Of 26 wells drilled to sufficient depth to test the Morrow, 23

were successfully completed as gas wells. A study of these wells

revealed that the projected ultimate recovery ranged from insignificant

to as much as 5.20 billion cubic feet (bcl) of natural gas. From the

distribution of recoveries they concluded that the average successful

Morrow well %_)uld recover 2.074 bcl of gas. This is in fair agreement

with Foster's estimate for Pennsylvanian gas wells; he estimated 3.2 bcl

per Morrow gas well if spaced at 320 acres per Well.

Drilling and completion costs were then estimated for wells drilled to

the Morrow (approximately 14,000 ft.). The estimate was $1.4 million.

Using discounted cash flow analysis and the expected delivery rate and

current gas price ($1.42 per 1,000 co. ft. with 4% yearly escalation)

the_, concluded that if a well produced 0.7 bcl over its li£etlme it would



recover costs. Since tlm average well was more than twice this

- production, it was apparent that drilling in the site area could be

justified.

U_e was then made of the structure map on a limestone roflector hori_,on

in the Morrow based on d_ta from seismic surveys (Figure 8-9) (Long,

1976). Tentative cl_illing sites Were picked with weight given to the

flanks of anticlines because local experience indicates that productive

sand lenses would mo_e likely occur at such localities. A total of 20

drill sites was selected (Figure 8-9). In favorable structural areas

wells were placed on a spacing of 320 acres per well. Thls spacing is

standard practice for wells of thls depth in _lew Mexico. Depending on

proximity to producing wells and struotural favorabillty, the 20 wells

were ranked as proven, probable or possible. The proven category was

limited to locations that would offset producing wells in the Los Medanos

field. Two locations were designated as proven, nine as probable, and

nine as possible.

The ultimate recovery of wells was adjusted to take into account the risk

factor associated with wildcat drilling. Proven wells were assigned

production of 2.07 bcl, probable wells 1.64 bcl, and possible wells 1.33

bcl per well for the southwest quadrant of the WIPP site. The estimated

reserve_ for locations in other parts were placed at 2.09 bcl for

probable and 1.67 bcl for possible reserves. No locations could be

considered as proven. The hlg_,er resecves assigned to these locations

were considered Justifiable because shallower pay zones may be discovered

on the way down to the Morrow. This calculation yielded a total reserve

of 36.85 bcl of natur&l gas under the WIPP site (Table 8-12). Some

distillate would accompany this gas production. Foster (1974) estimated

that Pennsylvanian gas is accompanied by 14,950 barrels of distillate per

bcl of natural gas produced. Therefore, the 36.85 bcl of reserve under

the site should be expected to be accompanied by 5.30,900 bbl distillate.

Of the 20 drilling sites selecteJ, 7 lie in Zone IV, 2 of which are

ranked as proven, 4 as probable, and 1 as possible. The aggregate

./, '
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rr_erve of these 7 wells is 13.38 bcl of natural gas and 200,000 bbl cr

dib_ _11ate. If drilling is allowed into Zone IV thase hypothetical

reset _es cooid be recovered. The net balance that would be

non-recoverable because of restrictions on drilllng in Zones I. II, and

III is 23.47 bcl of natural gas and 350,0_0 bbl of distillate.

L

Summary of Conclusion Concerning Hydrocarbon Resources. T,_ble 8-13

summarizes the findings of the New Mexico Bureau of Mines resource study

and the SW&A economic evaluation of the part of those resources

considered attractive enough to be developed by the petroleum industry at

1977 prices and drilling costs.

The hydrocarbon resources remaining under the WIPP, if Zone IV is

developed, amount to about 0.84% of that pro3ected by Foster for t_e

vlcini_y of the WIPP site. The total economic reserve, including Zone....

IV, amounts to app.-oximately 90 days production of dry gas from southeast

New Mexico.

8.4.9 Metalliferous Deposits in the Precambrian

Even the deepest oil/gas test near the WIPP site has not penetrated deep

enough to encounter the Precambrian basement. A regional survey of test

holes has been done by Foster and Stipp (1961). The basement may consist

of s'_Ightly metamorphose(i rhyolites and turfs k_Lown as the Panhandle

Volcanic Complex (Flawn, 1954). Such rocks hold potential for sulfide

deposits. Geophysical techniques (induced pola_-zzatlon or

electromagnetics) have a detection capaJillty scarcely exceeding I000

feet, while the Precambrian is at median depth of 18,000 feet beneath

ground level at the WIPP site. No evaluation, therefore, is fe_.-ible for

sulflck deposits. The depth Is greater by a factor of almost two over

the deepest mines in the world. Therefore, resources in the asement

rocks, should they exist, are not likely to be attractive targets for

exploitation.
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8.5 SUMMARY

,p

Potassium salts and fluid hydrocarbons are ti_e only two resources thought

to be economically =igniflcanu in the WIPP site area. The depth, volume

and richness of the deposits are the principal factors which will

determine when and if they might be exploited by a free-enterprlse

system. Such economic evaluation has been conducted and reported in the

WIPP Environmental Impact Statement. Because economic aspects change,

they are not so relevant to site charac_erlzatlon as they are to

assessing the impacts of constructing the WIPP facility. Sence, in this

chapter, amounts and types of resources will be discussed rather than

their present economic value. The principal findings of resource studies

are summarized in Table 8-I.

If reasonable technologic and economic restraints are considered for

extracting, processing and marketing the resources then both the amounts

and types of exploitable deposits are greatly reduced. Only potash and

natural gas are considered to be slgnificent in this respect (qee Table

8.2). Even theLe reduced quantities should be considered as upper

estimates because of these assumptions: I} complete mineral lease

ownership by a single company and 2) no conflict between the simultaneous

development of the shallow potash deposits and the deep gas reservoirs.

Economic resources are further reduced by allowing the mining of potash

and recovery of oil and gas by deviated dr illlng in Zone IV, the outer

buffer zone. If this is the case; then economic resources lying in the

inner zones are limited to those given in Table 8-3.

Caliche, salt, and gypsum are also present, but the abundance of these
/

minerals throughout the region leads to the conclusion that land

withdrawal for the WIPP will have littl-, effect on present or future

requirements for them. Consideration was alsu given to the possible

pres-.nce of uranium in redbed-type sediments that overlie the

evaporites. The conclusion is that no significant uranium deposit

exists. Lithium occurs in a brine reservoir within the Castile Formation
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northeast of the present site and may be present in a similar reservoir

to the southwest. However, care has been taken to avoid such brine

_eservo_rs within the site area. Consideration was also given to the

possible existence of metalliferous deposits in the Precambrian basement

under the site. Bowered, the depth (about 18,000 feet below the ground

surface) to Precambrian rocks would preclude mining even if mineral

concentrat'_ons were present. No geologic or geophysical evidence exJsts

to suggest t_.At deposits are any more likely in the basement rock of the

_.IPP area than elsewhere in the region.

0
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TABLE 8-2

POT_24TIAL ECONOMIC RESOURCES AT WIPP SITE

Resource Quantitl[' Depth Richness

Sylvlte 27.43 x 106 tons 1,600 feet 13.33% K20

Langbelnlte 48.46 x 106 tons 1,800 feet 9.11% K20

Natural Gas 36.85 x 109 cu ft 14,000 feet 1,100 BTU/cu ft

Distillate 0.55 x i06 bbls 14,000 feet 53° API



,, TABLE 8-3

ECONOMIC RESOURCES WITHIN ZONE It II AND III AT WIPP SITE

Resource Quality ,Depth Richness

Langbelnite 10 x 106 tons 1,800 feet 10% K20

Natural Gas 20 x 109 cu ft 14,OOO feet 1,100 BTU/mu ft

Distillate 137 X 103 bbls 14,000 feet 53° API ,



TABLE 8--4

ORGANIZATIONSRESPONSIBhE FOR RESOURCEEVALUATIONAND
KEY REPORTS CONCERNINGRESOURCES....

Or_anization Respon._ibility Reports

O.S. Geol Surv. Potash Resources as John et al. (1978)
related to ore grade and Jones (1978)
,,v,?l,ume. ,

U.S. Bur. of Mines Determination as to what USBM (1977) ....
extent the potash resource_
reported by U.S.G.S could
be economically mined and
refined under today's technology
and market

N.M. Bur. of Mines Definition of resources ......Siemers et al. (1975)
and economics for calicbe,
salt, gjpsum, brine, sulfur
and uranium

N.M. Bur.o_znes Oil and gas resources of a Foster (1974)
four township area which
includes the WIPP site

Sipes, Williams and Determination of Lhc Keesey (i976)
Aycock, Inc. economic viability of

hydrocarbons under the WIPP
site

G.J. hong & Assoc. Zntrepretation of structure Long (1976),
Inc., Permain of Paleozoic sediments McMillan (1976)
Exploration Co. beneath Ochoan evaporites.

These studies were useful

in evaluation of hydrocarbons
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TAB LI_8-6

STAIsDARD CONDITIONS FOR POTASH RESOURCES

Class Type Ore t K 20 Thickness, ft

Low Langbeinlte 3 4

Sylv_te 8 4

I_a_e Langbeinlte 4 4

Sylvi te I0 4

High I_ngbein_te 8 4
Sylvite 14 4

Reference: John et al, 1978.
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GC? Chapter 9

SPECIAL STUDIES

9 • 1 INTRODUCTION

The special studies presented in Chapter 9 cover issues of particular

Interest because the site is being characterized for radioactive waste

isolation (the WIPP), The first spPcial study presented is that of

determining the thermophysical behavior of Southeastern New Mexico (SENM)

/: rocks for mine design and the effects of heat-producing wastes, tf placed
/
/ in the WIPP. The second special study is to determine the slte-specific

sorptive capacities oE SENM rocks for radionuclides flowing w_th SENM

groundwateLs. Characterization of the sorptive capacities of SENM rocks

is required for safety assessment analysis of hypothetical failure

events, not for site selection. Both of these studies are by no means

complete and are contiltging. The information presented here is an

indication of the status of ti_ese studies in midyear 1978. Tabulations

of test data are left to the references and future reports on specific

s ubj ec ts.

9.2 THERMOPHYSICAL PROPERTIES

O 9 •2.1 Introduction

The thermopnysical properties of New Mexico rock salt are being

investigated to support the structural mine design and to evaluate the

overall stability of bedded salt for the WIPP. A 9oal of this program is

to develop constitutive relations wh.ch can be used in design and

long-term stability calculations, commonly by finite elem_.nt analyses

0 (Dawson and Tillerson, 1977). Specific concerns are the stability of the

faciltt}" during its llfe, the influence of ground motions oi waste
._.o.

ret£ieval capabilities, and the effect of waste emplacement on the long

term containment potential. The program was initiated in 1975.

Rock salts are weak, ;nelas_ic geological materials. They exhibit

nonlinear respcnse under practically all loading conditions at
_ temperatures and pressures ._ormally encountered in mining. Since salt

\
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can experience large strains prio_ to failure, openings even at very

shallow depths have been known to completely close and heal (Bdar, 197'/).

In long-established active mining districts, careful in situ observations

and measurements have provided a basis for making reasonably reliable

predictlons of room deformation and failure (Baar, 1977). Some of this

knowledge is applicable to the WIPP, although it cannot be !Irectly

applled to the WIPP because the behavior of rock salt is dependent upon

the site, £acillty design, temperature and time involved. The rock
/

mechanics program considers the particular problems posed by the

longevity of the WIPP and by the Unusual combination of mechanical and

thermal loading anticipated in the repository.

o.

L_boratory experiments have been severely ".'rltlclzedby some for not

realistically representing in situ condltl._ns, (Baar, 1977). However,

laboratory axperiments on rock salt are a useful step in material

characterization, to establish limits of behavior. Ultimately,

laboratory and in-sltu test data coupled with mudellng should lead to

representative descriptions of u.aterial and struc';ural behavior. As the I_-_

WIPP is developed, in situ monitoring should enhance the validity of

laboratoL-y and modeling results.

The thermoph.,&Ical behavior of rock salt has been modeled through various

_.. approaches, (e.g., Bradshaw and McClaln, 1975; Foss,_ .....977_ Langer,

1967; Mraz, 1978; St. John, 1978; Sorata, 1966, 1968, 1970; Serata and

Cundey, 1978; Thompson and Ripperger, 1964; Thorns et al., 19731 Wahl et

al., 1978). K widely accepted model wfiich can translate laboratory data

into a prediction of in situ salt behave.or hac not been developed.

Three uroad areas were studied to identify thu relatlve and site specific

i_.portance of various southeast New Mexico rock qalt thermcphysJcal _'
I'

. p_ _perties. These three areas of study consist of: I) petrography

relevant to physical and mechanical properties, 2} general physical

./ properties (density, moisture co._tent, resistivity, etc.), and 3)

thermal-mechanical properties (qu&sl-static and creep parameters).

%

/ '\
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e Petrographic studies were conducted on mlneralogically characterized core

from AEC 7, AEC 8 and ERDA 9 to investlgat_ structural petrographic

changes between natural and experlmentally-deformed samples (Callender &

Tngwell, 1977). Identification of failure mechanisms by petrographic

analyses will assist in selecting models to describe rock behavior.

Physical y.,operties being measured for _elected core include density,

moicture content, porosity, peL'meability, electrical resisitivity,

ultrasonic ve¢ocity, and thermal conductivity, Additional gas and brine

permeability measurements are in progress at Sandia both on

exper_unentally undeformed _nd deformed samples.

The following mechanical properties ace beln9 measured: unlaxlal

. compressive strength, indirect (Brezillan) tensile strength,

b_ress-straln behavior and ultimate stress in qua31-stutlc,triaxial

compression, elastic modull, pEinclpal strain ratios, elastic limit

("yield" stress), and creep rates. Addlt,onal tests address the effects

of specimen machining, specimen aging due to stress rellefdurlng and

after :x)re retrieval, and specimen size, all of whlcb could l_mlt the

field applicability of labordhory-determined results. The Infl_tence of

sample size ma_ be partially inferred from published data ".,.g.,

Uhlenbeckez, 1968; Dreyer, 1972; Szekl, 1978).

The data base for physical and thermal properties determined from core
i

from the WIPP study r.ea is still being compiled, and tests are

continuing. Moreover, most of the results obtained to date pertain to

rock salt alone, as opposed to other member- of the stratigraphic column

above and below the proposed repository horizons.

9.2.2 Petrography

Approximately 35 samples of experimentally u,_deformed and deformed salt

were macroscopically and microscopically examined for mzneralogy, fabric,

and induced structure by J.F. Callender and T. Ingwell of the University

of New Mexico t1977). Mineralogy of rock salt fro_ southeast New Me;rico

has been described irtdetail i, Chapter 7.

'i'l ' 'lH '_11II ' '"1'1 '" '11 _''
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Between the depths of 1,000 and 2,000 feet, the samples are predominantly

@halite (NaCl) (range 47-98 percent) with lesser amounts of anhydrite

(CaS04) (range 0-15 percen=), polyhalite (K2MgCa2(S04) 4.2H20)

" (range 0-18 percent), and clay and silt tense 0-44 percent). Halite is

usually present in the core, exr_pt in samples from anhydrite layers and

polyhalite seams. Anhydrite, c, ay and _ilt are generalJy present, while

polyhalite occurs less co,_only. Detailed stratigraphy of the WIPP study

area is presented in the ERDA 9 oorehole !ithologic log, Figure 4.3.3.b.

Fabric In general, the undeformed rock salt specimens do r_ot s_Jw

well-developed linear or planar fabrics, aside from uncommonly, observed

bedding. Locally, however: halite crystals show a faint to strong

e_ongation, probably due to readjustment to local stresses. Certalr

fabric features within the cores may presumably have Import&st local

effects on salt deformation. These features include bubble trains,

hopper crystals, cleavage, glide planes, grain boundaries, and clay zones

(Callender and Ingwell, 1977).

Bubble trains awe commonly aligned along cleoveage traces or grain

boundaries in halite. The bubbles generally contain fluid, although some

may also be gas or partially solld-filled (see section 7.6). Fracturing

in experi_entally ckformed cotes locally follo._s the bubble trains, and

they are llke_y the site of sm_ll-bcale structural weaknesses within

halite. Once such fractures heal, the zones they followed become

stronger than befor_ section 7.6) Hopper crystals, genurally fi;.led

with clay, also tena uo grow and be aligned along halite cleavage

planes. In a number of samples, small-scale fracturing, induced by

sample preparation or by disturoance during the coring operation in the

field, is associated with zones o_ hopper crystals.

Cleavage, and fracture related to cleavage, is observed in halite. In

euhedral, generally recrystallized, halite, the cleavage direction and

grain boundary are coincident. In these cases, deformation along trends

parallel to grain boundaries snould cez tainly be facilitated. Similar

relations, though less co_on, exist in subhedral halite. Translation

@
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:'"- gli._e in halite is at, important d:sLocation mechanism and has been

deocribed in the literature (c.f., Buerge, 1930; Clabaugh, 1962). Two

glide plm,es, (110) and (001), have been recognized in both undeformed

and deformed salt.

In summary, a local concentration of dlscrete fabric elements (e.g.,

hopper crystals, bu_ble trains) may be as statistically _ignlficant as

planar or linea¢ elements (such as bedding, clnovage alignment, cr
l

elongation) for the structural evaluation of the core, and local zones in

deformed salt may play _n important role in establishing fracture

patterns.

Fracture. Analyses of fracture patterns in salt to date have been

complicated by inducedfracture during qa_p]e preparation and the field

coring procedures used to obtain samples. The recognition of these

induced fractures is generally fairly straightforward; however, the
/

persisten_ que,_tion of local induced fracture arises during detailed

study, and is a problem which cannot be easily resolved. Fortunately for
q

the pet:ographer, many fractures are filled with clay, anhydrite, and

polyhalite; these filled fractures give so_e insight into patterns in

material befog9 laboratory testing since they are clearly not a result of

sample handling.

• In general, _racture in _)deformed salt core is relatively mino_ and is

co, only associated with cleavage or grain boundary adjustments. Tt

appears that _:actures may have remained open at some stages of

diagenesis for a sufflciently long period of time to be tilled by sulfate

" or other solutions. A few unusual fracture geometries have been noted:

en echelon fractures, generally with their major trend parallel to

i. cleavage; circular fractures _only aLound hopper cr_,sta!s; fracture

r(fract_Dn across grain boundaries; _og and kink fractures; and fracture

and local extension along glide planes. The ntuuber of _ractures obLerved

; in the laboratory resulting Irom relief of the in situ confining stresses

is unknown. Cla7, anhydrite, and polyhalite have apparently flowed in

some und-.formed samples. Perhaps t.he best evidence for this statement is
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local w_ll-defined linear fabric in polyhalite and anhydrite, and the

inclusion of halite in clay along grain boundaries.

.,

In samples severely deformed by laboratory testing, fracture patterns are

easily observe d. Irlone sample a well-defined zone of cleavage and

gllde-plane fracture developed at about 40° to the compresslonal axis.

Apparently, a network oE interconnected fractures has been established in

this zone which respects neither grain boundaries nor grain size. In

contrast, another sample suggests that local £abric element=,

particularly clay-rich zones, may affect fracture geometry ano ;hat

planar fracture fabrlc_ may not be as well-developed in clay-rlch samples.

Fracturirg of halite can be generated in the latxratory at relatively low

confining pressures (< 1500 psi) and moderately high strains (5 to 12

percent); this fracturing induces a fracture porosity in the material.

At higher confining pressures, rock salt displays ductile behavior and it

is dlfficult to induce fracturing. The position of the fL'a:ture pattern

observed in the laboratory is related to both the stress direction and

the local fabric elements. In addition, the crystal lattice of halite

permits, through defects and crystallographic constraints (c.f., Hirth

and Lothe, 1968), a complex dislocation system to develop.

i 9.2.3 Physical Properties

/ Measurements of physical properties of rock salt pertine._t to th._ design

8 of the WIPP h_%¢ been conducted by several investigators. Some

rep;esentative data are stmmarized in Table 9.2.3-1.

: Density, and Reslst__Iv!itZ. Measurements were made on full d_,nension (4-I/2

: inch diameter] col:e. Th_ density determinations were periormed following

conventional laboratory procedures for determing bulk rock densiti_.s
I

I utilizing the buoyancy method. C_mercial grade kerosene was used for

ouoy-ncy measurements. Direct current resistivity determinations were

: made using current densities of less than 0.20 microamF._res per square

centimeter (Elliot, 1976), and by downhole geophysical measurements
i

(Gr tswold, 1977).

e
L.
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Volatile Mass Loss. Total volatiles, including water, were obtained by

heating samples of Ralad0 sa from the proposed repository levels to

300°C in several stages. Static weight loss deteL'mlnations were made

at each stage o£ heating IKopp & Combs, 1975) and were reported in

section 7.K.3.. Zn addition, thecmog=avlmetric analyses were made by

" suspending powdered samples from a microbalance while dry nitrogen flowed

over the sample. The s_u,ples were heated at 5°C/minute untll the
i

temperature reached 500°C and held there until gas evolution had ceased

(see section 7.5.2 for details and data).

Permeability. Gas permeability cE SE_NH rc_..k salt has been measured for

pressures up to 5000 psi and at room temperature to determine the

tightness cE the host rcc.k to any 9ases evolved in the WIPP. Th _,data
• ,-

'" developed by Sutherland (1978), are for argon gas at confining pressures

to 2000 psi. & plot of permeability test results is shown on Figure

9.2.3-I. Sutherland's data demonstrate the influence of confining

pressure (crack closure and healing) on permeability. Preloadlng of

samples to near llthostatic confining pressures is required to obtazn

reproducible data in laboratory experiments. Other gases (air, nitrogen,

argon) were measured by Core Labs (1977), Terra Tek (1978), and Shelby

(1978). The Core Labs' tests followed API standards, however, they did

not allow for crack heallng. Shelby tested slnglo crystal NAC1. The

results of these measurements illustrate the following:

{I) There is no correlation between measured permeabtlities for

as-received (stress-relieved) core samples_

(2) Samples behave as if they are "heallr._= when subjected to a

confining pressure on the order of their ociginal in sztu

pressure (illustrated on Figure 9.2.3-1).

,3) After an initial "healing = or "consolidation" period, the

polycrystaZline samples tested by Suth_.rlatad (1978) and Terra

Tek (1978) have measured permeabilitles of less than 0.05

microdarcys (the limit of resolution of their per_,eability

measuL'ement systems) ;

O
,
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(4) There' is little oc no gas flow through the salt single

crystals (less than 1 ptcodarcy) in the single crystal test

apparatus of Shelby (1978). Therefore, the preferred flow

channels through a core sample are believed to be along

crystalline boundaries.

Thermal Conductivity. The thermal conductivity of several rock salt

samples frc_ core of AEC 8 were determined by a longitudinal heat flow

apparatus. This apparatus was designed speclEtcally _.rr use with

._ geoloqic core sections. Constant power is supplied to a heater at one

end of the speclme,_ until thermal equilibrium is e_tabl_shed. The heat

flux transducer and thermocouple outputs are then recorded all_tn_ the

thermal conductivity to be calculated from the readings (Acton, 1977), A

plot of test results is shown on Figure 9°2°3-2.

Sonic Pulse Velocit__. Measurements of compresslonal wave velocity were

made both on laboratory samples (Kent and Wawersik, 1976) and by down

hole geophysical methods (Griswold, 1977). Laboratory measureme,ts were

made both parallel and perpendicular to the core axis. No signflcant

variations (less than 0.02 Km/ser) were observed between the axial and

transverse values of tventv measurements. The laboratory data were

within 15_ of the downhole geophysical values.

Summary of Data. S_me physical properties are summarized in Table

9.2.3-I. In ad0ition, permeability d_ta are plotted on Figur_ 9.2.3-1

and thermal properties are shown in Figure 9.2.3-2. The experzmental

data are presented in the referenced documents.

9.2.4 Thermomechanical Properties

Introductlon. It Is the goal of laboratory stress-straln tests tc

develop constitutive relations which can be used in suructura!

calculations. A3 the program progresses, a combination of flnlte element

calculations using data obtained in the laboratory, empirical mine design

methods rind i|,-situ validation st ldles will serve to evaluate, in detail,

certain aspects ol the final WIPP design.
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To achieve a valid and practi:al description of the behavior oE rock salt

from experiments in the laboratory, several programs are being

conducted, These arez (1) M_asuremint of the mechanical response of

S_ rock salts and other nearby rocks (e.g,, anhydrite) over the domain

of stresses and temperatures which may be expected in the WIPP1 (2)

Development of general models based on test results that are applicable

to differing stress deformation and/or temperature histories1 (3)

Determination of mechanisms governing salt response in sufficient detail

to allow the extrapolation of laboratory measurem_.? in time; and finally

(4) Establishment o_ relationships between laboratory samples of rock

salt and salt masses In-sltu.

This report summarizes the first series cE laboratory tests, consisting

primarily of short term "quasi-static" tests. These tests served to

compare the response of WIPP salt with rock u-,l.tsfrom other horizons and

locations and to effectively scope the rock behavior for planning the

lonq term creep keats. It is _'ecognlzod that short term test behavior

may L,._only partlally indicative of long term behavior. Not all of the

data developed is presented, particularly where detailed information has

been published elsewhere. Instead, test values have been sel_cted which

are felt to best represent the behavior of the WIPP rock salt. Too few

repetitive tests have been p£.'formed thus far to determine statistical

significance of the data. Th_c fs due to the long times required to

perform tests and the limited amount of rock salt core available to this

test program fr_a specific horizons of interest to WIPP.

A deliberate attempt was made tc encompass a broad r_nge o.F parameter

variations including confining pressure and p_incipal stress difference,

i.e., mean stress and deviator stress, as well as tempera_.ure, time,

\. 1oadir.g rate, loading path, handlinj history, and specimen size. These

, variations covered a wider spectrum than might ordinarily be required to
¢

: support the design of conventional mines or solutior_ cavities. The

approach is predicated on the unusual combinaticn of anticipated

mechanical and thermal loadings associated with WIPP. The experimental

prcgram plan a_so tried to address specific questions, for example,
i

0'
i

,.
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concerning the effect of loading path, whlcn were raised b_ _rlti:_s of

conventional quasl-static experiments in the past (Baar, 1977).

Testing was primarily concurred on rock sal_ samples from three horizons

in the Salado Formation. The two horizons at 2,100+ feet and 2,600 to

2,700 feet represent the relatively pure halite from the proposed

contact-handling (CH) and remote-handllng (RH) levels, while the third

horizon at 1,900 feet was chosen for study because it is clay rich salt.

The testing program through the summer cE 1978 was generally divided into

two _agments, quasl-statlc tests and creep tests. Quasi-statlc

properties were generated Over a range of loading rates from d/dt

(01 , -O3) Of 150 to 215 psi/mln (RE/SPEC Inc. data, Gnirk et al., 1973,

Hansen and Mellegard0 1977) to loading rates of 30 to 60 psi/min (Sandia

data, Wawers_k, 1977, 1978c)." The 30 psi/mln loading rate was chosen to

match that of published data (Dreyer, 1972, Munzez ond Schreiner, 1977).

Creep tests were carried over a range of confining pressure 0 < (_3 <o-- u

3,000 psi, deviator stresses 1,500 _< ( 0 I -03 )-< 6,000 psi, and

temperatures of 24°< T < 100°C with a duration of up to 70 days.

These loading rates were arbitrarily chosen as a means of scoping the

.......... behavior of SENM rock salt under conditions that may be encountered in

the WIPP.

Apparatus_ Experiment.s, Capabilities, and Data Handling. To support the

determination of material properties of WIPP site rocks, a new triaxtal

facility was developed tWawersik et al., 1976). Based on earlier

experience (Wawersik and Brown, 1973; Gnirk _t al., 1973; Wawersik,

1975), the present apparatus has the loll:wing capabilities.

The apparatus accepts cylindrical specimens up to 4-1/4 inches

diameter by 8.5 inches in length to accom_ate the coarse grain size
or rock salt.

The system has a pressure rating of 10,000 psi; this is adequate to

., perform variable load path tests, for example, in trlaxial
compressiun, _n triaxial extension, ah constant maxlmum compression,
etc.

/



The egulpmenc is suitable to conduo_ both quasi-static tests and

. creep experiments.

Specimens can be heated uniformly to approximately 250°C in
short-term tests and to 200°C to 220°C in long-term experiments.

Controlled, known temperature gradients can be .applied fo_ studies
of fluid migration.

The equipment provides access to both specimen ends for possible
venting or for measurements of pore pressure and pecmeability and
for application of pore pressure, etc.

Zt provides both axial and radial deformation measurements. For
untfo:m lateral deformation, this combination of strain measurements

,J yields shear and volumetric strains.

The apparatus is equipped with multiple feed-throughs for use of
instrumentation inside the pressure vessel.

Normally, hydrostatic and deviatoric loading are decoupled so that
the hydrostatic response of all specimens can be defined and, more
importantly, so that linear and bulk thermal expansZon measurements
can be dotermined a_, a function of temperature and pressure.

The apparatus and procedures allow for large, relatively

unrestrained sample deformation.

Details of the test equipment (ranges, calibration procedures and

preclsions) are discussed elsewhere (Wawersik, 1975! Wawersik et. al.,

19771 Wawersik, 1978a).Material and Test Specimens - The rock salt

studied was machin-d from 4-I/4 inch diameter core obtained from zones at

depths of 1,900 feet, 2,100 feet and 2,600 to 2,700 feet. Sample

machining consisted of cylindrical and flat-end grinding following

documented procedures which were designed to minimize the thickness of

any shatter zones at the specimen surfaces. Alternatively, specimens

were obtained by means of Btandard coring tools. Final specimen

dimensions were nominally 2 inches or 4 inches in diameter, with a



length-to-diameter ratio of at least two. After machining, the

cylindrical surfaces of a_l samples were coated with a protect, ve layer

of RTV silastlc.

Quasi-statlc Rock Salt Properties. Quasl-static testing was conducted _n

WIPP salt under hydrostatic F:essures to 5,000 psl. Devlatorlc loading

tests were performed to 3000 psi confining pressure and t_ temperatures

of 200°C. Variables of interest were: 10ressure (confining pressure,

mean stress), principal stress difference tueviator stress), ti_e

(loading rate), tem.oeL'atu_e and load path. A separate study of the role

of the irltermediate principal stress will also be initiated. The

importance of the fcreg-Jing variables was suggested by prior mine

medsurements and by existing labol'atory data (for example Schmidt, 1937;

U.S. Corps of Engineers, 1963; Le Comte, 1965; Hofer and '_homs, 1968;

Schllcilta, 1969; Carter and Heard, 19701 Brad%haw and McClaln, 197i;

Dreyer, 19721 Heard, 19_2, Serata et al., 19721 Kern, 1973; Menzel and

Schcelner, 1977; Baar, 1977). ' r

,

/ The term quasl-static is used in the conventlonal sense to denote a fixed

slow rate cf loading. To avoid _,_isunderstandings and undue

gene:allzatlons of theb_ data, it is emphasized that most quasl-statlc

experlmerts were carried out at particular loading ra_es, e.g., 30i

psi/min. Zt i_ Jmportant to realize that _ny data concerning the

mechanical behovlor of WIPP rock salt under different loading col_ditlons

must be inferred with proper regard to the time-dependent nature of the

mat_rlai (Wawersik and Hannum, 1978).

Quasl-statlc data available to date include approximately 75 unlaxlal

compression and Indirect Brazilian tension tests at ambient temperature

on core from drill boles AEC 7 anu 8 (Hansen and Gnlrk, 1975). Tllese

experiments we_'e perfcrmed u|,der the direction of Oak R_oge Ndtion_i

Laboratory prior to June, 1975. They in_-lude approximately ":0

exporiments on anhydrite and 5 tests on polyhalite. More recent

quasl-statlc data include approximately 50 tests on selected specimens

from the potential WIPP repository horizons (Wawersik et al., 1976;
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Ha:.s-_n,1977; l;ansen and Mellegard, 1977, Wawersik and hannum, 1978).

Samples were macLlned from c_re of drill holes AEC 7 and ERD.% 9.

Emphasis w-'s placed on the Lesponse of rock salt f_om the storage horizon

at 2600 feet because of the added complex.'tles of elevated temperatures

if heat producing wastes are placed in WIPP.

Selected representative mechanlcal properties in uniaxial compression and

indirect tension are liste_ in Table 9.2.4-1.

Quasi-static Triax_al Properties - Representative trlaxial data are

listed cn Table 9.2.4-2 for a rang= cf confining pressures and

temperatures. Note that both tablet 9.2.4.1 and 9.2.4-2 list secant

moduli (stress/totaL strain} and principal strain ratios (E3/£I) rather

than the elastic constants, that is, Young's modulus, E, and Polsson's

ratio. To calculate the intrinsic elastic constants it is necessary to

separate the nonelastic portion from the total def_rmatlon or to move

through stress states where elastic response dominates. This was

accomplished for New Mexico rock salt recently during unload/r :load

cycle_..

The constants obtained were 4.55 x lC6 < E _- 5.2 x 106 psi and

C 17 _ u < 0.24 (Wawer_k and Hannum, 1978). These values agree to

within 15% with those which were determlncd from borehole geophysical

data.

During initial deviatoric loading in the laboratory, nearly all

deformation of WIPP salt was nonelastic (:_awersik and [lannum, 1978}. The

actual magnitude of this nonelastic deformation is Likely to be sensitive

to the magnitude of the deviatoric stress which the core experienced

during drilling (Wawerslk and Hannum, 1978), associated core damage and

subsequent core "relaxation" durlng core storage and handling.

Combinations of these factors probably account for the varlations in

secant moduli and principal strain ratios in tables 9.2.4-1 and 9.2,4-2.

It is common practice in engineering to plot triaxial te&t data in the

form cf Mohr's circles at the ultimate stress. The plots are made in the
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',,, stress space (o,T) where 0 and T denote normal and shear stresses, and

an envelope is drPwn tangent to the circles representing the ultimate

shear stress of _u._,value of confining pressure.,

When the data from Tables 9.2.4-1 and 9.2.4-2 are plotted, three Mohr's

circles which are normal for SE2{M rock salt are obtained in Figure

9.2.4-2A in stress space (O,T) . The ultimate stresses can be

approximated by a straight line (Coulomb) enve.lope of the form

.. _'" T = C + 0 tan #. In convcntlonal engineering terminology, C is called

the cohesion and _ , the an_le of internal friction. Zn this case, at

ambient temperatures, rock salt fror, the 2,700 foot level has an apparent

cohesion of approximately 1,000 psi _nd an angle of internal friction of

33O. Similar data for other rocks are being used for mine pillar

design. However, it sboul_ be recognized that the validity of these

ultimate stress analyses rests on two assumptions: (I) failure ._.s

independent of the intermediate principal stress, and (2) failure is

defined solely in t_rms of stresses and independent of strain, strain

rate and time. Both of these assm, ptions are currently being evaluated

/or rock salt. i

In contrast to other _ocks it is important to remember that rock salt

undergoes large deformations long before the ultimate stLess is reached.

Since these deformations can exceed 15% even a_ ambient temperature, it

is concelva_le that a practial failure condltlon might incorporate a

maximum deformation criterion. To illustrate this case, a Coulomb

envelope was constructed (Figure 9.2.4-2B) which defines the stress

magnILudes at an arbitrarily chosen constant value of _traln

( El= 2.5%). This value is the average strain at the ultimate stress of

samples tes,:ed in unlaxial compression at ambient t,_mperature and a

loadin_ rate of 30 psi/rain, lt can be seen that Figure 9.2.4-2B is

different from the ultimate stress envelope in Figure 9.2.4-2A. Clearly,

t_ shapes of the Mohr envelopes are highly dep_,ndent o_, failure

criteria. The values obtained also depend on the manner in which the

Mohr's envelope is drawn. In Figure 9.2.4-2A, a "best fit" straight llne

tangent co the c_rcles wa: drawn; while in B, a parabola was drawn

tangent to the clrcles.

@
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Detailed Quasi-statlc Stress-Straln Relationships. Elastic constants,

ultimate stresses, and stress or strain envelopes are useful for

conventional failure stability analyses where rock is treated either as

an elastic or as an elastlc-plastic material. Whlle such analyses have.

proven valuable in combination with careful engineering judgement, they
.,

'" are not always accurate. In view of the tlme-dependent nature of rock

salt it is especially important that design calculations be based on a

more comprehensive constitutive model. To initiate the development of

.. such a model, detailed short-term quasl-statlc stress strain observations

were made to identify the effects of pressure, deviatorlc stress, (shear

stress), temperature, and loading history. The influence of time as a

discrete parameter is mainly considered in creep experiments.

Deviatoric Loading at Constant Confining Pressure. Deviatoric loading at

. - constant confining pressure is the process of increasing tI_eprincipal

stress difference (deviator stress} from an initial state of hydrostatic

compression. It is a necessary condition to induce substantial salt flow.

Typical quasl-static deviatoric loading data are shown in Figures 9.2.4-3
through 9.2.4-15. The key to these curves indicates sample depth in feet

and (confining pressure in ksi and temperature in degree C). These

stress strain cdrves depict _,mplete continuous experimental reoozds

which indicate the manner in wL_ich all specimens were loaded. Deviator

stress was applied incrementally rather than continuously. Actual force

was raised quickly by some predetermined amount and then held constant

for between 4 and 15 minutes while axial and lateral strains _I

and E 2 (= _3) were monitored in time. The stepwlse loading procedure

made it relatively easy to control the mean applied loading rate while

/ monitoring time dependent strains dL_rlng load hold periods with a minimum
of experimental error (Wawerslk and ._annum, 1978). In most figures,

these details of loading are omitted. As illustrated by the curve for

sample 9-2601 in Figure 9.2.4-3, where smooth fits are made to the

endpoints of each step in the actual stress strain record. Note that

large changes in specimen cross sectional area at constant force during
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all load hold intervals lead to considerable decreases in principal

stress difference with time (Wawersik et al., 1977, 1978c). Conventlonal

plots (0 I - O_) versus ci such as Figure 9.2.4-3 relate the present data

/ to vi_tually all similar re6ults for rocl_ salt in the literature (for

example, Schmidt, 19371 Heard, 19721Dreye r, 1972, Menzel and Schrelner,

1977).

Considering Figures 9.2.4-3 through 9.2.4-6, three ob_,ervations are

particularly noteworthy.

I. LaJoratory specimens of New Mexico rock salt have an Inltlal

elastic limit close to zero. Furthermore, this initial elastic
,

limit appears to be the same following all hydrostatic pressure

histories up to 5000 psi (Wawersik and Hannum, 1978).

" 2. Pressure appears to have a considerable effect on all properties

of New MexiJo rock salt except the elastic constants (Wawersik and

Hannum, 1978). Specifically pressure controls the strain magnitudes,

the ultimate _tress and thn relationships between the principal

strain (Figures 9.2.4-5 and 9.2.4-6). Pressure effects are

particularly evident at (_,-_3) greater or equal 1200 psi.

3. New Mexico rock salt subjected to quasl-static laboratory

compression can undergo substantial dilatancy which is associated

with cataclasis, i.e., microfracttlring. The magnitudes of the

observed 9olume changes were si_nlficant particularly at low

contlning pressure and amounted to sizeable fractions of the

observed shear strains near the ultimate stress (Wawerslk and

Xannum, 1978). Isovolumetrlc conditions of deformation are

approached only at 3000 psi confining pressure. However, data at

elevated temperature demonstrate tr,at even comparatively minor

amnunts of dilatancy can have a conslderab[e effect on the rate at

wlllch New Mexico rock salt deforms (Wawersik and Hannum, 1973).

• ....... O
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Elevated Temperature Data. Elevated temperature experiments were _,_

out in two groups. Fir3t, the influence of temperature was considered at

fixed confininc_ pressures, fOr example, 500 psi (Figs. 9.2.4-7, 8 and

9). Then, th0 effect ct pressure was evaluted at 200°C (Figs.

9.2.4-10, ii and 12). As expected (Bradshaw and McClaln, 19711 Heard,

1972_ Dreyer, 1972), temperature reduced the Ultimate stress and

increased the ductility (Fig. 9.2.4-7). Increasing the temperature is

qualitatively equivalent to increaslng confining pressure at ambient

" ' temperature. Cetaclastic effects with considerable dilatancy are

suppressed in favor of deformation modes which proceed at constant, or

nearly constant, volume (Figs. 9.2.4-d and 9.2.4-9). (Wawersik and

Hannum, 1978)

Influence of Loading History. Effects of loading history are noted in

several studies in the literature (for example, Schmidt, 1937; Se.reta et

al., 1972_ Baar, 1977). To consider such effects, three sets of

experiments were performed early in the experimental program. First, the

influence of differing hydrostatic loading histories was tested. The

results indicated no measurable effects on the behavior of rock salt from

O southeastern New Mexico during subsequent devlatorlc lo_ding (Wawers_

and Hannum, 1979).

In the second group of exq_eriments, quasi-static strains were measured as

a function of load path in a consc_.ous effort to separate the influences

of load path and luading histo[y as much as posslhle. The load paths

employed are shown in Figure 9.2.A-15. They consist of.

I. Conventional trlaxial tests at c_Dnstant confining pressure (load

path _).

2. Triaxial loading at constant mean stress (om = _ (°I + 02 + C 3)

load path ,T).

. .

3, Deviatoric loading at approximately constant maximum compression

(load path Iii).

/ ,. •
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Figure 9.2.4-13 also identifies one test which combined 1cad path ITr an_

I passing through points A, D, E, G, and H (Wawersik _nd Hannum, 1978).

Table 9.2.4-3 provides a comparison of _train.q at several common _tress

sta_es of Figure 9.2.4-13 with the strains £, and e_ are numerically

greatest along the path of constant confining pressure (load path I).

. The smallest E _ and £3 were obtained along the _ath of maximu_

pressure, either confining pressure or mean stress (load path III)
0

(Wawerstkand Hannum, 1978).

To evaluate load history even further, a third set of tests was

performed. In these experlmenr.s, one sample was deformed in three

successive stages at 3000, 500, and again at 3000 psi confining

pressure. The response of this specimen was then compared with the

strait, behavior of individual samples which had been loaded

deviatqr.ically at 3000 psi and 500 psi confining pressure (Wawersik and

Hannum, 1978). The results of the latter tests are sho_n in Figures

9.2.4-14 and 9.2.4-15. Notice particularly, that the stress strain

record for the third load cycle of s_._ple 7-2740.5 does not immediately

converge to the stress strain records of specimens 7-2745 and 9-2601.5.

Difuerences in results are obviously due to the influence or loading

history (Wewerslk and Hannum, 1978).

Interpretation of Quasi-static Data - In view of t,Jequ_si-sCatic testing

to da_e, as illustL'ated in the figures, the following observations were

made repeatedly and establish broad guidelines which should be observed

in modeling the thermomechanical behavior of New Mexico roc% salt up to

fracture and/or massive flow (£I greater or equal 20%).

.

Rock salt fro¢ SEEP4 In the laboratory is nonlinear under all loading

conditions with an initia_ elastic limit (o I - _ _ a_pro_imately zero.

Its ini'rinslc elastic properties can be evaluate_] _.-curately only in

load/unlo_d/relcad cycles provided restrictions _/c imposed either on the

lo_idlng (straln) rate or on rh._ raJ1ge of deviator stresses. H_._ev._r,

_iven c_mparati_el_ nonelastic strains, the intrinsic elast_.c b_.havior.

does not ._pear to be. very important.

, .
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In the low confining pressure domain 0 3 _<3000 psi, rock salt behm,'ior

depends strongl7 on pressure and temperature. Both dependencies are

reflected in ductility, ultimate stresses and in the variation between

maximum and minimum principal strains or in the variations between

vo]u_etrlc strains and shear strains (Figures 9.2.4-4, 5, 8, Ii, and

15) •

A brittle mode of deformation (microfracturlng) dominates rock salt

deformation at ambient temperature, low confining pressure, and deviator

stress in excess of approximately I000 to 1500 psi. Accordingly, the

overriding pressure effect under these conditions is pressu,e dependent

dilatancy (Figures 9.2.4-4, 6 and 9). Brittle fracture, including creep

fracture, i.e., macroscopic col)apse and loss in load bearing ability are

possible. At low (less than 1,000 to 1,500 psi) deviator stress, high

temperature, and/or high pressure, salt deformation proceeds in a

predominantly ductile manner at nearly constant volume. Particularly at

high temperatures, pressuro does not appear to further influence the

nature of the deformation mechanisms. Tnis is indicated
governing by a

pressure inveriance (Figure 9.2.4-ii) of the relationship between maximum

and minimum compressive strains (shear and volumetric strains). However,

observed differences in induced strain rate at a fixed loading rate but

different confining pressures indicate that pressure influences the rate

at which the governing deformation mechanisms, cataclastic or ductile

/ flow, proceed.

/ '

lt is recognized that available quasi-static stress strain data do not

necessarily describe the properties of New Mexico rock salt over long

periods o_ time. However, for lack of other information, quasi-static

tests have been used to define the matrices of future creep experiments

and to anticipate phenomena which might occur during creep. For example,

emphasis is being placed on triaxial creep _xperiments as opposed to

unlaxlal tests. Simultaneous m_asurements are beJr,gmade of both

volumetric strains and shear strains in creep. Similar tests are not

conducted routinely elsewhere and the apparatus to perform these tests is

at the state-of-the-art in experimental rc-ckmechanics.

e
L
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Creep of Rock :galt Creep tests on rock salt are continuing to evaluate

the long-term time-dependent behavior of New Mexico rock salt. Since

August, 1977, t_wo sets of triaxial creep tests have been performed on

core Erom drill holes AEC 7 and ERDA 9, emphasizing the interval of 2600

to 2800 feet depth. Experiments were carried out over the range

0 _< 03_< 3000 psi, 1500_< (o I - O 3)

< 6000 psi, and 24° < T < 130°C.

Results indicate that in principle WIPP salt can undergo both transient

and _teady state cr_.ep. Furthermore, limited data suggest that stead_,

state creep rates l_e in the range from I0-I0 sec-I to 10-7
-I

., sec , depending strongly on stresq state and temperature. Steady

state creep may have to be conslderc_ in WIPP design calculations; it was

not _cluded in earll.er wastes repository analyses which were conducted

,' in c Dnjunctlon with in situ experiments during Project Salt Vault, Kansas

/ (Sradshaw and McClaln:, 1971).

To evaluate the nature of transient creep of the WIPP salt, 34 tests weLe

carried out on NX sized (two inch nominal diameter) core. Tests

du:ations vary between 0.5 and 500 hours (Hanson, 1977, and Hanson and

Mellegard, 1977). Initial efforts served to evaluate the significance of

transient creep on the possible repository conditions, to establish upper

" (conservative) bounds for steady state creep rates at relatively low

/ deviator stress and temperature, and to test the appllcabil:ty of a

pillar creep formula which has been widely used (Bradshaw and McClain,

1971) :
%.

E(t) = A( _ - O ) aTbtC (9.1)I 3

The results of present transient creep data demonstrate significant

pressure effects which are conslstant alth all quasi-statlc ob_rvatlons

but are not pL'edlcted by e,_uation 9.1.



0

, < 9-21 , .

) Beyond that, however, at least one block of dlts ppears to support

equation 9.1 which In its generalized form Is:
J

i

¢ = PllPlF2( a1.-_ : lF3iTlFlstrain or time) 19.21

Work is now in progress to estimate the error magnitudes which are

associated with the use Of equation 9.2 even onder restricted cond_tlons,

i e.g., (o I -o11 <2,500 psl and O3_< 1,000 psi. To acc_pllsh this,

, numerical simulations are compared with the restllts of independent
t

laboratory experiments which combine multiple ct'eep runs w,tth
t

intermittent short-term stress variations at two different temperatures.

/. Time Dependent Fracture. To determine the .long term strength oE New

Mexico rock salt, two approaches are bein_ take. First, long-term

.... laboratory creep tests are conducted to establlsh a ¢'elationship between

e strength and time. Obviously sqcn tests are time c_,r.Oming. Second,

t ' failure times may be culculated from creep flow and from e_tlmates of the

amo'_nt of nonelastic strain _,t the point of fracture, The nonelastic
/

! failure strain can be ostlmated by means of an empirical procedure which

establlshes a relationship between creep, t;_aRedependent fracture and

quasl-statlc post failure characteristics (WawerEik, 197_). If this

technique is applied to New Mexico rock salt, it appears that the range

of stable creep prior to fracture at amblent temperature ;s:

_1 _ 2.5 to 6% at oa = O psi

¢1 -< 17 to 20% at o z = 500 psi

, Substantially greater stable creep occurs at 0 3 - 3000 psi conflning

.' pressure (Wawer_Jik 1977). On Figure 9.2.4-18, photographs of core

samples from EP£)A #9 are shown that were deformed during trianlai testing

(Hansen and Mellegar_, 1977). Notice the large amount o_ strain test

Numbers 6 and 7 have Lmdergone without apparent ma_or physical damage.
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Applicability of Laboratory Measurements. Several inves_igations are

underway to define the qualitative and quantitative applicability o_

laboratory experiments on WIPP salt to in-situ design predictions. Apart

from numerical validation studies, measurements are in progress to

determine the relaxation of core after drilling and to as_c:.s whether

rock salt is damaged during field coring, recovery and storage. The

latter efforts are sl;pported by repeated tests on specimens with known
....

. laboratory stress histories to _urther define the effects of strest,

. history, aqlng and specimen machine. In addition, numerical simulation

are being conducted to balance the magnitude of devlatoric loading of

salt core during drilling.s

/

. 9.2.5 Summary and Conclusions

Data f._om the petrographic and physical properties studies show the WIPP

horizon rock salt has low moisture content (< _.5%), is essentlall_

impermeable (< 5 x 10-8 darcy) and has a high therm_l conductivity

(_ 5.75 watts/m°k). These propertles along with the studies of fabric

and fracture indicate this rock salt is ideally suited frc_ a physical

standpoint for the storage of h_gh temperate,re nuclear waste.

I

The initial elastic limit is close to zero for rock salt for any

confining pressure. Although strengths for rock salt are substantial

(unconfined compressive strength to 3700 ps_ and modulus to 2 x 106

/._ psl) the load bearing ability is dopendent on time, temperature and

" confining pressure.

It Ims been shown that rock salt can experience large creep strains (25%)

prior to loss of load bearing capacity. Gradual creep is an acceptable

feaLure in the design of unde_3round openings in rock salt as it allows
t

i the str_cture to close without a slzeal 1.e reductlon in bearing strength

and witho0,t the physical damage wblch is associated with fracture.
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.... Laborator._ testing is cc,ntinuing to develop a constituti_,e model to

, desaribe the behavior o_ SEm rocks. The model will be used in computer
t

codes to study the structural response of the geologic media to WIPP.

9.3 RADIONUCLIDE SOPJJTION ON WIPP ROCKS

9.3.1 I_ntrod_ugtion

An important mechanism in retarding nuclide movement in groundwater is

sorption. In the following disausslon, this term will be used to

encompass all mechanisms pertinent to interaction between nuclides and

geomedla which include ion exchange, adsorption, and precipitation.

The ability of rocks tO adsorb adionuclldes and hinder their migration

away from a geologic reposltory for radioactive waste iu not a factor in

site selection criteria (Chapter 2). Also, since sorptive affinity is

not a fundamental invariant property of a rock sample, such as is

mineralogy or total volatile content, radionuclide sorption properties

were not discussed in Chapter 7 (Geochf:mlstry). Nevertheless,

quantification of rocks' affinities fcc radionuclide sorption, however,

/ is NOT a generic problem which can be solved simply for all rocks. Since

the only rational approach to the problem is to conduct experiments to

determine radionuclide sorption properties for site-speclflc rocks and

slte-speclfiC dqoeous solutions, preliminary results of such experiments

are reported as special studies. The results of special studies of

radionuclide Eorptlon are entirely dependent upon experlmental

conditions, just as in the measur-_ment of quaslstatlc mechanical

properties.

" In some safety assessment modeling scenarios described for the escape of

radionucl_des from WIPP _',_positoryhorizons, groundwters contact aPd

leach the waste form, and eventually find their way out cf the salt

deposit into the surrounding rock and mineral strata. During this exit,

the nuclide-bearing liquid would contact clay-contalning halite in the

.. repository horizon, polyhalite formations, anhydrite _rmat_ons, and
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finally the sandstone and dolomite formations which are the bounds o_ the

evaporites. To a rough approximation, the concentration per unit mass of

a given nu011de, sorbed on a solid mineral phase Csoli d can be related

to the concentration p_r unit ,_lume, in the liquid phase Cltguid, by
the relations

/ m
/ Csolid KCllguld

,I

where K _s generally known as the distribution coefficient, Kd, with

, units of ml/g. The use of the term Kd implies an equilibrium eondltion

/ for a given reaction which is both instantaneous and fever: _le. In the/
/

/ interaction of a nucl'ide with a complex mineral assemblage, neither

condition may apply and the nuclide sorption observed can result from one

or more sorption phenomena on one or more phases. To prevent confusion

in namenclature, the term Kd is used in this report, but with the

understanding that what is being measured is a sorption coefficient, which

applies only to the syste__ _escribed and for the particular set of

conditions used in making the measurement. ThUs, the measurement of "Kd"

does not reflect a fundamental thermodynamic property of rocks and/or

solutions_ it is rather a function of the experiment in which it is

measured.
°.

Ideally, sorptive all,titles for rad:onuclides would be mf:asured in situ

in the geological formation of in£erest using long path lengths and

available groundwater. This is not generally feasible and must be

_" supplanted with data generated in a laboratory. Most of this section is

,' an extract of S_D78-0297, "Interaction of Radionuclides with Geomedia

Associated with the Waste Isolation Pilot Plant (WIPP) site in New

Mexico" by R. G. Dosch and A. W. Lynch. lt provides the results of a

series of laboratory Kd measurements for various radionuclides and

samples of different geological media from the vicinlty of the WIPP site,

and a dlscussAon of the conditions used in making the measurements. The

nuclides chosen for study have either a high potential for leaching

' and/or migration, a hlgh radiotoxicity, or a chemistry similar to that uf
• - . •

85S 131_•. a nuclide with these _roperties. They included 137Cs, r, ,

152 15 i0 243Am 24 23,q125Sb, 144Ce, Eu, 3Gd, 6Ru, , 4Cm and Pu.
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A given set of conditions Includlng p_, Ehf partlcle size, nuclide

concentrations, and brine and/or groundwater slmulant composition was

defin_ prior to starting the work and maintained throughout. The Kd

values reported are considered to be a set of prelimina=y baseline data

, for use in evaluating the effects of changes in those conditions which

. Will undoubtedly be necessary as more information about the WIPP site

itself and interactions of the waste forms with bedded salt become

available.

The results of some par_etrta studies with lanthanide elements are also

given. Significant differences in Kd's were observed as a result of
i

varying _ and nuclide concentrations, and from the addition of trace

quantities of organic contaminants to simulant solutions.

9.3.2 Geological Medla

Sample Selection. The geological samples used in this work were taken

from four inch diameter core samples from AEC #8 and ERDA #9 bo[eholes.

(See Chapters 4 and 7 for descriptions of stratigraphy and mineralogy.)

These include three samples from various rock formations (including the

' water-bearlng rocks above and below the evaporites), four halite samples

from the Salado Fc_ation, and samples of polyhalite and Cowden anhydrite

also from the Salado Formation.

The selection of the geological media for study was based on both the

hydrology of the _;IPP site and surrounding area and on a reasonable

scenario for radionuclide transport f-ore a bedded salt repository. The

Magenta, Culebra, and Bell Canyon formations represent actual or

potential aquifers.

.... Any path to the biosphere for water which may have cgntacted and leached

a waste form would involve migration through halite furmatlons, and also

through anhydrite and polyhalite strata interspersed in the halite.

Thus, these materials, along with the clay contained in the halite, are

, included in this study as they represent potential barri._rs to nuclide

migration.
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Sample Prepa[ation. Culebra, Mager":a, Bell Canyon, polyhalite, and

anhydrite samples were reduced to a powder prior to use. Clays from the

halite samples were obtained by dissolving co:e samples in deionlzed

water, fi'Itering and washlng the insoluble residue, and drying at ambient

temperature in air or vacuum.

'

9.3.3 12rlne and Groundwater Slmulants

' The bulk of the Kd measurements reported herein were done using simulated

brines and groundwater of the compositions given in Table 9.3-1. The

Brine A composition is based on that expected in an aqueous solution in

_" contact with potash deposits fmmd in the vicinity of the WIPP site. The

Brine B composition is typical of water in contact with halite deposits

in the repository horizons. The groundwater Solution C composition is

based on analyses of shallow groundwaters from the Los Medanos area

_ (Lambert, 1978) above the evaporites and is intended to represent an

"average" composition.

In determining Kd valul,s for halite particles, saturated brines prepared

from the particular core sample from which the halite had been taken were

used as the liquid phase.

9.3.4 Solution Chemistry

Solutes. The use of simulated brines became necessary as both naturally.

occurring brines and core s_mples from repository horizons are currently

aral]at e in very l_mited quantities. Simulants do of[er the advantage

of providing a reproducible matrix which allows for direct comparison of

Kd data generated in different laboratories.

, Potential problems In using simulants could arise from the absence of

trace constituents which rr0aybe present in natural waters. If these are

co_mon inorganic species, the effect on Kd's would probably be

negligible. H,_wever, trace quantities of organic compounds or dissolved

gases such as hydrogen sulfide could produce significant changes in Kd
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values should they tend to form stable complexes with some nuclides. ?he

effect of trace quantities of organics which may be introduced into the

repository as radwaste is being ac_ressed and is discussed in Section

9.3.8.

Oxidation Potential. In aqueou, migration from a deep geologic storage

site, nuclides would most llkeJy en_unter both anoxic and aerobic

conditions, in that order, as the biosphe_'e is approached. The potential

effect on Kd values could be many ordeLs of magnitude; however, this

should be limited to nuclides such as U, Np, and Pu which may undergo

oxldation-reduction reactions in the potential range encountered.

Oxidizing conditions have been used to date as they are believed to

produce the "worst case" with respect to migration, i.e., the higher

valence states of the previously mentioned actinides tend to have lower

Kd's, and they will be encourtered in any scenario leading to

contamination of the blosphere.

Hydrogen Ion Activity. The effect of the pR is believed to be extremely

iruportant in both the solution chemistry and the adsorption mechanism

ln:-_lved in the Kd for a given geological media. Problems encountered in

determining Kd values in systems where solution pH is varying are

discussed in Section 9.J.8. Changes in the adsorption characteristics of

clays, oxides, and some zeol_te materials as _ function of pH are well

documented (Amphlett, 1964).

The initial pH values of 6.5, 6.5 and 7.5 for Brine A, Brine B and

solution C simulants, respectively, were chosen as being representative

of field pH measurements of natural brines and groundwaters in the Los

Medanos area.

Radionuclide Concentation. Ideally, a distribution coefficient should be

independent of concentration. This condition usually exists only over a

narrow concentration range and, therefore, nuclide concentrations should

be chosen which are somewhat representative of those expected in a
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repository. The problem lies in the fact that little or no data exists

to aid in estimating leaching rates under conditions expected after

closure of a repository. These include glass or other waste forms at

elevated temperature (70-200°C) and lithostatlc pressure (2000 psi) in

contact with "wet" ._alt oL brine. Another presently unknown variable is

the effect of radiolysis on leaching mechanisms and rates. Available

leaching data primarily result f=om labo=atorl' learning experiments with

simulated waste in distilled water at amblent temperature.

Xn order to simplify both sampling and co,Jnting operations in the in_tlal

work, an activity of approximately 1 p Ci/ml was used for all

determinations unless stated otherwise. T_ corresponding n-cllde

concentrations based on the suppliers' analyses of the isotopes used are

listed in Table 9.3-2.

Unless otherwise stated, all distribution coefficient measurements were

made using a single nuclide in the br:nes or groundwater to eliminate

competing ion effects. The effect of the nuclide concentration on Kd's

is of concern and same initial work in this regard is presented in

Section 9.3.8.

9.3.5 Experl nental Procedures

Apparatus, sample size and Sampling. Samples of rock, clay, anhydrite,

polyhalite, or halite we_ weighed directly into polyethylene droppil,g

I bottles volumes of doped brine or groundwater were added. The ratio of

liquid &o solid was typically in the range of 30 to 35. Due to limited

quantities of the clay samples, higher ratios (50-150) were used in

experiments with clays.

The bottles were sealed by placing a piece of polyethylene film over the

_ning an_ replacing the bottle top. Agitation was provided by orbital,

reciprocating, or wrist-action shakers. Sample, _or analysis were taken

_4 by replacing the polyethylene film with a 0.8 _ pore size Gelman f.ilter,
tlgntening the dropping bottle top down over the filteL', and squeezing
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the bottle to force 0,5 to 1,0 ml volumes into p_'e-welghed polyethylene

vials. Quantitative volumes were determined from weight and density

measurements. The filters were replaced with polyethylene film and the

agitation continued.

Portions of all "feed" solutions were put in Identical polyethylene

dropping bottles, agitated, and sampled a'_ the same t_Jr.e and in the same

manner. The activity in the filtered "feed" samples were used as the

initial solution activity in the Kd calculations.

._nalyses. The activity in solutions containing 137Cs, 85Sr, 106Ru,

l?lI, 125Sb_ 152Eu, 144Ce, or 153Gd was determined by x-ray

spectroscopy. A Harsha_ 3" x 3" Nai(T1) _cintillation crystal or an

Otter rIP Series Coaxial Ge(Li) solid state detector was used. Data was

accumulated and processed by a PDP-II/20 computer system. 99Tc beta

activity was measured using a mica end-window Geiger tube or by liquid

scintillation countiag. Alpha activities were determined by liquid

scintillation counting. Since only relative activities ata needed to

d_termine Kd's, units of cpm/ml were used in all calculationa.

?quillbration Time. Samples of fission product nuclides were generally

oaken efter 14-20 and 30-35 day equilibration periods. In some

instances, more frequent sampling was done. Variation in Kd's between

_he two samplinq times were generally within a factor of two and are

believed to result from changes in concentration due to adsorption on

container walls, filters, or pl]changes in both the sample and feed

solutions rather than from rock-nucllde sorption kinetics.

Equilibration times of 170 dayu were used in the actinide expe=iments.

This extended period was dictated by delays in acquiring laboratory
.,

facilities rather than by experimental design.
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9.3.6 Kd Data

The. results of Kd measuLements _ing the conditions described in previous ++

sections a=e given in Tables 9..-3 tl;roug._ 9.3-11. _ach table represents

a different geological sw_,ple and _-ontalns t, Kd's determined for the

various brlne/groundwater-nucll_e ocrblnatlons listed and a pH range

Including the initial feed _i_ and final sample pl{ values. The Kd r ¢'es

given for the fis_on product nuclides includ- two or more measurements

made during the course of the exp_ ._ent. Error associated with these

measurements is certainly the mosf ignifica_t at the nigh ( >104 ) andJ

low (<I) ends of the Kd range, where background to signal ratios are

high or calculations a_e bas.,d on small dlf =erences in large numbers.

Two-to-tlvefold variations of Kd's between duplicate _.41yses in these

regions were not uncommon. Another obvious source of uncertainty is

sampling, both in picking a section of core to represent a gc_logical

formation and i taklng small samples to represent the core. The

magnitude of error due to heterogeneity in a given core Sample is

unknown, as multiple samples were not used in this survey.

9.3.7 Discussion of Kd Data

Cesium. Cesium adsorption from brines "A" _nd "B" on Culebra and Magenta

samples, representing a putentlal aquifer region overlying the rePository
,

horizons, is minimal or non-e stent with Kd's ranging from 0 to 2.

Adsorpt._.on frum groundwater C is slightly higher (Kd's frcm 4 to 10). In

the potential ac_uifer underling the repository, the Bell Canyon

Formation, Cs aasorption is signlficantl_ higher in the groundwater "C"

simulant than in brine "B". This trend tends tc.support an ion e_.hange

mechanism for Cs adsorption.

Similar results are cbserved on the samples associated with the

repository norizon_ with the exception of t_e polyha lte sample, which

did -ot adsorb Cs from any of the solutions used.
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,' Strontium. The adsorption of Sr on the ro=k samples from potential

aguifor regions was very low with a Kd of 5 being the highest value

ooserved in both brines and groundwater slmulant.

Of the materials associated with the repository horizons, only the

polyhalite sample showed any appreciable adsorption of Sr _rom the brine
/

solutions that would be associate(] wltn _he region.

J

The interstitial cla2 in the halite formation shows no tendency to adsorb

S, ._:om the brine solutions (Tables 9.3-6 and (.3-9), and this may be

attributed in part to toe relatively high concentration of stable Sr used

, in the simulants. However, the same behavior was observed in at.

experiment where a brine pregared by dlssolvin_ a halite core and doped

with < 0.3 ppm 85Sr was cycled through a column of the halite particles
/*

. from the same core (Tables, 9.3-1 and 9.3-II). In this case, only a

../ sil_ht reduction in Sr activity was observed (which may have reBulted

f_om adsorption on the glass column or Tygon tubing used to circulate the

brine), while 144Ce was quantitatively removed by the halite.

Europium, Gadolinium and Cerium. These nuclides have been grouped

together for discussio,_ because their e31emistries ace very similar,

patticularly with respect to hydro'.:,sls , and secondly, because the_.

exhibited similar behavior in their interactions with the geomedia from

: t_a WIPP slte_

..

• With the exception of polyhalite sai,ple_, Kd's of greater than 103 for

these nuclides were observed on all the geological samples with which

they were contacted. Any interpretation of there data with respect to

mechanim_ or comparison of the effects of d_fferent brines or geological

media is difficult because of the tontributlo_ of hydrolysis and

subsequent precipitation to the overall adsorption observed in the

experiments.

For example_ the polyhalite sample which was singled out as having Kd's

of le_s tnan 103 for these nuclldes (Table 9.3-7), also had final pH

%clues which were lower than the rock or clay s_ples. Tl,us, the
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apparent di_ference in Kd's may be a hydrolysis e[fect rathe_ than be

related to the polyhalite. The e¢¢ect of hydrolysis ts turthe_ discussed

in Section 9.3.8.

Technetium and Iodine. Both o_ th_ae nuclides ar_ expected to exist as

anionic species in natural groundwaters or brines and were used in 'he

form of Pertechnetate, Tc04, and iodide, I, in this work.

Hatura' ion exchangers typically exhibit extremely low anion capacities,

particularly in neutral or basic solution. In this work, the only

material which snowed significant adsorption of p_rtechnetate and iodide

was a clay sample taken from a _a'.Ite cote (Table 9.3-9). The adsorption

was observed in Brine A and groundwater C, but neither species appeared

to be adsorbed from Brine B. The relatively high concentration of Tc

used may have far exceeded the anion exchange c_pacity of some or ali oF.

the samples and this possibility is being investlgat_d.

Ruthenium and Ant,mon_,. Difficulty was encountered in preparing the

doped "A N, "B", and "C" soll]tions dre to the high coL'.centrations of

stable Ru and acid (4NHC1) in the l_Ru solution used. Adjustment of

pH after _oping resulted in precipitation of > 95t of the Ru. The final

feed so atlons were estimated to contain approximately 0.10 _Ci/ml of
l0

_u in "B" and "C" or 25 ppm total Ru.

General trends observed In the Kd measurements include: I) higher Kd's

for the clay minerals than for the rock samples, 2_ higher Kd's in

simulants "B" and "C" than observed in "A'. The latter effect may [_ the

result cf brine co_positlon, but more likely is a hydrolysis effect as

the fznal equilibrium pH of "B" and "C" is higher than that in the "A"

brine.

Antimony was edded to the group of nuclides being studied late in this

work, and there are not sufficient dat_ available on which to base any

general statements.

!
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Actinides. The act_.nides used in this work were supplied as Am(IZI),

Cre(III), and Pe(IV) solutions and Used at face value. No attempts were

made to determine the Pu species present in the slmulant solutions after

dop{n_. The nominal activity of the actinides in the solutions Used in

this work was l_Ci/ml, however, the final activities in the "_eed"

solutions were lower. The doping was done by adding the isotope

solutions to containers and evaporating to dryness at room temperature

The brines or groundwater solutions were then added to the containers and

the solutions were set aside for several days. The amount of isotope

used was sufficient to provide an activity of l.O_Ci per milliliter of

solution i£ the entire amount was dissolved.

In general, the actinide concentratZons in groundwater "C" at a pH of

7.3-7.4 are greater than those in the brine solutions in the 6.9-7 pH

range. This is particularly true for 244Cm, where the concentrations

are 2 to 3 orders of magnitude lower in the brine solutions.

Kd values for the actinides of 300 or greater are observed for all the

geological samples if the halite Kd's are based on weight of insoluble

material rather than the weight of the total halite sample. In general_

the Kd values in the groundwater LC" are higher than in Brine "B" which

could result _rom hydrolysis due to higher pH in the "C" solutions;

however, there are some cases where this Kd order is reversed.

The reasonably good agreement between the Kd values for the clay Samples

(Table 9.3-6) and the. halite containing interstitial clay particles

(Tables 9.3-5 and 9.3-Ii) suggests that the halite in the vicinity of the

repository can serve as a barrier to actinide migration.

9.3.8 Parametric Effects

I

pH and Nuclide Concentration Effects on Kd. The first investigation intn

the contribution of the pH of the aqueous phase add effect of nuclide

concentration on the sorption coefficient involved 152Eu sorption frc,m

" brines A and B and groundwater C on samples from the Magenta and C,.,lebra

Form aticns.

/
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The experimental pi:ocedure used was the same as that described

previously, except two blank samples cE each feed solution were Included

Instead of one. At the end of a t_:,oweek equilibration period, the pH cE

the samples and feed solutions were measured. One of the rued B and C

solutions was then adjusted so that its pH was equal to that observed in

sample solutions containing that reed. A sodium carbonate solution was

used tor the pH adjustment, which was done over a period of three days.

By the time analytical samples of the adjusted feeds were taken, the pR

" of sc_e of them had increased and was higher than une corresponding

sample. The pH of the Brine A feeds was not adjusted as the final values

were the same as those in the samples.

The pH of the adjusted feeds decreased significantly during the first

three months, probably due to adsorption of atmospheric carbon dioxide

(G_rrels and Christ, 1965). The pH of the solutions contacting the rock

also varied with some increasing and others decreasing; however, the

change was consistent within a given set of samples containing the same

rock and _olution.

Distribution coefficients calculated from both the feed activities and pH

adjusted feed activities afte_ two week and three month perlods are

listed in Table 9.3-12.

Europium is apparently more soluble in Brine A than in Brine B at th9

' same pH or in the C composition at higher pH. The effect of adjusting

the DH in B and C solutions definitely resulted in hydrolysis and

formation of some species which did not pass through a 0.8_ filter. It

is also of interest that slgrificant decreases in activity in the

pH-adjusted feeds were observed for all Eu concentrations used.

The Effect of Trace Organic Contaminants of Kd's of 152Eu 153Gd, and
144

Ce. One of _he concer,ls in estimatin_ migration rates of
radionuclide in aqueous media is the icl form Of the nuclide of

interest. Experlmr-,_s have shown that the simple ionic fcrms of most

polyvalent cation& • ,_eract quite readily with geol _:_Icmed'a fro_ the
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WIPP site via ion exchange or other sorption phenomena. These

interactions serve to retard the movement of the ionic species relative

to the aqueous matrix containing them.

/
The extent of the nuclide-geologic media interaction can be significantly

altered by changes in the ionia form of the nuclide. Examples of such
s

;_,_,. changes are redox reactions which may result in spsaies of zero or

" negative chazge types and reactions with available inorganic or organic
/ ligands to form complex species with different ahemica_ properties. One

such change in prcpertles might be enhanced mobility over that of the

bare ion.

Investigations of the sorption changes due to complexation between
I

organla ligands and radionuclides have been initiated by Robert T. Paine

of the University of New Mexico. One source of organic ligands whlcn may

' be present in large quantities in the repository is the plywoo6 used in

containers for shipping TRU waste. Samples of these containers are b_ing

reLluxed in synthetic Brine B at 70°C, the maximum temperature expected

in the transuranic (TRU) waste horizon in the repository. The initial

samples of this brine, subsequently referred to as B*, were taken after 5

weeks of refluxing.

Although no significant physical degradation of the plywood was observed

a£ter this t_J_e period, chemical local%Ing did occur as evidenced by the

coffee brown appearance of the brine. Gas chromatograph-mass

spectrometer analysis of the brine indicated the p:esence of organic

material, but identlflcaton was inconclusive. Infrared spectroscopy was

used to examine carbon tetrachloride and benzene-acetone extracts from

the brine. The extracted organic material fell into _.hegener_l class of

esterified rosin co(npounds, but no specific indentiflcatlon was

.,. possible. Qualltative observation indicated that the brine contained

, extremely m_all amounts of organic mater_al. Neither solvent system

extracted the colored species from the brine.
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The effect of plywood extract on lanthanide distribution coeffi_ient_
,I

(Kd's) was de_ermind by measuring ',d0u for 15]Ods 144p,,, and 52_u

between five geoloc?_o media from the WIP9 site and the brine B*

containing the plywood extract ,_nd comparing these value_ with Kd's

' obtained in ider, ,ca1 experiments usin_ )ure Brine B, The results are

gis'en in Table 9.,.,-13,

Although both the B and B* brines were doped initially with the same

concentrations of tracers, there Is a significant difference in the

activity of the final samples taken. This could result fro_ adsorption

on the polyethylene containers or hydrolysis and subsequent filtration of

hydrated ox._.desof the tracer eleJnents through the 0.8_] filters. In

eli ,_r case, the effect occurs to a significantly lesser extent |n the

brir,_ B*, which is probably the result of interaction "between the tracers

and some ligand extracted from the plywood to form complexes which are

less susceptible to hydrol_sis.

The difference in Kd values could also result from complex formation.

i The complex._ng ligand may be a rosin derivative, many of which form very

stable compounds '..4.rhheavy metals, lt may also be the species which

causes the brown coloration o£ the brine. Observation of the analytical

samples taken from the brine B* samples showed that the clay mater ' had

c, _letely decolorlzed the. brine. The other materials decolorlzed the B*

samples to varying degrees, as given below in order of decreasing color

intensity remaining in solution:

• 'eed > Magenta > Culebra _. Bell Canyon > Cowden > Clay solution

Similar work will be dono using extracts which are being prepared from

other organic materials expected to be associated with TRU waste such as

rubber gloves, swipes, detergents, etc. Based on lanthanide results, an

experlmental matrix will be designed to study the actinide elements.

The Effect of Oxidation State on Radionuclide Sorption. An additional

approach to understanG_ng the behavior of actinides under site speclfic

conditions n WIPP is the study of the behav,._r of vaL'ious oxidation



...... .4 .... ,_ .i

9-3'7

states o_ the actinides (particularly, plutonium) in the presence of

, variourJ components of the WIPP strata. This work in being performed at

Argonne National Laboratory by Sherman Fried and Arnold Priedman.

T<elatively concentrated solutions CE actinides (0.01 M) whose oxidation

states were determined by inspection o_ their optical absorption spectra

\, were prepared and allowed to react with saturated WIPP brines, and with

rocks Er_ the WIPP site. Since it was assumed that in the final stages

of a WI_P reposltoL_ oxygen might be absent in the rook salt, the

preparations were made in vaouo to identify species present under such

, conditions.

/
Solutions of plutonium were prepared in such a way that sarnple_ sealed in

optical absorption cells at approximately 10 -6 atmosphere of 02 could

be examined _:rctn time to time to observe changes in absorption peaks (if

any) and thus determine the stability of the particular oxidation state

as a function of time.

/

" In th_ case of plutoni_,_ prepacatlons, the isotope 242pu was employed.

This was done to minimize radiolysis effects (specificactivity PU242 =

4.5 x 103 d/m/_4g vs. 1/15 x 105 d/m_jg for 239pu). Zt is felt that

while the behavior of plutonium in these concentrated solutions may be

; substantially different than tracer Pu migrating in an aquifer where the

radiation fleld will be much less, it is nevertheless a good

approximation to the conditions immediately in the vicinity of the

canister when an amount of radioautivity has _ust leached out.

I

: . The various oxidation states of Pu were prepared Dy electrolytic means or

oxidation by ozon_ as the case required, in order to avoid the

introduction of extraneous _.ons whzch might affect the r._sults.

The solutions of Pu compounds (PuCI3, PuCI4, and PuO2CI2) were

[rnpared directly in the absorption cell, The concentrations were

generally of the order of 0.01 M. In a typical case, 4 ml of saturated

WIPP brine "A" (Table 9.6-i) was introduced into the optical cell and
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evapocated to dryness in a stream o_ nitrogen, After this operation, _.he

proper amount _' Pu compound was p_petted in the cell and evaporated to

drynes_ with the salts _rom the WIPP brine.

The cell _as attached to the vaouu_t, line and evacuated until the pressure

was _10 "6 atm, De-aerated water was then distilled under vacuum until

the amount o_ solution equals that which ociglnally plpetted into the

; oell.
i

These samples o_ various _u compounds were examined _rom time to time
t,

obsecving any ohanges in intensity or wavelength o_ absorption peaks

' co_respondlng to the oxidation state in question.

The resulting samples p=epared for measurement of changes in intensit_ o_

the optical absorption spectra are Pu(III), Pu(IV) and Pu(VI) in uater,

and in saturated WIPP brine solution.

h

No definite changes ._n absorption peaks corresponding to changes in

oxidation state were observed, The Pu(!V) solutions were so dilute,

because of _preclp_tat_on from the hydrolysis of Pu(IV), that little or no

characterlstJo absorption peaks could be observed at all, The Pu(III)

solutions, whose absorptlun peak is at about 6000 _ , also s_x)wed little

or no detectable change over the time interval of the experiment (2-4

mon ths).

The Pu(VI) as PuO2Cl2, surprisingly, is insoluble in saturated WIPP

brine. The level of solubility is :Jo small that no absorption peaks
f

could be seen at all. In order to be sure that thls case is not one of

very slow rate of solution, the sealed absorption cells are being rotated

with periodic abesorptlon spectrtm_ determinations.

Some absorption studies have already been carried out with Pu(IV) and

Am(III) on anhydrite and dolomite from the WIPP site (see previous

sections) .



Work is presently underway with the Argonne National Laboratory

Anal_t_cal Chemiqtry Group to develop p_ocedures for the determination of

the oxidation potential of WIPP salt_ do%omite and anhydrite slurries,

,particular ly those employing oxldation-reduction Indlcators.

Crude reaction rates and KD values o¢ Pc(III) and Am(III) with Magenta

and Culebra dolomites in waters that have been equilibrated with the

individual rock ue in the table.

Rock Type Radionuclide Reaction Time (ht) KD

,. Magenta (gypsif erous Pu 50 41

dolom Ite )

Am 400 47

Culebra (silty

dolomite Pu 1 19

Am 1 84

It should be understood that these reaction rates are crude and that the

.... KD values _e sc_owhat indeterminable because of varying quantities of

radionuclides "plating out" on the walls of the containers. These

experiments will be repeated as a function of temperature. Since these

' determlnatlons"were made on tablets of-rock of known dim3nsions, the

surface adsorption coefficients can be calculated, these perhaps being

more applicable to migration along _issures and cracks, where the surface

absorption coefficient is

activity/ml liquid
So -

activity/cre2 solid

The installation of a controlled atnosphere box has made it possible to

, study the absorption of the various oxidation states of Pu without the

perturbing effects of atmospheric oxygen.

....................
'::......................................................... I,.,IH_ -
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9.3.9 Sum ar:i,
i

A survey of the potential of geological media from the vicinity of the

Waste Isolation Pilot Plant site in So'Jtheastern New Mexico for

retardation of radionuclide mlgratJon via an aqueous carrier hns been

completed. Solution slmulants representing water in equilibrium with

potash minerals or halite r:one, and a typical groundwater were spiked

wlth radionuclides and contacted with geological samples to obtain

' sorption coefficients, Kd's. The samples were taken from potential

aquifers above and below the repository horizons and from bedded _._alt

deposits in the repository horizons. The nuclides chosen for study

represent those with a high potential for leaching and/or migration, high

.. radlotoxicity, or those with a chemistry similar to nuclides with the

aformentioned properties. They included 137Cs, 85Sr, 131I, 99Tc,

125 144Ce '
_L, 152Eu ' 153Gd ' 106Ru 243Am ' 244Cm, and

238pu '

A very general summation of the Kd results in brine slmulants is as

folluwsl Anionic species, TcO 4 and I , showed little or no

tendency to adsorb on any of the geological media (Kd's < 1), with the

possible exception of a clay m_terial from a halite stratum (Kd < 5). Cs

and Sr Kd's were also gene 'ly less than l, b_ values in the range of

/ 10-20 were observed on several m/nerals. Ru Kd's ranged from

/ 25 to >103 , depending on the brine _und eological materials. The

lanthanlde and actinide Kd's were typically > 103 , with only polyhalite

showing significantly lower adsorption.

In the groundwater simulant, Tc and I shGwpd the same behavior. The Kd's

of the other nuclides were slightly higher, part ::ularly those of Cs and

Sr. This would be expected if the sorption were due to an ion exchange

mechanism, but, _n the case of the lanthanides and actinides, may also

result from an increased contribution of hydrolysis to the Kd due to the

higher pH of the groundwater simulant.
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Important parameters in Kd measur_ents include solid sample form,

slmulant composltun, Eh and pH, and radionuclide ooncentratlo,_. In the

Kd survey measurements, an initial set of these parameters was selected

and, wherever possible, was used throughout the work. Parametric studies

with Eu involving pH, trace organic constituents in the slmulant

solutions, and radionuclide concentrations have shown that significant

differences in Kd's can be observed by varying any of those parameters.

l

A general observation which can be made from data obtained to date is

that a Kd represents an empirical value for nuclide adsorption, which

includes the effects of physical adsorption, ion exchange, and hydrolysis

or other precipitation processes. The utility of a given Kd value is

unambiguous only for that set of conditions used in making the

measure_nent. Kd information which is used in modeling radionuclide

migration should be in the form of a range of values generated in

,' parametric studies under the variety of conditions postulated for a

specific repository site.

For the WIPP site, rock salt, anhydrite, polyhalite and water-bearlng

dolomites and sandstones show an affinity for radionuclide sorption.

, Sorptive capacity as measured by batch Kd experiments generally expressed
l

; Kd > O. Even small values of Kd (0 <Kd< i) are effective in retarding

the movement of radionuclides in groundw,ter.

.
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Hole No. - Sample depth Irl ft, (Conf, pressure in kst, Temp. in oc)

.... 9.2689 (,10, 23)

.-...-- 7.2837 (,25, 23)
--- --- 9.2601 (,50, 23)
.... 9.2601,J (3,0, 23)

NOTE', Open squaresIdel_tlfy approximate _tralns at ultimate stresses,

TRIAXIAL VARIATION OF LATERAL STRAIN VS. AXIAL

STRAIN FOR TEST OF FIGURE 9.2.4-5

From, Wowerslk and Honnum, 1978

FIGURE 9, 2,4-5
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TRIAXIAL VARIATION OF SHEAR, STRAIN MS

,VOLUMETRIC STRAIN FOR TESTS OF FIGURE 9.2.4-:3

i

From,Wowersik and Hannum, 1978
FIGLIRE 9,2,4-6
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Hole No, - Sample depth in Ft. (Conf. pressuretn ksl, Temp. i C)

----.- 9.2673,4 (,50, 100)
..... 9.2604 (.50, 200)

TRIAXIA STRESS-STRAIN CURVES AS A "-UNCTIOPJ

OF TEMPERATURE AT CONSTANT CONFINING PRESSURE

From_Wowersik or" Hannum, 1978 e
FIGURE 9,2,4-7
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. VARIATION OF LATERAL VS. AXIAL STRESS

FOR TESTS OF FIGURE 9.2.4-7
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------ 9-2604 (.50,200)

VARIATION OF SHEAR-STRAIN VS. VOLUMETRIC

STRAIN FOR TESTS OF FIGURE 9.2.4,.7
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..

7-2740 (.50, 200)
Hole No. - Sampledepth in ft. (Conf. pressurein ksi, Temp. in oc)

---- -,-- 7-2744 (3.0, 200)I

I

..... Actuat load path

TRIAXIAt. STRESS STRAIN CURVES AS A

FUNCTION OF' CONFINING PRESSURE AT

2OO°C

From: Wawersik and Honnum, 1978
FIGURE 9.2.4-10
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A 7.2836 (0, 200)
Hole No. - Sample depth in ft. (Conf. pressure in ksi, Temp. in °C)

------ 7-2740 (.50, 200)
------ 7-2744 (3.0, 20n)

VARIATION OF LATERAL STRAIN VS. AXIAL STRAIN !

FOR TESTS OF FIGURE 9.2.4-10 I

(PLUS ONE ADDITIONAL TEST

IN UNIAXIAL COMPIRESSIO_')

From: Wawersik and Hannum, 1978
FIGURE 9.2.4-11
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AXIAL STRAIN VS. TIME FOR TEST OF
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CJNFINING PRESSURE PSI

KEY

Load Path I (o 2 = o 3 = const.) o_1+ e2 + _3
-"- "- Load Path II (o'm = nonstl) om = 3

----.,-.- Load Path ill (01= const )

NOTE: See table g.2.4-3 for tabulated data.

MAP OF THREE NON-PROPORTIONAL LOAD PATHS
\

AND COMMON STRESS ST#TF_.S

(POINTS A THRQUGH K)

i From: Wawersik and Hannum, 197B
*' FIGURE 9.2,4-13
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KEY STRAIN E I - £3 %
-.--.-.. 7.2725 (.50, 23)

Hole No. - Sample depth in ft, (Conf. pressurein ksi,TemP. in°C)
- 7.2745 (3.0, 23)

--...-.-- 7-2740.5 (3.0/.50/3.0, 23)
.......... 9.2601.5 (3.0, 23)

NOTE: The partial code 3.0/.50/3.0 identifies prevailingconfiniv_g
pressuresbetween([_l-rf3) = 0 and first unload/reload cycle, first
and secondunload/reload cycle, and between secondunload/reload

. cycle and final unloadingtrace.

,' STRESS-STRAIN CU RVES

' FOR SAMPLE SUDJECTED TO

ONE OR MORE CONFINING PRESSURES

O From: WGwersik and Honnum, 1978 FIGURE 9.2.4-14

sw , ' ,. / r'

e



I0-

/

x//-

._ /m,//"w

, f'
Z

0
i I ' I

O 5 IO 15
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--- --- 7.2725 (.500 23)
Hole No. - Sample depth in ft. (Con_. pressure in ksi, Temp. in oc)

.... 7-2745 {3.0° 23)
•---.--- 7-2740.5 {3.0/.50/3.0, 23)

VARIATION OF LATERAL STRAIN VS.

AXIAL STRAIN FOR TESTS OF FIGURE 9.2.4-14

From_ Wawersik and Hannum, 1978

FIGURE 9,2,4-15
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DEFORMED CORE SAbIPLES OF ROCK SALT

FROM DRILL HOLE ERDA #9

FROM: HANSEN and MELLEGARD, 1977 FIGUREg,2,4-1_
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Table 9.2.4-3 Deviatorlc Load Path Data For Figure 9.2.4-13

Refer ei_ce

Point In Load (oi - Oa) o2=oa om 81 -_3

Figure 15 .pat_...._h__hPSI PS_..__I PS._.__I i i
/
#

A I 1600 2970 3550 0 17 0 07
,_ • •

III 1640 3020 3570 0.075 0.05

B I 1520 520 1015 0.357 0.175

II 1500 520 1015 0.3 0.168

C I 2200 260 1040 o. 782 0. 441

II 2250 250 1015 0.769 0. 476

D _I 3190 1120 2180 I.35 0 •786
III 3150 1120 2160 0.73 0.454

E I 3540 520 1670 1.38 0.828

II 3580 510 1700 1.12 0.705

P I 4700 490 2090 4.04 2 434

II 4740 510 2120 3.92 2.430

G I 3840 250 1490 2.486 1.85

III 3780 250 1500 ]..49 1.01

H I 5240 250 1990 8.58 7.81
III & I 5).40 260 2000 6.41 5.46

II 5320 276 2070 5.71 3.79

K I 2950 0 990 1.49 1.47

ii 2950 15 i000 I.58 I.19



T_ble 9.3-i

REPRESENTATIVEBRINES/SOLUTIONS
FOR

t

WIPP E'XPERIMENTATION

Ion Brine "A" Brine "B" Solution"C"
--- _(mg/llter)_ (mg/liter) (rag/liter)

(±3"1o) (.+3_Io) (± 3"1o)

Na+ 42,000 .115,000 100
K+ 30,000 15 5
Mg++ 35,000 .t.0 200
Ca++ 600 900 600
Fe+++ 2 2 1

Sr+++ 5 15 15
LI 20 - -
Rb+ 20 1 1
Cs+ 1 1 1

Cl" 190,000 175,000 200
S04"" 3,.500 3,500 1,750
B (BO3....) 1,200 10 -
HCO3" 700 10 100
NO3" " - - ZO
Br" 400 400 -
I - 10 10 -

pH(adjusted) O,5 6.;5 7..5
specificgravity 1.2 1.2 1.0
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Table 9.3-2

Nominal Concentration of Nuclides Use.din Kd Measurements

Nuclide Concentration, ppm.

1370s O.012

Stable Cs i.0

85Sr 0.03 - o.3

Stable Sr 5 - i_

106Ru 2_00

99Tc 59

152Eu 0.I - i.O

l&4ce 3 x 10-4

1311 5 x 10-5

153Gd 0.2- 2.O

125Sb _ 0.01

2_3A_, 5.h

245Cm O.012

2B8Pu 0.058
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Table 9.3-3

I Distribution Coefficients on Samples From the l,_gentaDolomite

!

Fission Product
Distribution Coefficients

Brine A 6.5 - 6.9 < i 1 C - 1.5 > 5 x 103 _0-50

Brine B 6.5 - 7.5 < 1 1 < 1 > 5 x 103 500-600

Sol'n C 7,5 - 8.2 h 5 0- 1.5 > I0h 400-550

Actinide
Distribution Coefficient_

pH range ____ Am C_2m

Brine B 6.5 - 7.8 5.2 x 103 3.1 x 102 1.3 x 103

Sol'n C 7.5 - 8.2 2.4 x 103 2.4 x 103 4.2 x 102



" Table 9.3-4

Distribution Coefficients .gn samples From the Culebra Dolomite

Fission Product
Distribution Coefficients

rH r_ug_ c_ sr _ _ ____

Brine A 6.5 - 6.9 < 1 < i < 1 > I0h 25 - _5

Brine B 6,5 - 7.6 1-2 1-2 < I > 104 650- 660

S_l'n 7.5 - 8.2 7-I0 4-5 < I > 104 240- _00

Actinide
Distribution Coefficients

pH range Pu Am Cm

.... Brine B 6.5 - 7.8 2.1 x 103 2.6 x 103 1.2 x i0h

Sol'n C 7.5 - 8.3 7.3 x 103 2.2 x I04 i.i x 105

Table 9.3-5

Distribution Coefficients on Halite From The

2056' Horizon of E_A _9 Borehole

" Actinide Diz_riou_tion
Coefficients i

pH range Pu Am C._m.m

7.0 - 7.1 17 306 354

(l.OxlO_) (l.8xlC,5)(2.1yao5)

i) The Kd values in parentheses _'erecalculated.
from the weight of water insoluble material
in the halite. %_e lower values are based on

the total weight of halite ta.ken.

@



Table 9.3-6

Distribution Coefficients on Samples of Clay From
Th- _.86.6'Horizon of A--C _8 Borehole

Fission Product

Distribution Coefficients

' pH range C__s S._r _ Gd,Eu ____

' Brine A 6.5 - 7.0 < 1 < 1 < 2 _ 2.5 x 103 150-180

Brine B 6.5 - 7.7 4-6 < I < i > iO4 > 2 ::I03

Sol'nC 7.5 - 7.8 80-120 3-6 < 1 > lOb > 1 x l0B
/

' Actinide

Distribution Coefficients

Brine B C.5 - 8.0 1.1 x l03 h x l0b 1.9 x i0h

Sol'nC 7.5- 8.4 3.5 x 1_ 1.8x 105 4.2 x lO5

Table 9.3-7

Distribution Coefficienzs on Saz_es _f Polyhalite
From the 230_' Horizon of EFDA _9. Borehole

, .

Fission Product

Distribution Coef_'cients
..

1
pH range Cs Sr i_, Ce Sb Tc

Brine A 6.5 - .O < 1 5-10 10-20 < 1 < 1

Brine B 6.5 - 7.2 < 1 19-22 430-700, O. 9-1.5 < !

50-55

Sol'n C 7.5 - 7.6 < 1 35-: 3 i00-200. -_ < i
40-60

i) Where two ranges of values are given, the first re.'_rs to
Eu and the second to Ce.
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Table 9.3-8

Distribution Coeff_"ci_.ntson Sample of Cowden Anhydrite
'' From the 2562' Horizon of AEC _8 Borehole
I,

Fission Product
Distribution Coefficients

,;

, PH ,range Gd,Eu,Ce
/
/ Brine B 6._ - 7.9 "_103

Actinide Distribution
Coefficients

• ,

T... pH ramie A_m Pu Cm

Brine B 6.5 '.7.9 2.9 x 102 6.7 x 103 k.2 x 103

Sol'n C 7.r . 8.2 2.2 x 103 7.9 x I0h i.8 x 105
L

ii,

_,.

"' "2
!

I

! ..

' I

"_ j..
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Table 9.3-9
-,,..,

" Distribution Coefficients on Samoles of Clay from
.':', the 2725' Horizon of AEC #8 Borehole

J

. , _ Fission Product

!,' i'/' Distr.'.,._JtionCuefficients

pHr_nge c_ s_ _ z Tcd l Ru

Brine A 6.6 - 7.0 b-9 < I > _03, 3.5-b.5, 90-120
2.8-4_02 o..3..5

Brine B 6.7 - 7,4 3-6 < I > IOb < I > iOS

Sol'n C 7.5 - 8.0 3b-bo 30-45 > 104 0.7-1.5, > i03
>3x.Io3 ' O. 5-4

ActinAde

Dictribution Coefficients

pH _ nge Am Pu Cm

' Brine B 6.5 - 7,8 310 7.2 x lOb 2.7 x 103

Sol'n C 7.4 - 8.h 2.3 x 103 4.0 x 104 1.6 x 105

" i) Where two ranges of values are given, the first refers to
the first element listed and the second range is for the

second element listed.
0

Table 9.3-10

Distribution Coefficients on Samples of __ellCanyon Formation .

Fission Product
Distribution Coefficients

pH range C._ss Sr ( _._ S.b Tc

Brine B 6.5 - 7.b 14-16 < I '_'IOh 5-8 < i

Sol'n C 7.5 - 7.9 130-140 1-5 > iO4 20-25 < i



Table 9.3-ii
,

Distribution Coefficients on Halite Samples From the
2611' Horizon of ERDA _9 Borehole

Column Experiment

Column Bed: 7.5 g of Halite in i cm diameter coltunn

Solution: Saturated Halite Solution, 200 ml

Flow: i Bed volume/mln.

% of Initial Activity in Solution

Time(da_) 85S__lr 144C___2e

0 i00 i00

I 98,0 26,7

4 96.8 0.9

8 9_.4 o

Actinid_ (I)
Distribution Coefficients

pH ran_e Am Pu C__m

7. o - 7.3 11 .59 56

' . , (3.8x 1o3) - (2.11x ]_ob) (2x Iob)

(I) The Kd values in parentheses were calculated using the weight of
' water insoluble material in the clay. The lower values are based

on the weight of halite taken,

i

I



Table 9.3"-19

_-'_z'-'[ bu'_I on Ooe
=; .Nomt.na/_._ c:f.ent,s ,.-

a _. 7xao _ i
,, O.i i.5x.I0 _,

,4 3.6z4o_ --
,, 1,0 2,.L_.o _ -.

z3 _.8_o_ ..-
,, o.oi _.3z..lo_ -..

.B 3. _x.lo3 --
,, O.I i.6xi03 "-

--
,, 1.o 3.6x./03 7,6xi03

O 3. ?xlo 3 . -.
,, o.ol 3._cl03 I.3xl03

o _.8_o _ 8.8_o 2
,, 0.i i.3x.10_ l._x103

O 2.?zZO_ ..
i.o 2.6_o _ 1.Z_o_

2.Oxa.Oh -.
_,h_o _ 1._LO_

t"_'enta A i.2x/O3
,, O.Ol 9.6xlO3

A 1._x.zoz_
,, 0.i 6 x 103

a -L.gxO.O_ --
,, I.0 2.0x10 4 "-

":" a 1.2x_O_ --
,, o.o_ I._o_ --

a 2.8x.l 03 --
,, O.i 8.6._0z "-

8.3x/03 ""
,, " /. o 3. '7x.7.o3 L_x .lo2

c 1..L_o 3 --
,, O.01 i.2alO3 /.3x/O3

, o 2.o-z..lo_ 3.5_'_o_
,, O.i 1.7x/O i Z_.Oxlo2

O 3.6x/o_ --
1.o 2.2x_o_ 1.3_o_

i._o_ -.

I.5xlo_ 7.7_o 2 1.6_io _

(i) Kd ba_edon act_v_y _n feed _olu_ons. 1.3xlO_

(2) Kd ba_edon act_v-ity_n PH adjUStedfeed solutions.



28 Day Equilibration

Feed B 23,260 - 20,170 - _,800 -

Feed B* 33,350 - 35,210 - 5,910 -

Culebra B h.3 x 103 8.3 x 103 3.3 x lO3
" B* 2.1 x I0_ 1.8 x I0_ 1 3 x i0_

..

Magenta B 3.5 x lO_3 2.5 x lO_3 _ 104
" B* 1 4 x l0_ 1.6 x i0E 2.5 x lO2

Bell Canyon B h.2 x 103 2.7 x lO} 3.2 x 103
" B* 1 5 x i0_ 1.7 x i0_ 3.2 x 30_

Cowden B _ 105 5 h x 103 1.8 x 103

" B* _.7 x 102 _18 x I0_ 5.3 x lO_
I

Hi Clay B 6.5 x i0 7 x i0 6.1 x J_
' B* 1.9 x i04 2 x i0- 5.9 x iO" i

i
t
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GCR CHAPTER i0

CO'N_INUING STUDIES

' 10 . 1 II_RC DUCTION

Continuing studies for the WIPP primarily encompass those geological

processes that need to be understood in order to more quantitatively

assess the safety of oonvortlng the WIPP to a repository. The processes

of importance are tectonic, geochemical, hydrologic, and climatic. The

studies indicated within this chapter ge;,c..rallyrelate to these major

: processes. In addition, a few studies indicated in this chapter relate

to minor continuing efforts of site characterization. This chapter will

serve to enumerate issues which remain to be addressed relevant to the

safety of converting WIPP to a repository. It is not intended here thati

specific plans and schedules be presented.

' The organization of Chapter I0 follows that of previous chapters.

10,2 SITE SELECTION

@
,/ In llne with the differentiation made in Chapter 2 between site

selection, site characterization, and site confirmation, the activities

of site selection and site characterization are nearly complete. The

confirmation of the WIPP site for a repository will necessitate the

continuing studies indicated in Sections 10.3 through 10.9.

10.3 REGIONAL GEOLOGY

Continuing studies of the regional geology focus mainly on the processes

of tectonics and climate through studies of paleoclimates and various

/ manifestations of past tectonic activity.



10.3.1 PaZeoeZJ!il_tology

The purpose of paZeoolimat_c studies in southeastern New Mexico is to

develop the local timing and magnitude oF. past climatic Ohanges and their

relation to observed geology to help assess the possible effects o_

future changes on a repository,

The primary method o_ pa!eoclimatio study is to examine cores of

Pleistocene or Recent sediments for fauna and _lora which are indicative

of past climatic condltlons. In addition, organic matter or ash falls

may, if suitable, be dated radlometrically to provide tlme control.

Studies cE paleoclimate are underway with preliminary analysis of core

taken in S,n Simon Sink from borehole WIPP 15. Fauna and flora are being

separated from the sediment for paleontological analyses, and suitable

organic material is being separated for radiocarbon analysis. These

studies cE th_.0San Simon material t,ill be completed in 1979 to yield an

initial profile of climatic changes, Further coring in other locations

may be undertaken at that time, if ne _ssary, to supplement the record.

The final stage cE this study will be to integrate the local climatic

changes 1ntu the information about regional climates and to determine the

relationship between climatic changes and related processes such as

subsurface salt dissolution and resultant subsidence (see Section i0.6).

10.3.2 Regional Tectonic Studies

The purpose of various studies of regional tectonics is to assess the

long-term effects of tectonic forces on a repository.

Several studies together cont,¢bute to information aLout regional

tecLonlcs and include the seismologic. L studies discussed in Section 10.5.

LANDSAT. A preliminary examination of LANDSAT photos has been completed

and is reported in Chapter 3. In addition, the WIPP site and surroundzng

regions will be re-examlned in 1979 with more sophisticated image

,},
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enhancement to dgterlalne the presence and location cE more subtle

lineaments. Field evaluation of the interpretations will be undertaken

as required.

Levelln_ Surveys. Rel_vellng of sc_e existing flrst-order vertical

control lines was carried out in 1977, and about 300 km of new lines were

established. These new lines, some cf which traverse Nash Draw and the

WIPP site, will he periodically releveled to establish a data base for
i'

separating reglonal tectonic effects from local effects perhaps due to

dissolution (_-e Section i0.6).

l
1

1 West Texas Salt Flats Graben. Releveling and seismology studies indicate
active tectonic displacement on the west Texas salt flats graben.

Seismic reelection records will be ,amlned and test coring conducted in

1979 to determire I£ the sediments will yield a record of tectonic

disturbance that will contribute to information about the tectonic forces

likely to affect a repository located in the Delaware Basin.

i0.4 SITE GEOLOGY

The purpose of continuing studies of site geology are to refine the data

base for assesm_ent of the safety of a repository there, and to

contribute some additional details of site characterization. The methods

and studies as such are quite varied.

.

i

10.4.1 Geolo@Ic Mappin_

Geologic mapping continues on the WIPP site and in the area, particularly

under a study of the stability of the WIPP site. This study, being

conducted by the USGS, is concerned with mapping callche and related

sediments to provide more conclusive data on tho length of time the area

has been stable, and the rates at which areas around the site have been

disturbed.



10.4.2 A_er,omagnetlo Survey

A very high resolution aeromagnetlc survey will be initiated during FY79

to examine the WIPP .-ire and Eeveral speoial features. The survey cE the

site will primarily be to determine if any dikes have ir_ruded the

evaporites at the site since dik; might f--.m a pathway for fluid flow.

Se-eral of the domal foatures mentioned in Chapters 3, 4, and 6, two of

which are considered to be breccia pipes, will be examined to determine

if a magnetic signature is associated With disturbance of the magnetic

red beds. The tool, if proven applicable, might then be used for

prospecting to support continuing studieu of breccia pipes as indicated

in 10. _;.
e

i0.5 SEISMOLOGY

The pUrpose of continuing seismologlcal studies is to provide data for

fecillty design and to expand the data baso contributing to an

understanding of tectonic processes affecting a repository in the

Del,ware Basin. Seismological studies are supported by arrays of

stations near points of interest.

10.5.1 Near-Site Activity

%'he careful characterization of near-slte background activity, as

indicated in Chapter 5, is the domlnant seismic issue affecting the WIPF

site. Station CLN has been operating near the site since 1974, and

continues to operate. It is planned to au.u_nt this station so that at

least three stations will be operating at the site to bett_r define

near-slte seismlcity.

10.5.2 Central Basin Platform

An array of stations has been operating near Kermit, Texas, since 1976 to

evaluate the seismic activity on the Central Basin Platform and to

explore the relationship, if any, between this activity and the massive

rl .... " II ' '
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fluid injection for secondary oil recovery operations occurring in that

area, This array will continue to operate both for thJ.s putpos_ and

because the assessment of seismic activity ac the WIPP site may partly

depend on an understanding of the relationship between fluid injection

and seismic activity should injection occur in oil fields near the site,

10.6 CONTINUING STUDIES IN HYDROLOGY

i0.6.1 Introduction

Hydrology is a major consideration vhen examining the feasibJ.11ty for

locating a nliclBar waste disposal slte. Two factors are directly related

to hydrologyz (i) the geologic stability of the formation in which the

waste products will be stored, and (2) the occurrence of water as a

transport medi_,l for radionuclides. Unsaturated waters migrating along

the surfaces of the salt b_ds wiil dissolve salt; thereforR, an

examination of magnitude and direction of fluid flow and fluid chemistry

e in formations above and below the salt is necessary. Additionally, the

direction and rate of fluid movement both above and below the storage

horizon should be evaluated to predict the movement of radionuclides

should they be accidentally discharged into the aquifers.

10.6.2 Purpose of Hydrologic Testing

t

TWO hydr_logy-related questions are to be answered in evaluating the i

sultab_llty of the proposed WIPP site.

i, What is the geologic stability of the Salado Formation?

2. Stlould the primary containment barrier (the salt) fall or an

accident occur, where and how rapidly will radionuclides be

transported by groundwater?

Three factors need to be investigated to examine the integrity of the

Salado _thln the sltez (I) the Rustler-Salado contact is to be examined
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geophyf_ically and petrolog_:_lly withir_ the WIPP area to determin._ if

dissolution is presently occurring, (2) the dissolution front (as defined

by the edge :£ the shallow dissolution zone in the N_sh Draw) r.eeds to be

located more precisely, {3) the estimated rate of dissolution is to be

_efined.

The hydraulic gradients and rates of fluid movement in the series of

fluid beaEing zones that overlie the Salado require further defln_tlon.

Estimates of concentratlon_ of aquec_.s species (and when and where _hey

might appear) may then be refined for specific safety-assessment mode±_ng

scenari.._sde.qc[Iblng radlonucllde escape into these groundwater systems

and migration out of the area. In addition, formations which do nct

presently contain water but exhibit some degree of permeaoility to be

tested to see what rater of movement woul: _e, should they conta,_, water

or other ,:lulds at some later time.

10.6.3 Direction and Rate of F :d Mi_ration

If r_: _onuclides were to reach fluid bearing zones in the Rustler, they

would be trans, _ted away frc_ the site by the groundwater system. To

evaluate the impact of =h an accident on the surrounding area,

hydraulic gradients and _._,draulicconductivities of fluid bea_ _g zones

overlying the salt beds will be determined or modified. Data for these

determinations will be acquired by _>umping te,-: on hydrologic test holes
..

or measure ents of the recovery time of flui vels in bailed holes.

Tracer tests will be conducted where they may contribute useful

information.

A series of hydrologic ests is planned in holes placed near the

periphery of .he proposed land withdrawal area. After additional testing

of some existing holes, cor_:rol points for the potentiometric surfaces

and for hydraulic conductivities will have been established for the

perlpnery with a spacing of 2 to 3 miles. These data will allow

construction of more detailed potentiom _ ric surface maps for the site

area. The potentic_etrlc contours; will De meshed with the results from
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the Nash Draw program to the west. Consequently, the potenticmetrlc

surface and hydraulic conductivity data required for modeling efforts of

long-term safety assessment will be obtained for an area extending from

the northeast part of the study area to Malaga Bend on the Pecos River

(an area of about 200 square miles).

The borehole plugging program requires data from both laboratory and i__nn

sit...._upermeability measurements. These permeability measurements, botll in

the evaporites and in aquifers, will provide addlulonal data for the

safety assessment work.

10.6.4 Dewey Lake Redbeds

The Rustler Formation and the shallow dissolution zone in Nash Draw have

demanded the attention of this program because they are fluld-bea_ing.

The Dewey Lake Redbeds are also of some significance since fluids are

e present in sandstone lenses. Although the redbeds are only locallysaturated, two possibllities exist for additional water to enter the

formation, a climatic change to a high rainfall period, or migration of

fluids from below into the redbeds.

Tests in two ty_es of holes are being considered: existing holes, and at

least one new hole specifically designed for Dewey Lake..te.otii_g_"The

casing in existing holes will be perforated opposite permeable zones as

identified from analyses of logging and drilling records.

_he standard hydrologic testing procedures will allod calculation of the

transmissivity of fluid bearing strata in the Dewey Lake Redbeds or other

permeable zones that might be expected to contain fluids at _ume future

time.

10.6.5 Long-Term Monitorin_

The peripheral hydrologic test holes, which now include four potash

holes, wxll beconflgured for long-term monitoring. This long-term
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monitoring may show what changes are taking place in the hydraulic

gradients which in turn may indlcat_ _ncreased or decreased flow, and

. variations in rates of recharge or discharge. Moreover, depending on the

extent of the monitoring system, a warn,ng network for information on

fluid threats to th,_.integrity of the repository is obtained.

The Dewey Lake Redbed hole(s) can be monitored to detect fluid movement

that may not be present except during high precipitation cycles of long

or short duration.

The test hoius drilled in Nash Draw would be monitored to detect changes

in the hydrologic regime along the i;_.ustler-Saladocontact. Because the

Culebra is the main producer of water west and south of the WIPP area, it

is deslrable to _onltor this fluid-bearing strata to determine its

relationship with the shallow dis':;olution zone and to pro..lae additional

data for modeling the safety asses_ent modeling scenarios.

i0.6.6 Surface Rydrolo_y

Surface hydrology must be examined climatologically with the aid of

• surface mapping. Records of annual rainfall and intensity and duration

o storms (particularly high intensity, 24 hour, 50 and 100 year

recurring storms} are available. This informat _n, in conjunction with

surface mapping (from aerial photographs, topocraphlc maps, or both) of

contributory drainage will provido the basis to estimate amounts of

runoff and amounts of infiltration in the study area. Because of the

high evapotranspirc.tion and the callche layer below surflcial sands,

infiltration estimates are expected to be only a small portion of the

calculated recharge.

Photo ammetric and field mapping is planned to locate and describe

springs which may issue fr_ the Dewey Lake Redbeds or the shallow

dissolution zone. Several springs are suspected to be located west of

the site, and dtscharqe measurements could aid in the identi_icatlon of

the formations from which they issue. Geochemical monitoring of many
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such springs, including the Malaga rend seeps and the Pecos River salt

load, will add to this overall understanding of hydrologic system
,

- dynam ics.

I0.6.7 Overview of Deep Hydrologic Testing

Three objectives _or dee.p aquifer testing to complement the slte-speclfic

shallow aquifer Investlgat_ons in the WIPP study area are:

[I) To obtain static bottom-hole pressure measurements in the deep

aquifer zones, for the refinement of prevlcus estimates of local

potentlometrlc surfaces, hydraulic gradients, and hydraulic

conduct ivities.

{2) To determine the bounds of the formational reservoirs.

(3) TO obtain fluad samples for geochemical analyses.

Three wells suitable for hydrologic testing (Badger, Cabin-Baby,

Cotton-Baby) are located within the site area. Each well will have to be

re-entered and plugged, in accordance with methods now under study, or

maintained as monitoring wells. Deep hydrologic data will be developed

from these well to obtain site-spe=ific information on the Delaware

zones. Testing outside the study area involves two additional wells (AEC

No. 8 and ERDA No. 6).

10.6.8 .Lon_-Te:m Monitoring of Deep Wells

A number of wells could be equipped for long-term monitoring of the

Delaware zone to show what changes, if any, are taking place in the

hydraulic graLient, which in turn indicate fluid movement in the

reservoir. Periodic fluid samples can be cbtained to identify increased

_low oi: chemical changes in the ground wat-r system.
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L " 10.6.9 Continuing Studies In Salt Dissolution and Overburden Subsidence
i

" program ObJective.s. The pr._ram of investigation of dlsso_utlon and

subsidence has four fundamenual purposes, and one speclal-case

consideration:

, 1. To correlate surficial collapse features and deposits with
I

_"'_'_. subsurface dissolution, in order to der.lop criteria for an

evolutionary pattern of collapse.
/

.. {

2. To characterize subsurface dissolution products adjacent to the

, WIPP slte.
"..

_ .,' ". To determine the behavlour of fluids in dissolution products, .-

'_: adjacent to the WIPP site.
I

, 4. To analyze potential impacts o_ evolution of dissolution
d

,'i'_ products at and near the WIPP site with respect t# repository

_.\ breachment and radionucllde transport
@

':,

The special case is to determine the nature of subsidence over mines in

•-" salt, and its effects on the overlying groundwater sysuem.

•._...

----_ An alaboratIcn o_ these purposes follows.
..

•-!. ..

,"." Nash Draw InvesLi_ations. Nash Draw is believed to have origlnate_; hV

" some combination of surface erosion and su_ idence following subsurface
.s .

dissolut n. If the process of formation Is over,whelmlngly erosion, then

the potential for removal of o,.9rburden at the WIPP site is probably

-'_-.. about the same as lt has been in Nash Draw. If, however, the process is

,,v. overwhelmingly dissolution of salt and subsequent col!apse of the

overburden, the potential extension of Nash Draw toward the WIPP by

dissolution will be more quantitatlvely described. At present, there is

, no conclusive way of defining an instantaneous rate of growth of Nash

, Draw toward the WIPP site; therefore, the only alternative is to
• . , 0'

[
,

' \ • ." '. . ; ; - -L • ..,
' ,. ".. , • . '. • . , _,'" , _ "-. . , ._ .

' ' /" ,'T_"" e ' _ ,-_ ..- :.• , , ., ' o.O ,,f

• t_ _. . • . ' / . .- ", ' "' _. I ' " ". t
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. understand the processes which have resulted in Nash Draw, and

incorporate their implications into the mathematical modeling efforts

directed toward safety assessment involving the WIPP sito in _eneral, and

radionuclide escape and migration in particular.

First, the Nash Draw program is a series of core holes, which will be

, geophysically logged. This operation will obtain data to serve three

/ I purposest l) reveal the subsurface of Nash Draw stratigraphy at
/ carefully chosen points, 2) reveal the relationships between the
/
, subsurface structure and surface features and deposits, 3) reveal how

/,: much halite and anhydrite (or gypsum) has been removed oy dlsso_ution.
I

\ ._COnd, the Nash Draw program is a source of geologic material for

. petrographic and geochemical examination. Examin&tlon of thin sections

of recovered rock will allow the mineralogy of dissolution products to be

"" determined, i.e. identification of what was dissolved and what remains.

. Mineralogy and textures of dissolution residues and cemented collapse

fill can then be compared w_th those of dissolution features sampled in

other programs, such as the one to investigate the cemented rubble

chimneys (often called "karstic domal features" or "breccia plpe_").

Geochemical analyses of core materials for trace, censtltuents will reveal

their degree of interaction with groundwaters, and posslbl_ an age of

= formation. @tlso, permeauilities to flt'ids can be obtained from cores.

Third, the Nash Draw core holes will become a series of hydrology test

' holes. The brine flow underlying Nash Draw has been attributed

"" responzibillty for much cf the dissolution and collapse observed today.

The safety assessment scenarios for radionuclide escape and migration

involve m_vement from WIPP into Rustler Formation waters into the shallow

dissolution zone and out at Malaga bend on the Pecos Rivet. It behooves
• 0

us to understand the Imydrologlc relation_hlps between the shallow

6issolutlon zone and the Rustler water-bearing rocks in Nash Draw in
,'.

order to verify that models of radlonucl_de transport are epresentative

of the physical system.

/ , /v ,.

• • 't '.., _ . _ ,,'
*_Q , # ,'
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Cemented Rubble Chimney Investigations. One of the "karstlo _omalP

features" described by J, D. Vine {called Hill "C") was encountered at

_ the level of the McNutt potash zone by Missis ppl Chemical Cor._oration.

/' It was found to be a chim,;ey in the Salado For_,,-tlonfilled with

clay-cemented brecclated rock belonging to strata above the McNutt.

Similarly a breccla-filled chimney was encountered in drilling near a

circular hill near the Hills-Weaver Mine. There are numerous other

eroslon-breached dome_ such as Vine's Hill "C" in the vicinity of Mash

, r.awl the subsurface expression of them, if any, is virtually unknown.

/ It is desirable that a holP be drilled to a depth at which no more

brecciated rock is fc'Jnd, ydrologi¢ observati_n (including _3ter

sampling and static water-level measurements) in fluid-b_.arlng zones of

. the structure itself and in "bedrock" and 'n nearby rocks will help to

_, determine the d_,gree of hydraulic connection of the structure with
k
.|

_. aquifers of regzonal extent. ,,

Petrographic analyses of recovered core will allow comparisons to be ma0e

with dissolution products recovered from Nash Draw investigations,

described previously. Such material also lends itself to g.-ochemical I

analyses for the determination of rock-water Interactlcn history and

age. Similarly, fluid analyses will i:=ovide an Indlcation oL how the

fluids nave interacted with their host rocks, h_ ping to determine the

-_. processes at work in such structures.

Since modeling of radionuclide escape and migration must take into

' account fluld mo'_oment, cemented rubble chimneys should be evaluated for

their potential as paths for such movement. They should also be

evaluated as members of the evolutionary pattern of dissolution and

collapse features, and mlgh e generically related to the deve-opment of

•0/
Hash Draw. Consequently, it is desirable to measure in situ the

A

permeability of the structure. In .,ddition, the hydrologic relationshzps

, between the chimney and surrounding rocks should be understood in order

to formulate a complete hydrologic model for risk assessment.

.

/o

• ,/ t A_k

/ i W

._ .. ...... s...'-:".':'. , ".'.:" "_.'w..._.-._:- |¢-.,'--.-_.- ...... -- ..........

/ .
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" Mine Subsidenc e Investigations. The potash producers in southeastern N_:w

Mexico mine in two stages -- the primary recovery which leaven rooms

separated by large pillars, and the secondary recovery in which they may

"rob the pillars" and ultimately remove almost 95% of the ore.

// Second-mlni_g requires abandonment almost immediately thereafter, because

there is no longer a large enough local 'p_llar system to hold up the

roof. And so,, the roof slowly sags, and subsidence is propagated to the

surface.

While investigations of subsidence over mines do not bear directly on the

four program objectives, mir_ing is certainly a particular cause of

subsidence and perhaps an indirect agent for initiating dissolution, rf

subsidence over a mine causes fracturing of water bearing rocks above,

. locally increased permeability might allow circulacion of groundwater to

underlying evaporites through the fractures to start dissolution.

The amount of subsid=nce and its potential for enhancement of salt

dissolution of the Salado Formation over the WIPP if the McNutt potash

zone were to be mined is unknown. If this subsidence program were to

lead to a satisfactory means to predict subsidence and its effects, in

particular dissolutionlng, ,the control zone restrictions currently

prescribed around the WIPP could possibly be relaxed. Zt is possible

that minor subsidence will occur over the closed WIPP mine because it

will not be posslble to backfill the repository to the same packing

density as original rock. Therefore, it is desirable to evaluate the

effect of mining and subsequent subsidence on the local groundwater

system in the subsidlng overburden.

i0 6.10 Modeling of Regional Hydrol_

. Hydrologic modeling has one basic objective, to support risk assessment

work by describing the movement of fluids in this region in as much

detail as possible. The movement of fluids affects the expected period

of integrity of the repository and the movement of radionuclides from the

-. repository. To fulfill this obgective, the modeling emphasizes several
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aspects. The first aspect is int-rpretatlon and expllcatlon of the data

collected in field programs designed to delineate the regional £1ows.

The second is to suggest where d_ta are insufficient and more _leld or

laboratory work iS required. The thlrd aspect is the simulation of

experiments which cannot be performed in the field. Two examples for

simulations are: consequences of perturbations to regional flow patterns

c_used by the existence of a repository, and consequences of changes in

regional flow patterns due to alterations in ralnfall patterns or due to

man's activities.

The fovrth aspect is _redictlon of the movement and concentrations of

radionuclldeq consistent with fluid movement determined !n part by the

release scenarios developed for WIPP.

/

Implementation is based on the modification and use of certain 2-D and

3-D compute_ codes available for hydrologic modeling. Code veriflcat.on

based on fleld data already collected is in process. Supporting

laboratory programs designed to provide parameters as absorption _

coefficients, permeabillties, etc., are already underway.

10.7 CONTINUING STUDIES IN GEOCHEMISTRY

I0.7.1 Introductlon
".:.

Detailed accounts of geochemical data reported in Chapter 7 have provided

the pressing need of fundamental information for (I) conceptual design of

/" WIPP operational facilities, and (2) formulation of slte-speciflc process

' scenarios to be used in the consequence safety assessment effort. An

evaluation of the available data has shown that the completed studies are

not entirely sufficient to support WIPP experimental programs. These

programs include borehole plugging, laboratory rock mechanics, in-mine
/

rock mechanics, in-mine heater experiments, in-mlne high-level waste

emplacement experiments, laboratory waste-rock interaction experiments,

radionuclide transport through Locks, and waste encapsulation studies.
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In addition, the long-term safety assessment effort has lacked

*nformatlon about geological processes associated with so-called

"geological anomalies" such as igneous dikes and cemented rubble chimneys.

10.7.2 sineralo_y and Petrology

The data concerning assemblages of evaporlte minerals in the Salado

Formation which were presented in Chapter 7 have addressed the types of

minerals found and their relative (qualitative) abundances. While this

has been useful in selection of candidate horizons for waste emplacement,

it has been of limited use to the quantitative measurements of thermal

and physical properties of evaporite rocks (see Chapter 9).

It has been found that a small change in the quantitative mineralogical

proportions in a rock sample has a large non-linear effect on thermal

properties, for example. Chapter 7, together with its executive summary

in Chapter l, has pointed out the va:iability in the mineralogical

composition of rocks Jn the Permian evaporlte section.

In addition, quantitative mineralogy and petrology is required for

development of materlals to be used in the plugglng of shafts and

boreholes. The long-term thermodynamic stability of a grout plug, for

example, cannot be evaluated without an intimate knowledge of mineral

phases in both grout and rock, so that free energy calculations can be

made for degradation reactions which might occur between the two.

Compatibility of grout with rock and groundwater will be an essential

factor requiring thorough evaluation to provJde confidence in the

long-term sealing of boreholes and shafts which penetrate from surface to

repository hor i_.ons.

10.7.3 Volatiles Characterization

Chapters 7 and 9 have alluded to the variability in volatile content of

evaporites and how the variation affects fundamental rock properties.

Chapter 7 has addressed the volatile component in detail mostly in view
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of maus loss experienced by heated rock. The entire mass loss cannot be k

a_.,-*'rlbedto water alone. Indeed, Chapter 7 briefly addressed the

chemical species which were found in a few selected rock samples, and

even so, considerable variation was observed. Experiments are planned to

simulate hlgh-level-waste-oanlster heat in a potash mine, in order to

. quantlze tie devolatilization products. Unambiguous interpretations of

the experimental results derived therefrom require an understanding of

. the volatile components native to _._e rock before heating begins.

Furthermore, the interp; :,atlons also require an understanding of the

fundamental dlffe_ences between potash o=e zones and actual repository

zones, since the results of devolatilization in one will certainly not be

directly applicable to the other without taking into consideration rho

native differences.

10.7.4 O_!igins of Evapo[ite Assemblages

It was pointed out in Chapter 7 that many of the evaporite mineral

assemblages observed in the Permian section cannot have precipitated from0

a seawater-like solution. Furthermore, the thermodynamic properties of

some minerals, such as the almost ubiquitous Pol*.hallte, are virtually

unknown. Similarly its mode of origin is ehtirely ui_known, and has been

long regarded wholly as a product of recrystallization, commonly

replacing anhydrite.

The present assemblages not only contain non-primary evaporite minerals,

but also have a magnesium defJclency relative to other evaporites in the

world. The sink for this magnesium presumably lost during

recrystallization has not been identified. The observations of Chapter 7

urge that a thermodynamic understanding of the en,:_:onments and processes

uf _vap_rite recrystallization be sought. In tnls 4ay the water loss

that the evaporites have experienced (during recrystsllization) can be

estimated, and confidence can be gained regarding what mlneralogizai

changes (if any} are likely to take place in response to waste

emplacement.
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The _techniques used in deducing the origins of evaporite assemblages

include chemical quantitative analyses of minerals, pekrographio

paragenetic examination, and stable isotope, radioisotope and trnce

element analyses.

10.7.5 Igneous Dike

In Chapter 4, there was mention of a northeast-trendlng igneous dike

intruding the evaporites on the west side cE Naah Draw west of the WIPP

, study area. The characterization of the dike _._asbased on the Yeso Hills

and Kerr-McGee mine occurrences, together with _, aeromagnetic survey.

In order to come to an understanding of the marginal effects (l.e.,

dlke-salt-fluid Interactions), the foll_Ing pursuits are recommended:

I. Collection and study of additional samples from farther away

ft'orethe Kerr-McGee dike occur¢.nce.

2. Determination of:

a. K-At ages of the alteration micas in the dikes

b. Drilling angle holes with coring at appropriate intervals,

to sample the dike and the effects cf the dike upon the

host rock system.

The dike appears to be a natural laboratory experiment involving

hlgh-temperature Inter actiors among salts, groundwaters, and "allen"

rineralogles such as emplaced waste would also represent.

I0.7.C Trace Elements and Age-Datlng

A continued effort is desirable in age-da'_ing and trace element studies,

in order to support investigative effo.'_s contemplated for the so-called

, "geologic anomalies." The activities are, specifically.

°

1. Chemical and isotopic study of exposed collapse structu=e in

underground workings of Mississippi Chemical Mine.
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a, Zt. water_ have percolates through thi_ structure in very

, recent times then this may be reflected in oxyaen isotopic

stud I of grain c_tings, etc. Rb-Sr studies nf clay

minerals should give an indication of Rb, Sr and

(87Sr/86Sr) redistribu ion relative to clay minerals

resnoved from _the collapse structure.

b. Scanning electron microscope/microprobe study of grain

boundarlesz supplemented by instrumental neutron

activation ana!yqis (INAA) for adsorbed elements (alkalies,

alkaline earths, rare earth elements).

c. Rare Earth Elements (REE) distribution in all primary and

secondary pleases most likely to have been affected by

solutions.

2. REE (and other key trace element) abundance in major facies of

drill core from WI_'P site. At present trace element data are

very sporadic and obtained by different techniques so that real

difference due to analytical precision and accur v are

suspect. Detailed INAA study of various phases from the same

strat_ raphic hr,rlzons over a wide lateral txtent are desirable

to establish realistic background data for the REE (i.e. because

the REZ are commonly used _,sanalogues for the transuranics) so

that REE data from dike-sal _.contact zones and elsewhere can be.

proprly assessed. If the REE distribution is e> emely variable

then local variations due to olution, recrystallizaticn,

contact effects will be difficult to interpret; if the REE s_aw

'" a mc or less uniform dtstrlbution pattern and abundance thun

such effects can be. closely scrutI zed.

3. Dike-evaportte ._ontact effects. Samples mn the lamprophyre

dike (T = --35 MYBP)which is observed in the underground

workings oL" the Kerr-McGee Mine offers a unique chance to

. <amine the effects of a local, h:lh t(mperature source %n

contact with several evaporite pa ._es.
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10.7.7 Reef and Back-_,eef Waters

There is at present some degree of confusion surrounding the source and

discharge of water in the Capltan Reef surrounding the Delaware Easln.

Chapter 7 has shown that the greater portion of the water in the Reef

canno b,have =_me from direct infiltration into outcrops in the Guadalupe

and Glass Mountalns, nor from rocks in the Basin. Therefore, the

relationships between the Reef and its lagoonal facies (back-reef)

stratigraphlc equivalents are likely source and sink candidates. These

relationships are best deduced by combinations of stable isotope, uranium

isotope, and solute analyses of ree_ and back-reef waters. An extensive

' water-sampllng of these areas i_ required for this. The results of this

geochemical mapping of reglonal groundwater flow would be useJ in the

long-term safety assessment, modelling effort and the final publication

of the reglonal groundwater math_matlcal model.

10.7.8 Future Work on Fluid Inclusions

_n addition to the obvious necessity of making studies on samples from

the actual strata to be used for h_gh level waste storage, a variety of

approaches need to be explored. Fluid inclusions near the waste

canisters alght decrepitate in the _ mal pulse; the conditions under

which this will occur can _nd should be explored experimentally.

(studies are co[_tinuing of inclusions in a suite of salt samples

collected at various distances from a dike penetrating the salt horizons;

this provides a natural analog.) The identification of the daughter

minerals in some inclusions, and their thermal behavior, a_ well _s

bubble movement in a thermal gradient, will provide additional !
l

compositional information. The gases released on crushing or heating I

should he explored, as well as th= leakage of gases (or water) out of

inclusions. This would be pertinent both for interpretation of K/At age_ J

and in corrosion problems. The actual chemical composition of the larger

inclusions and their isotopic composltion (particularly H/D and

O16/018) can be determined by existing methods. This would help in
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understanding the complex sequence of interactions of pore (and

incluslon) fluid wJth the original salt beds to yleld the present

mi net alogy.

10.8 RESOURCES

Sandia Laboratories has no contlnulng steadies of resources at the WIPP

si re.

I0.9 SPECIAL STUDIES

t

10.9.1 Purpose. The objective of thermophysical and radionuclide

sorption studies on SENM rocks is to determine their character__stics _s

required by the structural mine design, in slu__.__uuexperimental, and

long-term safety analyses l._rograms. As with other contlniling studies,

these special studies are a means tc an end, not an end in themselves.

i0.9.2 Thermophysical Properties O

_. A continuing aasessment of the thermophysical properties of SENM

rocks is envisioned because of the broad range of questions posed about:

radioactive waste isolation. These problems range from the plasticity of

salt to the migration of brine in s lt_ many are not answered by a

cursory investigation. Establishing a data base, for instance, for the

analyses of long-term creep, is time consuming. It is not anticipated

that eval:_tion of 9hysical rock properties will b_. pivotal in mine,

e_'Dzriment or repository design; however, that is intrinsically

impossible to guarantee. Such evaluations may very well be pivotal in

considerations of retrievability of high-level waste e::periments, in

which high temperatures tend to accelerate creep. Thus, physical rock

property determinations, such as the micromechanics of rock deformation,

are a prudent pursuit to provide additional confidence in geologic

isolation.
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Continuing Studies. The primary object of the continuing experimental

rock mechanics program l's to understand and model the thermomechanical

behavior of the WIPP salt. This will be accomplished through studies of

transient cremp data at pressures exceeding 1500 psi and at a principal

stress difference less than 2000 psi where there is a paucity of data.

In addition, petrographic investigations will continue to identify the

governing deformation mechanisms.

Other studle_ relevant to the long-term stability of the W_PP include

measurements of gas and brine permeabilitlus or previously deformed core

and measurements of gas permeabilities at elevated temperatures. Studies

are also planned in the area of thermal expansion coefficients and brine

migration in salt under thermal gradients. M_gration of fluid inclusions

is being given attention, because of th_ brine's corrosive potential and

because the capacity of fluid incluslons to carry radionuclides through

rock salt is not known.

_t Rock mechanic programs will also be initiated to determine the mechanical
properties of the WIPP site rock other than rock salt. These studies

will be directed toward the engincerlng performance and construction

characteristics of the non-salt rock which will influence the design and

construction of shafts to the repository levels.

Mineralogic and petrographic studies will be conducted on core to support

the physical rock propeL ties determinations as reqt:ired. This

information is required to determine tTe _hase systems in the rocks being

investigated. A similar set of studies support the geochemical analyses,

Chapter 7. The variations in mineral assemblage, grain size, fluid

inclusion content, _.nd petrofabric which have been observed in evaporite iL

rocks have also glver, rise to variations in physical properties, which i

could on12' qualitatlv.-ly be taken into account in the investigations I

ruported here. I
I

.-

The arbitrary separation of mineralogical and physical rock properties !
t

from geology and hydrology that has often occurred in other studies is
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being avoided in the comprehensive studies being performed for the WIPP.
i

' The relations of rc,.,;sfound at the proposed repository horizons to those

found in an in situ test bed located elsewhere (e.g., nearby potash mine)

are being evaluated. Quite possibly, mine_alogio and fabric _nanges may

cause discrepancies In results from one site to another.

10.9.3 Radlonucltde Sorption Properties

Bc_,qg.p.e. A continuing assessment of WIPP rocks ability to inhibit the

migration cf radionuclides away from the repoultory is envlstoned to

augment the L_tch Kd determinations, which were used Jn preliminary

calculatlonb of radionuclide travel tlme in slte-speciflc escape

scen_rlos. _ realistic approach to saEety assessment requires data to be

generated (moRtly in the laboratory) under simulated physlochemlcal

conditions anticipated in subsurface evaporlte3 and related rocks of

• southeast New Mexico. The laboratory experiments in radionuclide

mlg;dtlon would ultimately be evaluated by SENM field expeclments

involving the emplacement and observation of movement of non-radloactlve

tracers which are chemically analogouq to radionuclides.

Contlnuln_ Etudles. Whoreas 2revlous "Kd" measurements reflect tie

degree to which radionucllde soprtion on rocks takes place in static,
i

closed systems, scenarios InvcJ.,,Ingthe enttalnment' of ra_onuclldes in

moving groundwater imply that a variety of phys¢ochemlcal conditions will

be encountered in the subsurface.

Now that the radJonuclid-.s of interest have been identified, different

oxidation states of those radionuclides which might give rise to

' dlfferent mobillties in WIPP enviror_ents will next be identified.

f Investigations of effec_.s on sorption of parameters such as pH,

radlonucllde concentration irt solution, anJ oxidation potential will then

proceed wlth the oxldatlon states of speci£s of interest. These

para_|eterlzatlon experiments will culminate in the simulation of

radionuclide migration in flow-through exp_rlments Involving actual WIPP

rocks and solutions, at the anticipated physlochemlcal condltloPs.

0
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Appendix 7.A _Ref. sec. 7.3) !

Whole Rock Chemical Analyses, Soluble-lnsoluble !

Fractions, Mi,:._ralogy, and Weight Losses D

upon Heating.

j
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TOTAL ANALYSIS
" "_" _=o m,,w=w* _ =.,_ qmRmini=,.=, I== =.==,j
. '.

, ,

rr*-,-. HIILE # 7
i DEPTH " 1044.,_ FE_.T

6,

SOLUBLE = 99.72 t
INSOLUI_LE = 0.28 %

alp _qm i, mm,=,Da, ==i, men,

d.

,.., ,. COMPONENT WT tm, ,==,=,=,,D _. ,,=.q,_ u, lm= ,J. =. m,=,N =,= _,

; "'" SO] 0.55

, NA 36,56

,,.../ NA20 0.0
K 0.03,

. KZrJ 0.0
¢.._ • ,

",-,, MGO 0.0_

.'. CAD 0,_3

-"- SIO2 0.0

• FE2OT_ 0.0

.'.L.. AL. 0.0
C 60.40

WEIC, LOSS
' UN HL_FING
=

.. 70 O. 10

Hl TEHP 0.0
==,,eml=l= el=i,_ I,J

..

' tOTAL 100.39

/
' 'r HAJOR; HAL

"'- MINLJR: ANH

" TEACE: CARN

o

.

•-. ., i . • ] _/I.. ..-'" . .:.'" . i . 4.



_ TOTAL ANALYS] S
' _ ',

/, ........
"e

, HOLE # 7
• L DEPTH = LL07o5 FEET

r
SOLUBLE = 60.47

; INSOLUBLE = 30,53 _;
,i

J

i

" COMPONENT WT

=.,..

• S03 20.88

NA ZC, Efd
t*

"; NA20 6,b3

K 0,0

K20 4.48

MGO 4.b7

CAC 1.84

S ILl2 8,30

FE203 0,27

AL2U3 1,24

' CL _0.7_
0

/_ WFIGHT IUSS
.?- OIq HEAT LNG
/ 70 O, 12.

IZ5 O.lO

ZOO 0._0

3.50-400 l, _7

' "-7-.-- TOTAL lOl.Zb

P.qAJOR: HAL
, MII'C16: Pt'}LY, LANG, Kt ELI)_ 1/L,LC_ (JTZ

I't_P-,{; r CltLt]• : ;_,, I EUX
.

o,

tw-;-,-- ,- _-;.':.'. r... .......... • .., v.v• .•.,-r.,
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TOTAL ANALYSIS
.. )

m, =m=m mm m.mlo"Im,_mm=,,=w..o-..,imomw,a,=,m..,. I

t HULE # 7 (

I

DEPTH = LL71.. 5 FEET, I

OLUBLE = 37.10 _ I
I

s
• '. INSOLUBLE = 62,90 :_ I

o *

COMPONENT WT
e,I, a, • I m i,,,,M, mm i, _ ml. mw4m _

SO_, 39.73

NA t2.Sb

NAZ0, 0.88 i

K 1.91

K20 O.0

MGO 0.70

CAO ,2_.L3

SlD2 0.63

FE203 0.06

AL2U3 0.0

CL 18.87

WEIGHT LOSS
,. ON HEATING

4

' 70 0.14

300-400 0.58

• - 425 0.08
== li _,.,. liraem

TOTAL 101.27

MAJOR: HAL, ANH
M|NOR: POLY
"[RACE: SYLt BLUED, QTZ, FEOX

! o
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I

'IOTAL ANALYSIS

ttOLE # 7
DEPTH = L22L.O FEET

SOLUBLE = 99.51 :l
, INSUI,UULE = 0.49 Z

m ,m,w_ ml,,m _,,,m ,,_lm ii ,,w

/
COMPONENT WT ¢

$03 2,02

NA 38.79

NA20 0.0

K O.OO

K20 0.0

MGO O. 10

CAD 0.8H

$102 O.OL

FE203 O.O

AL203 0.0

CL 58.3t
WEIGHT LOSS
ON HE AT ING

70 0._0

LOO-ZO0 O. 1.4

" 37_-4Z5 0.07

"I'D1AL ],0 1. ].7

HAJOR: HAL
MINOR= ANH
TRACE: POLY, LANG, QTZ



TOTAL ANALYSIS

HOLE # 7
DEPTH " L343,,0 FEET

' SOLUBLE = 99.74
1NSULUBLE = G.36 %

,=_ ._, ,.= ,n_ qmw=,=_ ii _m lm =_, Qe._==,m ==,,==

MAJOR: HAL
MINUR: AN_It POLY
TRACE: Qf/
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TOTAL ANALYSIS

HOLE # 1402,5 FEETDEPTH =

SOLUBLE = 99.q7
|NSOLUBLE = 0.03 l

_ ,__

MAJOR" HAL
MINUR:

. TRACE:: POLY

, o,. .
. . ,.



COMPONENT WT %
,=,,,.,===,,,,,==,,,=,=,,,,=

$03 2.B8

NA 34,44

14A20 0.0

K 0.37

KZO 0.07
MGO 1.85

CAO O. L9

SI02 2.15

FE203 0,24

AL203 0.07

CL 53.01

, WEIGHT LOSS
J ON HEAT ING

70 1.27

lO0-lSO 0.3b

175 O.lO

250 0.07

" 375 0.34

400-500 0.45
i,=,,,=, a_, ,,,= =11,,li

TOTAL 98.4b

MAJOR: HAL
HINDR: KAIN, KIES
TRACE: POLY, KFELDp TALC, QTZ



COMPONE qT WT Z
am m M" maq, qm m a,o_ _Io iml,b _, am

503 1.67

NA 36.10

NA20 0.0

K 0.52

K20 0.0

MGD 0.22

CAO 0.04

' SI02 0.01

FE203 0.0

ALZ03 0.0

CL 57.76

WEIGHT LOSS
ON ltEAT ING

70 0.22

" 200 O.OL

400-500 0.24

TOr_L _7.53

MAJOR: HAL
MTlqOR" POLY
TRACE" KAINt _T7.



TOTAL ANALYSIS
==,,,=.==. i= _ m, mm ==, u, == ,,=,,.=, mw,

HOLE # 7
DEPTH = L615.0 FEET

SOLUBLE = 98.69
INSOLUBLE = 1.5L g

COMPONENT WT _;
==,===u, ===,m= .==.===_ _ == ,m=mw.a====,==,

, S03 4.56 ',

NA 3.5.06 :

NA20 0.0 i
'tK 1.05 ,
,,

KZO 0.0 ,

MOO ' 0.7]

CAU 1.47

SIOZ 0.Z3 0
FEZ03 0.04

AL20_ O.OT

CL 55.95

. WEIGHT LOSS
ON HEAT ING

70 0.34 .

LO0 O.Oq
.o ,,

350-z,00 0.37

'. TOTAL 9g.94

MAJDR: HAL
MINOR: POLY, K_IN
IR,ACE: CiILOk, MONT
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TOTAL ANALYSIS

,

HOLE # 7
DEPTH = l, 55._ FEET

SULU8LE = _,60
INSOLUBLE = Uo60

,m=,,_ _,,,=_ m, ,,,= _,,=_ e, ===,,no =ll_,,=m ==, ===

COMPONENT WT
,mR,,B ,,_ u, _1 J w,, qm,uo m,J_,, ,,n ,D ,BB_

$03 0.65

NA 3B.I_

NA20 0.O

K 0.23

K20 0.0

I_GO 0.13

CAO 0,08

5102 0.02

FE2[)3 0.0

ALZ03 O.O

CL 59.56

WEIGHT LOSS
GN HEAT ING

70 O.t9

200 0o0_,

300-,,00 0.05
=,, J_, N,w mB ==

TOTAL "_9.4_

HAJL_P,', HAL
MI Nt_ ;
TKAC_: LEONt QTZ



TOTAL ANALYSIS
w== =mlm, II=lm=lmIml=i=i@ =ll*I Wl

HOLE # 7
' DEPTH = L95Z.5 FEET

SOLUfJLE = 99.30 _"
IN$OL, UgLE '= O, 70 _

=,,=_=,m_ == ,lm
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, ,"JG,t O
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TOTAL ANALYSLS

HOLE # 7
DEPTH = ].954.0 FEET

SOLUBLE = 97.4b
," |NSOLUBLE = 2.u4

_ _ mmDm mmlm,a_Im*_ _ ,_oamq_m0 b_,Immmem

COMPONENT WT %
am _m me m,mI,_ mm _ oml Im_mm,N mp _ lm

SC3 0.73.

NA 3,7.94

NAZO 0.0

K 0.1.8

KZO 0.06

MGO 0.Sh

CAO 0.52

SI02 l..34

FEZO3 0.09

AL203 0.23

CL 5t_.38

WEIGHT LOSS
ON HEAT._NG

TO 0.3Z

, .. 3fi0-400 0.09

a,=,q=, w ==, m,i m

TOTAL 1(30.44

• NAJCJR: HAL
' ' MI.NfJR: POLY

, TRACE: ANH, CHLOR, KFEL[_ TALC, FEOX

a

O





=

J

. 4GS

TOTAL ANALYSIS

-" HOLE # 7
DEPTH - 196|.0 FEET

SOLUBLE = 9q.lO
[NSULUULE = 0.90 t

I
==,== alW ._m. =Btu m,m == imm,, _=m mi m

COMPONENT WT Z
=_ ai _,, ==, m=I i ==,_ lm,_ei, m _,_,,

S03 o.et9

NA 39.1_

NAZO 0.0
I _ K o.zl

--i K20 0.01
t

' MGO O,Z5

CAO O, 19

SI02 0.42

fEZ03 O. 04

ALZ03 0.08

CL 58,83

' WEZGHT LOSS
UN HEATING

70 O.OT

LO0 0.16

ISO-ZOO O.L6

mpm ==,==, lm ul,

TOTAL 100.05

Mt,Jr]K= HAL
,'J|NOR: POLY

= TRACE: CHLOR, KFELD, .TALC, (JlZ, FEOX

I

o°



, COMPONENT _T %
ell el- el¢,_ _ _ ll==e.ie_ el,.u,

5_03 3.03

N_ 3 9,, 58

NA2'O 0 • 0

, ... K 0.90

KZL_ O.O

' MOO O,23J

CAO 0._

O SlO_ 0.0
FEZ03 U.OL

ALZO._ 0.0

CL 58.74

WEIGHT LOSS
ON HEATINO

70 0.20

300-350 0,.£8
.

_50-500 0.65

.J.,=.._ .,=.e.===.

TOTAL I0_.62

MAJO R: HAL
MINOR: POLY
TRACE" FEOX



f

TOTAL ANAt. YS i S
JJ _ J JJJJJ _ lJJ_

HULE l/ 7
DEPIH ,, 1,969.0 FEE1

SOLUBLE = 98 05 ¢
II'JSOLU_LE = _.. cs5 ¢

aB, qlm _ ,I_._ ,m.i.

o *

CUHPONENT WT ¢
,m _ .i,, el, .lee, li ame,ll

t

1 S03 0.32
I
i NA 3B.76
J

NA20 0.0
t

K U.O8

K20 0,0

M6t3 O.Z2

CAO 0.08

S102 0.'_5

FE203 0.0_.

AL203 0.04

CL 60.'60

k/EI OHI' LOSS
ON HEATING

70 0.43

I00 O.OB

_00-500 0.20
•,.,m .==....,...,

TOTAL I0U.98

", MAJOR : HAL
MINOR:
TRACE'; ANH_ KAIN, CHLOR, TALCo F,}TZ,FEOX

, o

db



TOTAL ANALYSIS
i IIllIIl I_ II II

t,

' HULF #O_P1'H - g73,0 FEET

SOLUBLE = 98.03 '_'
l NSOLU_LE = 1,37

I,II elll _,D m, i= iIi4_ e_ i..J a,..,e _ e.AIi

NAJOR: HAL
MINUR" PULY, KIES
IRAC_.: KAli'I,I,I(LOR, FKI:t.U, TALC, QTZ, FEGX

I
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TOTAL ANALYSIS
ii

I

DE H " 19B6.5 FEET

SOLUBLE = 09.7L
1NSOLUI:tLE = 0.29

=i_l, I,,i,,i,, =i =,i i,, i=,i II IDI=,I ,_,,,,, ,_,

COMP(DNENT WT

SO:) O.17

NA 58.20
i

NA20 O. 0

K O.O4

KZO 0.0

MGO 0.0)

CA{'J 0,21

SlOZ 0.01

r'E2O3 0.0

b.L203 0.0

CL 60.66

WEIGHI LOSS
UN HEATING

; 70 O.lO

, ., TO 500 O. 0

I

IOTAL 99.7l

MAJOR: HAL
MINDR: ANH, POLY
TRACE: KA_N) (JTZ
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TOTAl. ANALYSIS
m,.,mBm. ,=m,,,._mp

HULE IW 7
DEPTH = 1993,5 FEET

SOLUBLE = 9_.55 _;
INSDLUOL_ : O.4_

m..

..CI3MPONENT WT

,

S03 2,,96

NA _8,,25

NA20 0.O

K I .68

K2G 0,0

I_,GO 0•7r_

CAO 2.30

S 102 0,0

,:E2C_3 O.0

AL2133 0.0

CL 53.6L

WEI(;HI' LOSS
ON HEAT ING

70 O. t9

' I00 0.05

350-400 0.80

TC3TAL I0i.2_

h_AJOP,: llt_L
Hl !)R: POLY
TP,_._E :

0
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TOTAL A_ALYS IS

HOLE # 7
DLI)TH = =_537.0 FEE'I,

SOtUBLE = gI.43 '_;
INSOLUBLE = 8._7 %

, e,,. -=,_





TOTAL ANALY$[S
m maom _._m0 _m_Qe

HOLE # 7
DEPTH = Z716.3 FEET

', .,SOLUBLE = 99°63
N$OLUbLE, = 0.37 ¢

COMPONENT WT _;

SL_4 0.44

NA 39.44

I,IA20 0.0

K O.Ol

K20 0.0

MGO O.Ol

CAO O. IB

5102 O,OlFE203 0,0

AL203 0o0

CL , bl.O0

_EIGHT LOSS
ON HEATING

70 0°22

350 0.04
..

TOTAL [01.72

FIAJOR: HAL
NltJOK: ANt4
TRACE: PFJLYt TALC

J





TOTAL ANhLYSIS
li, maw m _,_ _,l ,mw,m, ,_

HOLE # B
, DEPTH = ,1391.5 FEE1

SOLUBLE '= 98.99 1&
INSOLUBLE = L.OL ¢

mm.m, .._ em eta,

MAJOR" H,_I.
MINOR: POLY
TRACE: CHLOR, ILLt QTZ, f._.L._X

L

, d
s
/
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i

TOTAL ANALYSIS
w ,m_m • _, ,m=,,mm,t,,=,m=,,9,,=,_m m6=mm,

a

Ht3L L- # 8
, OEPTH " L495.._ FEET

"_ SOLUBLE = g9.83 ¢
, INS(JLUBLE = 0.1,7

i

COMPO_;_NT WT %
IIllJ.lllJ I llll I

S03 I,L2 '

NA 30.00

NA20 0.0

K 0.12

K20 0.0

MGO O. l3

, CAO 1.62

SIO2 0.Ot OFE2.O3 O.0

ALZU3 0.0

, CL 59.97

WEIGHT LOSS
CN HI,AT ING

70 0.05

' 200 0.03
t

,,

I' TOTAL L01.22

MAJOR; HAL
MIPtOP,:
TRACE: CARN

L

I

/
/

, _, , ,

.li i ' '_/ ,._,o,- •
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TOTAL ANALYSIS
o' ImmDIm_m Im,moa,,qm'Imm,_mm_ _m,mlml qm,m,lm,mmm

UL_ # 8
EPTH " 1573.0 F_ET

$OLUBLF_ = 97 ,,72
INSOLUBLE = 2.28 _;

_, mm,,=,, ml,mN, lm all,l,,ml,ql,lmmill,,,m _ ,l,m 'al

/

COMPONF, NT WT
al,,_,,,lm,aliIll,,,,_,,liIllIII, m,,,alm,ili ,,I,lm

SO) 5.LL

NA 3q.63

NA2U 0.0

K 0.18

K20 0.02

MGO ,I,.7 l

CAO _.45

SI02 0.02

O FE_03 0.0
AL203 O.Ol

CL 54.11

WI:-IGHT LOSS
UN FLOATING

- /

./ /, 70 0.04

: 100 0.20
/

./ l£,0 0.09
/ ' _50-_,50 O.B5

TOTAL 97.42

MAJOR: HAL
MIHUR: (?} POLY, KIES
TRACE: {?} ILL

./
/ p

, /
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TOTAL ANALYSIS
m.==,m mm ,_=_ _ mo=BN =.= _, umm* mo

HDLE # P,
DEPTH = t652.0 FEr:T

SOLUBLE = 48.0[
, |NSULUBLE = 51,_q 1;

,mm,=,_.m m. al g,,..,_ mm.m == ._ i,., ,l_ ,w, a= ,mm

mB =.=== =lmu.m_,_ u. J.=,m =.mm=.==_..=_.. _,==

S03 5[.04

NA 4.07

NAZO 4,24

,. K 18.59

K20 0.99

NGL1 4.58

CAO _,93

SIO2 0.35

FE203 0.07

AL2C)3 0,04

Ct 7.35

WEIGHT LOSS
OI_ HLATING

70 O.

300+ 4._
==,m. ,m ,=,,=.,=...

TOTAL 99.77
L

MAJOI; : FIAL
V,IhOR: POLY-(?} SYLp LLUIio GLAS
TP,ACE: ILLt C1Zt FEOX

, .°



4_3 ..:.,

TOTAL ANALYS!S
=,= aB =,,= _ mmlm.,....-,_== i.m ===,

TOTAL i00.19

MAJC'R: 14AL
MINOR:
TkACE: POLY



MAJOR: HAL
M|NOR: ANH, KAIN
TRALE" ILL, C,;TL



/
/

• /,, _¢
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... TOTAL ANALYSIS

" 'HOLE # B
" DEPTH " 1794.5 FEF,T

SOLUBLE - 75._4
INSOLUBLE = 24.00 ',_

CUHPONEr,T WT

S03 0.70

, NA 29.75

._ NA20 I•16

K 0.42

K20 0.03 ,

MOO 6.05

CAO 0.04

SILI2 7.80

! F_ZU_ o.,,o
I AL 20._ '_ 91

CL 45.14

W HEATINGu_IGHT I.OSS

70 0,44

" lbO 0,27

/ 4Z5+ 4.70

TOTAL I00,07

MAJOR: HAL
MII_OP: CARPI, CHI,OB, K,FLLI), TALC, QT/
TF,ACE" POI.Y, FECIX
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f

IDTAL ANALYSIS
_m==,=_ =,i=,=e,=Jw i =_w_i =,,,,=_=,=m_,i

HOLE # B
, DEPTH = i804.0 FEET

SOLUBLE = 99.74 _;
' INSOLUBLE = U.26

COI,IPONENT WT _,

S03 0.28

NA 39,_3

- NA2D 0.0

K 0.06

K20 0.0

MGO 0.04

CAO 0.70

SIO_ 0.01

FE2U3 0,0

AL20) 0.0

._" , CL 59.94

WEIGHT LDSS
I_I H_AT ING

70 O, O2

.. 200 0.05

TOTAL lOO,Tg

PIAJDR: HAL
MINI)R: ANH
TRACE: CARN
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IOTAL ANALYSI_

HOt F. # 8
DEPTH = 1856.7 FEET

SULUL_,,.E= 9g.96 '_
,-... INSOLUBLE = 0.04 _:

==.,=,.o==.=,= m,p==,,_1.=,._ ,=.=q=,.,i=_..w =_.=,_ f,.,,.=,,,=..=

COMPONENT WT I
mm ,.,.,mmmm,,,,.,,mm,m,mqP,,, a,._ ==.=,l.¢,m=,.I

S03 2.70 i

j NA 36.08 '
I

NA20 0.0
I

K l.b2 ,

K20 0.0

MGO O.OJ

CAO 1.56

SID2 0.0

FE203 0.0

AL203 0.0

CL 5b.66

WE.IGHT LOSS
bll HEATING

70 0.07

350 0.03

',¢ i..=. _ =,._ m=

TOTAL 9_, 7'9.

FIAJDR: HAL
MINOR" A='_Ht$yL, POLY

' IRAC_=



• _. ........................

""

TOTAL ANALY$|S
mlJm, lm =mi,m,

HOLE _ 8
• OEPTH - I_75.0 FEFT

SOLUBLE = 70.94
INSOLUHLt: = 29.06

m. i=.,lm, ,n.._....,m ,.., _ ,,m li. ,,.. iii ,.,,.=. =. ,u..

COMPONENT wr
_,,_m,q,m,,,,I,.,,,R_,.w. t, ,,,,,,mm.-,,.,m.,D

S03 U,42

NA 25.b4

NA20 O, 0

K 0.31

K20 2._8

MG0 9.55

CAO 0.63

S ! 02 _5,30

FEZ03 ].,23

AL2(J3 3.00

CL 40.92

t,,'EIGHT LOSS
ON liE..ATING

70 0.22

125-200 O.;tZ

_,h .,. ,m,u,. in

TOTAL 9_.92

MAJOR: HAL
MINOR: CARt_', KFEL{'J, "r_LC
TRACE: PULY, CHLOR

................ i|1



TOTAL _NALYSIS
/,,.* em el.gmmllll*m I.l li _ IlO. _ mill

HUL E # R
DEPTH • 180_.0 FEE1

._OLUE_LE = 90,5B T,
[NSULUSLE • 1.9,4_

i1_ i.o _n,_lll 1Iii _ Pl. I,_ ml ii NI lm I._m li. _m.me

EOMPONENT kit
lm. mm, lD =.* =.*

S03 3.76

I'.qA 27, l.U

NAZn 0o0

K 6,_8

,, KZO 1.60

HGLI 5,09

CAO I._

$102 9.0_t

FEZU3 0,60

AL203 1,99

CL _,4,06

WEIGHT LOSS
CN HE/tTING

70 0,30

35U-_00 0,_

,_, qm=,m,,_ w, m,

TOTAL I0Z.86

H&J{:R: H_L
M|NI]E: ANHt CAKNI I_FELD, T_LC, FEOX
TRAC.E : CHLU_.



' 4,9.3 ,;

TOTAL ANALYSIS

HDL_.: # 8
UEPTH = 18qO,O FEET

SOLUBLE = 99°98 _
INSOLUBLE = 0.02

e.., I,, I,Del.,,.,, _, el ,m m, ,m m,l,,,i e,,,_ .. ,m. _

GOMPONENT WT
m, um.m a,.u,a, ,w a, _ m. mp,u, m,,_=.

S03 0.'77

NA 36.78

NAZ0 0.0

K O,zO

K20 t.,.O

MGO O. XO

CAO 0.95

SlD2 0.0

FE2rj3 0.0AL2U3 0.0

CL 59.33

', WEIGHT LOSS

I (aN HEATING
i 70 o.o_

300--_00 0.08

TOTAL J.O0.IB

MAJOR: HAL
MINOR:
TRACE: ANH, CARN

/



TOTAL ANALYS!
IIIIINNIIIIIII

HOLE # 8
DEPTH = 1894,3 FEET

SD' UBLI" = 95.4_
I fL_LU,E = 4, T

/

r3MPONENT WT
a,, i Q,mq,,mu,,i I.

SOJ O._Z

NA 37,S0

NAZO 0,0

K 0=06

K20 0. I)

MGO O° 7_

CAL_ 0.0)

Sill2 X.4_

FELe_ O.ZU

AI.ZO) 0._3

CL 57.78

WEIGHT LOSS
OlW HeAT !NG

: 70 0.30

TO 500 0.0

/ TOTAL luO.iZ
/

MAJOR: HAL
MINUR: QTZ
TP,ALE: ANH, CARN, CHL[JPv KF[LD, TALE,, :EOX



I

!

I

TOTA(. ANALYSIS
•,J I _m i _ ii ¢4mm di lmm,_m ,=,,,,mi,,

HOLE MI 8
DEPTH ,m 189B.5 FEET

SI')[UBLE = 98.53 ¢
l NSULUBLE = 1.67

e,mm=,,t lm _mmm=m_1mm m .mli,, _,=aB,qm=me qm ,I. ,mm,.mm

HAJDR" HAL
Mlh,OR:
TRACE= POLYm 15LCEC)o CIILOP., TALCt FEUX

................ i l irl [1IT....... i .................................



49C;

IOTAL ANALYSIS
ilm la=mi elm_ mea= _ =m == ==, dl_morn=

HOLE" #DEPTH = 900.0 FEET

SOLUBLE = 99.q6 '_
INSOLUBLE = 0.04 %

_um,_ m wm wm _wm

,' COMPONENT WT %
0 _ _ _ m,ma,im, qm_ ,ummm ,_m,b_ I,m II

I
SO3 3.20

NA _B.l_

NA2_ O. O

K 0.98

K20 0.0

MGO 0.47

CAO 0.39

SI(_2 0.0

FE 2.O3 O.U

ALZ03 0.0

Ct 57._0

WEIGHT LOSS
ON HkATLNG

70 O. L7

300"400 0.6,_

TOTAL iO1..b3

MAJt_R= HAL
Ml t,_OR: LEON
TKALE= POLY



497
i

i

TOTAL ANALYSIS
i1.1 iml iiiii i,Ii .i ii iIii • .. IBI1,1111el,i iii 41_mill

HOLE # B
DEPTH = 1905.0 FEET

SOLUBLE = 96,,96 g
]NSOLUBLE = 3.OZ

/,m,. _ w ,=_ ,=B J_ == ro, i, mm ,*. ,=.=

COMPUNENT WT1 ¢

503 0.20

NA 30.b7

NA2D 0,0

K 0.].3

K2O 0.03

MGO 0.93

CAO 0.45

S lO,?. O,CJL

FE2D3 ' 0,_6

AL203 0.25

EL 57,gi

WEIGHT LOSS
," ON HEATING

\

70 0.36

375 0.26
J

ql_i, lm =_ we m

TOTAL 100.24

HAJUR: HAL
-...... /,'INOR"

, TRACE: POLY, CHLOF_, KFELD, TALC



, b

TOTAL ANALYSIS
m._ in ml, _ _. .lmm _ al rJ i,= ===

HOLE # 8
DEPTH = 1910.0 FEET

_OLU6LE ,, qg.O2
INSOLUDLE = O,O_j t

ell el= ==. e= li .lm _,=l el mmelm .lm lm mim. _ e=

COMPONENT WT t
m e=,lm la=q,==_llal =m i.,_ _,= I= u= =,=

SO3 0.53

NAZi3 0.0

K 0.0

KZO 0.30

MGO O.31

CAO O._

$|02 0._

FE2U..t 0.0_

ALZU] 0.06

CL 59.0_

WEIGHT LOS._
Oi'< HEAT|Nb

7U O.Ob

375 U.O_

TOTAL 100. t32

I PAJOR: HAL
IIIrJUR: PgL.Y
TRACE: ANh, CHLCR, KFELD, T4L.C, QTZ, FELIX



499
4

TOTAL ANALYSIS
ei= aIIi_*phl _IWIlie,,, _I e_ _ _lI f=,==,,i

DE " 19t_l. l _E_T

SULUfiLE = 97.71
I flSULULtLE = 2.?.9 :_

Ii ei =i ii i,= I, ,,,! ,_! lmti, oi,i=,=t,m_i li i= i,

CUMPCINEP,_T WT
ii ii ii ii =I im _l ii ie i _l i. ii ii _i

S03 O.Ob

NA 38,48

NA2(] 0.0

K 0.06

K2O 0.05

MGO 0.95

CAO O.Ot

SlOZ O.9t

FE203 0.13

ALZ03 O.2L

CL 59.27

WEIGHT LOSS
Ol_l HEATING

70 O. tt

,LZO U.03

200 a.o3

_,00+ 0.04

TOTAL 99.9_

HhJd_1: HAL

TI_ALE; KAII_IoCtqLOkt KF-ELD, TALC, QTZ, FEOX

0

/ /



500 .

COMPONi_NT HT Z
mm am qm,,amq,i I i qN I -,,q,mm,m.m _ _

503 0.g2

NA _6o4B

NAZO 0.0

,, K 0,2!

K20 0,0

MGO O. 7.

' CAO 0.4_

SIOZ O,U

FEZ03 0,0

AL203 0,0

EL 57.71

WEIGHT LOSS
ON HEA TiNG

70 0,13

250 0,02

, 350-_00 O, XO

TOTAL 9II,29

Mt_J[.}R. HAL
. MIMOR: POLY

TRAC I:• ANH

/,



MAJUR: _'(AL
N!I,,:z_R,: PULY
IR,ACE: KAIN, CHLOR, ILL, (,FELL), GTZ, FEOX

0



TOTAL ANALY$1S
,D ao,m, .,mlm,,a.m,,m ,a.,_ .aom,,_ ,,a.

HOL_2 # 8
DEPTH = L930.0 FEET

SOLUBLE = 9B,99 t
INSOLUSLE = L.0L g

f

COMPONENT WT _C
am ,,m_m, Ja ,mle..a,.,,D,i ,m,m m=,=_,a,_,m.

SD) Z.BL

NA 3_,7l

NA2O 0,08

K L.03

K;;O O.OL

MGL) 0.4O

CAO O. 20

SItl2 O. LB

FE203 0.07

AL203 0.06

EL _6,'/6

WE IGI4T LC}SS
L:rw ;tF..A ";_r_G

70 0,05

3b0-400 O._2

l"J TAL 97. BO

MAJU_,: H_.L
MI f;O_ : POl Y
TP.,_E: LEt]N, CHLOR, KFrLI)t TALL, FEOX

!



'503

TOTAL ANALYSIS
==, m i,==m i=,.=el,= em.m

HOLE # 8
DLPIH : 1933.0 FEET

SOLUBLE = "_9.b2
I NSULUI_LE = O,3H %

,,,=,== .,==n ,,,=.,m ==.

COMPONENT WT
,N m ,,,,. ,=..m. ,=.

S03 0.78

.... NA 38.03

NA20 0,,0

K 0.15

. KZO 0.0

MGO 0.0 o.

CAO O.o9

SlOZ 0.01

FEZL13 0.01

AL203 O.O

CL 59._I

HEIGHT LOSS
UN HEAT INC,

70 0./9

200 0.09
, ,.

, ,

e. ,=. i_. mw sm i,_

TOTAL I00. L9

MAJOR= HAL
MIhOR: ANH'_ POLYt KAIN
TRACE: QTZ, FEOX

i



HOLT # B
DEPTH - 1938.O FEET

SOLUt_LE = 99 t,b ,r
INSQLUULE = _.L4 :{

e-,. mmm,mp m,I m,,m _,, ,m,=,- ,,,,i,mm=,m._.. ,._ e,=u,

COMPONENT WT I
i m, ip ,i t• lm,_ ===_ i,=,,=,, em ,,,,,,=,, m,p

, S03 2.91

, NA 35,63

KA20 O.O

K 0. b8

K20 0.0

RG '_ O.U'_

CAO .:.O2

S_U2 0.0

FEZ03 O. 0

AL20) " 0,0

CL _9.45

WEIGHT LOSS
_JN HEATING

, 70 0. I_

125 0.1_

" 275 0.05

3.50-400 O. 1.7

TOTAL 101.1b

MAJOR: HAL
MINOR: PilL , KAIN
TRACE:



......... o , .• ......... i

l

'CONPUr,IENT WT
'l.ll m, Q, m, ID

S03 2.30

NA 39.50

NAZF} 0,0

K 0.30

K20 0.0
MGO 0.42

CA(.] t. 2?,

&lO2 O.UI

FE2P3 U.O

AL2O3 O,O

EL hT.b3

WLIGHT lOSS
ON HEAT ING

70 0.05 ,

250 0.05

375 0.03

(,25 O.2g

,ro.m., ,m.=,, Q.b_.

TOTAL [01.90

MAJOR: HAL
MtNUR: ANHt POLY
l_',Ab E: BLGEOt TALC

f



TOTAL ANALYSIS
li lm iI qllmiI iI iI _. Ii .,. fJl ii ii u,

HOLE t/ B
DLPTH " Lg67.0 FEET

SOLUBLE = 95. L} =
INSCLUBLE = _,._7 WI;

_l',=,l lm _,,Pel lt en i_ lm Iii

COMPONENT kit t
,lm m,=m

$O3 1.25

NA .35,99

NA2G ?.73

K O.b7

KZO O.U9

MGO L.ZI

CAD 0,41

SIO_ 0.70

FE2[}3 O. I0

ALZU3 0.20

CL 57.'hZ

H["IGHT LOSS
{JN HEAT iNG

70 0.2U

19(_ O.0¢,

,UO-500 0.2,:)

TOTAL LOL.3_

MA ,TJR; H£L,'lNuR: POLY.K, IN, T,.LC
TR.%CE.: CHLbt_e FEOX



b° ' ' " .....

i

T fJTAL ANALYSIS

HOLE # 8
DI'PTH = L9Ob,O FELl

v,

SOLUBLE = 36.72 T
INSOLUI:JLE = 63,2B '_

m m 1.ne.i,a.l._ i,.=_,.mm=,,,w.m,,,o_ m I,m.,_,,_ i,_

O

°.



TUTAL ANALYSIS
_ ==. _,=,== ,,_ == == muoam ,=pw == m* m.

HL]LE # 8
_. DEPTt4 ,= 2006,,0 FEET

SULUBLE = 99.5U t
[NSULUBLE = 0,,50

I

am.,=,,,_ ==. ,==== ,==,,_ _., mm.m ,n, ro,H.= =,w =,,w_ i

COMPONENT WT
,_, ,==m u= i==,==m=,,== ,u ,==,mi m,!,_ m,, ,._

503 Z.37

NA 37,.59

NAEU 0.0

K 1.03 _,

KZO 0.0

MGO 0.2_I

CAO ' O.06

SIOP. 0.01,

FEZL)3 0,0

AL:'03 0,0

CL b7. L7

WEIGHr LOSS
{.;N I(E:AT I Nu,

I

70 0,20

350-400 0.2'_

450 0, 13

_75 0,0_

=-, m i.i ,.,,,,4,....,=,

TOTAL 99,70

t MAJC)R: HAL

MII.JL}R= KAIN, bLOEt)TEACh" PULYt _T/

i



COHPONENT WT

3O3 0._2

NA 35.bo

NAZD 0,0

K 0.06

KZO O.04

MOO O.b3

CAO L.OZ

S IU,_ J.OZ

FE2133 O._d

ALZU3 O.TO

CL 57.09

WE!GHT LOSS
ON HEATING

70 O.Z2
I

lOO O. OZ

•. 300-_00 O. L7 '

ORGANIC L.5q

TOTAL LO(J.OZ

MA Jt)K: HAL
MII_UR: ANH
TRAL_E: SYL, CAIN, CFILO;{o Ft'.OX,ILL

i
I
I



510

TDTAL AN_LYS |S
talmi i, Ii, lm lm _1_Ii1111, Ii iii i1. m li

HL1LE # 8
DEPTH " 2039,0 FEET

SOLUBLE " 9B.Q4 X
| NSOLUL_LE " l .Ob ,t.

mm_ a, mm am mm i lm,eh,,m

COMPONENT WT I:
in, ml mlmm lm ml41m.m, ml lm i,_Ii,-ml mm li

S03 ._.50

NA _ 5.02

NA20 0o0

K I°SG

K20 0.03

MOO O. 70

CAO 1 .SB

Slu2 0.27

FE_O3 0.07

AL2U3 0.05

CL 54.01

WEIGHT LOSS
ON HEAT ING

70 0.21

lO0 O.Ofi

300-4OO 0.49

425 0.27

TOTAL _g.81

MAJOR: HAL
P|NOk" PbLY KA|N
TH,ACE: Kt"EL_m I'ALCI FE_?X



.°.

TOTAL ANALYSIS
qlmmm lm=_,m_ _

HOL_' # 8
DEPTH = 2050.0 FEET

SOLUBLE = 2.8.61
INSOLUBLE = 7£,,39

COMPONENT WT
_ ,_ _ _ i.=mP == _ ce. ¢,,=m, ,_..a,m== =m

S03 5_.9V

NA B.00

NAZO 4,90

K 0.0.5

KZO 0.04

MGU O.3X

CAO 7. lO

SIOZ 0.33

FEZ03 0.0
AL203 0.0

CL lZ,44

k/E:IGHT LOSS
ON Hl:ATING

70 0,_1!

475 0.68

TOTAL 88.95

MAJGR: ANH
MINOR: HAL
TRACE: QTL

@
,

./



, . , .... , .

dll

TOTAL ANALYSI,5
mm..,i ,_, _.,e,mew,o_ a,m_,bm _ q,,.uo m.

HOLE # 8
UEPTH = 2068,,0 FEET

SOLIJP.,LE' = 98.84
II',ISrlLUBLE = l. L6

COt4POI',IENT k'T :¢

S03 2._r9

I',IA 37. _1

N,_20 0.O

K 0. O8

K20 O.O1

t.GO 0.3t

CA_ 0.89

SIOZ 0.38

FE203 0.0_

AL,_O3 0.07

CL 5_.99

WEIGI.IT LOSS
UN HEAT lNG

70 O.O_

' " 250 O. lO

_,.,,,,,, rra,,_,,,,,,li,,,,

TOTAL ,_7.82

MAJUR • HAL
Mll';f)R: At,JH,TALC, IILOED
TRACE: PULY, £}tLOKt FELIX



TOTAL ANALYS!S *

HOL_ #= BDEPTH 20R4.0 FEEl

SOLUBLE = 92.00 _;
INSULUULE = 8.00 W_

mm,mmimi,imim mm==,,m ,,m =,=1= Im_,= ,_,=e,= ,nun,

MAJOR: HAL

MZNOR: CIfLORo T,ALC_ (QTZTR,ALE: KFELD, Fc.UX

I



TOTAL ANALYSIS
mm =,**=.,,.===q, ..,, ,,_

8DE =, _t]O,O Ft:ET

:_OLUBLE = (_9,61. tI'qSOLUULE = O,3_
milliell Iii I_l Iii l='qlm lirali ,=l ml m_,,_, i_ *m I-I

COMPONENT WT 1;
mn.**,.,*=,m*=*_=, _, =1=I,.**I,*l I=, lm ml**,* *.,,.*tj'*

503 2.31.

NA 37.79

NAZO O. 0

K 0._2

K20 O,0

HGO O. 25

CAO 0,75

SIU2 0.03

FE2{33 0.0

ALZO3 0.0

CL 57.16

WE|GHT LOSS
_N HEAT ING

70 O.ll

125 0.07

" 350-_I00 0.I0

,=..,..b.,=... mi

TOTAL _.3H

HAJOR: H._L
H| I,IOR; P(3LY
T_ACL:. At,:dt QTL





CL1MPONENf wT

S03 0.0

NA 39,L_

NA20 0.0

K 0.07

K20 0,0

MGO 0.02

CAO O_,t2

SIO2 . 0,O1

FEZO3 0,O

AL2{33 0,0

el. 59.75

W!-IGHT LOSS
Gr,; HEATING

"0 0 "_4

30f 0 C,,

TOIAL 99,77

f4AJ[}R: HAL
MINUR:
TP,/_CoE; ANH, POLY, SLY, (,rZ

v-





HOLE _ 8
,DEPTH = Z_Z6.O FEET

SOLUBLE = 95.4_
INSOLUBLE = , 4.5r...

I I i i =..,.i=..,==,! i ,_, ,=,,=,=,G,=I ! _,,

t_.AJO I',: HAL
MlfdOR: TAL
TP,,_L,E: HAL, CAIiNt CHLOr:, FLI_X

=



TOTAL ANALYSIS
==,,,=,,== ,,,=i.. r

HOLE # [_
DEPTH = 236._.3 FEET

SOLUBLf: = 31o37 'd;
!NSOLUt_LE = hS,b3 %

m =..,.m.. mm==,=.= _l, _ mm=.ni._ =,,,,_d.t,m =,,,,m,,,==,

COMPONENT WT

SO3 47._2

NA 0.62

NA20 3,76

K O.O

K2U lO.b7

FIGO b.40

CAO 3,37

5IO2 10.OB

•FE203 0.01

ALZO3 L. 57
/

CL L.17

WEIGHT LOSS
ON HEAT |NG

70 O.43

200-375 4.8i
..

37_-500 I.oO

TOTAL o_,.',.41

MAJOR:
MINOR: KAIN, KFELD, TALC, E,IL
_kACE: HAL, SYL



=

5;'O

i

TUTAL ANALYSTS
q,= m,g, m ==,=_ e,., I m m, q,_,mll

HULF I 8
DEPTH = Z42 7.5 FEL:T

SOLUBLE = 99,3o %
INSGLU½LE = 0.04

m,mm mm.I _,mqmHm._m*,. ,_m.m.mm_m am,I,bm

COMPONENT WT
iblm mJ _mem ==, m,M= w.,.w, m m I_ e=

S03 2.58

NA 3g. _Z

NAZ_ 0.O

K O. Ol

KZO O.Ol

MGO 0.05
..

CAO 0.35

SIOZ OoL0

FEZ_3 O.0L

AL203 O.Ot

EL 59.81:1

Wt:lOltr LOSS
0;_ t_EATING

70 0.03

I 300-_00 U.40

=,=_,===,. mm,m_=,=

TOT,_ L L02_5

H_JOR: H_L
., MINCR: _.NH

, T,Kt.l.L: P(JLY_ t_LOED, KFLLI), TALC, t,Jlt. o FEOX/

0
°

q
• °



I ...................

p
f

s

5;gl ; "

MAJCR: HAL
, MIH(JR: ANH

TKACI'_ KAI;',I_CHLOR, Kf-ti_l.b,TAt.C, FEOX

i=



* 'TOTAL ANALYSIS
aaR,,._ ii .m_/ ,._ ,,m ,D m,m_,* .,m,_. mJ ,.m

HOLC _ B
DEPTH = _519.0 F[;EI

SOLUBLE I 99,_6
INSOLUBLE ,, 0,64

_ a,mmimelme_, ,mm_ elm,,lmm,m_ mlI,D_ me,Qmeiw

C_MPONENT WT
,m,omJ,iw,im,,imH,i,ini,_ ._,-,_,,_w,l,.,am,q,_m

SO) 0.17

NA 60.4_

NA20 0.0

K 0.02

K20 0,,0

MOO O.O1

CAD 0.03

SI02 0.0

FE203 0.0 O
AL_.03 0.0

- CL bO.3l

wr;.,IGHTLO_S
' Hhl H_ATING

70 0.08

_BO 0.06
,,P ..,.,,w..._ ,lD w,l

@

TDTAL 10 1.71,

MLJOR: HAL,
MINUR:
TRACE" POLY

i

......................................................._ _,., ................................:1.......1.r,m........._-, ,,"""--f,hlO* .................."........,,llill.......Vnl[.......



=.

/

L
. .

TOTAL ANALYSIS
m,=qlme,===,,a,=a, ,1, ,m m, a,m_,=m,,m, =,,

HOLE # I_
DEPTH = 2503.0 FEET

SOLUBLE = 7.LL
INSULUBLL = ¢;2,0g ¢

CUMPONENT WT _:
=m,Q,, m _ =,,,4D,=mmm=,m a,,,w= m, =,,, mou

' S03 _o.se

/ NA ! ._7

NAZO b. O6 I
I

K 0.05 I

KZO 0.54 iI
i
a

MGO Le,. 73

' CAO _4.37

SlOZ O.2b

FE203 0._6

ALZU3 1.bt_

CL 1.05
/

WEIGHT LOSS
ON HEATING

70 l .U7

100-150 0.19

175 0.07
,,

_50. MIN O.IL

TOTAL 100.17

MAJOP,: ANt4
M|NUR: CIILFIRt KFELDt TLLC_ FCOX
TRACE'. HAL, LANG

v
J

o. ,.

/



+
,

TCJTAL ANALYSIS

HOLF _ B
Dc;PrH = gblS.5 FEET

SOLUBLE = 99,74
INSOLUBLE = 0,26

li um_. i_ mllN iiiii_ aiii li lm + i_ ii im I_

COMPONENT WT :;

5_% O.B6

NA 3B,SU

NA2_ 0.0

K 0.05

K20 O,O

MGO O.O2

F_AO 0.St_

SIO2 0.O

FE203 O.Oi

AL_U3 0.O

CL 5g,37

tJFIC,_IT LOSS
ON ltEAT ING

70 0.21

300-350 0.O6

TOTAL 100.00

MAJOE; HAL
MINLII(= ANH
TRACt:: POLY, FEOX

.o



J

TOTAL ANALYSIS
i

HOLE #DEPTH " b65,5 FILET

SOLUBLE = 99.08
]NSOLU_I,E = 0.92 _,

,zm,zm als ,mHw _,=,= Q,_,=l ,=l ,ii =_, _= ll=== =mis

COMPONE_T WT
•m,_ em,,,mml,,m,,w a. ,,,., ,i,w,,_m_ q,uo,.m,

S03 ' 0.98

NA 3b.b8

NAZO 0.0

K O,OZ

K20 0.0].

MGD 0°22

CA,' O. 35 /i

S1;J,_ 0.23

FEZU3 0.04

6L203 0,06

LL b9.1_

WF'IGHT LOSS
C,_ HEAT IN(.,

70 0,25

_,00- 500 0.4£=

m,,m, ,J, u,, _, Q,m,.

TOTAL lO0.Ztb

M_,JL)I.:: IIAL
MINL)_: ANH, CHLOR
TRACE; POLYt KfbLD, TALl,, FEOX

0



TUTAL ANALYSIS
IN,,_ ,Bl,_al,iii,_qllwo l,mI,B_ f"_,Im,m _

HDL _: # _J
DEPTH " 2706,,0 FEET

S_LUBLE " 98.75,
I hI$(.ILUDLE '= L,_I5 _;

mHD aW,mmm,,a=m_ amm_ _ Immure_im m,_ m.

CUNPC3IJENT WT
el,_ ,m _ _, ,i_mlmaD mB _ _ l,ml,,m,m ,lm

SP3 I,,,13

NA .t7,09

N4_!U U,O4

K 0,03
J

K20 0.03

14[;0 O. 19

CAO 0,68

SII_Z 0.,_7

FE20J 0.27

AL_(}3 0,07

CL 5B,60

WI',IGHT LOSS
Lit,;HCATING

70 O,J.6

300 0.05

,. 380 0.7.5

400+ U.70
D i_ ,A,. _,_ai m=,

TOTAL l.OU, 66

MAJI)K: 14AL
PI,_;L]h : ANI-'
TRACE= POLY, CHLORo KFI2LL), TALC, FEOX

I



i

TOTAL ANALYSIS
in /mm mp um _,mm m _i_mmw m_

HOLE # B
' DEPTH = 275B,0 FEi:.T

SOLUBLE = 99,22 :_
[N$OLUBLE = O,7U

am= =,==_ m=_ m,m,a _ =.= ==ai

COMPONENT WT I_

S03 1..70

NA 37,20

NAZO 0.83

K O.OB

K20 O.O1

MGO 0.18

GAO L•X4

S102 0.06

PE203 O.OX

ALZU3 0.02

CL fi8.07

_,_IGHI' LOSSHEAT ING

70 O.LI

2.50 0.0.5

., ,am,..,_ =0 ==.,m,,,_

TOTAL 99.4b

MAJOR" HAL
MINUR: ANH
TKACE= POLY, CHL()R, KFELDt TALC_ FEOX



TOTAL ANALYSIS
IIIIIIilI IIIIi

HtDLI_ # 8
D_PTH = 2779,,0 FEE.T

SOLUBLE = 99.b2 _,
, INSOLUdLE = 0.38 t

Ii i II IIIIII I_ IIi I

COMPONENT wT _;
t=_*,= _= ==,m,=a,J*m ===m= I == == q=,=,,,=m=

SO3 L.09

NA 37.4I

NA20 0,0

K 0,01

K2Q 0.0

MGU 0,03

CAD I,_O

S 102 0,0

FE 2U.Z 0.0

ALZU3 0,0

CL 58.53

WEIGHT !_OSS
UN HEATING

70 0,21

Hl TEMP 0.0

,,.=m., .ma,..

TOTAL 97.40

MAJU R: HAL
M,INOP,: CAkNf ANH

,' TRACE:



TOTAL ANALYS|5

HOLE # 8
DEPTH = 2794.0 FELT

SOLUBLE = 99.79 IK
I N,SOLUBLE = O,2L

,mm,Q,,= N mm =,,,i,=m,_==, ,,,IN,mm ,,,,. =,,,=,,o _ e,=,*t,= _

COMPONENT Wl' t
==.,ml mm_, ,,_ ,,mm

$03 O.g9

NA 37.Bb

NA20 0,0

K 0,02

K20 0,0

MOO O,Ol

CAO O,6B

SIU2 0.0

FE203 O,O

AL2O3 0.0

CL 60.58

WEIGHT LOSS
ON HLAT ING

?0 0,18

Hl TEMP 0,0
,

mm =,=N =,_a,,- a,,,

TOTAL I00.53

MAJOR: HAL
MINUR: ANH
TRACE: POLY



5OO

IOTAL ANALYSIS
m ,_ D,_m.,,_ _ I,..,m., ml, _ ,=.. ,=,,,

HOLE # 13
DEPTH = ZBO2.5 FEET

St)LUE_ C = :_9.55
I NSOLUdL !-_ = 0,_5 Z

m =_,mm. _.m, m,. w.,

COHPOrCENT HT
mm_mmmlm.mblmm,,,mm_lm m,lmm m ,pm, _ mm lm.m

S03 X.76

NA 3B,39

NA20 0.O

K 0,02

K2O 0oO

MGO O,Ul

CAO 0.22

SI02 O.O

FEZU3 0.0

AL203 0,0

CL 58, 19

WEIGHT LOSS
UN HEATII,_

70 0.10

tTO 0.O2

375 0.02

_,.m _ _,,,mm,,,,m.

TOT_,L 99. l_

MAJOR: )IAL
MINt._R: At,;t_
TRACE: I_LP.[.D _ POt.Y

I

l
t



TOTAL ANALYSIS
m, m.,_= ==,,m .I i= _,.._ ._ ,m ==.,_ ,.=

ttOLL # 8
DEPTH = ZSOV,O FEET

SOLUBLE = g_.Og
I ' [NS(JLUtSL E --- 0.91 _,

=.l,=,,, ,.,_,,=. m*e,m,_, mi_,,, =.. =.= ,,,,. I.,.i.,m m. q,_

COMPONENT WT

503 -". 02

NA 38.56

NAtO 0.0

K 0.01

K_O 0.0l

MGO 0.04

CAO I•09

SlOz 0.04

FEZ/)3 O.O

AL2U3 0.0[

EL 59.70

WEIGHT LOSS
Olq 14EATING

70 0,15

I50-ZO0 0.09

•. 400 0.24

TOTAL 10 I.,-;0

MAJUR: HAL
HlNOR: ANH
TK_(,,E: POLYo BLOEDr PCLYt KFELDo QTZ

..



.

3

TOTAL ANALYSES
al, ,m m.,m.,.@ N,.=w m., ..,I ,.,. _., .,.-..,- Q,

HOLE # 8
DEPTH = 2620.5 FEET

SOLUBLE ,= 99.46
]NSC;LUdLE = 0 •"_,_ _;

m,=,m,, ,m,....,a,=.,,,.m. =...,m

COMPONENT W'[ T

SO_ 1.67

NA 38. _,Z

NA 20 O. 0

K O.01

KZO 0.0

MGU 0.03

CAD O.Z9

SIOZ O. 0(_

FE20_ 0.0

AL2[J3 0 0

CL 58.50

WEIGHT LOSS
Ol'_ HL_ATING

70 0.18

_00+ O. _.8

..

TOTAL 99.34

MAJt)R: HAL
MI t_rJR: TI4ENt At_H
TRACE: POLYt TALC

O



5;/3

TOTAL ANl LYSIS

HL)LE # 8
DI:PTH = _B79.O FElT

SOLUBLE = _u.4l I;
IN$iJLUBLE = 3,b9

COMPOFIENT hT

S03 4.15

NA .IZ.65

NA20 0.93

K 0.02

K20 0.01

MGO O. 13

CAO I.D(,

S102 0. I_

FE2U3 O.Ol

ALZO._ O,Ol

CL 55.79

gF IGHT I.OSS
Ul,i IIEATING

7U O.Or,

TO 500 U.O

500+ 3.3L

TOTAL 98.74

MAJOR: HAL
l'_lt'OR: (.;LA_9, AHII
IRACE: PULY, KFE.LD, TALC, l.IC.x



TOTAL ANALYSIS
=_ i=,,4I i1=I ii,, mmii lm mR _, ro, e= ii,

MAJU¢:: HAL
P.INOR: GLAt4B, ANt1
TRACE= LAN(,_,IALut QIZ, FELIX

, ............... , .... . ........
' , ..



Appendix 7.B (Ref. sec. 7.3)

" Whole Rock Chemical Analyses in Soluble and

Insoluble Fractions & Moles times i000

\,
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53G

HOL_ W 7
D_.PTH = LO_.Z FE_T

TOTAL

CCMFOI_,'ENT WT T, MOL ES
plIlll|I |I I | |

$D3 0.5_ 6.87

NA 38.56 IG77.25

NAZO 0.0 0.0

I_ C;.O) 0.77

KZO OoO O.O

MGLJ 0.0_, O.c..9

CAD 0,_3 7.67

51U2 0.0 0.0

FE_T,J3 0,0 0,0

AL.Z03 O.U 0.0

LL bO,_O 1703.b I

o.

/
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HOLE kt 7
DI_PTH =' /ZZL.U FEET

TOTAL.

COHPUt'JF:PJT k_T _ r4ULES
m,e_mmmm _, w, lD ',D _, ,m 9" I,w ,m,m lm W, ,,_ Q_ ,m__ ,m

S03 Z.O,' 25.,?.3

NA 38.79 L687.Zb

NAZ0 0.0 0.0

K 0.06 I .53

K2U 0.0 0.0

MGO O, J.0 2 • 48
I

CA_J 0,.88 LS.bg

5102 0,01. O.L7

FEZO3 O,O O.O

AL2n3 0,0 0,0

CL 58,3L L6_,_. _,5

O



- o

• o

5,10

HUL E _ 7
UL,PTH = 13_3°0 FE_T

T_T_L

- CUHP(.,:_I;_T WT ,_ ,OLE S
,imam _ ra. w,,,, g... *,,. i.,_ ..D .,.. *.-. 1.4

SUB O,9O 12,37

NA 3_, oO 1678.99

H_,20 0.O 0,O

K 0.35 a._.5

K2U U.O U.O

t_,(..G 0.15 3. ? '

Ct, O O.Co I I, 71

$I (JZ O, OL O. L7

:r}2 0.0 0.0

AL.2U_ 0,0 0,0

CL 59._,0 1o 7b. 60

, o

f



° °. .

@

/ HOl,_ tC 7
f,)LP Ttt = 140Z.5 FEET

TOTAL
. .

"" C_J_4PLJt_NT WT % t_OLE S
4lm_.,q ,i, ,._ m-. m,i _ m.oi,,,, _.. B_.,_. _ _ mi.

,_O3 O. 1i. 1.37

J NA 39.67 L77._.53

NAzrJ O.O 0.0

K 0,06 1.53

K2L_ 0.0 0.0

_OO O. Ob I.s_9

CAn OoOZ 0.36

SZ02 0.0 0.0

FL.'03 0.0 . 0,0

ALZ03 O.0 0°0

CL 59,70 [oGb,32

\
\
\ • ,

!'
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543 .

HrJLE 1_ 7
DLPTH = 153_.o0 FEET

TOTAL

C{]MPE}NE_T WT WI MOLES
,.l,.,J.w.,w. ,-.i wJ.D,u..e,i,.,,H,,_ m-.,qm,

503 I,67 2.0°B6

NA 38. t0 1570,25

NAZO 0.0 0°0

K 0,52 13.30

K20 0.0 0,0

r_GLl 0.2_ 5,4&

CAQ 0.6_ LL.4L

SIL_2 O,01. U,I?

FE20) 0.0 0.O

AL20_ 0.0 0.0 j

'_ CL 5"I .Tb Ib29.34

!
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54G

I

HOLE # 7
DLPTH ='' 1755,0 FEET

TOTAL ' '

, ,

COHPUNENT WT I_ MOL"_i
_lm ID,_. ,m,,_llm _ lwm. _,m,=,I ,,i, lm imH,,l, lm, --. ,,.. _,

S03 0.65 8.12

NA _8,, 12 1658.I"

NA20 O. 0 0.0

K 0.23 5._8

_ KaO o.o o.o

M(;O O.l._ , .,'i• 23

CA[J O. 0B I .43

SIOZ O.OZ 0.33

FE 20._ 0.0 0.0

AL203 0.0 U.O

. CL 59.54 1079.55 _m,

lP
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....................... - _.o ,....

• .

U.t

@

HOt E _ 7
DLPTH = 1q67.0 FEET

TOTAL

C L3_iPLINENT WT '( _SL,LES

SO_ 3,O_ 37,85

NA 39,58 tT_L,b2

N_ZU 0.0 0o0

K 0.90 23,02

K_U 0.0 0,0

;,IGO O.2_ 5.71

CAD 0.94 I0.70

SlOZ U.O O.O

FEZO] O.Ot O.06

AL,_.O_ O.O 0.0

, ,



.,
,





I
J !

.° ., _ , ° . -- ° .... q _,- ...................... _, ,

HOLE _ 7 '
DLPTt! ,_ 1.975.0 FEET

TUTAL

C_MPnNL)N1' WT t MOLES
t.,qm.,am ,-_..li.l=m wl,ml a_ ._ _ ,,.,mm, mp,l_ _ mm mH,,.,_

, S03 O, L9 2.37., I
I

NA 38.9) 1693,35 ,,

NAZI.) 0.0 0,0

K 0.0_ _.SJ

.J K2_I O. 0 0.0

MGD 0.07 t.7 z,

CAO 0.09 L ._0

S[U2 0.0 0.0 ,

FE_U,_ O.O O.O

AL,?U'J 0.0 0.0

CL 00.30 1703.24
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55S

HL',LE # 7
DEPTH --, IgB3.0 FEET

TI"JT:,L

C C,_'4PONEf'_'T I,;T _, ML:LES
Illll _ll* , !!I!i

Sg3 L.LL 13.U6

NA 36.00 1505,_0

NA2O 0.0 0.0

K O,6X 15.60

K_O O.0 0.0

MOLl 0._0 _ .92

CAD 0.46, 8.2.0

5102 O.OI O. 17

FI!203 0,0 O. 0

ALLO3 U.O o .0

CL 59.20 _6oS .96



, t4O!.E # 7
DEPTH = 1,986.5 FEET

TOT AL

COMPONENT WT '_ IV,OLES

......, S03 0.1.7 2.1Z

NA .38.20 166},.59

- NAZO 0.0 0.0

K 0.04 1.02

K20 0.0 0.0

MGD 0.03 0.74

CAO O.2L 3.74

SI02 O.Ol 0.17

FE20_ 0.0 0.0

AL2U_ 0.0 0.0

CL 60.60 17 I I.•14

• .

i

/

/



F

5L 3

HOLE N 7
DEPTtt = 1.993.5 FEET

TOTAL

COMPUNENT wT _ MOLE_:.

S_3 2.96 36,97

NA 38.25 1663,77

NA20 0.0 0.0

K 1.o8 _2.97

KZO O. 0 0.0

MO0 0,79 19.60

CAD 2.30 41.01

,,- 51o2 0,0 0,0

F:F.203 0.0 0.0

_L2D3 0,0 0.0

CL 53,81 1517,_l

/

• °



• °

HOLE At 7
DEPTH = 2537.0 FEET

/ TOTAL
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561

H{3LE: _ ? ,
[J(:PTH = Z716,5 FEIST

TOTAL

, ,
, ,

i

t

i

,, ,, . .



HOLE # 7
DLPTH = 2736.0 FEET

. 'TOTAL

COMPUHENT H_ _ MCLES

$O3 O._,Z _,25

NA 39.75 L729,OL

NA20 0,0 0.0

K O,Ol O.Z6

KZU O,O O.O

MGO 0.06 L ,_9

, CAD O.. _ q .09

S|0Z O.OL O. L7

! FEZ03 O.0 0,0

ALZO3 O.O 0,0 i
CL 59.8_ L689.14
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/'

HDL E # B
DEPTH = ,I.493.3 FEET

TOTAL

, C OHPCJI'=',EfiT WT _, H_LE
t l..,=,. .,_ ,m *,m.,., =,i m,....o q.= i. -... a,i

503 1..12 13.99

NA _tB° 00 1.552 .Bg

NAZO 0 0 O. O

' ' K 0.12 3.07i

, KZU O.0 0.0

' , MGO 0.1' 3.Z3

: CAD 1.,62 2D •B9

5102 tj.Oi O. 7

FE203 0.0 C. 0

AL:PO3 U,O 0.O

, CL 59.g7 Ib_l. 68
!
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HOL E: # 8
UF,,PTH =' LTO5,O FEET

TOTAL

COMPONENT kiT _ HOLt!S

q,,t'

S03 1.18 [4.74

NA 38.'r9 1687.26

NA20 0.0 0.0

K 0.35 _.q5
/

/ K2[J 0.0, 0.0

MOO 0.17 4.22

CAB 0.4z. 7.B5

SI02 0.01 O. 17

FF.1203 o.e o.o

AL203 0.0 0.0

CL 55.04 lb54, ].b
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$

HOLE # 8
DEPTH = 1804,0 FEET

TOTAL

COMPOHENI" WT _; M_7LES

$03 0,2B 3..50

NA 39._3 17£5.09

NA20 O.0 0.0 '

K 0,06 ;.53

K20 0.0 O.O

t-_C,U O.,OI,, 0 . 99

CAO 0.70 ].2.48

SID2 0.0[ 0.17

FE20} 0.0 0.0

AL2O_ O.O 0.0

CL 59 .9_. ,1690. 83
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1

HOL E # 8
f_L:PTH = 1.856.,7 FEET

TOTAL

C UMPO_J_IqT WT I; MOLES

S03 2.70 33.72

NA 36*,08 15(-_,38

NA20 0.0 O.O

K 1.6Z 4! .43

' K2U 0,0 0.0

MGiJ 0,03 6.74

/, CAO 1.56 27.0Z

' SIOZ 0o0 0,0
/

FEZ03 OoU O.O

ALZOJ (].0 O,U

CL 5b.06 _696,31 Q
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HOLE # 6
DEPTH = L8¢/0.0 FEET

_w

TOT ,.,_"

C O_PONENT kT _ H',,tLES

SC)3 0,77 9.62

NA 3B,'/8 1666,02

NA20 0.0 0,0

K O, LO 2.5(_

KZU 0o0 0,0

MGI3 O, LO 2.4B

CAD 0,9.5 16,94

SlO2 0.0 0.0

FE203 0.0 0,,0

ALZO3 U.O 0.0

CL 5g,33 1.(.,73° 62
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HOL
" 1900,0 F_BT

TOTAL

CDMPUN_NI WT % NOTES_ _m_m, _-m, _ m mm u
_im _ lm em am

503 3,ZO Dg,g7

N. _8,i4 165B,96

NA_O 0,0 0,0

K 0,9B 25.06

,,' K?O 0.0 0.0

MOO 0.47 Zl ,66

CAU 0,39 b,95

SI02 0.0 0.0

FE_C13 0.0 0,0

AL2[j._ 0,0 0,0

CL 57.60 1024.112
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HOLE # B
D£PIH = 1916,2 F£ET

TOTAL

COMP0_JENT WT _ /';0LES
_.l.-I_mmmRm mRN_m _mmmm_

$03 0.92 [[,49

NA 38.48 1673,77

HAZ0 0,0 0.0

K 0,21 5,37

K20 0.0 0.0

MOO 0.13 3,23

" CAO . 0.44 7.85

510_ 0.0 0.0

FE20_ 0.0 0,0

ALZ0_ O,0 0,0

CL 57,7[ I_Z7oS3



14

I,.,-,.! ..,j r'_
+"I <
I,._I _ _ "" _"

• o



L,

• .

................................................................................. t

i ,
gS(;

.-J I (:3 m ,4" (7, (7, ,0

_ "_'u'_ " ''_4" ''g0 ..Jl 0 _0 0 0 0 0

I ,.-e ,",,

(7'

lm " "
::=

I1 ',.:._

• • ,I 0_
.J_. .J'O -ii: I

U

2:1 '< _J

Zl 0 nj 0 _) 0 :_

_ I Vl _ Z _' :_ * 'J Ul I.;. <: _ ::) ".U

°-) I

O
, .



w,,-,*._.,,,P-, _ _al e

"-° ................................. _i 1

5S7. " ]
i

IIDLE // B |
o_,r'TH " 1933,0 FEET J
TOTAl b

COMPUN_NT WT .g MOLTS
mD,..imw,m,ii m,_a,.ia_,i,m ,lm.,,l,,,m,D.m. ,_, p_. ii,,.Ill'_ S 'W

'5t_3 0,78 9,74

NA 38,03 1654,Z0 1

HA2 0 O. 0 0 , 0 J

K O,L5 J._4

KZO 0,0 U,O

MGU O, 09 7 •23

CAO 0,65 1.1.59

5102 0,01 0.17

r-E20.3 O.OI 0.06

AL20_ 0 • 0 0 • 0 .|,,

CL 5g. Ol 16B7.17
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HUL[# 8
DL__ H = 1¢;3B.0 FEET

TGT ',L

L Or_P(3tI_:NT _T ¢ z,_L_LES
m, _,m.= ,,,,.a, _ ... ,u m, u, ,,=. ,,=..=.

SU3 2.9L 36.35

r,lA 3.5.03 1'.,-,9.80

I;A.;O 0.0 O.O

K O.bB 17.39

KZO 0.0 0.0

MGU 0._ t, 20._4

CAO L.02 IB. L9

SIO2 0.0 O.O

FE_03 0.0 0.0

_L2U) 0.0 0.0

CL 59,45 10"7 ,_l

° °
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HOL E # e
DEPTH = LCJ53oZ FEET

TOTAL

CEtI,tPONC:NT WT _ t._CsLES

503 2.30 2_.75

NA 3g.50 J.7LS.L4

NAZCI O° 0 O • 0

K 0.30 "1.6t
K,?.U 0.0 0,0

MOO O,4P 10.42

CAU 1.,25 2]. ,9.3

SIOZ O.OL O,L7

FE 2CI3 O.O 0,0

AL,_U3 0.0 0.0

CL 57.63 t625ob7
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HOLE # 8
DEPTH = _006.0 FEET

" TOTAL

C Ot,'JPOHEI'JT WT t _.IOLES

503 2,]7 29,b0

NA 37.5': 1035,06

NA20 0.0 0,0

K L .03 ;:b ,34

KZO 0,0 0.0

MGO O, 31 7, O9

CAO O, O_ I.07

S[02 O,Ol 0,17

FE2O3 0.0 (_,.0

AL203 O,O O.O

CL _T.17 1612.b9
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HOLE # 8
O_PI'H = 2130.0 #EEl"

TOTAL

COMPOr'IENT WT I; _IOLES
l,i,I ii .,.i,iI , =,_i,_,_..,_,ii _, I

503 , 2.31, 28.85

NA _7.79 [643.76

NAZU 0.0 0.0

K 0.42 I0.74

K2,J 0.0 0.0

MGU 0.2_ b.20

CAl.} 0.75 13.37

SI02 o.r)_ 0.50

FE'D3 0.0 0.0

AL203 0.0 0.0

CL 57.16 ].61.2.41
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HOLE # 8
DEPTH = ZZI7,O FEET

TOTAL

COI_P'_!ENT WT % MOLES
! .,,.-,D .,I g,,. I I,..,. ,,,,. I I

Su_t 0,0 (,}.0

NA 39.14 1702.48
J

NAZO 0.0 0.0

K 0.07 I ,79

K20 0,0 0.0

MGO 0 .,.'2 0 . _0

CAU 0.12 2.I4

SIrJZ 0,0[ 0.17

FE..,J3 O. 0 O. 0

AL2 C_J U.CI 0.0

CL 59.75 _.,:_b.c'., t7 I
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HOLE # 8
DEPTH - 2280.0 FEET

TOTAL

1

COMPONENT WT Z MOLES ]=,li li,, _,, ==, ==, =- am
mo iiim _l=41lm

SD3 0.39 4.87 t

NA 37,9L 164B.98

NA20 0.0 0.0
!

K O. tZ 3.07 t
K20 0.0 0.0 1
MGO 0.09 2.23 J

.I

CAO 0.25 4.46

SI02 0.02 0.33 i

FE203 0.0 0.0 J

ALZ03 U.O 0.0 i

CL b0°23 1699 o01 i
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HOLE # 8
DEPTH • 2326,0 FEET

INSOLUBLE
"' _.o56 WT ¢ OF TOTAL

COHPONENT WT Z MOLES
lm lmmm_mm m m lm=_ m Oil _.tnu, m o t lmmpqmmwlmmmlmmllmmm_ qm

SO3 0.0 0,0

NA 0,0 0,0

NAZO 0,0 0,0

K o,n 0.0

K20 0,03 0.32

MGO L..J I 32 • .50

CAO 0o03 0.53

5102 1.14 LB.97

FE203 0.12 0.75

AL203 0,25 2.45

CL 0.0 0.0
qll=,,R,m4,1= ,,=

£UBTOTAL 2,8B ¢

V,EASURE D = 4,56
. .
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HOLE # 8
DEPTH = Z519,6 FEET

TOTAL '

GOHPONENT _I" Z NOLES
m_,,,_qm m ,m, q=mml anm_ _lanl om am gamannla==.h=.lm,..,qnj,_

S03 0o17 2,12

NA 60,42 17.T,8,16

NAZO OoO 0.0

K 0,02 0°51.

KZO 0.0 0.0

' HGO 0.01 0,25

CAO 0.03 0.53

SIOZ 0,0 0.0

FEZ03 0.0 0,0

ALZ03 0.0 0.0

CL 60.31 _701°27
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OLE # 8
EPTH L 2615.5 FEET,

TOTAL

COHPONENT WT _ MOLES
em mm_m.em,i,.e m emw,,m_ m.,,m. _ m j twmemI,,- m. emem

SO3 0.86 10.7_

NA 38,58 1678,1,2

NAZO 0,0 0,0

K 0.05 _.28

K20 0,0 0.0

MGO O. OZ 0 • 50

CAO 0.._ lO.3Z,

SIO2 0.0 0.0

FEZ03 0.01 0.06

' ALZD3 0.0 0.0

CL 59.37 167_.75
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HOLE iii 8
DEPTH = 2779.0 FEET

TOT AL

COMPONEI_ . WT Z MOLES
sml ,._eP w. m I. _...., .m ,w...... wm .mpIB lm.m,, mp=,., m,.,.., ...

503 1.09 13.6].
I

NA 3"/._L 1621.23

NA20 O. 0 0.0

K 0.01 0.26

K2D 0.0 0.0

MGD 0.03 0.74

, C_ L.BO _,...I,O

&,._2 O.O 0.0

FEZO3 O. 0 b .0

AL203 0.0 0.0

CL 58.5.3 L65]..06
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k
/ j

HOL E # 8 ' '
DEPTH - 2794.0 FEET

TOTAL

COMPONCNT WT % HOLESdm,De,m,mm,
em,am,_am, eme,,,, ,Jo e,mm_ Ulmmm,em cmb ,immImmro,mpmm m,,,lm

SO3 0.99 L2.37

NA 37.86 164b.80

NA20 0.O 0.0

K 0.O2 O.51

K20 0.0 0.0

HG0 0.01 O.25

ChO 0.68 ].2.1_

SIO2 0.0 0.0

FEZ03 0.0 0.0

ALZO3 0.0 0.0

CL 60.58 1708.89

v
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HOLE # .8
I DEPTH = 2802°5 FEET

TOTAL

C Ot,IPON_.NT WT ¢ MOLES
Ilo, _1 millml, iiii,_,,,_1,_ lm ,li, i1_q,,lw_ wmlm_lm iii,mm_ _ lm

SO3 J,.76 21.98

NA 38.39 1669.86

NA?.O 0.0 0.0

K 0.02 0.51

K2D 0.0 0.0
'

HGO O. OI 0 °25

CAO 0.22 3,,92

SI02 0.0 0.0

FE203 0.0 0.0

AL203 0.0 0.0

CL 58, ].9 ,I.641.47
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A_pendix7.C (Ref. sec. 7.4)

Selected x,ray diffraction traces of EDT.A-irsoluble residues from the ERDA-9 core.

I-2. _-CS-42: Serpenclne and saponlte; the sha,_ nnxlma at 12.2 and 24.5°2e

are basal spaclngs of serpentine's 7_ periodiclcy. The broad
peak at 7.25_28 (alr-dried) becomes a broad weak shoulder at

_5°28 upon glycol sa_uraclon and is saponi_e.

A. <2um EDTA-Insoluble residue, alr-drled.
B. _ulk EDTA-insoluble residue, glycol-saturated.

I-3. }_-CS-15: Talc and smectite (saponlte); sharp peaks at 9.5 and 28.5028

are basal spacings of _alc's 9.5_ periodicity; they do no_
shift with glycol-saturatlon, The broad low-angle peak again
is saponite; accessory amounts of serpentine also p_esen_.

A. <2_m EDTA-insoluble residue, air-dried.

B. Bulk EDTA-insoluble residue, glycol-saturated.

I-4. t_-CS-17: Regularly interstra_ified mixed-layer chlorite-saponite _cor-
rensite); distinct strong suparla_tice reflection at 2.9 29

O

(alr-dried) which expands to 2.7 2@ with glycol-sa=ura_iono
The peak a_ 6.4029 (air-dried) expands to 5.6u28.

A. <2_m EDTA-insoluble residue, air-drlad.

B. <2_mFiTA-insoluble residue, glycol-saturated.

I-5. JL-CS-9: Randomly inters_ratified mixed-layer chlori_e-saDonite; air-
O -- O "

dried peak at 6.1 28 expands to 5.5 28 wi_h glycol satara_Ion.
Illite (8.7, 17.6, and 26.6°28), m_nor serpentine (12.3 and
13.1°28), and minor feldspar (27.4028) alsv present.

A. <2_m EDTA-insoluble residue, air-drled.

B. <2_m EDTA-insoluble residue, glycol-saturated.

I-6. M3-C£-13: Sap0ulte; reflections at 6.f and 27.3028 which expand to 5.2°
28 upon glycol saturation. A small quantity of a regularly

inters_ratified mlxed-layer clay (small superlattice peak at
2.4028) also present.

A. <2um EDTA-insoluble residue, air-drled.

B. _2_m EDTA-insoluble residue, glycol saturated.

| I-7. JL-CS-2: Randomly inters_ra_ified mlxed-layer clay, either talc-sapon-
i_e or illite-saponlte; single strung maximum at 8.6°28 be-

comes pronounced doub]e_ a_ 9.6 and 7.602@ wi_h glycol satu-
ration.

A. <2um EDTA-insolable residue, air-dr!cd.

B.<2_mEDTA-insoluble residue, glycol-sanurated.

o .-















APPENDIX 7,b (Ref. sec. 7.4)

Core Footage (Sandia Core Photo _), I_formal Lithology and Detailed
Macroscopic Core Description

FI in left column indicates abundant fluid Inclusions.

+ Just to left of rlght column indicates description incorpo-
rates stra_igraphic variation within that interval.

Abbreviations and Meanings used iu Core Description (right column)

enhy or anhyd anhydrite
ave average
br_a brown
d._m dominant

tg fine grained or finely crTstalline
Jnc increasing
irreg irregular
L length
lams laminae or laminations

Ilia or lt light
loc local or locally
max maximum

repl replacement
struc structure

thk thick or thickness
W Width

w_ with
Xtals or Xtalllne crystals or crystalline

_X microcrys talline

• .

I
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Appendix 7.E (Ref. sec. 7.5)

Gas Chromatoqrams and Mass Spectra
of Volatiles from Selected Samples

of Core from ERDA No. 9

Mass spec_rJ ._z¢ rc[_c.'te'l _s _n',,'_:0_' (n._,rv,_);.zea

to the highest mass peak) as a function of

mass/charge ratio (in atomic mass units).

Gas chrom:-tograms are reported as intensity of
elution p__aks (Dormalized to the highest elution peak)
as a function of relative elution time (in

arbitrary units).
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APPENDIX 7.F. _lalytical PrecisiOn. (Ref. Sec. 7.5) i

i

•
,

I. General statement concerning sample sizes, w_igning i
• " I

errors, etc.
l

The sample weights used in this study ranged from

approximately 0.5 to 2.5 grams, put typiTally were from 1.5 to

2.0 grams. The sample bottles were w01ghed before each new

batch of samples was prepared, and both the sample bottles and i

the combined sample bottle and sample were weighed two times or

more. Replicate weighings errors should result in a precision

of no worse than +0.I to 0.2 weight %.

2. Results of triplicate analyses on selected samples.

Triplicate analyses were performed on separate splits

taken from the sample vial using different initial sample

weights each time. The results are tabulated below:

Sample Wciaht Losses Determined (Wt. %) Mean to Nearest 0.1%

7-1044 0.i 0.I 0.3 0.2

7-1296 1.3 0.9 1.3 1.2

8-3794 I._ 1.4 1.2 1.3

8-1986 0.0 0.0 0.I 0.D

8-2563 2.0 2.3 3.9 2.1

8-2616 0.0 0.0 O.O 0.0 .

.. :,. • ........



6 "t 7F-2

The results of uhese analyses indicate that most weight

losses determined from replicate samples (taken from the same

sample bottle) fall within +0.2 to _ 3 of the mean value.

Because of Vertical and lateral variation in m_nera] content

typical of sedimentary rocks the range anticipated for

d'fferent sa: .,_es of the same corm would be larger, but it is

not possible to estimate 'he precision under such

non-L producible cot [tions. In the case of relatively uniform

samples (such as _ome hallt- or anhydrite beds) the precision

might be antic _- -ted to remain falrl:, good. On the other hat;,

samples which _ tait varying amounts of clays or other hydrous

minerals migb" be expected to snow much larger variations in

their weighs _ses upon heating.
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APPENDIX 7.H. Mineralogy and Petrology of Core #7 and #8.

i. Abbreviations used.

Minerals In the summaries which follow the approximate

amounts of the minerals present are indicated

by upper and lower case letters. AN + MAJOR

( > 25%)I An + Minor (5 to 25%)_ an - trace

( _ 5%. Often less than 1%)

AN = Anhydrite HA - Halite

CAR = Carnallite KATN = Kalnite

CEL = Celestite PH = Polyhalite

CSSM = Clay and silt-sized QTZ - Quartz

minerals (often magnesitic) SYL = _ylvlte

FELD = Feldspar(s) i

GLAU = Glauconlte

GYP = Gypsum

Grain Sizes

fg = Fine grained ( _ 1 mm)

mg + medium grained (I mm to 1 mm)

cg = coarse grained ( _ 1 cm)

With the exception of halite, which shows a wide range of

grain sizes, most of the minerals observed are fine grained.
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APPENDIX 7.H. H_neralogy and Petrology, Continued.

2. •Core 17

peptb (ft) D_E_ lprion .... i

1044 cg HA with An and casm in patches and stringers. An
also in isolated crystals and crystal clusters.

1107 f" to mg HA with mg gyp which is partially replaced
b An. fg to mg ph in patches and stringers along
wlth cscnd.

- 1171 Appears ma=roscoplcally bedded. Primarily vuggy
AN. Voids filled with radial ("starbursts") of ph
and also wi_h ha and cssm.

1221 cg _A. Patches and _trlngers filled with ph (radial
i£ ,art; and an. Some evidence of ph replacing an.

1296 mg to cg HA with C_sm, ph and possibly some an in

patches and stringers. Some of the Cssm appears
inte-granular among HA crystals. May represent
sub, rial deposition.

1342 mg to cg HA with pi_ and cssm _n patches and
stringers.

1402 mg HA. ph (radial in partl and an in patches and
stringers and as crystal c14sters.

1468 mg HA with much intergranular Cssm. Possibly

re esents subaer_al deposition. Trace an and ph as
isolated crystals and c_'ystal clusters. _ me

authlgenic quartz and felc_spa_.

1533 mg _o cg HA with poorly p:eserved hoppers. Ph in
p: es and stringers, some possibly intergranular
wlcl, HA. Trace Cssm associated with the Dh.

16 5 mg to cg HA with hoppers, fg to mg An and ph in
/ patches and stringers, ph appeaz's to be replacing

ATI, some of which may be psuedomorp_ _ after gypsum.

1697 Appears to be macroscoplcally bedded. Large.
nodular masses of AN (possibly pseudomorphlc after
gypsum nodules) with voids filled with Cssm, Ph, ha
and syl. Ph associ ted wlth Cssm; syl associated
with Ph.

• °

° ,

/
I
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APPENDIX 7,H. Mineralog] and PetrologT, Continued.

2. Core #7, continued

Depth (f_) Des=rlption • , u ,,

1755 mg to ag Ha with poorly preserved hoppers, ph and
an in patches and stringers, ph replaces an in
part. Perhaps a little syl is present.

1952 Appears macroscopically bedded, mg to cg HA with

hopptJ_s. Ph and an in patches, stringers and am
isolated crystal_ and clustern. Ph replacing an in
part.

1954 mg to cg HA with Cssm in patches and stringers.

Some Cs_m is intergranular with HA. May represent
subaerlal deposition. Some isolated crystals and
clusters of ph associated with Cssm.

1958 mg to cg HA. cssm in Fetches and stringers. (Some
cssm may be intergranular), ph and possible an in
patches and stringers associated with cssm and also
in isolated crystals and ulusters.

1960 Possibly macroscopically bedded, fg to cg HA with

hoppers, Intergranular Cssm with associated
authigenlc qtz and _eld. May repr,_s_nt suberlal
deposition. Some isolated crystalu and clusters of
ph and an.

1967 mg to cg HA with poorly preserved hoppers, ph in
pauches and stringers shows some evlder,ce of flow or
deformation. A few isolated crystals and clusters
of a_.

1969 fg to cg HA with poorly'preserved hoppers.
Intergranular Cssm with associated authigenlc qtz
and fold. Isolated crystals and clusters of an and
lesse_' ph.

1973 cg HA wlth very few patches and stringers of cssm,
ph and even some ha crystals.

1975 c_ HA wlth ph, cssm a_d an in patches and

stringers, ph appears to be replacing an. ph
associated with c_sm.

1978 mg to cg MA with intergranular Cesr: and ph. May

represent subaerlal deposition. Some ph in patches
and stclngers and as isol_ted cr_,stals and

" clusters. Some ph i_ mg. Isolated crystals of an
are asscclated with the ph.



APPENDIX 7.H. Mineralogy and Petrology, Continued.

2. Core #7, continued

Depth (ft) Description

1983 mg to cg HA with hoppers. Ph and an in patches and

stringers Ph repl zing an.

1986 mg to cg HA with small amounts of ph, an and cssm in
patches and strlngers.

1993 cg HA alth hoppers. Ph and a,% in patches and .
stringerz. (Some Ph and an may be intsrgranula=).
Ph appears to replace an.

2702 mg to cg HA with An and cssm in patches and
stringers.

/J i

' 2716 mg to cg HA with hoppers, an and cssm in patches
and stringers, some possibly intergranular with HA.
May represent subaerlal deposition.

2736 mg to cg HA with hoppers. An and cssm in patches

and stringers, some possibly intergranular with HA.
May represe_,t subaerlal deposition.



APPENDIX 7.H. Mineralogy and Petrolog], Contlnucd.

3. Core 08

, Depth .,_.[ t) Descr _pt ien

1391 cg HA with ph and possibly some an in patches and
stringers.

1495 mg to cg HA with hoppers. Ph associated with cssm

in patches and stringers. Some may be
intergranular. Ph shows evidence of flowage or
deformation.

1573 Appears macroscoplcally bedded, mg to cg HA with Ph
and fg to mg An in large patches. Ph appers to be
:eplacing An.

1652 Appears macroscopically beddsd, fg to mg AN with

Ph. mg Ha in patches or voids. Some syl a_sociated
with Ph. Algal laminations may be p_esent in the An.

1705 fg to cg HA with hoppers. Ph in patches and

_trlngers, some may _ep_?tergranular. Sm_ll amountof an associated wit

1769 mg to cg HA with poorly preserved hoppers, fg to mg
Ph in patches and stringers and intergranular with

: HA. In part, Ph appears to be replacing HA. Some

gyp (_) may be present in very small amounts. There
also may be trace amounts of cel (?).

1787 mg to cg HA with hoppers. Ph in patches and
stringers and some intergranular with HA. Some mg,

acicular an crystals and mg, acicular cel (?)
crystals noted. There may be a small amuunu of gyp
(?) present in this Slide.

1794 Appears macro_copically bedded, fg to mg HA with
hoppers. CSSM is intergranular with HA. May
represent subaerial deposition. Also noted: a few
isolated ph crystals, som_ authigenic qtz and feld, !

and a trace of glau (?). I
!

1804 fg to cg HA with poorly presrved hoppers. CSSM is I
intergranular with HA. May represent subaerial I
deposition, ph in isolated crystals and cluters. I

i

1829 cg HA with hoppers. Cssm in Fatches and stringers
and some intergranular. Possible subaerlal

. deposition. Trace of ph.

l

e
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APPENDIX 7.H. Mineralogy and Petrology, Continued.

3. Core #8, continued

• Depth (ft) Description

1838 fg to mg HA with poorly preser_d hoppers. Cssm
Interg_anular with HA. Ph _nd An in patches and

stringers and associated wtih the Cssm. May
represent subaerial deposition.

1857 cg HA with poorly preserved hoppers, ph along
stringers.

1875 Apperas macroscopica13y bedded, fg to mg HA

intergranular with CSSM. May represent subaerial
deposition. Izolated crystals and clusters cf ph
and fg to mg an. Traces of authigenic qtz and feld.

1884 fg to mg HA with hoppers, intergranular with CSSM.
May represent subaeEial deposztion. Some isolated
crystals and clusters of fg to mg an (some may be
pseudomorphfc after gy_ . Possible trace of syl.

1890 mT to cg HA with hoppers, ph and an in patches and
stringers.

1894 mg to cg RA with _?oorly preserved hoppers, ph and
an in patches and stringers, cssm in patches and
stringers with authigenic qtz and feld.

1900 fg to cg HA with hoppers. Ph, An and cssm in

patches and stringers and some intergranular with
HA. May represent subaerial 6eposition. Some Ph
appears to be deformed or to have flowed.

19C5 mg to cg HA with patches and stringers and some
intergranular Cssm. (May represent subae£ial

deposition). Scattere_, isolated crystals of ph an:
an.

1910 mg to cg HA with poorly preserve_ hoppers. Ph, an i
an_ cssm _ntergranular with HA and in patches and I

st'_ngers. Ph apperas to 5_ re_acing an. 1i

1911 mg to cg HA with hoppers. Ph, _ and cssm in i
;_tches and stringers, some intergranular with HA.
(May represent suba_rial deposition). Ph appears to
be replacing an.

• •

'°•i_



APPENDTX 7.H. Mineralogy and Petrology, Continued.

3. Core #8, continued

DePth (ft) Descr_ptzon .........

1913 fg tc cg HA with intergranular Cssm_ Inclusions of
ha in Cssm. May represent subaerial deposition.

Isolated crystals of ph. A few authigenic grains of I

qtz and feldspar. I

1916 cg HA with poorly preserved hoppers, pn and an in
patches and stringers.

1923 fg to cg HA with Intergranalar Cssm. May represent
subaerial deposition, ph and an in patches and
stringers and as isolated crystals. Trace
authigenic feld

1930 mg to cg HA with poorly presrved hoppers. Ph and an

in patches and stringers, some as isulated
czysta!s, cssm in patches and stringers. Possible
trace gyp (?).

1933 cg HA with hoppers, cssm, ph and an in patches and
suringers. Small amounts of authigenic qtz and fe!d
(?).

1938 cg HA with poorly preserved hoppers. Ph and an in
patches and stringers.

1953 fg to mg HA with hoppers. Cssm intergranular with

HA and in patches and stringers. May represent
subaerial deposition. Isolated crystals and
clusters of ph and an.

1967 fg to cg _A with hoppers. Cssm interg-anular with

, HA and in patches and stringers. May represent
subaerial deposition. Isolated crystals and
clusters of ph and aQ.

1986 Appears cross-bedded. PH with mg AN. Ph appeas to
be replacing AN. Sr,me fine laminations may be algal
lamination or traces of cssm seams, ha in patches
or filling void places.

I
2006 fg to cg HA with hoppers. Ph and an in patches und '

stringers. Trace of syl associated with Ph. ,i

5
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,,

, 3. C_-e #8, continued

D_eep_thfft) Description

201. mg to cg HA wit h pDers. Ph and an in patches and

s£ringers. Ph a;pears to be replacing an. cssm in

patches. 1

2039 mg to cg HA with ihoppers. Ph and an with cssm in

patches and strincers. Much of the Ph is radial.
Ph appears to be re; acing an.

2050 mg AN with numerou:_ inclusions. AN apperas to be

replac.ng ha with former cubic crystal outlines
preserved.

2068 fg to cg HA. Pg_h_s and stringers and
intergranular A' _:ssm and possible ph (?). May
represent subae 1 depos: on.

2084 fg to cg HA with much intergranular Cssm, ph and
poisslble an (?). May represent subaerial
_epcsltion. Some Ha crystals appear to be growing
n the Cssm.

2130 fg to mg HA with interg-anu" - An and minor cssm.

Some ph (?) may be reglecing An.

2162 _g HA with intergranular Zssm and Ph. May represent
subaerial deposition. Trace of an associat£d with

Ph. Trace of syl associated with Ph.

2217 cg HA w_th patches and stringers of Ph and an. Some
Ph ra6 and replacing an. Possible syl associated
with Ph.
..

2280 fg to cg HA w_th patch,es and stringers of Ph and
an. POssible _race of k_in (?).

2326 fg to cg HA with poorly preserved hoppers. Cssm

intergranular with HA. May represent subaerial
deposition. Isolated crystals and clsuters of ph
and an. Trace authigenic feld (?).

2366 Posslbly ,_acroscop!zally beddei rg, radial PH with
minor an. cssm scattered throughoct.
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APPENDIX 7.H. Mineralogy and Petrology, Continued.

3. Core #8, continued

Depth (ft) Description

2427 fg to cg HA with poorly preserved hoppers. An and

cssm in patchers, stringers, and _utergranular with
HA. May represent subaerial deposition, in part.
Possible fossil (bryozoan) fragment.

2460 mg to cg HA with hoppers. Patches, stringers, arid
intergranular An and cssm. mg an in isolated

crystals and cluste_ along the margins of the
patcl,_s and stringers.

2519 mg to cg HA with poorly preserved hoppers. Patches,
stringers add intergranular an ofter associated with
cssm. May represent subaerial deposition.

2563 Possibly macroscopically bedded. Nodular AN with

patches of Cssm. Possible mudcrack or burrow along
one edge of slidenormal to the bedding.

2616 fg to mg HA with poorly preserved hoppers. An
intergranular with HA and as patches and stringers.

May represent subaerial deposition.

2666 fg tc cg HA with poorly preserved hoppers. Patches,
stringers, and intergranular Cssm and an. May
represent subaerial deposition.

2707 cg HA with hoppers. Patches and stringers of Cssm
and an.

2758 fg to mg HA with poorly preserved hoppers. An
associated wtih cssm in patches, stringers (some
intergranular). May represent subaerial
deposition. Some An in isolated crystals.

2779 fg to cg HA with hoppers. An and cssm in patches,

stringers and intergranular with HA. May represent
subaerial depositlon.

2793 fg to c,_ HA with trace evidence of hoppers.
Intergranular AN and cssm. May represent suba_ri_3

deposition. Patches and stringers of An. Traces of
ph and authigenic qtz (?)



APPENDIX 7.H. Mineralogy and Petrology, Continued.

" 3. Core 18, continued

Depth {ft[ Descriptfon

2C_3 fQ to cg HA with hepp_r3. Intezqranular An and
cssm. Sc=_ ,n in patches with _osslble ph (?). A
few large, _ elated crystals of An. May represent
suDaer ial deposition.

2809 fg to mg HA with trace evidence of hoppers. An and
cssm in patches, stringers and as intergranular
material. May represent subaerial deposition.

2821 mg to cg HA with hoppers. Intergranular An and

cssm. Some An in patches and stringers. May
represen_ subaerial d_positlon.

2879 Possible macrosco?_c evidence of bcddlng, fg to my

HA with hoppers, arches and stringers of An and
cssm. POssible t_ance of ph (?). An unknown
minerals with lower birefringence .hd positive
relief was observed. Also present are some large,
isolated crystals of An.

2948 Possible macroscopic evidence of bedd{ng, mg to cg
HA w:th h -'pets. Some patche- and stringers of An
present, bome may be nodular (?) (possibly
pseudomorphic afher gyp). a few inolated crystal&

' of ph (?) were note_.
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WASTE ISOLATION PILOT pLANT

DESIGN VALIDATION

EXECUTIVE SUMMARY

INTRODUCTION

The Waste Isolation Pilot Plant (WIPP) ts being developed by the U.S.

Department of Energy (DOE) as a research and development facility to

demonstrate the safe disposal of radioactive waste from U.S. defense

programs. The facility is located in southeastern New Mexico, about 25

miles east of the ctty of Carlsbad. Underground development is at a

depth of about 2,,150 feet tn thick deposits of bedded salt. The

facility operation will include tn situ experiments addressing

technical issues for defense waste programs and 3torage of defense
,,

related contact-handled (CH) and remote-handled (RH) transurar,,_c (TRU)
waste.

In IgTg, the DOE established a Slte and Preliminary Design Validation
|

(sPDv) Program to provide additional confidence in the siting and

design of the WIPP facility. On July l, IgBl, the DOE entered into an

agreement with the State of New Mexico whereby the DOE wo,ld perform

certain work to validate the reference design of the WIPP underground

openings. The results of the site validation portion of 1;heprogram

are presented in the report titled Results of Site Validation

Experiments, Volumes I and II, TME document 317'I,dated March _g83.

The results of the preliminary design validation portion of the program

are presented in the report titled Waste Isolation Pilot Plant

Preliminary Design Validation Rep.ort,dated March 30, 19B3.

Design validation of the WIPP is defined as the process by which the

reference design of the underground openings is confirmed by

determining the compatibility of the design criteria, design bases and

reference design configurations using site specific information. The

design validation process consists of an assessment of the condition
_

and behavior of shafts, drifts and a full-sized, four-room test panel
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, i

excavated during the SPOVProgram and full WIPP construction. Based on

this assessment of these excavations, and on predictions of their

future behavior, any modifications to the des!gn criteria, design bases

or design configurations required to achieve a validated reference

design wtll be developed. In addition, the validated reference design

may be modified tn the future as sttll more data and experience are

gained during a 5-year demonstration period (period during which all

waste must be retrievable) and permanent storage operations.
i

The WIPP Prelll.imlnarvOesiqn Validation Report was an interim report

prepared as part of the overall validation of the WIPP underground

opening reference design. The wXPP Deslqn validation Final Report

contains add_tlonal information gathered after completion of the SPDV

Program. This information has been analyzed and evaluated to complete

the design validation process for the WIPP,

Four types of information were gathered for the WIPP Desiqn Validation

Fi,nalReport:

(1) observations of the behavior of the underground openings;

(2) descriptions of the geologic conditions encountered during

underground construction;

,, d

(3) descriptions of core samples from instrumentation and other

holes in the roof and floor-of the underground openings;and

(4) data from installed geomechanical instrumentation.

The design validation process provides for the collection, analysis and

evaluation of In situ data. This process is designed to permit

determinationof the need to modify elements of the underground opening

reference design so that construction and operation of the full

facility can proceed in a timely, safe, environmentally acceptable and

cost effective manner. Observation and instrumentationdata have been
,'



collected and evaluated for each of the underground design elements.

Tables I through VI a'_ the end of thts sunl_ry present the evaluation
' i

results for the destgn criteria, design bases and destgn configurations
of the shafts and horizontal openings.

BACKGROUNDOF UNDERGROUNDDESIGN

Geologic characterization of the stte began wtth a literature review

and continued _,ith the collection of field data. special emphasiswas
placed on correlating data obtatned from setsmlc reflection and

resistivity surveys and borehole drilling. Design information

regarding site'stratlgraphy from the ground surface to about 250 feet
below the underground faciltty level was developed from geologtc data

obtained from drill holes ERDA-g, WIPP-12 and DOE-l, and from the SPDV

exploratory and ventilation shafts.

Theengineering destgns for the WIPP surface and undergroundfacilities

began wtth the conceptual design, initiated In 1975 and completed in

1977. The conceptual destgn provtded the basts for tile development of

the preliminary design of both the surface and undergroundfacilities,

whtch was completed in January 1980. The preliminary design

Incorporated the conventional room and ptllar method for underground

development.

Destgn of the WIPP provtded for the access and storage openings to

remain stable and provide mtnimumclearance for equipment during waste

emplacement and the S-year demonstration' period, even though these

opentngs will eventually close due to salt creep. Modeling techniques

" were used to estimate the geomechanical behavtor and structural

stability of the openings. The preliminary design included numerical

modeltng of the selected underground opentng configurations. These

models were used to predict opening closures and augmented other

conventional mlntng industry methods of stability evaluation.

-3-



i

UNDERGROUNDFACILITIES

Seven stratlgraphlc horizons were identified in 1979 as potential

1ocatlons for the faclllty level. These horizons were chosen from

examlnatlons of avallable geotechnlcal data and on horizon selection

crlterla established by the WIPP project partlclpants. Selectlon of

the flnal underground development level was made by the OOE followlng

the recommendationof WIPP project participants.

The WIPP fact ltty is composed of three shafts connected to a single

underground factltty levelo The C & SH shaft provides the principal

means of access and also serves as the primary air intake opening. The

waste shaft is designed to permit the transport of radioactive waste

between the surface waste-handling facilities and the underground

storage area. The exhaust shaft is the primary opening for exhaust air

from the ur_derground facility. All three shafts have three principle
constituents: a lined section penetrating the rock overburden; an

unlined section penetrating the salt; and a key at the rock/salt

contact to act as a transition from the ltned section to the unlined

section.

The storage level contains all of the underground facllities for waste

handling, waste storage, operations and maintenance. Al1 of the

underground horizontal openings are rectangular In cross section. The

drift configurations range from 8 feet to 12 feet high and 12 feet to

25 feet wide.

Underground construction was accomplished in two phases, The initial

(SPDV) phase was conducted from May Ig81 through March 1983. The

second phase, full construction, was accomplished from October 1983

through February 1985. Both phases Included the excavation and

outfitting of shafts, drifts and rooms.

-4-
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SUPPORTINGVALIDATIONDOCUHENTS-

The primary documents supporting design validation are the =WIP_..__P

Preliminary Oesiqn Validation Report and quarterly geotechnical field

data reports (GFDR).

The objective of preliminary design validation was to provide initial

evaluation of the design criteria and design bases, and initial

confirmation of the underground reference design. Geologic mapping,

core drilling and logging, and geomechanical instrumentationdata were

assimilated to provide an early, short-term evaluation. The

preliminary conclusions presented" in the WIPP Preliminary Desiqn

Validation Report stated that the shafts and underground openings were

performing as expected and were stable. In addition, gas had not been

encountered in any significant quantity during excavation and no brine

pockets had been encountered.

The GFDRs were initiated by the DOE to provide data from the SPDV

Program and full construction in a timely,manner. The GFDRs were

intended to present in situ data on the geomechanical behavior of the

strata surrounding the undergromtd openings along with visual

observations of opening behavior and analyses of selected underground

design elements.

METHODOLOGY
!

Design validation is accomplished by determining the compatibility of

the design criteria, design bases and reference design using site

specific information. The design validation process consists of three

major steps: data collection; analysis and evaluation; and prediction

of future behavior.

The data collect_on program was designed to provide informationon the

geologic conditions encountered throughout the underground facility and

on the structural behavior of the underground openings. The program
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tncluded geolog4c mapp4ng, core drt111ng and loggtng, laboratory

testtng, vtsual inspections, and geomechantcal Instrumentation

measurements. The data collected from these acttv4ttes were analyzed

and evaluated to determine the be_,_-tor of the various components of

the underground faclilty and predlct thelr future behavlor by

proJectlng the results of both flnlte element model and regresslon

analyses.

The geomechanlcal Instrumentat4on measurements provlded In sltu data on

the behavlor of the underground openlngs, These data were then used In

emplrlcal equatlons relatlng tlme and closure, Laboratory test results

were used to calculate the salt creep and elastlc parameters, Salt

creep parameters, were also determlned by the regress4on analysls of In

sltu data, Long-term behavlor of the underground openlngs was

predlcted by extrapolatlon of the results of the regresslon analysls.

GEOLOGICCHARACTERIZt,TION

Geologlc characterlzatlon of the WIPP underground openlngs began In

June 1981. Data collectlon actlvltles Included geologlc mapplng, core

i dr1111ng and 1ogglng and fluld measurements The SPDV exploratoryI t t

shaft was mapped prlor to selectlng the storage horlzon. The waste

shaft was mapped, flrst as the SPDV ventllatlon shaft and agaln after

lt was enlarged to Its flnal dlameter. 6eologlc mapplng was also

conducted In the exhaust shaft.

6eologlc mapplng of the horlzontal openlngs was conducted durlng deslgn

valldatlon. Thls mapplng was performed prlmarlly to determlne

stratlgraphlc contlnulty. Mapplng was conducted along one wall of the

drlfts to the northern extent of the fac111ty and along the full length

of the south exploratory drlft. 6eologlc mapplng was also conducted to

the east and west fac111ty boundarles In the experlmental area and In

the test rooms.
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6eologtc mapping confirmed the continuity of the stratigraphy within

the horizontal openings to the facility boundaries. Core drilling and

loggtng confirmed this strattgraphic continuity for a distance of 50

feet above and below the facility level. The geologic mapping and core

logging did not detect any significant geologic structures. Data from
=

the core holes were also used to establish the WIPP reference

stratigraphy.

Fluid inflow measurements were obtained by various activities designed

to characterize the two water-bearing dolomite members of the Rustler

formation and the potential for the occurrence of gas and brine at the

facility level, Measurements in the three shafts showed that water

inflow from the Rustler formation is essentially negligible due to

liner and seal performance.

Small amounts of pressurized gas have been encountered by some

underground core holes. Brine has also been encountered in small

quantities and is sometimes associated with gas occurrences. There has

been no occurrence of gas or brine in quantities significant enough tc

_}eopardize the stability or ,safety of the facility. Two programs, the

brine testing program and the gas testing program, are being conducted

to further characterize these occurrences. Neither program is

associated with design validation.

Subsidence monuments have been installed on the surface over the shaft

pillar area. The design criteria require that subsidence due to

underground excavation not exceed I inch within a 50D-foot radius of

the waste shaft, lt is not possible at this time to determine actual

subsidence; this will occur over the next 25 years. Subsidence

calculations used in the reference design indicate that the criteria

limits will not be exceeded.

-7-



C S SH SHAF-T-
i

The C & SH shaft consists of a ltned section, a shaft key, an unlined
i

section and a shaft station. The shaft ltner is made of structural

steel that increases in thickness wtt:h depth to withstand increasing

hydrostatic pressure. The reinforced concrete shaft key serves as a

transition between the ltned and unlined sections of the shaft.

Chemical water seals behind the concrete key are designed to prevent

ground water from flowing behind the key, into theunlined section of

the shaft. The shaft station ts excavated near the bottom of the

unlined section.

Validation of the C & SH shaft reference design was accomp'ltshed by

acquiring a variety of geotechntcal data for analysis, evaluation and

prediction of future behavior. The condition of the shaft liner and

key are monitored by geomechantcal instrumentation and visual

inspections. Convergence potnts measure diametric closure; ptezometers

monitor, ground-water pressures; strain gauges and pressure cells

monitor the effect of salt creep on the concrete key. Telltale pipes'

in the shaft key Provide Information on the effectiveness of the

chemtcal water seals. T,_ ,nltned section of the shaft is monitored by

extensometers and convergence puints and is visually inspected for

fracturing and rock slabbing. The shaft station has an extensive

geomechantcal instrumentation monitoring system and is inspected

regularly,,

The de_,_gn basis hydrostatic pressure is suitable. Piezometer

measurements indicate that the hydrostatic pressure is currently much,L

less tha_ _ the design pressure. Analysis of the shaft key indicates

that later',al pressure on the key at the end of the operating period

will be inuch less than the design basis lateral pressure requirement.
o

Diametric ¢'losureof the key will be minimal. Computational analyses
i

of stresses and strains indicate that the shaft will be stable and

remain within the required safety limits during its operating llfe.

Analysis of computed diametric closure near the bottom of the shaft
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Indlcated--Chat, whlle the closure w111 be within the design criteria

and design basis limlts, the lower bunions w111 be impacted.

The shaft design complles with the design criteria requirements for

ground-water control. Regular inspections of shaft conditions show no
i,

signs of deterioration or Instablllty.

The C & SH shaft station exhibits the highest degree of deterioration

in the underground facility. The fracturing and separation observed

has been stabilized, but will continue to develop. Closure during the

25-year operating ltfe of the station wtll be on the order of B feet

verttcal'ly and 5 feet horizontally. These conditions wtll require

maintenance to ensure safety and to maintain the required minimum

clearances for equipment and operations.

WASTE SHAFT

The waste shaft also consists of a lined section, a key, an unlined

sectton and a shaft station., The shaft is 'ltned with unrelnforced

concrete from the surface to the top of the Salado formation. The

shaft liner terminates with a reinforced concrete key at the

Rustler/Salado formation contact. The shaft is unlined, except for

wire mesh, from the key to the bottom of the shaft.

Data collection activities in the waste shaft have consisted of

geologic mapping, ground-water inflow measurements, geomechanical

instrumentation measurements and periodic visual inspections. Except

for convergence points, the geomechanical instruments are monitored

remotely by the datalogger.

The waste shaft data was analyzed with respect to design parameters for

h'eac component of the shaft. As part of the engineering analysis,

predictions of future behavior were made for each of the components.
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Stability of the shaft liner has been confirmed. The water pressure

exerted on it is sign!ficant_lybelow the design hydrostatic pressure.

If the pressure should reach the design hydrostatic pressure, the liner

will still be stable. The shrinkage cracks In the liner do not present

a structural problem.

The shaft key was designed to withstand a lateral pressure due to salt

creep equivalent to 50 percent of the vertical overburden pressure. A

numerical analysis was utilized to simulate the long-term effect of

salt creep on the Concrete key. lt showed that the computed lateral

pressure at the end of the operating period will be slightly higher

than the design lateral pressure, but well below the total lateral

pressure capacity of the key.

Observationsof the waste shaft key have determined that only one minor

seep occurs in the key and that no water seepageis occurringfrom the

base of the key. This supports the conclusion that the water seals are

functioning, that no water is seeping along the concrete/salt contact,

and that salt dissolution is not occurring behind the key.

i

The design criteria require that no uncontrolledground water reach the

facility level through the shafts. Although minor amounts of fly water

do reach the facillty, this water has a negligible impact on operations

and does not affect validation of thls criterion.

The unlined section of the shaft was designed to be stable and maintain

a diameter adequate for the operating llfe of the facility. The

structural behavior of this section was analyzed using a finite element

model and creep parameters determined from the C & SH shaft in situ

data. The results indicate that the maximum stress occurred

immediately after excavation and will decrease with time. Stress

behavior will not cause a stability problem. Diametric closure due to

: salt creep will not exceed the design limits.

i
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The design of the waste shaftstation is based primarily on operational

parameters. The closure and stability of the station was evaluated

using in situ data from the C & SH shaft station. The estimated

vertical closure rate will result in a total closure of over I feet

during the 25 year operating life of the station. Actual closure may

be less, but remedial work will still be required to maintain the

proper clearances.

EXHAUST SHAFT

The exhaust shaft is constructed similarly to the waste shaft, lt

consists of a concrete lined section, a shaft key and an unlined

section. The lined section is constructed of unreinforcedconcrete and

the shaft key of reinforced concrete. The unlined section contains

only rock bolts and wire mesh.

Data collection in the exhaust shaft has been on a much smaller scale

than in the other two shafts. Geomechanical instrumentationwas not

required by the original shaft design because geologic and structural

" conditions were assumed to be similar to the other two nearby shafts.

However, remotely monitored instrumentation has been installed to

provide shaft-specific information for use in the sealing program.

Geologic mapping and visual inspections have confirmed that the

geologic and geohydrologicenvironment is similar to that of the other

two shafts. Data from these two shafts have been used to predict the

future performanceof the exhaust shaft.

Geohydrologic and geomechanical data from the C & SH shaft and the

waste shaft have been compared to model simulationsfor each section of

the exhaust shaft' These models, field observations and

, instrumentationdata confirm that the exhaust shaft reference design is

suitable for its 25 year operating life.

The shaft liner is stable and has a water pressure against it that is

less than the design basis hydrostatic pressure. If the pressure
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increases, the liner will remain stable. Shrinkage cracks will not .....

result in structuralinstability.

As with the waste shaft, an analysis of the exhaust shaft key indicates

that the lateral pressure calculated for 25'years will slightly exceed

the design lateral pressure, but will be well below the maximum

allowable lateral pressure. Computationalanalyses of the stresses and

strains indicate that the unlined sectlon of the shaft will be stable

and remain within safety limits during its operating life. The

computed diametric closure will be within design criteria and design

basis limits.

Water is entering the exhaust shaft through cracks and construction

joints 'inthe concrete liner. A small amount of water still reaches

the shaft even after a remedlal grouting program. When the exhaust

fans are on, this water evaporates before reaching the facility. The

water seals in the key appear to be functioning and there is no

evidence of salt dissolutionbehind the key.

DRIFTS

The discussion of drifts contained in this section pertains to all

horizontal underground openings except the shaft stations, test rooms,

and storage area rooms and their associated drifts. The drifts were

designed in accordance with the design criteria and design bases. The

largest drifts were initially excavated 8 feet high and 25 feet wide.

..... These drifts have been or will be enlarged to 12 feet high. This drift

height is dictated by the minimum ll-foot operating clearance required

for the waste storage equipment.

A variety of geotechnlcal activities were conducted to evaluate the

behavior of the excavated drifts. These activities included geologic

mapping, core drilling and logging, visual inspections, and

geomechanlcal instrumentationmeasurements.



Vtsual inspections consisted of qualitative observations and

documentation of various aspects of drift behavior. These observations

are divided into four categories: roof and wall spalltng; ptllar

fracturing; roof displacements and separations; and floor fracturing,

displacements and separations. _'

Defonaattonal behavior consisting of spalltng from the roof and walls

of the drifts and fracturing and spalltng at ptllar corners has

occurred. Separations and lateral displacements have been detected in

the haltte above the roof, primarily at clay seams. These types of

behavior are expected and wtll Continue to occur, but can be controlled

by scaling and rock bolttng.

Fracturing has occurred in marker bed 139 (MB-139) and in the overlying

haltte ' beneath the floor of the drifts. The fracturing is not well

developed and occurs primarily beneath large intersections. Based on

experience in local potash mines, this fracturing is not expected to

cause stability or operational problems.

The comparison of measured closure behavior in drifts with different

dimensions indicates that the maximum closure and closure rate will

occur in 12 x 25-foot drifts. The closure rates are affected by the

presence of nearby parallel drifts and crosscuts as well as differences

in salt properties. Based on available measurement data and the

results of modeling analyses, the closure rate in the 13 x 25-foot

storage area drifts may be 30 percent greater than that of a single,

Infinitely long drift with the same dimensions.

Analyses of salt behavior around the 2S-foot wide drifts has determined

both the redistribution of stresses due to creep and the locations of

effective creep strain concentrations. The stresses which develop

immediately after excavation relax with time due to creep behavtor and

wtll not cause future stability problems. The strain will remain

within the 1trait required for structural stability with respect to

catastrophic failure.

A
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The evaluatlon of fleld observations and analytical results have shown

that the deslgn crlterla were approprlate for deslgn of the_horlzontal

openlngs. The crlterla Identifled as requlrlng speclflc evaluatlon

were determined to be suitable. The reference deslgn fo_ the

horlzontal openlngs Is therefore valldated.

Based on the results of deslgn valldatlon of the drlfts, lt Is

recommended that all drifts be Inspected frequently for operatlonal

clearance and safety. If the clearance Is insufficlent, the drlfts

must be trimmed to the requlred dimenslons. Scallng and rock bolting

should be performedwhere necessary for safety purposes.

TEST ROOMS

The test rooms comprise a panel of four rooms having a similar

configuration as the planned storage rooms. They have been

instrumented, observed and analyzed to evaluate the behavior of the

future storage rooms. Data collection activities have consisted of

geologic mapping, core drilling and logging, visual inspections and

geomechanical instrumentation measurements. The instrumentation

includes borehole extensometers, inclinometers, convergence points,

convergence meters and rigid-inclusion, vibrating-wire stressmeters.

Room deterioration has been minimal and consists of spalltng from the

roof and walls, verttcal fracturing in the ptllars, mtnor displacements

and separations above the roof and beneath the floor, and fracturing

beneath the floor. Areas of drummy rock detected by roof and wall

inspections immediately fo]lowtng excavation were scaled and rock

bolted. These areas have not Increased noticeably in size since the

test rooms were excavated, over 3 years ago.

Subhortzontal fracturing has developed beneath the test room floors.

Separations and fractures are on a small scale except for one Isolated

locatton beneath Test Room 3. Fracturing in this area is well

developed and occurs in two distinct zones. Studies have not shown
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fracturing of this magnitude to occur anywhere else within the

underground WIPP facility.

The analysls of closure of the test rooms using creep constants derived

from laboratory data underestimate actual closure. The design criteria

closure of 12 inches in 5 years has been exceeded within 3 years.

Strains measured in the test rooms compare well with strains; computed

by numerical modeling.

STORA6EAREA

i

The storage area rooms and drifts are designed to permit the permanent

storage of defense-related CH ana RH TRU waste. The storage area is

composed of eight panels consisting of seven rooms each. Each room is

13 feet high, 33 feet wide and 300 feet long. The storage area, ' r

including all rooms and drifts, is designed to provide storage space

for 6,330,000 cubic feet of CH TRU waste and 1,000 canisters of RH TRU

waste.
#

Validation of the storage room reference design depends primarily on

the analysis of data from the four test rooms. Evaluation of the

storage rooms was based on the results of a finite element model

analysis using creep parameters determined from the test room

analyses. The results of this analysis provided determinations of

horizontal and vertical stresses, effective stresses, effective creep

strains, principal stresses, room deformation and closure, and

intersectionclosure.

The analyses show that the stress arch around the opening migrates away

with time. The maximum stress occurs immediately after excavation and

is reduced as the opening deforms over time due to salt creep. These

stresses will therefore not cause a stability problem in the future.

However, MB-139, the anhydrite bed approximately 4 feet below the

floor, is expected to be subjected to gradually increasing stress and

may exhibit local failure.
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Effectlve creep strains wt11 - intensify and concentrate at some

locations around the opening. While minor spalls and failures are

expected to occur on the excavation surfaces, the rooms will remain

structural ly stable.

The storage room reference design of 13 feet high and 33 feet wide wasi

based on calculations using laboratory-dert ved average creep

parameters. This design allowed for 12 inches of Vertical closure and

9 inches of horizontal closure 5 years after excavation. This

accommodates the design bases requirements for a minimum of 16 inches

of ventilation space above the stored waste and a 12-foot minimum

" height for storage equipment. The current predicted vertical closure

at 5 l/ears is about 22 inches. For permanent storage, the additional

10 Inches of closure can be accommodated by excavating the storage

rooms to a height of 13 feet 10 inches.

If a declslon ls made to retrieve the stored waste, the design criteria

assumed, using a one-shift-per-day basis, that a room may be as much as

15 years old before removal of al] of the waste ts completed. A

15,year old room has a predicted vertlcal closure of 54 inches. This

closure is 14 inches greater than the maximum acceptable closure and

would result tn crushing and possible breaching of the waste

containers. Because this ts not in compliance with the design

criteria, other alternatives must be considered.

A 10 year maximum for retrieval is conservative. If three shifts per

day were utilized, no room would be older than 7 years by the time tts

waste was removed. A 7 year old room would have 28 inches of vertical

closure. Additional closure benefits can be gained by excavating a

room to is maximum dimensions and then trimming the room to those

maximumdimensions after 1 year of closure. This wtll allow the room

to close ,_t the rate determined by secondary creep and will result tn

21 inches of verttcal closure 7 years after trimming. This wtll meet

the design criteria requirements.

z
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The- design bases provide for 9 inches of horizontal closure in the

first 5 years after room excavation. The current prediction, based on

in situ data, is 15 inches of closure in the 33- to 34-foot wide

rooms. If the rooms are excavated 34-fe,etwide and backfilled with

loose salt, this closure will be suitable f_r permanentstorage.

For retrieval,the horizontal closure 15 years after excavation will be

approximately36 inches. This closure will result in some crushing and

possible breaching of the waste containers. Even if retrieval is

affected within 7 years, some containers may still be crushed and

breached.

The timing of retrieval operations and two-stage excavation can be used

to re'ducewall-to-wallclosure. Using a three-shift-per-daybasis, a 7

year old room would close approximately 20 inches. If a first in/first

out storage and retrieval operations is utilized, and waste is removed

before a room reaches an age of 6 years, horizontal closure will be

reduced to 18 inches. Both these changes would decrease the possiblity

of crushing or breaching the containers. If a 34-foot wide room is

trimmed after l year to its initial full dime_nsions,the horizontal

closure at 7 years will be about 14 inches. This will further minimize

crushing or breaching of the containers. The extent to which crushing

will be minimized is unknown. This is because the space between the

waste canisters and the room wall will be filled with loose salt. The

load transferring capabilities of the backfill is not known at the

present time.

The reference design also provides for permanent waste storage in all

of the storage area drifts. Fifteen years after excavation a 13 x

25-foot drift is predicted to have a vertical closure of about 25

inches and a horizontal closure of about 20 inches. This is suitable

for waste storage but trimming will be required for equipment clearance.

The storage area entry drifts will contain plugs for the isolation of

the storage panels. The final design of these plugs is not yet
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complete. However, the conceptual design envisions a multiple-

component plug appr'oximately 100 feet long.

The reference design for the storage rooms will be considered to be

validated when any of the following recommended alternative

modifications, or combination of these modifications, are incorporated:

(') Maintain the reference design storage room dimensions of 13

to 14 feet high and 33 to 34 feet wide and maintain the salt

backfill, but reduce the volume of waste to be stored and

modify the container stacking configuration for the 5-year

demonstration period. Revise the design criteria to require

that waste be retrieved before a room exceeds an age of 7

years. This will meet the criteria that the waste containers

not be crushed or breached, but it will require a significant

number of additional storage rooms.

(2) Maintain the reference design _torage room dimensions and

maintain the planned waste volume. Revise the design

criteria to delete the requirement for salt backfill and to

require that waste be retrieved before a room exceeds an age

of 7 years. This will meet the criteria that the waste

containers not be crushed or breached without requiring

additional storage rooms.

(3) Maintain the reference design .storage room dimensions,

planned waste volume, and salt backfill requirement. Revise

the storage operations so that the first-emplaced waste is

the first-retrievedwaste with retrieval effected before the

room exceeds 6 years of age. Excavate the room te 14 x 34

feet, then, l year later, trim the room to its initial 14 X

34 foot dimensions. This will minimize container crushing

and breaching. More storage rooms will be utilized during

the 5-year demonstration period, but the total number of

rooms will remain the same as provided by the reference
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design. This modification wtll require changing the design

criteria to al low crushing and breaching of the CH waste

containers prior to retrieval and to requtre a demonstration

of the retrieval and handling of crushed and breached

containers.

(4) Reduce the reference design storage room width from 33 feet

to 28 feet, maintain the room height at 13 to 14 feet, and

.reduce the pillar width to B4 feet. Maintain the first room

for RH waste emplacement at the original reference design

dimensions. Reduce the planned waste volume and maintain the

salt backfill requirement. Excavate the rooms to 14 x 28

feet, then trim them to this dimension after 1 year. Use a

first-in/first-outstorage operation. This will reduce the

creep to approximately that of a 13 x 25-foot drift.

Stability will be enhanced and crushing and breaching will be

minimized. The volume of excavation will be approximat¢;ly

the same as for the reference design storage rooms, but with

the advantage of a lower creep rate. If this alternative is
al

selected,additional engineeringevaluation will b_ required.

(5) Maintain the reference design storage room dimensions, the

planned waste volume, the salt backfill requirement,and the

reference design optimized excavation and storage plan.

Revise the design criteria, as in alternative number 3, to

allow crushing and breaching of the CH waste containers prior

to their retrieval. Require a demonstration of the retrieval

and handling of crushed and breached containers prior to the

receipt of waste. This will not only demonstrate the safe

retrieval of waste during the 5-year demonstration period,

but also during permanent storage.
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In addition to these recommended alternative modifications, the

following modifications are recommended:

(6) The drifts used for storage will require maintenance and

trimming to accommodate the required equipment and storage

clearances. Their closure rates are not critical for storage

because they will be used only for permanent storage near the

end of the permanent storage period.

(7) Add additional rooms to compensate for the space occupied by

the plugs tn the storage area entry drifts.

(8) Xnstall instrumentation in the storage rooms to obtain in

situ data to monitor storage room behavior.
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......... Table !

EVALUATION RESULTS FOR ABRIDGED DESIGN CRITERIA

......................................... Plaqe 10fl, _

RESULT AND
.................._LEMENT......... CHAPTER REFERENCE

(1) Facility design

a. Designed for an operating life of *
25 years.

b. Underground facilitiesand equip- Suitable
mentshall be designed to be com- 12.3.3
patible with retrieval operations
for all contact-handled (CH) and
remote-handled (RH) TRUwaste,
with a retrieval decision to be
madewithin 5 year,s after the
intial emplacement of each species.

c. The facility will be decommls- *
sioned after lt has fulfilled its
intended purposes. This will
include backfillingthe under-
ground facilities,sealing the
shafts and decomissioning the
surface facilities. -

(2) CH TRU waste **

a. Estimatedannual volume is 500,000 * i

cubic feet.

b. Estimated volume at the end of the *
5 year retrievaldecision period
is 1,410,O00 cubic feet.

c. Estimated total storage capacity *
is 6,330,000 cubic feet.

d. Heat generated from the waste is *
negligible; it will be less than
lO milliwatts for average drums,

' less than 20 milliwatts for
average boxes, and lO watts for
few drums containing heat source
plutonium.

* Indicates element for which evaluation is not required.
** See Foreword.
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_pble I (continued)

EVALUATIONRESULTSFOR ABRIDGEDDESIGN CRITERIA

....... ........ .... ...... Paqe 2 of 7

t RESULTAND
........ ELEMENT................. ..... . CHAPTER.REFERENCE

e. Estimated annual quantities are *
9,616 stx-packs and 2,404 modular"
steel boxes.

f. Estimated total quantities are *
121,700 six-packs and 30,430
modular sl;eel boxes.

¢

g. Underground facilities and equip- Suitable
ment shall be designed to provide 12.6.1
for a determination Lo effect 12.6.2
retrieval of waste stored for a
period up to 5 years after the
4n4tial emplacement and for a
target of 5 to lO years to reach
the waste and retrieve it after

Q

the deciston ts made.

(3) RH TRU waste **

a. Assumed total receiptof 1,000 *
cansisters.

b. Assumed maximum receipt rate of *
two canisters per day and 250
canisters per year.

c. If assumed quantities are insuf- *
ficient, additional RH waste

" storage wtll be accommodated
within existing storage rooms.

d. Heat generated from the waste is *
on the order of 60 watts per
canister.

e. Access shall be available to all Suitable

emplacement positions throughout 12.3.3
the retrievabilityperiod.
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Table I (cont4nued)

EVALUATIONRESULTSFORABRIDGEDDESIGNCRITERIA

Page 3 of 7

RESULTAND
ELEMENT........................ cHAPTERREFERENCE ....

f. When both CH and RH waste are *
scheduled for the same room, the
RH waste shall be emplaced first.
After the 5 year retrievability
pertod has terminated, CH waste
may be emplaced tn that room.

(4) Shaft destgn

a. Shafts shall be designed to be Suitable
structurally stable throughout the 7.4.1
operating life of the underground 8,4.1
facility and the decommissioning 9.4.1
period.

b. Time-dependent closure of shafts . Suitable
due to salt creep shall be con- 7..4.1
stdered. Shafts shall be designed 8.4.1
so that minimumdimensions re- 9.4.1
qutred for shaft functions are
maintained during design life.

c. Ground-waterflow into the shafts Suitable
shall be controlled so that no 7.4.1
uncontrolledground water reaches B.4.1
the storage horizon via the shafts, g.4.1

(5) Shaft liner design

a. Help ensure that dimensions remain *
within limits required for shaft
functions.

b. Prevent ground-waterflow into the Suitable
shaft. 7.4.1

8.4.1
g.4.1

c. Protectwall rock from deterior- *
ation.
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Table I (contlnued) --

EVALUATIONRESULTSFORABRIDGEDDESI6N CRITERIA

.................. Page 4 of 7 '
k

RESULTAND
ELEMENT CHAPTERREFERENCE

d. Preclude rtsk of rock fall from *
shaft waI 1.

(6) Mine design

a. The underground openings shall be Suitable
designed so that deformation of 7.4.1
excavations and pillars will 8.4.1
remain within limits required for 10.4.1
structural function, ventilation
and safety.

b. Rock bolts shall be used where *
necessary to provide positive

. support of roof and walls.

co Surface subsidence resultingfrom Suitable
underground excavation shall not 6.5
exceed 1 inch within a 500-foot
radius of the waste shaft.

d. Excavations and ptllars shall be Suitable
located and dimensioned to avoid 3.4
geologtc discontinuities. If dis- 6.3.1.2
continuities are encountered, re- 6.3.3
medtal action shall be engineered
to correct the problem.

e. Design shall be based on estab- *
..... lished mining procedures.

f. Predicted behavior of the salt *
shall be verified by in situ
testing (SPDV) before proceeding
With constructionof the storage
area.

g. Designed to accommodate creep Suitable
closure and maintain the minimum lO.4.1
dimensions required for the oper- 12.6.1
ating life of the opening.



Table I (continued) ........

EVALUATIO_RESULTSFORABRIDGEDDESIGNCRITERIA

Page 5 of 7,

RESULTAND
ELEMENT CHAPTERREFERENCE

h. Creep closure rates used for Suitable
design shall be confirmedby in- Ii.3.2
strument observationsin the 12.3.2
excavations.

i. Excavation dimensions shall in- Suitable
clude allowance for creep closure 12.6.I
sufficient to prevent container 12o6.2
breaching by creep-induced
stresses during the retrievability
period.

J. Minimize the potentialfor reposi- Suitable
tory rock fracturing. II.4.1

k. Undergroundwaste storage pro- Suitable
cedures shall includea designed 12.6.1
backfill plan for fire protection.
The backfill thickness shall be l
to 2 feet.

I. Permit isolationof panels of Suitable
rooms with plugs after storage and 12.6.I
backfillingare completed.

m. Air locks, dampers, regulatorsand *
doors shall be designed and in-
stalled in such a manner that they
can accommodatecreep without im-
pairment to their ability to main-
tain ventilationseparation.

(7) Emplacementcriteria

a. The underground storage rooms and Suitable
access drifts shall be designed to 12.6.1
be compatible with the waste
transport vehicle,with waste con-

, tainer sizes, shapes,weights and
stacking configurations,and with
waste emplacementequipment.
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Table Z (continued)

EVALUATIONRESULTSFOR ABRIDGEDDESIGNCRITERIA

J , Paqe 6 of 7

RESULTAND
EI,I_MI_NT CHAPTERREFERENCE

b. Provisions shall be made to accom- Suitable
modate _ackftlltng over and around 12.6.1
CH waste containers.

c. Each storage panel shall have pro- Suttable
visions for being isolated from 12.6.1
other panels upon completion of
storage operations in that'panel.

(8) Retrievability

a. All wastes placed into the WIPP Suitable
are retrievable,with retriev- 12.6.1
ability to be demonstrated,until 12.6.2
such time as the pilot plant is
converted to an operational repos-
itory for permanentdisposal of
wastes.

b. Each storage room shall allow for. Suitable
salt creep and shallbe sized to 12.6.1
minimize bre_chingof the CH waste 12.6.2
containers for a period of 10
years.

(g) Underground excavation and haulage

a. Mining shall be performed with *
continuous miners or equivalent
machine type devices. Drill and

" blast-type mining shall be pro-
hibited except where authorized.

b. Underground design shall'provide Suitable
maximum stabilityfor excavated 7.4.1
rooms and entries. 8.4.1

I0.4.1
II.4.1
12.6.1
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Table l (continued)

EVALUATIONRESULTSFORABRIDGED DESIGN CRITERIA

Paqe 7 of 7

RESULT AND
ELEMENT CHAPTER REFERENCE

c. Meet or exceed the intent of the *
applicable requirementsof the
MSHA in 30 CFR 57.9 and the New
Mexico Mine Safety Code for All
Mines.

z
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Table II

EVALUATION RESULTS FOR C & SH SHAFT DESIGN BASES

' RESULT AND
{L,_MENT , CHAPTERREFERENCE

(1) Shaft llner

a. Hydrostatic pressure is considered Suitable
to start 250 feet below the ground 7.4.1
surface and extend to the top of
the key.

b. Water shall be prevented from Suitable
flowing down the unlined shaft ' 7.4.1
from behind the ltner.

(2) Shaft key

a. Key shall be designed to resist Suitable
the lateral pressure from the 7.4.1
salt. (Assumed to be 75 percent
of the overburden pressure.)

b. Key shall be designed to resist Suitable
the hydrostaticpressure from 7.4.1
above the salt.

(3) Unlined section

Provide ll-foot 8-inch diameter to Suitable
allow for future salt creep deforma- 7.4.1
tion.
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_. Table III

EVALUATIONRESULTSFORWASTESHAFTDESI6N BASES

RESULTAND
......... ELEMENT ......... CHA,pTERREFERENCE

(I) Shaft llner

Hydrostaticpressure is considered to Suitable
start 250 feet below the ground B.4.1
surface and extend to the top of the
key.

(2) Shaft key

Design lateralpressure shall be 50 Suitable
percent of the vertical pressure due 8,4.1
to soil, rock and salt overburden,

(3) Unlined section

Provide 20-foot diameter to allow for Suitable
future salt creep deformation. B.4.1
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Table IV

EVALUATION RESULTS FOR EXHAUST SI4AFTOESIGN BASES
+

RESULTAND
........... ELEHENT ................ CHAPTERREFERENC_

(1) Shaft ltner

Hydrostatic pressure ts considered Suitable
to start 250 feet below the ground 9.4.1
surface and extend to the top of the
key. r

(2) Shaft key

Oestgn lateral pressure shall be 50 Suttable
percent of the vertlcal pressure due 9.4.1
to soil. rock and salt overburden.

(3) Unltned sectton

Provide 1S-foot diameter to allow for Suttable
future salt creep deformation. 9.4.1

i ,L ,,,, ,
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Table V

EVALUATIONRESULTSFOR STORAGEAREADESIGNBASES
L i

RESULTAND
ELEMENT . C.HAPTE._..REFERENCE

(1) Operational requirements

a. The storage area rooms, drifts and Suitable
crosscuts shall be designed to ,12.6.1
allow for retrievalof all CH and 12.6.2
RH waste stored for a period of up
to 5 years after the initial em-
placement of each waste species.

b. Excavation dimensions in the waste Suitable
storage _rea shall be to a uniform 12.6.I
height of 13 feet. 12.6.2

(2) Essential features

Provide l foot vertical and 9 inches Suitable
horizontal allowancefor creep closure 12.6.1
to maintain the minimum design 12.6.2
dimensions up to 5 years after initial
empIacement.

(3) Safety design requirements

A minimum opening of 16 inches shall Suitable
be left at the top of the rooms and 12.6.1
drifts for air passage above the waste 12.6.2
and backfill.

,,, , , lJ ,, , , , ,,,
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....... Table VI

EVALUATION RESULTS FOR DESI6N CONFIGURATIONS

Paqe l of 21

RESULTAND
............... ELEMENT ........................ CHAPTERREFERENCE

(1) C & SH shaft

a. Provide 5/8 to 1 I/2-inch thick Suitable
and lO-foot I.D. stiffened steel 7.3.2,1
liner in upper 846 feet. 7.3.3.1

b. Provide 30-inch thick, lO-foot Suitable
I.D. and 39-foot long concrete key 7.3.2.2
at rock/salt interface. 7.3.3.2

c. Provide ll-foot 10-inch diameter Suitable
unlined shaft below the key. 7.3.2.3

7.3.3.3

d. Provide 17-foot high and 32-foot Suitable
wide station. . 7.3.2.4

• ' 7.3.3.4

(2) Waste shaft

a. Provide lO to 20-inch thick and Suitable
19-foot I.D. concrete liner in 8.3.2.1
upper 837 feet. 8.3.3.1

b. Provide 51-inch thick, 19-foot Suitable
I.D. and 63-foot long concrete key 8.3.2.2
at rock/salt interface. 8.3.3.2

c. Provide 20-foot diameter unlined Suitable
shaft below thekey. 8.3.2.3

8.3.3.3

d. Provide ll-foot high and 30-foot Suitable
wide station. 8.3.2.4

8.3.3.4

(3) Exhaust shaft

a. Provide lO to 16-inch thick and Suitable
14-foot I.D. concrete liner in 9.3.2.1
upper 844 feet. 9.3.3.1

-32-



........ Table.vX.(continued)

' EVALUATIONRESULTS FOR DESIGN CONFIGURATIONS

..........................................................page.2.of 2.

RESULT AND
.................. ELEMENT CHAPTERREFERENCE

b, Provide42-1nch thick, 14-foot Suitable
I.D. and 63-foot long concrete key 9.3.2.2
at rock/salt interface. 9.3.3.2

c. Provide 15-foot diameter' unlined Suitable
shaft below the key. 9.3.2.3

9,3.3.3

(4) Storage area

a. Provide 13-foot high and 25-foot Suitable
wide or smaller drifts. 12.6.1

12.6.2

b. Provide 13-foot high and 33-foot Suitable
wide storage rooms. 12.6.1

12.6.2
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-CHAPTER1

!NTRODUCTION

l.l PURPOSE

This report presents the results of validation of the underground

opening reference design for the Waste Isolation Pilot Plant (WIPP).

The basis for the report is defined in the Design Validation Plan (ref.

l-l) which, in part, includes certain data requirements defined in the

Stipulated Agreement (ref. 1-2) reached between the U.S. Department of

Energy (DOE) and the State of New Mexico on July 1, 1981,

Design validation of the WIPP is defined as the process by which the

reference design of the underground openings is confirmed by

determining the compatibility of the design criteria, design bases and

reference design configurations using site specific information. The

design validation process consists of an assessment of the condition

and behavior of shafts, drifts and a full-sized, four-room test panel

excavated during an initial stage known as the Site and Preliminary

Design Validation (SPDV) Program and during full WIPP construction.

Based on this assessment of these excavations, and on predictions of

their future behavior, any modifications to the design criteria, design

bases or design configurations required to achieve a validated

reference design will be developed. In addition, the validated

reference design may be modified in the future as still more data and

experience are gained during a 5-year demonstration period (period

during which all waste must be retrievable) and permanent storage

operations.

In fulfilling the data requirements for design validation, this report

provides documentation of actual underground conditions encountered as

they relate to the design criteria, design bases and design

configurations for the reference design of the underground openings.

The contents of this report include all relevant data and field

observations acquired for design validation. The underground openings

excavated to date provide a firm basis for evaluation of the current

and expected future behavior of the undergrounddevelopment.

l-l
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The purpose of design validation ts to: .....

o valtdate the underground reference destgn, thus providing

confidence in the safety and stability of the WIPP underground _

openings;

o confirm the suitability of the design criteria, design bases

and design configurations established specifica'lly for the

reference design of the underground openings;

o re-confirm and expand upon the conclusions of the SPDV Program;,

and

o comply with the DOE agreement with the State of New Mexico to

validate the reference design of the WIPP underground openings.

This process was Initially described in the WIPP Pre,!iminarvOe,siqn

Va,lld,ation Reoort (ref. I-3) issued in March IgB3. That report

presented the results of a preliminary evaluation of the underground

opening reference design based on activities conducted during the SPDV

phase of underground development. That initial report was prepared in

response to conditions contained in the Stipulated Agreement

(Appendix A) between the DOE and the State of New Mexico which

permitted a preliminary evaluation of design considerations at an early

stage in underground development and allowed for any reference design

modifications deemed necessary for full WIPP construction. The

Design Validation Final Report (this report) is an extension of the

preliminary report and presents further confirmation of the reference

design based on additional data collected since completion of the SPDV

Program in both old and new areas of undergroundexcavation.

The WIPP Deslqn Validatlon Flnal Report presents:

o a summary of the background and development of the WIPP

referencedesign;

I-2
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o the design criteria and design bases used to develop the

reference design for the underground openings;

o geologic characterizations of the shafts, drifts and test rooms;

o the methodology used for data collection, its analysis and

evaluation, and the predictions of future behavior of the

underground openings;

o the description of data collection activities in the shafts,

drifts and test rooms;

o analyses and evaluations of the geologic behavior of the rock

strata surrounding the shafts, drifts and test rooms based on

visual inspections and geomechanical instrumentation

measurements;

o predictions of expected future conditions of,the underground

openings based on model simulations using in situ data;

o an assessment of the suitability of the d,_stgn criteria and

destgn bases and validation of the reference design

configurations, with recommendations for design modifications,

if any;

o recommendations for operation and maintenance of the

undergroundfacility as they pertain to design validation;and

o all data and referencesources that support design validation.

1.2 SCOPE

Design validation of the WIPP underground openings has been

accomplished through an assessment of their safety, stability and

predicted future behavior. Observation and instrumentation data

consistent with the Design Validation Plan objectives have been

I-3



collected and evaluated for each of the major design elements: shafts,
drifts and test rooms.

Initialanalysesand evaluationsof the undergrounddata obtainedfor

design valldatlon were provided in the WIPP PrellmlnalrYDes!qn

ValidationReport. The WIPP Design ValidationFinal Report presents

the results of activities whose objectives are outlined tn the Design
Validation Plan. These activities included field data collection and

analyses of these data to determine the validity of the reference

design.

Basically, four types of informationwere gathered for design

validation.These are:

(1) observations of the behavior of the undergroundopenings;

(2) descriptionsof the geologic conditionsencounteredduring

undergroundconstruction;

(3) descriptionsof core samples from instrumentationand oth_h

holesIn the roofand floorof the undergroundopenings;and

(4) data from installedgeomechanlcalinstrumentation.

Fieldtasksperformedto gatherthis informationincludedthe following:

o establishment of survey control for underground excavations and

reference points for geologic mapping;

o development of procedures and standards for activities such as

geologtc mapping/logging of underground excavations;

o

o geologic mapping in the shafts and horizontal openings;

' 1-4



o examination and logging of rock cores from boreholes to obtain

geologic information;

o observation and measurement of' ground-water flow into the

shafts;

o measurement of hyd,rostatic and lateral pressures on the shaft

liner and shaft key;

o monitoring the floor height of horizontal openings above the

top of marker bed 139 (MB-139) and the height of clay seams

above the roofs using core hole data;

o measurement of closure in the shafts and horizontal openings;

o determination of the presence of gases and fluids;

o survey of shaft verticality; and

o examination of all surfaces of underground openings for

displacement of clay seams, fracturing, roof sagging, floor

heaving, or other occurrences that may indicate unstable

conditions.

1.3 HISTORICALBACKGROUND

The WIPP is being developed by the DOE as a research and development

(R & D) facility to demonstrate the safe disposal of radioactive

. waste from U.S. defense programs. The facility is located in

southeastern New Mexico, about 25 miles east of the city of Carlsbad

(Figure l-l). The underground development level is at a depth of

appr_xlmately 2,150 feet in thick deposits of bedded salt. The

" facility will include space for the permanent storage of defense

related transuranic (TRU) waste and for in situ experiments addressing

technical issues for high-level defense waste programs. The WIPP's

......."+"" "_,',init!__!confirmationof thephase(;design a.d constructor,,,_. ..............

underground opening reference design through the SPDV Program. Design
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validation will provide confirmation of the decision to continue

facllTty construction with subsequent in situ experiments and defense

TRU waste storage.

The WIPP project is the result of waste management program efforts that

were started by the U.S. government as long ago as 1955 when the U.S.

Atomic Energy Commission (AEC) requested that the National Academy of

Sciences (NAS)evaluate methods for disposing of radioactive waste in

geologic formations. The NAS recommended bedded salt as the geologic

formation providing the highest confidence for long-term isolation of

waste from the biosphere. As a result of these efforts, the DOE

(formerly the AEC) initiated the WIPP program in 1975. The major

accomplishmentsof the program are listed in Table l-l.

Assessments that pertain to design of the WIPP include extensive

analyses of the impact of the facility on present and future

environments. A Final Environmental Impact Statement (FEIS) (ref. I-4)

was prepared which provides information about the environmental and

safety.consequencesof the WIPP project. A safety Analysis Report (SAR)

(ref. I-5) was also prepared to support construction and operation of

the WIPP_ The SAR addresses all aspects of industrial and nuclear

safety of the project and is updated periodically.

The WIPP is being developed in phases. At the time this report was

prepared, most of the site characterization, design and supporting

technological development had been done. The engineeringdesign of the

underground openings began with a conceptual design followed by a

preliminary design and finally a detailed reference design. Facility

developmentat the site began with the SPDV Program which allowed direct

observation of the underground facility geology through two shafts and

associated underground drifts. This program provided data for

preliminary evaluation and confirmation of the reference design of the

proposed underground excavations. Design and construction of the

surface facilities have proceeded virtually independent of the

underground opening design validation and are not addressed in this

report.
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Table 1-1

MAJOR ACCOMPLISHMENTSOF THE WIPP PROGRAM

DATE DATE
ITEM STARTED COMPLETED

(I) National Academy of Sciences recommends - 1957
salt as best geologic formation for
disposal,of nuclearwaste.

(2) Salt deposit studies conducted in New 1972 1975
Mexico by U.S. Geological Survey and
sandia National Laboratories.

(3) Conceptual design of the WIPP. 1975 1977

(4) Characterizationof the WIPP site. 1975 1983

(5) Public law authorizes capital funding - 1977
for the WIPP.

(6) Title I - Preliminary design of the WIPP. I/TB 1/80

(7) Safety Analysis Report issued for the WIPP. - 2/80

(8) Final Environmental Impact Statement - I0/80
issued for the WIPP.

(9) SPDV PreliminaryDesign Validation Program. 7/79 3/83

(I0) Detailed design for Site and Preliminary 7/79 I0/80
Design Validation (SPDV).

(II) SPDV Site Validation Experiments Program. 8/80 3/83

(12) Title II - Detailed design of the WIPP. 2/Bl 2/84

(13) Constructionof SPDV shafts. 5/Bl 3/82

(14) Design validation. 4/Bl I0/86

(15) SPDV shaft outfitting and test room lO/Bl 7/83
development.

(16) Authorization for full WIPP construction. - 7/83
,,
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1.4 TE WIPP MISSION .....

The authorized mission for the WIPP emphasizes its role as an R & D

facility to demonstrate safe disposal of radioactive waste from U.S.

defense programs. Its mission is also to provide informationfrom site

characterization,laboratory experiments, geomechanicalinstrumentation

and in situ tests which can be used to develop performance-assessment

models _ for technological applications. Figure I-2 shows the

undergroundlayout of the three R & D areas at the WIPP.

The WIPP R & O Program consists of three major program areas:

(I) site characterizationand evaluation;

(2) repository developmentand.operation;and

(3) waste package interactions.

In addition to providing for the permanent storage of defense related

TRU waste, these program areas include technology development in waste

isolation, in situ tests without radioactive material, and in situ

tests with radioactive material. The WIPP will al_o serve as a

laboratory for experiments with high-level defense waste. All

high-level wastes will be removed from the WIPP at the conclusion of

the testing period. These in situ waste experiments and associated

activities are not part of design validation and, therefore, are not

discussed in this report. An initial description of the in situ

testing plan for the WIPP R & O Program was provided in Sandia

National Laboratories"(SNL) Report 262B (ref. I-6).

1.5 DESIGN VALIDATION PROGRAM

Validation of the WIPP facility underground reference design is based

on a strategy consisting of a detailed plan and approach for validating

major reference design elements. A description of this strategy is



 X  ANAT,O.SITE AND PRELIMINARY DESIGN
VALIDATION (SPDV) EXCAVATIONS
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contained in the document tttled Design Vaildation Strategy (ref.

1-7). The elements comprising the strategy for design validation are:

(I) Identify the design approaches and construction activities

for the undergroundopenings.

(2) Identify the design criteria, design bases and design

configurationsto be validated.

(3) Develop the methodology for validation.

(4) Acquire data on the underground development level from core

samples, geologic mapping, laboratory tests, in situ tests,

visual observationsand mines in similar geologic formations.

(5) Synthesize the data obtained from the activities in element 4

to define the geologic environmentof the facility level.

(6) Evaluate in situ geomechanical instrument measurements and

visual observationsto determine the response of the geologic

materials to changes resulting from excavation or other

disturbances.

(7) Predict the future behavior of the underground openings and

salt surrounding the openings based on current in situ

measurements,visual observationsand computationalanalyses.

(8) Provide for comparisons of predicted and existing conditions

at regular time intervals.

(9) Document design validation resultsand conclusions.

(I0) Provide recommendeddesign modificationsas required.

(ll) Provide data and reference sources to support the performance

of the above activities.

g
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I)estgn validation efforts for the WIPP began with the SPDV Program.

This program involved the excavation of underground openings, shafts,

drifts and test rooms, representative of the full WIPP facility. These

underground openings permitted the direct examination of geologic

features and material behavior at the facility level. Additional

observations and geomechantcal instrumentation measurements were

obtained following completion of the SPOV Program to complete the

design validation program. A brief description of the design

validation program is presented in the following subsections.

1.5.1 S!te and Preliminary Design Validation (SPDV)

The SPOV Program was designed to further characterize and valtdate the

WIPP site geology and provide preliminary validation of the underground

opening reference design. The SPDV Program was composed of two

integrated parts'

(I) site validation (ref. I-8) to increase confidence In the

process of site characterizationand qualification;and

(2) preliminary design validation to assess the condition and

behavior of excavated shafts, drifts and a full-sized,

four-room test panel similar to those planned for the waste
i

storagearea.

The general SPDV underground layout is shown on Figure I-3. The

underground development level is located in Zone II, a WIPP site

control zone that delineates the limits of underground storage. A

preliminary design validation report was issued on March 30, 19B3.

This report presented the results of early observations and analyses of

the condition and behavior of the SPDV excavations and is discussed in

Chapter 4.
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1.5.2 Des!qn Va!tdat!on

Major activities related to design validation are cited tn Table 1-2.

As indicated by thts table, fteld data collection activities that began

wtth the SPDV Program were continued beyond the end of the program to

provide additional data for design validation. The design validation

process tncludes the evaluation and analysts of data obtained by these

activities. The results of these evaluations and analyses have been

presented tn quarterly geotechntcal fteld data reports (GFDR), each of

which presents a discussion of different selected elements of the WIPP

underground development. These reports provide supporting

documentation for the WIPP Oeslgn Validation F!na! Report and are

discussed tn Chapter 4.

Some of the fteld data collection activities shown in Table 1-2 wtll

continue after submittal of the WIPP Desiqn Validation Final Report and

beyond the completion of full WIPP construction. Collection of this

data wtll provide additional information on the behavior of the

underground openti_gs through the 5-year demonstration period and

through permanent storage operations. The 'data wtll also permit

continuous monitoring of the safety of the openings. Underground

faclltty reference design modifications wtll be made as required by an

evaluation and analysis of these data. The data obtatned wtll be

periodically distributed to the project participants, the State of New

Mextco, and wtll be placed tn WIPP publlc reading rooms.

1:14
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• Table 111"2

DESI6N VALIDATION ACTIVITY SCHEDULE

, , , ,, , , , , ,,,.. , ... , , , ,,,, .. ,, , L L ,L,.,, , ., ,, ,

......... ACTIVITY ........ RE_;PONSIBILITY SCHEDULE

(1) Prepare and issue Design Validation B/DOE 7/82 - 1/83
Plan

(2) Field data collection:

a. Geologic _pping of TSC/B 3/82 - 3/83
vertical and horizontal
undergroundexcavations

b. 6eomechanicalinstrumentation TSC/B 4/82- 3/83
measurementsand visual
observationsin shafts,drifts,
and test rooms

i

c. Log core from holes in horizontal TSClB I0182 - 3/83
undergroundopenings

d. Fluid inflowmeasurements TSC/B g/B1 -3/83

e. Shaft verticalitysurveys DOE/TSC I/B2 - 3/83

(3) Evaluate field data; prepare B lO/B2 - 3/83
PreliminaryDesign Validation
Report

(4) Issue PreliminaryDesign DOE 3/83
ValidationReport

(5) Continue with (2a), (2b), (2c), TSC/B 3/83 - 7/86
and (2d) above

z

(6) Evaluate/analyzefield data; B 3/83 - 5/86
= prepare Design Validation Final

Report

(7) Design Validation Final Report B 5/86 -6/86
review by Peer Review Panel

. (B) Issue Design Validation Final DOE lO/B6
Report

B = Bechtel National, Inc.; DOE = U.S. Department of Energy; TSC =
Technical Support Contractor (WestinghouseElectric Corp.)

-_
=
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CHAPTER2

BACK,,6,,ROUNDOF UNDER(_ROUN,D,DESI6N

2..1 SITE CHARACTERIZATIONANDEVALUATION

WIPP stte characterization programs have consisted of geologtc and

hydrologic studtes as well as biologic, meteorologic and economic

studies'. Geologtc and geohydrologtc characterization of the site,

which started with surveys of literature and existing data, continued

with the collection of new data and had the greatest degree of

influence on design of the underground facility. Special emphasts was

placed on correlating, data obtained by geophysical techniques and

borehole drilling. The geophysical techniques most widely used were

seismic reflection and resistivity. Borehole drtlltng programs

included holes drilled primarily for stratlgraphic information on or

near the site and holes drilled at the edge of, or away from, the site

to study salt dissolution. Three holes, WIPP-11, WIPP-12 and DOE-I,

were drilled through the Salado formation to acquire geologic data on
deeper strata outside the Zone II boundaries of the site (refs. 2-1,

4

2-2 and 2-3). Within Zone II, the drilling of deep exploratory holes,

i.e., to the depth of the WIPP facility level, was restricted by siting

criteria. Prior to the drilling of the SPDV exploratory and

ventilation shafts (subsequently known as the C & SH and waste

shafts, respectively),ERDA.-9was the only borehole within Zone II that

extended below the facility level.

The generalized stratlgraphic relationship of the geologic formations
t

of interest beneath the WIPP site is shown on Figure 2-I. Siltstone

and fine-grained sandstone are the main rock types forming the Dewey

Lake red beds. The Rustler formation, composed primarily of anhydrite

and fine-grained sandstone, siltstone and mudstone, contains two

water-bearing dolomite beds. Saline water is found in these beds, the

Magenta and Culebra members, and at the contact between the Rustler and

Salado formations. The Salado formation consists largely of halite

containing thin beds of anhydrite and polyhalite with occassional thin

clay seams. The Castile is a thick anhydrite and halite formation

2-I



N _NTA ROSA S
GROUND

....... SURFACE

POTASH ZONE "" """ 1500 --
mmm _ m mmwmm mm_ m _mm mmmwo

DEVELOPMENT " _" "-- ...........
LEVEL 2000 --
21.oFT____

SALADO
2500 -- wla,

' _

, . .i i .

45110.-
4

5000 -

55OO --

F!{lure 2-1

GENERALSITE STRATIGRAPHY

2-2



underlying the Salado. The Bell Canyon fomatton consists prlmarily of ,

sandstone, limestone and shale. No aquifers are present in the Salado
or Castile fomattons beneath the site.

Site stratigraphy from the ground surface to about 250 feet below the

underground facility level is presented in Appendix B, Figure B-l,

Sheets 1 through 5. The stratigraphy shown is based on geologic data

obtained from boreholes WIPP-12o ERDA-9 and DOE-l, and from the

C & SH and waste shafts. An analysis of these data shows a strong

correlation of the stratigraphy between the boreholes and shafts from

the ground surface to below the underground facility level. This

correlation is based primarily on the geophysical logs because core

sample loggtng or "hands-on" mapping was not always carried out through

the entire interval. Where possible, graphic lithologic descriptions

based on logging or mapping of the rock str=ta have been tncluded on

Figure B-1 in Appendix B. This helps to more fully define the

strattgraphtc relationships shown by the geophysical logs.

The analysts between boreholes WIPP-lE to the north and DOE-1 to the

south resulted in correlation of the major formation contacts and most

marker beds in the Salado formation. Oue to a lack of distinctive

strattgraphtc changes, the Dewey Lake red beds exhibit a relatively

uniform proftle in both the llthologtc and geophysical logs. The

Rustler formation, however, exhibits a much greater fluctuation in its

geophysical profile as a result of the anhydrite, dolomite and

fine-grained clasttc beds it contains. Figure B-1 in Appendix B shows

that the Rustler thickens slightly to the north with a sltght rise in

formation contacts occurring in the area of the WIPP facility.

D

Correlation of the Salado formation stratigraphy between WIPP-12 and

DOE-1 verifies the consistency of most of the marker beds. The

geophysical logs shows distinct breaks where polyhalite and anhydrite

beds occur in the largely hallttc rock strata. The major strattgraphtc

• occurrence, in that portion of the Salado formation shown on Figure B-1

in Appendix B, is a thinning of strata to the north. This thinning



becomes apparent below markerbed 124 (MB-124) and is relatlvely well

pronounced in the underground facility horizon. The effect of this

thinning is to produce a reversal in the direction of dip of the strata

above and below MB-124 between WIPP-12 and DOE-I. Above this marker

bed the strata dip to the north, while below the marker bed the strata

dip to the south. This thinning of strata controls the slope of the

facility level excavation because the excavation must avoid

encroachment on any stratigraphic horizons that could affect the

stabilityor safety of the undergroundopenings.

The figures in Appendix B show the continuity of rock strata across the

WIPP site and in the area of underground excavation. These figures are

intended to show that the major design assumptions which were made

based on data from boreholes ERDA-g and WIPP-12 remain valid, based on

additional data obtained from geologic mapping of the underground

openings and logging of underground core holes. Therefore, correlation

of the site stratigraphy from the ground surface to below the

underground facility level confirms the macroscopic continuity of

stratigraphy beneath the WIPP site. Geologic characterization at the

WIPP underground facility level is presented in Chapter 6.

Geohydrologic data pertaining to the site were obtained from

conventional and speclal-purpose tests in many boreholes .(ref. I-5).

Geophysical logging of these holes provided hydrogeologic information

on the rock strata encountered. Pressure measurements, fluid samples

end ranges of rock permeabilitywere obtained for selected formations.

Also, potentiometric surfaces of major aquifer systems were contoured

by using measured water level elevations in boreholes.
i

Evaluation of data obtained from early site selection studies indicated

that the current WIPP site was a suitable candidate for the

estabiishment of a facility to demonstrate the safe disposal of

radioactive waste. Additional studies have resulted in the issuance of

numerous reports regarding the suitability of the WIPP site, including

the Geoloqical Characterization Report, Waste Xso]ation Pilot Plant

m
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(WIPP) Site. Southeastern New Mexico (ref. 2-4), Final Environmental

Impact Statement: Waste Isolation Pilot Plant (ref, I-4), and the

Waste Isolation Pilot Plant Safety Analysis Repor.t(ref. l-S). Final

site validation was achieved in 1983 by an evaluation of the data

contained in a report titled Results of Site Validation Experiments,

Waste Isolation Pilot Plant (WIPP) Project. Southeastern New Mexico

(ref. 2-5) which presented the results of studies performed to fully

satisfy all site qualificationcriteria. This report was followed by a

confirmation of overall site suitability in a report titled Summary

Evaluation of the Waste Isolation Pilot Plant (WIPP) Site Suitability

(ref. 2-6).

,

2.2 DESIGN CRITERIA

The Desiqn Criteria, Waste Isolation Pilot PIaD:L (WIPP). Si.re and

Preliminary Desiqn Validation (SPDV) (ref. 2-7), and the Desiqn

,Criteria,..Wa.ste .Isolation Pilot Plant (WIPP), Revised, Mission

.Concept-IIA (RMC-IIA) (ref. 2-8) were used as guides by the

Architect-Engineer (Bechtel National, Inc.) in developing the reference

design for the WIPP underground openings. The documents contain

= general requirementswhich were addressed in the reference design. The

- Design Criteria, RM_-IIA, is the highest level design document for the

project. All other design documents, such as design bases, drawings

and specifications, were required to be in compliance with this

document.

The design criteria also stipulate the type and estimated or assumed

rate of waste to be received at the WIPP. The majority of the criteria

presented in the RMC-IIA document ar_ requirementswhich do not need

evaluation as to their suitability and have no impact on validation

considerations for the underground opening reference design. The major

criteria that guverned development of the reference design are

presented in Table 2-I. Although some of the criteria in this table

: are elements which cannot be evaluated, they are included because of

their inf1_ncc on the reference design configurations. Those criteria

that can be evaluated are di._cussedin later chapters of this report as
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Table 2-I

ABRIDGED WIPP DESIGN CRITERIA

Page l of 4

(1) Facility design

a. Designed for an operating life of 25 years.

b, Underground facilities and equipment shall be designed to be
compatible with retrieval operations for all contact-handled
(CH) and remote-handled (RH) TRU waste, with a retrieval
decision to be made within 5 years after the initial
emplacement of each species. (Chapter 12)

c. The facility will be decommissionedafter it has fulfilled its
intended purposes. This will include backfilling the
underground facilities, sealing the shafts and decommissioning
the surface facilities.

(2) CH TRU waste *

a. Estimated annual volume is 500,000 cubic feet.

b. Estimated volume at the end of the 5 year retrieval decision
period is 1,410,000cubic feet.

c. Estimated total storage capacity is 6,330,000 cubic feet.

d. Heat generated from the waste is negligible; it will be less
than lO milliwatts for average drums, less than 20 milliwatts
for average boxes, and lO watts for few drums containing heat
source plutonium.

e. Estimated annual quantities are 9,516 six-packs and 2,404
modular steel boxes.

f. Estimated total quantities are 121,TO0 six-packs and 30,430
modular steel boxes.

g. Underground facilities and equipment shall be designed to
provide for a determination to effect retrieval of waste
stored for a period up to 5 years after the initial
emplacement and for a target of 5 to lO years to reach the
_aste and retrieve it after the decision is made. (Chapter 12)

(3) RH TRU waste *

a. Assumed total receipt of l,O00 canisters.

b. Assumed maximum receipt rate of two canisters per day and 250
canisters per year-.

- * See Foreword.
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Table 2-1 (continued)

ABRIDGED WIPP DESIGN CRITERIA

Pag.e2 of 4

¢. If assumed quantities are insufficient, additional RH waste
storagewill be accommodatedwithin existing storage rooms.

d. Heat generated from the waste is on the order of 60 watts per
canister.

e. Access shall be available to all emplacement positions
throughoutthe retrievabilityperiod. (Chapter 12)

f. When both CH and RH waste are scheduled for the same room, the
RH waste shall be emplaced first. After the 5 year
retrievabilityperiod has terminated, CH waste may be emplaced
in that room.

(4) Shaft design (Chapters7, B and 9)

a. Shafts shall be designed to be structurally stable throughout
the operating life of the underground facility and the
decommissioningperiod.

b. Time-dependent closure of shafts due to salt creep shall be
considered. Shafts shall be designed so that minimum
dimensions required for shaft functions are maintained during
design life.

c. Ground-waterflow into the shafts shall be controlled so that

no uncontrolled ground water reaches the storage horizon via
the shafts.

(5) Shaft liner design

a. Help ensure that dimensions remain within limits required for
shaft functions.

b. Preven'tground-waterflow into the shaft. (Chapters7, 8 and 9)

c. Protectwall rock from deterioration.

d. Preclude risk of rock fall from shaft wall.

(6) Mine design

a. The undergroundopenings shall be designed so that deformation
of excavations and pillars will remain within limits required
for structural function, ventilation and safety. (Chapters 7,
B and lO)
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Table ,.2,--! (continued) _..

,ABRID6ED WIPP DESIGN CRITERIA

Paqe 3 of 4

b. Rock bolts shall be used where necessary to provide positive
support of roofs and walls.

c. Surface subsidence resulting from underground excavation shall
not exceed l inch within a 500-foot radius of the waste shaft.
(Chapter 6)

d. Excavations and pillars shall be located and dimensioned to
avoid geologic discontinuities. If discontinuities are
encountered, remedial action shall be engineered to correct
the problem. (Chapters 3 and 6)

e. Design shall be based on establishedmining procedures.

f. Predicted behavior of the salt shall be verified by in situ
_esting (SPDV) before proceeding with construction of the
storage area.

g. Designed to accommodate creep closure and maintain the minimum
dimensions required for the o_eratlng life of the opening.
(ChaptersI0 and 12)

h. Creep closure rates used for design shall be confirmed by
instrument observations in the excavations. (Chapters II and
12)

i. Excavation dimensions shall include allowance for creep
closure sufficient to prevent container breaching by
creep-induced stresses during the retrievability period.
(Chapter 12)

J. Minimize the potential for repository rock fracturing.
(Chapter Il)

k. Underground waste storage procedures shall include a designed
backfill plan for fire protection. The backfill thickness
shall be 1 to 2 feet. (Chapter 12)

J I. Permit isolation of panels of rooms with plugs after storage
and backfillingare completed. (Chapter 12)

m. Air locks, dampers, regulators and doors shall be designed and
installed in such a manner that they can accommodate creep
without impairment to their ability to maintain ventilation
separation.
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Table 2-I (continued)

ABRIDGED WIPP DESIGN CRITERIA

Paqe 4 of 4

(7) Emplacementcriteria

a. The underground storage rooms and access drifts shall be
designed to be compatible with the waste transport vehicle,
with waste container sizes, shapes, weights and stacking
configurations,and with waste emplacement equipment. (Chapter
12)

b. Provisions shall be made to accommodate backfilling over and
around CH waste containers.(Chapter 12)

c. Each storage panel shall have provisions for being isolated
from other panels upon completion of storage operations in
that panel. (Chapter 12)

(B) Retrievability

a. All wastes placed into the WIPP are retrievable, with
retrievability to be demonstrated, until such time as the
pilot plant is converted to an operational repository for
permanent disposal of wastes. (Chapter 12)

b. Each storage room shall allow for salt creep and shall be
sized to minimize breaching of the CH waste containers for a
period of lO years. (Chapter 12)

(g) Undergroundexcavationand haulage

a. Mining shall be performedwith continuous miners or equivalent
machine type devices. Drill and blast-type mining shall be
prohibited except where authorized.

b. Underground design shall provide maximum stability for
excavated rooms and entries. (Chapters7, B, lO, II and 12)

c. Meet or exceed the intent of the applicable requirements of
the MSHA in 30 CFR 57.9 and the New Mexico Mine Safety Code
for All Mines.

• ,....................................................... J
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indicated in the table.

2.3 DESIGN BASES

The design bases identify the detailed design requirements for the WIPP

underground facilities. They are derived from the more general

concepts presented in the design criteria. The design bases cover all

aspects of the design and facility operations. Design bases applicable

to design validation are listed in references 2-9 through 2-20. The

essential elements of the design bases pertaining to design validation

of the C & SH shaft, waste shaft, exhaust shaft, drifts and storage

area are discussed in Chapters 7 through I0 and Chapter 12. The

discussions cover only those bases that require evaluation. All other

bases are requirementsdetermined during design reviews and need not be

evaluated for their suitability.

2.4 DESIGN CONFIGURATIONS

The reference design configurations are the engineered facilities

designed to comply with the design criteria and design bases. They are

described in various contract drawings and specifications. The

essential elements of the design configurations are discussed in

Chapters 3 and 12.

2.5 DESIGN DEVELOPMENT

Design of the WIPP surface and underground facilities consisted of

three stages:

(I) the conceptual design;

(2) the preliminarydesign; and

(3) the detailed design, including the underground opening

reference design.

At both the conceptual and preliminary design stages, an extensive,

independent review of the underground layout and design was made by the
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DOE and its consultants, SNL and Westinghouse Electrtc Corporation.

The review included assessment of the underground design concept and

consultation with Carlsbad area potash mine operators to obtain

information from their experience. The preliminary design was also

reviewed by other Federal agencies, the State of New Mexico and the NAS.

From these reviews and consultations, the DOE concluded that the

detailed design, based on the current state of the art, was sound.

However, for further confirmation, it was decided that the impact of

site-specific geologic conditions on the underground opening reference

design should be verified by direct observation. Consequently, the DOE

initiated the SPDV Program described in Chapter 1. The SPDV Program

provided in situ data on the local geology and on the geomechanical

response of the strata to the underground openings.

2.5.1 conceptual Deslqn

Design of the WIPP surface and underground facilities began with the

conceptual design, initiated in 1975 and completed in 1977 (ref.

2-21). The conceptual design provided the basis for development of the

preliminarydesign of both the surface and undergroundfacilities.

2.5.2 PreliminaryDesiQn

The WIPP preliminary design was begun in 197B and completed in IgBO

(ref. 2-22). [he preliminary design (Figure 2-2) was based on

empirical methods and local mining practices, incorporating the

conventional room and pillar method for underground development, lt

included analytical evaluations of underground openings in bedded salt

using the finite element method and laboratory test data (refs. 2-23

and 2-24). The roof and floor of the rooms and entries were checked

for stability by methods described in the SME Mininq EngineerinQ

Handbook (ref. 2-25). In addition to Bechtel, SNL performed confirming

numerical analyses (refs. 2-26 and 2-2?). These analyses predicted

short- and long-term stress distributions around the selected openings

as well as elastic and creep deformations.
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2.5.3 Detailed Design

Detailed design of the WIPP, begun in 1981 and completed in 1984,

included design of the surface and underground facilities and the

ref.erencedesign for the underground openings. This was based on an

extensive amount of data derived from the site characterization,

including information from boreholes, surface geophysical measurements

and laboratory tests. These data were used to establish the facility'

level and the design parameters. The number of holes drilled to the

proposed facility level was restricted in order to retain its isolation

from the surface. The layout and configuration of the underground

openings were based mainly on empirical data which incorporates the

room and pillar concept utilized in existing potash mines in Carlsbad

and other mining areas, and on storage efficiency. The design was also

based on mining and engineering standards universally applied to

undergroundprojects.

Analyses were performed to evaluate the stability of underground

openings'using material properties obtained from laboratory tests of

core samples (ref. 2-28). Validation of the underground opening

reference design with respect to the actual underground environment

requires direct observation of geologic conditions at the facility

level and the behavior of the underground openings. This interaction

between observation of undergroundexcavation and developmentof design

is consistent with engineering practice for underground construction

and with achievingthe most cost-effectivefacility configuration.

Detailed design of the WIPP had sufficient flexibility to allow the

incorporation of initial information obtained from excavation during

the SPDV Program. This design flexibility was necessary for

construction of the underground facilities. Calculationsthat applied

material properties and analytical models developed from laboratory

tests were performed to evaluate the behavior of the underground

openings. Information obtained from the design validation program was

used to confirm, refine, or alter the underground opening reference

design as required to accommodate in situ conditions. The detailed
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design tncluded the development of construction detatls for the

experimental areas and the full-scale waste storage area. It' also

included design of the surface facilities but this is not included in

the design validation program.

2.6 DESIGNMETHODS

Practical experience in the safe construction of salt and potash mines

extends over many years. Empirical knowledge on the safe sizes of

openings and pillars has been documented (ref. 2-29) and performance

records of openings in salt are available. Different methods of

analysts are required to determine the stability of openings in salt

for different conditions of potential fatlure. The normal safety

concepts of engineering, which relate a factor of safety to loads or

stresses, cannot be transferred directly to the analysis of underground •

openings in salt. Therefore, postulated failure conditions were

analyzed by other appropriate methods. In general, an opening in salt

can be considered stable when the following two basic requirements are

satisfied:

(1) the deformation of the opening conforms to the clearance

envelope allowed for safe operation of the workings during

design life; and

(2) the load bearing capacity of the salt around the opening is

adequate to prevent sudden structural failure of the opening.

Subsections 2.6.1 through 2.6.3 discuss the empirical methods, closed

form solutions a,-dmodel simulations used for the reference design of

the WIPP undergroundopenings.

2.6.1 Empirical Method

Most of the seven potash mines in the Carlsbad area were visited by

project participants on several occasions as the design evolved. The

preliminary room and pillar configurations, including the width and
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spacing of the rooms, drifts and ptllars, were based primarily on

experiences gained from genera] mining practices in those mines in

areas with stmtlar geology. The extraction ratio at the WIPP facility

horizon is significantly less than that used tn potash mines of stmtlar
i

depth in the Carlsbad area and in other parts of North America.

2.6.2 _losed Form.__p!u_lons

Closed form solutions in the sME Mtntnq Enq_neertnq Handbook were used

to check the design of the room-and-pillar system, Including room

dimensions, room spacing, ptllar stresses and ptllar width-to-height

ratios. These types of solutions were also used 1;o check room

stability, Including the stresses on the roof beams, and to estimate

surface subsidence (ref. 2-30). Closed form solutions for steel and

concrete structural design were used for destgn of the shaft, liners and

keys.

2.6.3 Model Simulation

To determine the geomechantcal and structural behavior around the

underground openings, mathematical models of the opentngs were

generated and preliminary finite element analyses were performed 1:o

stmulate this behavior. These analyses used material properties

obtatned from laboratory tests of drill core samples to esttmate

closure of the openings. In order to matntatn the operational

capability of the underground factltty during tts destgn life,

al!owances for' roof, floor and wall closures were added to the

operational clearance envelope of the underground openings. The destgn

criteria requtre confirmation or modification of the estimated closure

based on geomechantcal Instrument measurements obtained tn the

excavations.

Preliminary analyses were only considered parametric studtes stnce

Important feedback from the design validation program observations and

geomechantcal Instrument measurements was required to complete the

understanding of the mechanism of creep deformation tn the salt at the

WIPP site.

2-15



CHAPTER3

_UNDERGROI_HDFACILITIES

3.1 INTRODUCTION

This chapter presents a brief history of the underground development

level selection process. It also describes the configurations of the

WIPP shafts, drifts and rooms, and summarizes their excavation

history. The discussion of excavation history includes those details

pertaining to the 'as-built m openings which are considered significant

with respect to the reference design. The reference design of the

underground openings was based on requirements contained in the Design
e

Criteria (refs. 2-7 and 2-8) and Design Bases (refs. 2-9 through 2-20)

documents.

The WIPP underground facility is divided into three general areas

(Figure 3-I). The northern portion is the experimentalarea containing

the design validation test rooms and technology experiments. The

central area is the shaft pillar. The number of drifts in this area is

restricted to minimize subsidence around the shafts. This portion of

the facility will primarily contain shops and personnel areas. The

southern portion of the facility is the waste storage area. Although

some mining has been conducted in this area, it remains largely

unexcavatedat the time of publicationof this report.

3.2 SELECTIONOF THE UNDERGROUNDDEVELOPMENTLEVEL

Selection of the WIPP underground deve,lopment level evolved over

several years and various facility design concepts. Seven

stratigraphic horizons were identified in 1979 as potential locations

for the facility level and ranked in order of their preference. These

seven horizons were chosen based on an examination of available

borehole data, primarily geologic and geophysical logs from borehole

ERDA-9, and on horizon selection criteria established by the WIPP

project participants. The selection criteria consisted of recommended

distances between the underground opening surfaces and the nearest

overlyingor underlying clay seams or partings.
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6eologtc mapping of the SPI)V exploratory shaft in April and May 1982

permitted an assessment of the suitability of those intervals in the

area of MB-139 preferred for the locatton of the facility level. This

assessment tncluded an evaluation of the Intervals of interest against

a modified version of the 1979 horizon selection criteria. These

modified criteria were a result of changes to the initial WIPP facility

concept, consisting of a reduction from two levels to one and

alterations In the room size. The modified criteria were as follows:

(1) The rock comprising the underground factltty horizon should

contain no significant dissolution features, faults, or

fractures. If any such features are noted, a detailed
,

investigation must be conducted. (This element was not

explicitly stated in the 1979 criteria.)

(2) There should be a minimum 4-foot thickness of halite between

the top of MB-139 and the facility floor. The undulatory

upper cnntact of MB-139 shall be considered in the selection

of the facility floor level. (The 1979 criteria required a

' 5-foot thickness between the facility floor and the first

underlyingclay seam or parting.)

(3) There should be a minimum 14 I/2-foot section of halite for

construction of nominal 13-foot high rooms. Minor

impurities, such as argillaceous halite and polyhalite, may

be acceptable. (The facility design in 1979 called for

J2-foothigh rooms.)

(4) There should be a minimum of 5 feet of halite betweer the

facility roof and the first overlying clay seam (defined as

I/4 inch thick or greater) for purpnses of roof stability.

(This criteri'Jnwas adjusted at the site to a 5- t) lO-foot

thickness at the verbal request of SNL personnel.)

(5) Horizons containing substantial amounts of polyhalite should

= be avoided. The minimum thickness of halite defined in the
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third criterion ltsted above was increased from 14 1/2 feet

to 17 feet or more to accommodate the 17-fn_,')_ high SPDV
'_q,

exploratory shaft station.
,

Se' ectton of the ftnal underground development level was made following

a series of meetings tn which the _interval ranked first was evaluated

for its abtltty to satisfy these criteria. The selection was based

primarily on the results of detailed geologtc shaft mapping from a

depth of 2,080 feet to 2,185 feet. A meeting, attended by

representatives from the DOE, Westinghouse, SNL and Bechtel, was held

on Ray 2, 1982, to discuss the results of the selection process and to

present a recommendation for the factltty level locatton to the DOE.

The ftnal level selected for the factlity floor was at a preliminary

depth of 2,149 feet (elev. 1258.4 feet). The recommendation was

accepted by the DOE and later reviewed and concu;-red in by a

representative of the New Mexico Environmental Evaluation Group (EEG).

Geologic mapptng of the SPDV exploratory shaft and subsequent

evaluation by the pro_iect participants showed that, as anticipated, the

geology was stmllar to that encountered in borehole ERDA-9. One
m

exception was the discovery of an additional anhydrite bed, anhydrite

"b', and its underlying clay seam. Figures 3-2 and 3-3 show the

preliminary design (pre-SPDV) of the shaft station and storage rooms.

This preliminary design was based on the s_ratigraphy at the

first-ranked alternative horizon. Figures 3,.2 and 3-3 show that only

one anhydrite layer and clay seam were e'.pected above the facility

level at this horizon, based on the tnturpretatlon of ERDA-9 core.

This would have produced 12 feet of uninterrupted halite above the

shaft station and 16 feet above the storage rooms. However, shaft

mapping revealed an intermediate bed, anhydrite "bm, approximately 7

feet below the known bed, anhydrite "a =. This reduced the

uninterrupted halite thickness above the facility level roof to 3.5 to

5 feet at the shaft station and 7 to 8.5 feet in the waste storage

area. Despite this finding, the underground facility horizon chosen

was Judged to adequately meet all of the established criteria.
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At a meeting held on February 13, 1986, consideration was given to the

desirability of relocating the faci%tty level to a different

stratigraphtc horizon (ref. 3-2). The discussion was prompted by the

following observations of the behavior of the underground openings:

(l) The effect of excavation on the strata surrounding the

underground openings are being investigated by gas

permeability testing. These tests t;_dtcate that zones of

increased permeability due to fractt'ring, and proportional to

the size of the opening, have developed between the floor of

the openings and the base of RB-139 in the test rooms. These

zones have also developed at intersections and other

locations in the N1420 drift. Increased permeability has

also been detected within anhydrite "b" above the roof of the

test rooms. (Additional permeability testing is being

conducted by SNL. The final results from this program are

not yet avai 1able. )

J

(2) Fracturing has been encount,;red both within and above

HB-139. It is especially well developed in the southern half

of Test Room 3 (Room T). This fracturing is discussed in

Chapter 10, subsection 10.3.2.1, and tn Chapter 11,

subsection 11.3.2.1.

(3) Both horizontal displacements and vertical separations have

been observed above the roof of the underground openings.

These occur primarily at anhydrite "b" and are associated

with the underlying clay seam. This ts discussed in Chapter

10, subsection 10.3.2.1, and in Chapter 11, subsection
11.3.2.1.

(4) In situ closure rates are almost three times greater than the

rates originally predicted from laboratory test data. This

is discussed in Chapters lO, II and 12.

3-7



The underground opening behavior occurring at the WIPP is similar to

that of other openings excavated in areas with similar geologic

formations. The conditions are understood and any problems encountered

can be adequately mitigated using standard mining engineering

procedures. Th_ h_ha_or experienced at the present faclltty level ts
likely to oc:ur _oi_on_e extent at any alternate horizon selected.

, r I',

These conclusions; _//,td _he fact, that the behavioral characteristics and

geologic environment at the existing level are known, resulted tn a

decision by the WIPP pro:lect participants to keep the facility level at

its present location. Studies of the behavior of the rooms and drifts

will continue beyond design validation as discussed in Chapter l,

subsection 1.5.2.

3.3 DESCRIPTIONOF UNDERGROUNDFACILITIES

3.3.1 C & SH Shaft

The construction and salt handling (C & SH) shaft is the principal

means of access to the underground WIPP facility and is the primary

fresh-alr intake for the underground ventllatlon system, lt was

originally designated the exploratory shaft during the SPDV Program.

The shaft provides a means of access for personnel and materials to and

from the facility, and for the removal of excavated salt.

Geomechanlcal instrumentation installed In the shaft provides important

data for monitoring the behavior of the liner and key, the salt strata

surrounding the shaft, and groundwater pressures.

The shaft Is lined wlth steel casing having a lO-foot inside diameter

from the ground surface to a depth of 846 feet. The IO-foot diameter

extends through the concrete shaft key to a dep_th

@

 3eofeet. From

the key to the bottom of the shaft at 2,298 feet th,(+shaft is a nominal

12 feet in diameter and Is unlined.

The steel liner was designed to retain the rock formations above the

salt and to prevent water seepage Into the shaft. The liner was

designed for both construction and permanent loads. The construction

load was considered to be the hydrostatic pressure exerted on the liner
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by the fluid used to "float' lt into place for installation. The

permanent load is the hydrostatic pressure exerted on the liner by

ground water under artesian conditions in the water-bearing zones.
e

Rock pressure was not used in design due to the controlling influence

of the hydrostatic pressure. Since hydrostatic pressure increasedwith

depth, the steel liner thickness was also increased. The liner is 5/B

inch thlck at the top and increases to l I/2 inches thick at the
)

bottom. The liner is held in place with cement grout.

The C & SH shaft key is a 37 1/Z-foot long reinforced-concrete

structure at the base of the steel l tner. The key serves two important

functions. First, lt provides a transition from tlte ltned to the

unlined sections of the shaft. Second, as an integral part of the

liner, tt prevents ground water from the upper water-bearing members

from dissolving the salt around and beneath the key. This water

movement is obstructed primarily by two water seals installed behind

the concrete. A third seal, Installed at the interface of l_he steel

ltner and concrete key, prevents water from flowing out at the

interface and down the inner surface of the key. A gravel-filled

trench was constructed behind the concrete above the lower of the two

seals to intercept water mlgratlionpast the upper seal. This water is
l

drained through four pipes, cal!i)ed-I"telltales",to the key surface and
into a water collection ring at ji:,hebase of the kev.

!i
i

The shaft is unlined below the E on_{:oncretekey. xcavati by the rotary

drilling method has resulted in shaft walls that are smooth and

undamaged. No support or protectivewire mesh was required.

3.3.2 Waste Shaft
L

The waste shaft serves to conn,()ctthe waste handling building on the

ground surface with the WIPP underground facility. The shaft's primary

function is to permit the transfer of radioactive waste from the

surface to the underground storage area. lt will also serve as an

intake shaft for small volumes of air during storage operations and as

an emergency escape route. The wast¢ shaft was initially excavated as

3-9
4 I



a 6-foot dlameter ventilation shaft, which was the primary exhaust

route during the $PDV phase of construction. As in the C & SH shaft,

geomechanical instruments installed in the waste shaft provide

important geotechntcal data w_th which to monitor the behavior of the

shaft and tts surrounding geologic environment.

The waste shaft Is lined with unrelnforced concrete from the ground

surface to the top of the key at a depth of 837 feet. The purpose of

the liner is to retain the surrounding rock and to prevent ground water

from entering the shaft. Th(_lined section of the shaft has a finished

inside diameter of lg feet. The liner thickness increases wlth depth

from lO inches at the surface to 20 inches at the key. A water

collection rlng was Incor'poratedInto the llner immediately beneath

both the Magenta and Culebra water-bearlng members. These rings are

connected to another rlng at the base of the key.

t

The waste shaft key is similar In construction to the C & SH shaft

key. lt serves as a transition from the concrete-llned section to the

exposed salt section of the shaft and lt preverCtsground water from

reaching the salt vla the shaft opening. The kel/Is 63 feet long, 4

I/4 feet thick and constructed of reinforced concrete. The bottom o_

the key Is at a depth of go0 feet. In contrast to the C & SH shaft

key, the waste shaft key has only two water seals.

A water collection rlng at the base of the key collects water trickling

down the surface'of the key and conducts It; as well as water from the

two upper rings, to the shaft station via a 2-1nch diameter PVC pipe.

Two guide pipes, consisting of :-inch diameter polyvinyl chloride (PVC)

pipe, were also installed In the concrete key at a depth of 843 feet at

the request of SNL to serve as guides for drilling test holes across

the contact of the Rustler formation with the Salado formation.

The section of the shaft below the key ts 20 feet tn diameter and

consists of exposed salt lined ,lth wire mesh anchored by rock bolts.

The 20-foot diameter shaft enlarges to 23 feet Just above the waste
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_



q_ i,

shaf_ statlon. This 23-foot dtamet_er extends to the bottom of the

shaft, approximately 122 feet below the factltty level.

3.3.3 _xhaust Shaft

The exhaust shaft is the primary ventilation exhaust for the

underground facilities. It is designed as a duct to remove atr from

the underground areas up through the exhaust filter building at the

ground surface. In addition, the exhaust shaft wtll serve as a back'up

escape route durtng emergencies. This shaft is also used to carry an

auxiliary 15 kV power cable and stgnal cables underground. These

redundant cables serve as emergency alternates should the primary

cables tn the C & SH shaft become Inoperative. The exhaust shaft,

ltke the C & SH and waste shafts, contatns a sutte of geomechantcal

instruments.

The exhaust shaft is l tned wtth unretnforced concrete from the ground

surface to the top of the shaft key at a depth of 844 feet. The

purpose of the ltner ts the same as that in the other two shafts. The

liner has an inside diameter of 14 feet. The liner thickness increases

from 10 to 16 inches with depth.

The exhaust shaft key serves the same function as the keys in the other

two shafts. It ts a transition element between the concrete liner in

the upper section of the shaft and the exposed salt in the lower

section. It is also designed to prevent ground water in the Upper

water-bearing members from reaching the salt section of the shaft. The

key is 63 feet long and 3 1/2 feet thick. The key contains eight

telltale drains at a depth of 857 feet and nine drains each at 855 feet

and 870 ft. The key also contatns two water seals, a water collection

ring, and two guide pipes for drtlling test holes. The bottom of the

key is at a depth of 907 feet.

The exhaust shaft below the key is 15 feet in diameter. It is lined

with wire mesh anchored by rock bolts. The exhaust shaft terminates at

the facility level; there is no shaft sump.
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The underground shaft stattons and drifts have been destgned to

factl4tate the handltng and transport of rad4oact4ve waste. They also

provtde access for construction rJperat4ons, and experimental
actlv4t4es. The dr4fts are des4gned to prov4de adequate ventilation

supply and exhaust for all areas of the underground fac4ltty.
0

All drtfts are rectangular tn cross sect4on w4th typ4cal d4mens4ons

that range from about 8 to 12 feet h4gh and 14 to 25 feet wtde, Access
drifts serve as the main haulageways between the shafts and the

exper4mental and waste storage areas. Cross-cut dr4fts (crosscuts) are

des4gned to accommodate equ4pment, shops and trafftc flow. The

crosscuts are generally smaller 4n cross-sect4onal d4mens4onsthan the
access drtfts. The excavated d'i_ns4ons of ma:]or dr4fts and rooms are

presented tn Table 3-1. The hor4zontal underground opentngs are

or4ented e4ther north-south or east-west and are labeled based on a

grtd system having the centerltne of the C & SH shaft as 4ts or4gin.

For example, the EO drift runs north-south tn llne w'tth the C & SH
shaft and the NllO0 drift _s an east-west dr4ft llO0 feet north of the

C & SH shaft.

b

The northern part of the fac414ty conta4ns the exper4mental areas.

Four test rooms were excavated west of the EOdr4ft as part of the SPDV

Program. These rooms are discussed 4n subsection 3.3.5. The rematn4ng

exper4mental areas have been excavated for long-tem exper4mental

programs to be conducted under the direction of SNL. These exper4ments

• are not part of des4gn validation and are addressed tn this report only

when necessary to clarify the d4scusston.

The shaft plllar area (F4gur_. 3-1) 4s destgned to protect the surface

structures and shafts from settlement resulting from the natural

closure of underground openings. The shaft ptllar dimensions were

dertved tn accordance .w4th standard analyses developed by the U.S.

Bureau of Mlnes (ref. 2-30). Excavation w4th_n the shaft ptllar area

was destgned to ma4ntaln an extraction rat4o of less than 15 percent.
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FACILITY LEVEL CONFIGURATIONS
NOMINALEXCAVATEDDIMENSIONSOF MAJORDRIFTS 'ANDROOMS

,,, page ! of,, ,2'j _ iii ii ,,n, i, -- __ __

Hid'Lh Height
O_rtf_t or..Room _ _ tLL__ _(ft)

EO From N35 To N1420 25 __ 12
El40 From N140 To Ni420 14 B
El40 From N140 To $2210 25 12
El40 From S2210 To S3264 (Exploratory'Drift) 25 8
E300 From S90 To S1980 14 12
W30 From S90 To $700 , 20 12
W30 From S700 To S1950 , 14 12
WlTO From N140 To S1300 14 12
NliO From EO To E140 12 12/19
NIiO From EO ' To WlTO 12 12/19
N460 From EO To E140 (ConferenceRoom) 20 8
N780 From EO To E140 12 12
NII00 From EO To El546 14 9
NIIO0 From EO To W667 20 12
NIIO0 From W667 To WI800 (Room G Entry Drift) 20 9
NII00 From WI800 TO W2990 (Room G) 20 lO
N1420 From El40 To E1546 14 12
NI420 From EliO To W647 20 12
$90 From EO To El40 12 _2
$90 From EliO To E300 14 12
$400 From E60 To EIiO 20 12 ,
$400 From EliO To E300 14/18 12/17
$400 From E300 To E500 20 12
STO0 From , WlTO To W30 20/25 12
$700 From W30 To EliO 20 12
$700 From EliO To E300 20/35 12
SlO00 From WlTO To, W30 20 12
SlO00 From W30 To EI,40 25 12
SlO00 From EliO To , E300 20 12
Sl300 From W170 To W30 20 12
Sl300 From W30 To EliO 20 12
Sl300 From El40 To E300 20 12
Sl600 From Wl70 To W30 20 12
Sl600 From W30 To E140 20 12
Sl600 From EliO To E300 20 12
Sl600 From E300 To E520 14 12
S1950 From W30 To EliO 14 12
S1950 From EliO To E300 20 12
$2180 From E)40 To E300 14 12

i
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Table 3-1 (continued)

FACZLZTYLEVEL CONF%GURATZONS
NOHXNALEXCAVATEDDZHEPIS[ONSOF HAaORDRIFTS AND ROOHS

.... , ,,,P.._qe2 of ;_,. __ ,,,i i, -- . ---iii IlL __ I IIIIll __ -- __ --- '........... --- i

Htdth Hetgh¢
, .............. Drtft ..o..r_Room ..... __ _

t

Test. Rooms1, 2, 3 & 4 (300 feet long) 33 13
Experiment.al RoomsAl, A2, A3, B & D (305 feet. long) 18 18
Alcove [1 (43 feet lon9) 24 12
Alcoves I2, I3, I4, I5, I5 & I7 (33 feet long) 33 12
RoomsC1 & C2 (98 and 102 feet long) 18 18
Room3 (98 feet long) 33 12
RoomsL1 & L2 (98 feet long) 33 12
RoomH Ent_ 12 10
RoomH (outstde radtus- 54. feet) 35 10
............. ,. i -- _ ii,. i, Jln i i ,|, __ im.._am
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A geomechantcal Instrumentation program was implemented to gather

geotechnlcal data from the underground drtfts. The program was

designed to monitor the stability of the openings, to assess
defomattonal characteristics of the salt, and to measure closure rates,

of typtcal drifts, roomsand intersections. In addition, an extensive

program of geologtc mapping, core drilling, laboratory testing and

vtsual observations has been conducted. The methodologyused and the

results of these programs are discussed in other chapters of this

report.

3.3.5 .Tes_t__ooms
e

Four test rooms were excavated tn the northern section of the factltty

during the SPDV phase of construction. These rooms represent

full-scale models of the future waste storage rooms and have the same

dimensions, 13 feet high, 33 feet wide and 300 feet long, as the

planned storage rooms.

The test rooms are designed to permit an assessmentof deformation and

closure rates due to salt creep as well as the stability of the future

storage rooms. This has been accomplished by evaluations and analyses

of geotechnlcal data gathered from geomechantcal instruments installed

in each room and the results of geologic mapping, core drilling,

laboratory testtng of samples from the surrounding strata, and

qualitative visual observations by project geotechnlcal personnel. The

results of these evaluations and analyses are presented in Chapters 11
and 12.

3.3.6 k#a,s,,te=St_oraqeArea.
m

The waste storage area will be developed in the southern portion of the

facility (Figure 3-1). The reference design for this area includes a
= series of eight panels with seven storage rooms in each panel. The

room dimensions are 13 feet high, 33 feet wide and 300 feet long. The

width of the pillars between rooms is 100 feet. This configuration

results in a storage area extraction ratio of less than 25 percent

based on a line 100 feet beyondthe storage area excavation neat line.
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Full development of the waste storage area wtll eventually encompass

about 140 acres, The reference destgn ts based on the assumption that

the storage rooms and panels wtll be excavated tn stages coordinated

wtth the scheduled arrtval of waste. _/aste storage ts destgned not

only for the rooms but also for all drtfts and crosscuts tn the waste

storage area (south of the S1600 dr1 ft).
t

3.4 UNDERGROUNDCONSTRUCTZON

The extsttng WIPP _nderground factltty was constructed tn two phases.

The ftrst phase, SPDV(Ftgure 3-1), was conducted from 1981 to 1983 and

consisted of the excavation of the exploratory and ventilation shafts

as 'well as several drtfts andl a panel of four test rooms. SPDV

accomp]tshed two objectives: (1) tt permitted the completion of

experiments and geotechntcal activities requtred for the Stte
Validation Program (ref. 2-5); and (2) tt provtded for the tntttal tn

sttu confirmation of the underground factllty reference destgn. This

allowed construction of the underground facl]tty to proceed tna ttmely

and cost-effective manner.

Excavation associated wtth the second phase of underground construction

was accomp]lshed from October 1983 through February 1985 and ts

designated as full construction on Ftgure 3-1. Thts excavation

Included en]arglng the ventilation shaft for 1ts conversion to the

waste handltng shaft, constructing the exhaust shaft, and mtntng

additional underground drtfts and test rooms for conducting R & I)

experiments. The operational nameof the exploratory shaft changedto
the C & SH shaft durtng thts pertod. Destgn validation has been an

integra] part of this construction activity.

A thlrd phase of undergroundconstructlonIs currentlyIn progress.

Thls Is the Inltlal oparatlonsphase durlng whlch excavatlonof the

storagerooms w111 occur concurrentlywlth waste emplacement. H1nlng

for thls phase started In June 1985 wlth the excavationof crosscuts

for the Insta]latlonof shops In the shaft p111er area. Partlal

excavatlonof some storagerooms w111 follow. However,Inltlalwaste
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emplacement Is currently not scheduled to begln unt11 fat e 198B. No
. dlscusslon of the operatlons phase Is presented In thls report,

although lt w111 be strongly affected by. the deslgn valldatlon results

presented heretn.

3.4.1 C & SH Shaft

C & SH shaft construction _as performed durtng 1981 and 1982.

Construction started tn May 1981 wtth the excavation of a 98-foot deep

ptlot hole. The ptlot hole was augered ustng a crane-mounted drtlltng

untt. Steel surface castng wtth an tnterdor dtameter of 12 feet was

grouted tnto place to a depth of 93.4 feet.

'

Shaf_ drtlltng started on July 4, 1981, and was completed 112 days

later. The drtlltng was performed ustng a Jackntfe derrtck wtth draw

works capable of supporting a suspended load of 500 tons. The drtlltng

method used consisted of atr-lifted reverse circulation performed

through double-walled drtll ptpe. The drtlltng flutd (brtne) was

maintained at a relatively constant level above the drtll btt. The

dr111 btt consisted of a 142-tnch dtameter full-face rolltng cutter

head. Shaft drtlltng was completed to a depth of 2,298 feet on

October 24, 1981. Table 3-2 contains an abrtdged htstory of the

C & SH shaft drt lltng program.

Ltner Installation began on November 12, 1981, and was completed on

December 3, 1981. A steel ]tner was Installed tn 20- and 40-foot

secttons tn the _haft above the salt fomatton. The steel sect_tons

were connected durtng Installation ustng full-penetration bevel welds.

Nondestructive radiographic examination was performed on each welded

sectton. The 11ner was partially float,ed tnto place by ftlllng the

shaft wtth brtne and addtng brtne to the tnstde of the ltner to

overcome the effect of buoyancy. Additional support for Installation

was provtded by the drtlltng derrtck and draw works. After the liner

was In place, the annular space was grouted by the tremmte method. The

grouttng was completed on December _, 1981.
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Tablp ..3-2

C & SH SHAFT- ABR%DGEDDRILLING HZSTORY

........................ ...... Pa_ge1 Of 2

Location: Eddy County, New Hextco;
New Hexlco 6rld Coordlnates
X 666894.89, Y 499687.23

l

Elevation: Ground Surface - 3410.5 ft HSL

Ort111ng Contractors/Rig Types: Heredtth Dr1111ng Company/Auger
(11.0 ft to 97.5 ft*);

Challenger Or1111ng Company/
Natlonal 125 Jacknlfe Rotary
(97.5 ft to 2,298 ft)

'4

i)r1111ng Data Augered: Hay 18 to June 17, 1981

Spudded: July 4, 1981

Completed: October 24, 1981

Castng: 180-tn. corrugated metal ptpe,
• ground surface to 11 ft;

144-tn. steel castng,
ground surface to 93.4 ft;

120-tn. steel 11net, ground
surface to 846 ft

Dr111 Hole: 142-tn. (nominal) dtameter uncased
borehole to a total depth of
2,298 ft

Dr1111ng Flutd: 8rtne

Directional Survey Contractor: Sperry-Sun (Gyroscopic I_ulttshot
Surveys)

Bottom Hole Coordlnates: X 666893.45, Y 499686.56 at
2,276 ft

Horizontal Displacement: 1.59 ft S 65.03 _ H at 2,2?6 ft
i ii IlL I li ii I I.I II II I

!

=
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Table 3-2 (contlnued)

C & SH SHAFT- ABRIDGEDDRILLING HISTORY

J..................... Paqe 2 of 2

6eophystcal Loggtng Contractors: Btrdwell(B) and Dresser Atlas(O)

6eophyslca] Logs: October 16 to December 17, 1981
Flutd Oenstty (O) 1,200 ft to 550 ft
Flutd Oenstty (6) 750 ft to 20 ft

Oenstty (S) 2,294 ft to 50 ft
Caltper (3-diameter/aver.) (B) 2,294 ft to 50 ft

Eptthemal Neutron (B) 2,294 ft to 50 ft
6ammaRay (B) 2,300 ft to 0 ft

Flutd Denstty (B) 400 ft to 100 ft
Nuclear Cement Top Locator (NCTL) (B) 827 ft to 0 ft

Nuclear Annulus Investigation
Log (NAIL) (B) 839 ft to 0 ft

F1utd Denstty (D) 2,250 ft to 2,003 ft
i i

* All depths measured from ground surface.
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A key was constructed at the base, of the Steel liner+during March and
+

Aprt1 1982. The key ts 37 1/2 feet long and constructed of re_nforced

concrete. Key construction requtred additional excavation tn the salt

below the 11net to enlarge the shaft diameter. After the Installation

of reinforcing steel, dratns, geomechan_cal Instruments, grout ptpes

and block-outs for the Injection of chemical seals, concrete was placed

+tn several. 11fts from the bottom of the key to the bottom of the

11net. Ftnally, the chemtcal seals were placed by tnJectlon.

..

3.4.2 Haste Shaft

Or1111ng of the $PDV ventilation shaft started on December 24, 1981,

and was convicted to a depth of 2,196 feet on March 10, 1982. The

drllltng operation was performed wtth the same dr111 r_g used to dr111

the C & SH shaft. The dr111 btt was a 72-tnch dtameter full-face

rolling cutter head. An abrtdged htstory of the shaft drtlllng ts

presented tn Table 3-3. Except for a 97-foot long surface castng, the

ventilation shaft was unllned. The ventilation shaft, and later the

woste shaft, served as the exhaust for the underground factllty untt1

excavation of the permanent exhaust shaft was completed.

Enlargement of the SPOV ventilation shaft to become the waste shaft

began tn October 1983 (Table 3-3). Thts enlargement was performed from

the top to the bottom of the shaft ustng the smooth-wall dr_11 and

blast method. The blasttng was accomplished tn lO-foot rounds that

pemttted the muck to fall clown the 6-foot dtameter shaft to the

factltty level. The muck was removed from the waste shaft statton and

hauled to the surface vta the sa_lt-handllng sktp tn the C & SH shaft.

Construction of the unretnf_rced concrete 11net closely followed this

excavation. Typically, the shaft crew would take out three rounds

(30 feet) of rock before plactng one 24-foot sectton of concrete. Thts

arrangement normlly left no more than 6 feet of unlined shaft below

the concfete.
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Table 3-3

WASTESHAFT- ABRIDGEDCONSTFIUCTIONHISTORY

.......... Page 1 of 2

Location: Eddy County, NewMextco;
New Hextco Grtd Coordinates
X 666920.76, Y 499286.92

Elevation: Ground Surface - 3407.5 ft HSL
Shaft Collar-3407.9 ft HSL

(vent1 latton shaft)
Shaft Collar - 3409.0 ft HSL

(waste shaft)
L

Vent! 1at!on Shaft

Ort111ng Contractors/Rig Types: Heredtth Ort111ng Company/Auger
(8.0 ft to 98.2 ft*);

Challenger Oft 111ng Company/
Nattonal 125 3ackntfe Rotary
(98.2 ft to 2,196 ft)

Drt111ng Data Augered: 3une 13 to 17, 1981

Spudded: December 24, 1981

Completed: Hatch 10, 1982

Castng: 108-tn. corrugated metal ptpe,
ground surface to 8 ft;

74-1n. steel castng, 0.5 ft
above ground surface to 96.9 ft

,,

.

0rtll Hole: 72-tn. (nominal) dtameter uncaged
borehole to a total depth of
2,196 ft

Dr1111ng Flutd: Brtne

Directional Survey Contractor: Sperry-Sun (Gyroscopic Multtshot
Surveys)

Bottom Hole Coordinates: X 666918.81, Y 499285.81 at
2,177 ft

Horizontal Displacement: 2.25 ft S 60.2 ° H at 2,177 ft
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Table 3,3 (continued)

WASTESHAFT- ABRIDGEDCONSTRUCTIONHISTORY

• __ ,......... .. . ............ Paqe 2 of 2

Shaft Surve,_yContractor: Cementation k/est, Inc.

Ho_tzontal Displacement: i.37 ft SWat 2,150 ft

Geophysical Logging Contractor: Btrdwe11

Geophysical Logs: March 8 to 10, 1982
Caltper (3-dtamter/aver.) 2,190 ft to 0 ft

Epttherml Neutron 2,190 ft to 0 ft
. Density 2,190 ft to 0 ft .

GammaRay 2,100 ft to 0 ft
" Fluid Density 2,191 ft to 1,800 ft

Has,re Shaft
L

Excavation Contractor: Ohbayasht Corporation

Excavation Method: Snmoth-_a11 drt 1i and blast

Finished Shaft Diameter: Lined - 19 ft .
Unlined - 20 ft minimum

Shaft Collar Excavation Began: October 11, 1983

Liner Plate and Concrete Backftll
Completed: November 12, 1983

Collar Pads and 3tnktng Headframe
F_oundattons Poured: November 14, 1983

Concrete Liner Constructed: November 30, 1983, to April 3,
(Including key) 1984

Llner/"Plate at H_genta Dolomtte
Grouted: March 8 to 10, 1984

Liner Plate at Culebra Dolomite
Grouted: Aprtl 3 to 5, 1984

Salt Section Excaw_ted: Aprtl 7 to 3une 11, 1984

SumpExcavated: 3une 20 to, August B, 1984

Liner Grouted: August 11 to 25, 1984
lira i ..... '

• All depths measured from ground surface.
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As part of the shaft design, both the Magenta and Culebra dolomtte

members of the Rustler formation were overexcavated and covered wtth

steel liner plate prior to concrete placement. The space between the

ltner plate and the rock provided room for water from these

water-bearing zones to accumulate. Thts allowed the concrete liner to

reach full strength without damage from hydrostatic pressure buildup.

After the concrete liner had reached full strength, thts annular space
was grouted with Portland cement groutat a 1:1 cement-to-water ratio.

Construction of the waste shaft key was nearly identical wtth that of

the C &SH shaft key. The key ts 63-feet long and composed of

reinforced concrete. The shaft was overexcavated and the reinforcing

steel, drainpipes, ge°mechanical instruments and chemtcal sea3

blockouts were installed. Unlike in the C & SH shaft, the chemtcal

seals were placed between lifts of concrete. Concrete was placed from

the bottom of the key to the top tn several ltfts, wtth construction

;Joints at the top of each lift and at each chemical sea] b]ockout. At

the chemical seal locations the seal material was placed tnto the

b]ockout prior to placing the next ltft of concrete. Construction 'of

the shaft liner and key was completed on April 3, 1984.

Excavation of the shaft to its 20-foot ftntshed diameter below the key

began on April 7, 1984. Thts sectton of the shaft ts lined wtth wtre

mesh anchored by 3-foot long rock bolts. Mesh tnsta,latton, ltke ltner

Installation, was accomplished concurrently wtth excavation. The shaft

enlargement reached the factltty level on June 11, ]984, The shaft

sump was excavated between June 30 and August 8, 1984. The sump
.

extends approxl_nate]y 122 feet below the factltty level.

The concrel,_ liner and grouttng at both water-bearing zones dtd not

completely prevent water from entering the shaft. Water seeped through

the 11net at construction :lolnts and some cracks from a depth of about

560 feet to 835 feet. A grouting program was undertaken to seal these

leaks tn AuTjust 1984. A total of 628 bags of Portland Typ_eV cement,

103 bags of MC-500 mtcroftne cement, and 76 gallons of Scotch-brand
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5600 foam chemtcal grout were tnJected 1hto 293 drtlled holes (ref.

3-3). The grouttng significantly reduced, but dtd not eliminate, water

.seepage through the concrete ltner.

3.4.3 Exhaust Shaft

The exhaust shaft was constructed tn two phases over a 16 month

period. The first phase was the excavation of a 6-fo6t diameter ptlot

shaft using upreamtng techniques. The second phase consisted of
enlargement of this shaft by conventional drt11 and blast methods and

ltntng of the upper 907 feet. The construction history is summarized in

Table 3.4.

Shaft excavation began on September 22, 1983, with the drtlltng of a

ptlot hole. The ptlot hole was a 7 7/8-Inch diameter hole drilled from

the ground surface to intersect wtth the S400 drift at a depth of about

2,150 feet. Therefore, directional control of the hole was crtttca).

The upper 80 feet of the pilot hole was augered, then ltned wtth a i

surface casing. Ortlltng progressed to a depth of 744 feet using a

trt-cone roller bit and compressed atr. A "Oynadr111" was then used to

correct hole alignment from 735 to 1,183 feet based on the results of

gyroscopic hole surveys. The circulating medium was also changed at

thts ttme from air to brine. The tri-cone bit was used to complete the

pilot hole. The hole diameter was then reamed to 11 tnches from the

surface to the factltty level, again using a tri-cone roller bit.

Ptlot hole drtlltng was completed on December 16, 1983.

Excavation uf the pilot shaft was performed by reaming the 11-inch

diameter ptlot hole to a diameter of 6 feet. Thts was accomplished by

the raise-bore method. Reamlng was perfomed from the facility level

to the ground surface. The raise-boring operation was conducted from

Oecember 31, ]983, to February 10, 1984, using a Robbtns sertes 61Rl131

raise-bore machtne. This machtne utilizes a full-face rolling cutter.

head pulled to the sutrace with hydraulic Jacks. Oft11 cutttngs fell

to the factllty level and were hauled to the surface via the £ & SH
shaft.
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Table 3-4

EXHAUSTSHAFT- ABRIDGEDCONSTRUCTIONHISTORY

Location: Eddy County, New Hextco;
New Hextco Grid Coordinates
X 667370.39, Y 499287.23

Elevation: Shaft Collar = 3411.5 ft HSL
Shaft Reference = 3409.0 ft HSL

Excavation Contractor: Ohbayasht Corporation

Excavation Hethod: Raise-bore G-ft d_ameter ptlot
' ' shaft; smooth-_a11 dr111 and

blast to ftnal dimensions

Subcontractors for Ralse-Bore
Excavation: Ratsebore, Inc., and

3. S. Redpath Co.

Finished Shaft Diameter: 'Llned = 14. ft
Unllned = 15 ft

Pilot Hole Drtlled: September 22 to December 16, 1983

Raise-Bore Excavation: December 31, 1983, to February 10,
1984

Shaft Collar Excavation Began: 3uly 15, 1984

Ltner Plate and Concrete
Backf111 Completed: 3uly 17, 1984

Concrete Ltner Constructed: 3uly 18 to November29, 1984
(Including key)

Ltner Plate at Culebra
Dolomite 6routed: December E to 4, 1984

Ltner Plate at Hagenta
Dolomlte 6routed: December 4 to 5, 1984

]

Salt Sectton Excavated: December 7, 1984, to 3anuary 17,
1985

Liner Grouted: 3une I to 3uly 31. 1985
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'Enlargement of the ptlot shaft from 6 feet" to the ftnal exhaust shaft

diameter of 15 feet began on July 15, 1984, and WaS accomplished by

drtlltng and blasttng tn lO-foot rounds. Excavation was perfomed from

the ground surface to the factltty level. The rock was blasted tnto

the open ptlot shaft so that Jt fell to the factltty level where tt

could be removed and hauled to the surface vta the C & SH shaft.

The upper 844 feet of the exhaust shaft ts lined with unretnforced

concrete. As tn the waste shaft, construction of the exhaust shaft

11net occurred concurrent with the drt11 _nd blast excavation.

Concrete placement for.the ltner was completed on November 29, 1984.

The two water-bearing zones tn the Rustler formation, the Magenta and

Culebra dolomites, received the same special treatment that was

performed tn the waste shaft. Each zone was overexcavated and covered

with steel ltner plate prior to placing the concrete liner. After the

11net had cured, grout was Injected behind the liner plates.

Exhaust shaft key construction° stmtlar to that in the waste shaft, was

performed In November 1984. The key consists of reinforced concrete

and extends from a depth of 844 to 907 feet. It Initially contained 2

chemical seals, 8 telltale drains, 2 guide pipes for test hole

drilling, and geomeLhantcal instrumentation. Placement of the concrete

and chemtcal seal material was Identical to that performed in the waste

shaft. Two additional sets of telltale drains were Installed in the

key by drllltng after tts construction. E_ch set contains ntne

drains. One set was Installed above and one set below the initial

eight-drain set.

The exhaust shaft is 15 feet in diameter from the bottom of the key to

the facility level. For safety, the walls are covered with wtre mesh

anchored by rock bolts. Excavation of the shaft to its ftnal

dimensions was completed on 3anuary 1.7, 1985.

As tn the waste shaft, water began seePing through the exhaust shaft

liner at construction joints and small cracks. Total water inflow
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through the 11net was measured at 0.35 gallons per minute tn January

1985. A grouting program, using Portland cement and chemtcal grout.

was conducted from June 1 through July 31. 1985. to seal these leaks

and to ensure that the integrity of the shaft key was maintained. A

total of 164 bags of Class C cement and 826.9 gallons of Terragel 5531

chemtcal grout were used. The total water tnflow was reduced by this

grouting to an essentially non-measureable quantity.

3.4.4 Drifts

The exploratory (C & SH) shaft station was the first underground

horlzontal opening excavated after completion of the SPDV exploratory

and ventllatlon shafts. The initial shaft station excavation was

performed frohm Hay 2 to June 3, 1982, using the drill and blast

method. The station was trimmed to its final dlmenslons using the

Dosco continuous mining machine discussed later in this subsection.

The station area north of the shaft is 32 feet long, 32 to 35 feet wide

and 12 feet high. South of the shaft, the station is 90 feet long and

32 to 38 feet wide. The height of the station south of the shaft is 18

feet for a distance of 54 feet and 14 feet for the remalnlng 36 feet.

Cartridge water-gel explosives detonated by electric detonators were

used for the drill and blast excavation. A detailed descrlptlon of the

SPDV exploratory shaft station excavation Is presented in the WIPP

Prelimtn.ary Destgn Validation Report (ref. 1-3).

Following the initial excavation of this station, the drill and blast

method was used to excavate a drift southward to provide a connection

between the two shafts so ventilationcould be established. This drift

was approximately 310 feet long, 18 feet wide and g feet high.

6xcavatloa of the drift was accomplishedfrom June 3 to June 13, 1982.

The only other major use of the drill and blast method at the facility

level was f-, construction of the loading pocket in the SPOVt

exploratory shaft. This pocket was constructed from June l through 30,

1982, on the north side of the shaft below the facility floor level.
+
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It was later' outfit;ted with a steel hopper and other equ°tpment

associated'with the salt handltng system.

The tntttal (SPOV) underground construction phase was conducted by

Cementation Nest, Inc., of Tucson, Artzona. A British-made Dosco LH

1300, boom-type continuous mtntng machtne was mobilized underground to

the SPDV exploratory shaft statton durtng late summer of 1982. Thts

machine was used to excavate the remaining horizontal undergruund

opentngs durtng the SPDV Program. The Oosco was capable of excavation

rates of 1,000 to 1,200 tons per 24 hours (excavation was conducted on

a three-shifts-per-day, seven-days-per-_veek basis). However, the
excavation rate was often much less due to numerous constructtn, n and

engineering related constraints. The mtntng mchtne was demobilized tn
i

Hay 1983 at the completion of the SPDV Program.

A second underground construction contract for full WIPPI construction

was awarded to Ohbayasht Corporation of South San Franlcsco,

California. Durtng thts phase of construction, two 3apanese Mttsut

Nttke, boomtype continuous mtntng machines were used for excavation of

the underground horizontal openings. Each of these machines excavated

at a rate of 300 to 400 tons per 24 hours. These machines were

mobilized to the underground factltty tn October 1983 and demobilized

tn Aprtl 1985.

A summary of the excavation sequence for the underground horizontal

opentngs is presented on Ftgure 3-4. Thts ftgure shows the mtntng

progress on a datly basts from October 14, 1982, through March 31,

1986. The underground mtntng operation was performed tn the same

manner durtng both construction phases regardless of the type of mining

machtne being used. The rotattng head on the boom of the mtntng

machine cut the salt away from the working face. The "muck" was pulled

through _the machine on a conveyor and deposited In one of several types

of haul vehicles. Typically, the haul vehtcles were underground trucks

capable of carrytng about 5 tons of muck. Other vehicles used tncluded

LHOs (Load-Haul-Oump, a type of front-end loader) and a telescoping-bed

haul truck. The trucks carried the muck to the C & SH shaft statton
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and dumped tt tnto the loadtng pocket. From there, the muck was

carried to the surface In 7- to 8-ton loads tn the skip. The skip

dumped the muck at the surface tnto 50-ton Caterpillar or Euclid haul

trucks which then carried the muck to the surface salt storage area.

Ourtng and Immediately after _excavation, a sounding survey of the roofs

in the horizontal Openings was made using a scaltng bar to identify

areas of drummy or slabby rock which could pose safety or stability
I

problems. Remedial work was performed Immediately after sounding in

any areas identified _ as potentially unstable. This work consisted of

hand-scaling thin drummy areas, removing larger drumy areas up to 18

tnches thtck With the mining machine, or rock bolttng. In addition,

two follow-up surveys were made of 'the roofs in all of the horizontal

openings excavated at the time of the survey. The first survey was

completed in 3uly 1983 and the second tn November 1984. Remedial work

was performed on problem areas identified during these surveys. This

work consisted of scaltng, excavation, or rock bolting. It should be

noted thatr the drummyareas identified during the July 1983 survey were

sounded agatn in _he November 1984 survey and dtd not show any

noticeable enlargement.

Rock bolts are used selectively throughout the underground drifts for

both remedtal work and safety. The roofs of many high-traffic

personnel areas are pattern bolted and covered with wire mesh as an

additional safety precaution.

The C & SH shaft station has presented the majority of problems

associated with roof stability. Due to its initial excavation by the

drill and blast method, and the proximity of overlying clay seams, the

roof in the station has required support by a large number of rock

bolts. The method of rock bolting has evolved through several phases

due to the effect of salt creep on roof separation along the clay seams.

Rock bolts were initially installed in the C & SH shaft station roof

3-33

i , ,i ,, _, ,q



o

+

from flay 9 to 3unc 20, 1982. These bolts were 1 tnch tn diameter, 8,

10 or 12 feet tn length, and made Of grade 60 steel. They were

anchored using restn cartridges.

These resin-anchor bolts began fatllng at the head assemblies shortly

after thetr Installation was completed. The fatled bolts were replaced

with 8-foot long, 5/8-tnch dtameter mechanical-anchor bo!ts wtth 2 x 12

x 12-tnch wooden blocks tnstal]ed between the steel head assembly plate

and the salt. A total of over 400 resin-anchor _nd mechantca]-anchor

bolts were Installed tn the shaft statton roof through Aprtl 1983.,,

During Oecember 1983 and 3anuary 1984, 146 additional mechantcal-archor

bolts, 518 tnch tn dtameter and 8 feet long, were Installed tn the

C & SH shaft statton roof. In May 1984, another 91 stmtlar _nchor

bolts were tnstal_.ed. After the mechanical-anchor bolts, were

Installed, the nut and head assembly plate were cut off those older

resin-anchor bolts showlng evidence of excess'rye deformation. Thtq.; ,as

to prevent tn_Jury to personnel from falling nuts and plates slllould

these resin-anchor bolts fat1.

From mid-April through early August 1985, approximately 133 3/4-tnch

dtameter mechanical-anchor bolts, 6 and 8 feet long, were Installed tn

the statton roof on approximately 3 1/2-foot centers. In addition, 245

resin-anchor bolts, 1 tnch tn diameter° were anchored above anhydrite

"b" and across anhydrite "a". These bolts Here 12 and 14 feet tn

length. The enttre statton roof was covered at thts ttme wtth wtre

mesh secured wtth 2-foot long, 5/8-tnch dtameter mechanical-anchor

bolts. Approximately 750 of the 2-foot long bolts were Installed.

Although some resin-anchor bolts were used tn the SPOV drtfts and test
]

rooms excavated In 1982 and 1983, mechanical-anchor bolts have been

used tn a11 subsequently excavated areas. Bolt lengths vary from 2 to

8 feet tn the drifts and rooms. Wtre mesh secured by 2-foot long

mechanical-anchor bolts _,_s been Installed on the roofs of all

high-traffic personne] areas. This Includes Instrument-shed and
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electrical alcoves, many of the shop areas, and some of the brows above

the entrtes to the waste experimental rooms. Rock bolts and wtre mesh
have also been Jnsta]led Jn the roof of the N140 crosscut.

Rock: bolts and wtre mesh have been Installed for roof support tn the

waste shaft statton waste transfer area. The bolts, 3/4 inch tn

dtameter and 12 feet long, are mechanical,anchor steel bolts set on
i

nomtnal 4-foot centers.

3.4.S Test Rooms

As par_c of the SPDV Program, four test rooms were excavated at the

north end of the underground factltty (Ftgure 3-4) by Cementation West,

Inc., ustng the Oosco mtntng machtne. The t.est room excavation was

c.onducted from March 9 to Apt11 25, 1983. Test Room 2 was excavated

: ftrst, followed by Test Rooms3, 1 and 4, tn that order. Each room was

excavated tna sertes of stx passes along 1ts longttudual axts (Flgure

3-5). The ftrst pass was the largest tn cross sectton and was

conducted down the center of the Planned room along 1ts roof. Thts

pass was approximately 15 feet wtde and 8 feet htgh. The second and

third passes were conducted on etther stde of the first pass. Each of

these passes were about 9 feet wtde and 8 feet htgh. The last three'

passes lowered the floor 5 feet to comp]ete the room excavation to 1ts

destgn het ght and wtdth of I3 x 33 feet.
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CHAPTER4

SUPPORTINGVALIOAT!ON,,DOCUMENTS

L

4.1 INTRODUCTION

This chapter discusses the principle documents containing Information

used to support, destgn validation. These documents are the Waste
,,

Isolation Pl!or Pla_t Preliminary Destan Vallda_ton ....Report (ref. 1-3)

and geotechnJcal fteld data reports (refs. 4-1 thru 4-19). These

documents contatn all of the data whlch has been collected, analyzed

and evaluated for destgn validation stnce stte construction activities

began tn 3uly 1981. Other documents perta4nt_g to des4gn and s4te

characterization are referenced throughout thts report. However, they

are considered peripheral documents not d4rectly related to the des4gn

va14datton process and, therefore, are not described tn thts report.

Because these other reports are publlc documents, they are available to

anyone Interested tn obtaining additional background tnfomatton or

detatled data on the WIPP project.

4.2 PRELIMINARYDESIGNVALIDATION REPORT

The following subsections present a summary of _he WIPP Pre14m4narv

Destqn Valldat!on Report produced for the SPOV Program described tn

Chapter 1.

4.2.1 Purpose and Objectlves

The purpose of the WIPP Prellmlnary Deslgn Valldat!on Report was to

provlde documentatlon on the behavlor of the Inltlal underground

openlngs. Four types of Info_tlon were gathered for thls purpose:

(1) observations of the behavtor of the underground openings;

(2) descriptions of the geologtc conditions encountered during

SPDVUnderground construction;
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(3) descriptions of core samples fro m Instrumentation and

explorato_'y :holes tn the roof and floor of the underground

openings; and

(4) data from Installed geomechantcal Instrumentation.

The objective of the report was to provtde lntttal evaluations of the

suitability of the destgn crtterta and destgn bases and;intttal

conftmatton of the underground opentng reference destgn tn order to
pemtt full factllty construction. Thts tntttal conftmatton was based

on data obtatned from geologtc fteld activities and geomechantcal

Instrumentation whtch were subjected to prel]mtnary analysts and

evaluatlon. • , - '

4.2.2 Oata Acqu_$ttlon Proqram

The preliminary destgn validation data acquisition program consisted of

geologtc fteld activities whtch provtded tnfomatton for tntttal

validation of the NIPP underground opentng reference destgn. Data was

obtatned from three principal activities:

(1) geologtc mapptng;

(2) verttcal core hole ,logging; and

(3) geomechantcal Instrument measurements.

i

All of the data collected was vertfted at the stte field offtce, then

sent to the DOE/Technical Support Contractor (TSC) offtces tn

Albuquerque, New Hextco, for preparation and Inclusion tnto the GFDRs

and other reports. Due to the qualitative nature of the geologtc

mapptng and core hole data, efforts for preparation of thts matertal

generally requtred only 11mtted evaluation, edtttng and drafting. The

geomechantca] Instrumentation data, however, requtred more extensive

preparation and analysts due to 1ts applications to vartous aspects of

underground opentng behavtor and the calculation of tn sttu salt

properties.
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4.2,3 _eo_echanlca] Instrumentation

The SPDV geomechantca] Instrumentation program for the NIPP was

destgned to p_ovtde empirical data on the behavtor of the salt around

the underground opentngs and on the pressure oeveloped behtnd the

exploratory shaft ltner and key by ground water and salt creep. The

objective of the geomechantca] Instrumentation program for SPDV was to

provtde:

(1) short-tem in situ measurements for assessment of the

preliminary destgn performance of the underground openings;

(2) early detection of conditions that could affect the safety of

personnel during construction; and
]

(3) data on adverse ground conditions that may be developing, in

order to identify potential problems and plan and implement

remedtal measures.

' Instruments were initially Installed in the SPDV exploratory shaft,

exploratory shaft station, ventilation shaft station, the EO, E140 and

NllO0 drifts, and the $90 crosscut to provide data input for the NIP____PP

Preliminary Destqn. Valtdatton Report. The exploratory drift extending

south of the ventilation shaft was added to the SPDV Program to provide

additional information on the geology in the area proposed _ for

excavation of the waste storage rooms. Geomechantcal Instruments were

Installed at several locations tn this drift.

For the HIPP Preltmtnar_ Destqn Validation Report, borehole

extensometer and convergence point data from the SPDV exploratory

shaft, as well as data from the ventilation shaft station and drifts,

were Insufficient to esttmate long-term closure rates. Host drtft

extensometers and convergence points had been Installed only a

relatively short ttme before the report was prepared. A period of 1

year or more was thought to be required before a relatively steady
closure rate could be estab14shed. The data were useful tn
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demonstrating short-tem stability of the excavations and for

developing cumulative closure amounts. Instruments w_th the most

extensive data typically showed a maximum of only 3 or 4 months of

regular monitoring stnce Installation.

4.2.4 prelJmt_!ar_ conc3us!ons

Preliminary conclusions presented tn the HIPP Prel_mlnarv Destan

Validation Report were:

(1) The walls of the ,finished shafts are stable, both tn the

overburden and salt fomattons. The mapped shaft

sl:_'attgraphy ts generally comparable to the stratigraphy used

tn the destgn. Ground-water control ts satisfactory. The

shaft 11ner and shaft key are perfomtng as expected. No

ma_or revtslon of destgn elements or parameters _s foreseen

for future I_ZPP shafts as a 'result of the ftndtngs of

preliminary destgn validation.

(2) The underground hortzonl:al opentngs are also stable. After

excavation, repeated Inspections of the exploratory and

ventilation shaft stations, entry drifts, crosscuts and the
i

south exploratory drtft revealed essentially no deterioration

tn rock stability. The underground drtfts and shaft stattons

; are stable and provide safe worktng conditions.

(3) Encounters of gas were expected and are typlcal of nearby

potash mtnes. The small amount of gas encountered _s well

below the 11m_t pemttted tn the underground factllty by HSHA

regulations. No brtne pockets have been encountered or

detected durtng excavation of the shafts and underground

" openings e
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• 4.3 6EOTECHNICALFIELD DATAREPORTS

4.3.1 B.ackaround

The con_tlatton of GFDRs was initiated by the DOE to provide

geotechntcal and related Info_tlon from the WIPP underground

activities to interested persons or groups in a timely manner. These

reports provided data from the two major phases of WIPP development:

SPDV and full construction. As discussed previously, SPDV was

establistled as an early construction phase to permit validation of the

WIPP site and preliminary validation of the reference design of the

underground openings. The .full construction phase following SPDV was

uttllzed to continue vtsual inspections of the underground openings,

monitoring and interpretation of data from geomechanlcal instruments,

and evaluatlons and computational analyses of the behavior of the

undergroundopenings for'design valldatlonu

: The GFDRs were eventually prnduced on a quarterly basis. These

quarterly reports contain an evaluation of selected aspects of the NIPP

underground envtronn_nt based on preliminary interpretation and
0

analyses of data collected from the above activities. The analyses and

evaluations contained in the GFDRsprovide the supporting documentation

required for design validation.

4.3.2 .Objectives

As stated in the GFDR_;, the geomechantcal instrumentation program for
SPDV and design validation w.as designed and implemented to provide in

sttu data on the L,ehavtor of the rock (primarily salt) around the

shafts and horizontal uncterground openings. More specifically, the

instrumentation program was ,designed to provide:,

(l) early detection ,of conditions that could affect operational

safety;

(2) monitoring of closure rates to allow evaluation of waste

-- storage and retrievability;
!
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+ (3) a greater understanding of the In s'ltu behavior of bedded

salt by comparison of observed response wath current factllty

reference destgn calculations; and

+

(4) measurements of salt defomatton and stresses to conftm or

tndtcate the necessity for revisions to the opentng

configuration and the parameters used tn underground factllty

doslgn based on clearance requirements.

+

4.3.3 Geome.chantCa]LI nstrumntatton

An extensive geomechantcal tnstrumntatton program was Implemented to

provtde tn sttu data on the shafts and horizontal underground opentngs

as part of the Investigations performed at the WIPP stte. These

Instruments have been providing data on defomatton, pressure, loads

and stress on a regular basts for analysis and evaluation. Instruments

for measuring the geomechantcal response of the shafts and horizontal

underground opentngs tnclude convergence potnts, convergence meters,

multiple-point and s|ngle-potnt borehole extensometers, load cells,
,

pressure cells, stressmters, strain gauges, tncllnometers, ptezomc,ters

and lateral movement gauges.

Data from these geomochantcal Instruments are read remotely by an

automatic datalogger system and/or collected manually. All data

obtatned are entered on magnettc tape for data reduction, tabulation,

analysts and archtvtng. Data collected from the geomechantcal

Instruments have been documented In the GFDRs. These data are the

basts for analysts and evaluation by the prod}ect participants and other

Interested groups. The geomechantcal Instruments provtde data for the

analysts and evaluation of several phenomena at vartous locations,

Including stratn tn the C &SH shaft key, water pressure behtnd the

C & SH and waste shaft 11ners, radtal closure of shafts, pressures

between shaft keys and wall rock, roof-to-floor an.d wall-to-wall

closure tn the shaft stations, drtfts and rooms, and displacements at

depth tnto the walls, roof and floor of shaft stations, drtfts and

rooms.
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The frequency of data collection ts detemtned on a per instrument

ba,_.ts and ts dependent upon tnstrun_nt location, method of instrument

reading (manual or datalogger), and the number of days elapsed since

excavation at the instrument location. After Installation, the

instrument ts read frequently, but wtth ttme thts readtng frequency ts

decreased stnce the rate at wh.lch the salt mass responds following

excavation also decreases wtth time.

The geomechanlca] instrumentationdata are presented graphically In the

GFDRs and represent readings collected from the WIPP _Ite since April

1982. The data plots In the reports are grouped by areas within the

underground faclllty and also by instrument type. The data plots are

updated as new data become avallable. Summary tables of the

instruments,wlth the latest readings and the operating histories, are

also presented In the reports.

4.3.4 Geologic Oata

Geologtc data presented in the GFDRs have Included the results of

geologtc mapping activities, core hole loggtng, and observations of the

condition and behavior of underground opening surfaces. Geologtc maps

of the shafts and representative horizontal opening surfaces have been

presented periodically in the GFDRs or tn topical reports issued

separately. Geologtc logs containing descriptions of core samples

obtained from core holes in the underground openings were presented in

the raFDRsas they became available.

Frequent observations by project geotechnical personnel have provided

qualitative determinations of the condition of the underground

openings. These assessments were presented tn the GFDRs to document

changes tn the condition of the -underground open4ngs and in salt

behavior on a regular basis. Observations such as the condition of the

roof and rock bolts In shaft stations, fractures tn pillar corners at

drift intersections and tn the salt surrounding the drifts and rooms,

behavior of the roof and walls of the drifts and rooms, and horizontal

displacements, verttcal separations and fracturing detected tn open
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boreholes were documented. Thls Information has provtded Important

Input for destgn evaluation and safety assessments.

4.3.5 Gep!chanlcalIStructural Analyses

The quarterly GFDRs contatn secttons on both geotechntca] and

comutattonal analyses. These secttons present analyses of vartous

elments of the underground excavations. The analyses are updated

periodically to tnclude th_ most current data available at the ttme the
i

reports are published. They have provtded a s_gnt,Ctcant amount of

tnfomatton related to the geomechantcaland structural behavtor of the

undergroundopenings.
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,, CHAPTER5

NETHODOLOGY

5.1 INTRODUCTION '

Destgn validation of the WIPP underground opentngs ts accomplished by

determining the compattbt14ty of the des4gn cr4ter4a, design bases and

reference destgn configurations ustng stte spectftc Information.

Destgn validation also allows for the development of recommendations to

tmprove or opttmtze the reference destgn. The methods used to valtdate

the reference destgn may also be used to valldate any recommended L

design modifications. Mathemat%cal models containing the modifications

can be generated and analyses performed to predtct the future behavtor
of the modtfted reference destgn.

The destgn validation process cons4sts of three major steps_

(1) data collection;

(2) analys4s and evaluat4on; and

(3) predlctlonof future behavlor.

Secttons 5.2 through 5.4 present the methods used for data collection,

analysts and evaluation, and prediction of future behavior.

5.2 DATACOLLECTION

One of the principal areas of effort In support of destgn validation

was the comptTatton of geotechnlcal data. This data formed the basis

for later analysts and evaluation and for predictive modeling. Data

collected from geologtc mapptng, core drtlltng and loggtng, laboratory

testtng, geomechantcal Instrumentation and fteld observations have

provtded Information for validation of the underground opentng

reference destgn. These data can be categorized based on thetr

relationship to observations of geologtc conditions or to structural

behavior. Geologic observations include an assessment of the rock
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characteristics; stability of the opentngs tn rock; reactton of the

rock to excavation; and movements along clay seams. Structural

behavtor ts the development or modification of stresses and strains tn

the salt created by excavation of the underground openings, and the

pressures occurring at rock/structure Interfaces.

5.2.1 Geoloatc Hapotnq

Geologtc mapptng of the shafts, drtfts and test rooms was conducted by

stte geologistS. The objectives of the mepptng were: +
+

(1) provtde conftmatton and documentation of theconttnutty of

the stratigraphy, lithology and structure above and below the

factllty hortzon;

(2) evaluate any geologtc conditions whtch may affect the

excavation, stability, or safety of the horizontal openings;

(3) support fteld adjustments and modifications to the reference

destgn based on the geologtc conditions encountered; and

(4) ft nallze geomechantcal Instrument locations.

5.2.2 Core Ort111nq and Loqqtnq

Infomatton on stratigraphy and lithology was obtatned from core holes

drtlled 1hto the floor and roof of the underground openings. The

objectives of the core drtlltng program were:

(1) conftm the thickness, lateral extent, mineralogy and

strattgraphtc continuity of the host rock beyond the 11mtts

of the excavations;

(2) conftm the continuity of the geologtc structure and the

absence of any unusual features wtthtn the Immediate zone of

Influence of the excavations; and



(3) obtatn strattgraphtc tnfomatton tn order to detemtne

extensometer anchor depths.

Oetatls of the core drt111ng program are ddscussed tn Chapter 6.

5.2.3 Laboratory Testdnq

lntttal laboratory tests were performed on core samples of evaportte

mtnerals and clay from exploratory boreholes AEC-7 and ERDA-9. These

tests were performed by RE/SPEC, Inc., of Rapdd Ctty, South Dakota, and

by SNL (refs. 5-1 and 5-2). The evaportte samples were tested tn

trtaxtal vessels at both room and elevated temperatures. Ouast-stattc

compression tests were performed under different constant confdntng

pressures and vartable axtal loads tn steps, each load step betng

maintained for about 10 mtnutes. Ouast-stattc compression tests were

considered as constant stress-rate tests for al1 practical purposes.

Dtrect shear tests were performed on samples of clay t+o determine the

coefficient of sltdtng frdctton.

5.2.4 6eomechantcal Instrum6ntatton

Geomechantcal Instruments tn the I_IPP underground faclltty provtde data

o_ deformation, pressure, loads and stress. Instruments for measuring

the geomechantcal response of the shafts and other underground opentngs

tnclude convergence potn_:s, convergence meters, multfple-potnt and

stngle-podnt borehole extensometers, load cellso pressure cells,

stressmeters, straln gauges, Incllnometers, plezometers and lateral

movement gauges. Data from the geomechanlcal Instrumentsare collected

manually as well as read remotely by an automatlc datalogger system at

the surface. Ali data are entered on magnetlc tape for data reduction,

tabulatlon, analysls and archlvlng'. These data are a basls for the

analysls and evaluatlon of undergroundopenlng behavlor.

The geomechanlcal Instrumentation program for destgn validation was

destgned and Implemented to provtde tn sttu data on the behavtor of the
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rock (primarily salt) around the shafts and underground openlngs. More

speclflcally,the Instrumentatlonprogram was designed to provide:

(I) early detection of conditions that could affect constructlon

and operatlonal safety;
, .

(2) closure monltorlng for evaluation of the ab111ty of the

underground openings to permlt waste storage and retrieval;

(3) a greater understandlng of the In sltu behavior of bedded

salt by a comparison of' the observed responses with

undergroundopenlng referencedeslgn calculatlons;and

39 t

(4) measurements of salt deformation to permit confirmation or

revision of the opentng configurations and the parameters

used in the underground opening reference design based on

clearance requirements.

Tables 5-1 through 5-5 present information on the distribution of

geomechantcal instruments Installed at the NIPP. The tnstm'uments

provide data for the evaluation and analyses of several phenomena at'

various locations, including strain tn the C & SH shaft key, water

pressure behind the C ii SH and waste shaft ltners, radial closure of

the shafts, pressures between the concrete shaft keys and wall rock,

roof-to-floor and wall-to-wall closure tn the shaft stations, drifts

and rooms, and displacements at depth tnto the walls, roof and floor of

shaft stations, drifts and rooms.

I)ata from the geomechanlcal instruments are collected manually or read

remotely by an automatic datalogger system. The datalogger ts a

computer system that automatically collects and records output from

instruments at specified polling times. The signals from the

instruments are first sent to local termination cabinets (LTC) where

the stgnal ts digitized and then transmitted to the datalogger for disk

storage. 14anual readings are manually entered into the computer

- system. Changes from initial readings and rates of change are
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Tab,!e 5-1

C & SH SHAFT
INSTRUMENTS

ii

Location and Type Purpose
i 'ii i

Lined Section

, Convergence points Measure wall-to-wall closure of shaft

Ptezometer Measures flutd pressure but ldup
behind liner due to water accumulation

Plezometer Measures fluid pressure, buildup
behind key due to water accumulation

Pressure ceIl . Measures contact pressure buiIdup
between concrete key and wall rock

Welded strain gauge Measures strain in reinforcing steel
of shaft key

Embedmentstrain gauge Measures strain in concrete of shaft
key

Unltn.d Section

Multiple-point extensometer , Measures salt creep deformation

Convergence points Measure wal 1-to-wal 1 closure of shaft

Station

Convergence points Measure roof-to-floorand 'wall-to-wall
(includespermanent and closure of openings and pillar
temporary convergence points shortening
and wall shortening points)

Extensometer(single-point Measures salt creep deformation in
and multlple-point) roof, floor and walls

Rock bolt load cell Measures tensile loads on rock bolts

Lateral movement gauge Measures lateralmovement in roof
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Tab!e 5-2

HASTE SHAFT
INSTRUMENTS

.... , ,,,,,, , ,,m, , i ii Jl i. ..r- i i

Location and Type Purpose
II ] I I , I Iii . i , iii, ill i i l i

_tned Section

Plezomter Measures fluld pressure bulldup
behind 11net due to water accumulatlon

P1ezometer Measures f1_uld pressure bulldup
behind key due to water accumulatlon

Pressure cell Measures contact pressure bulldup
between concrete key and wall rock

U_nllned Section

Convergence points Measure wa11-to-wa11 closure of shaft

Hulttple-polnt extensometer Measures salt"cr_eep deformation

Station

Convergencepoints Measure roof-to-floorand wall-to_all
(includes permanent and closure of openings
temporary points)

Multiple-polntextensometer Measures salt creep deformation in
roof, floor and walls

iii i i iiii ii iii i
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Table 5-3

EXHAUSTSHAFT
[NSTRUHENTS

J i _ i , . i ii ., , ii ii i i i i, ,i ii iili ,i i ! ,, ,

Locatton and Type Purpose
i._ m ,,, i i

Ltned S,ectton _

Ptezometer Heasures ' fluid pre_sure butldup
behtnd ltner due to water accumulation

Ptezometer Heasures flutd pressure but ldup
behind key due i;o water accumulation

Pressure cell Heasures contact pressure butldup
, between concrete key and wall rock

Unl Ined Sectlon

Hultlple-potnt extensometer Heasures salt creep defomatton
i

i i ' i iiii i i Lmmm '
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• Table 5-4
i

DRZFTS
INSTRUMENTS

iu.ulmj iiiii Iiii I I iiiiii illU i i ni nN I immnumn i I , nunI I

Locatton and Type Purpose
i1! li i i i ii iiiiii iu* li i . i i i i i i iii i iiin

Convergence points Measure roof-to-floor and wall-to-wall
, (Includes pemanent and closure of opentngs and ptllar

temporary convergence potnts shortening
and wall shortening potnts)

Extensomter (stngle- and Measures salt creep deformation tn
multiple-point) ' roof, floor and walls of opentngs

ii i ii i un i i, i i li iii ni t ii i ii i ij

5-8



,+
i

Tab le ++5.5

TEST ROOMS
INSTRUMENTS

i iii ii Jill i :: i i ii ii ii i i iiii i ii ii ii i i 1111ii i iiii

Locatton and Type Purpose
i i ilii _ ii iil_ - i i -, li I I I I I I li, UII I III I III I III U I II IIII I J I I IIIIr_

Convergence potnt:_ Measure roof-to-floor and wal 1-'co-wal 1
closure

Hultiple-po4nt extensometer Heasures salt creep defomat'ion tn
roof, f loot and walls

Inclinometer Measures direction and amount of salt
movement above the roof, below the
floor, and tn the walls,.

Rigid-inclusion stressmeter Monitors changes tn stress w4th_n
anhydrite

Convergence meter , Measures vertical closure ,
lt , i i,u i - : :
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calculated and stored"In the comuter. The data Is transferredmonthly

to mgnetlc.tapes which are made available'to,pro_lectpartlclpants.

Instruments connected to the datalogger Include extensometers°

ptezometers, strain gauges, pressure cells, convergence meters and

stressmeters. All convergence points, tncltnometers, rock bolt load

cells, lateral movement gauges and some extensometers must be read

menually. Strain gauges,_ ptezometers and pressure cells have been read

manual ly at times.

The frequency of data collection ts detemtned on a per instrument

basis and ts dependent upon instrument location, method Of instrument

reading (menual or datalogger), and the number of days elapsed since

excavation at the instrument location, After installation the

instrument ts read frequently, but wtth ttme thts reading frequency ts

decreased since the rate at which the salt mass responds following

excavation also decreases wlth time.
o

The frequency of readings has been influenced by access limitations

caused by construction operations and by the volume of data to be

collected. At a few convergence point stations tn newly excavated

areas, readings were taken frequently to record the early rock

response. Honltortng periods tn these Instances were typically every 4

to 12 hours for 24 hours, then once datly. Host manually read

instruments were initially read weekly, then once every 2 weeks, and

then once every month. Instruments connected to the datalogger were

Initially read at 24-hour intervals, then 'several times per week, and

then once every 2 weeks. The current schedule for obtaining readings

ts shown tn Table 5-6. Each Instrument's range, sensitivity,

resolution and precision are also presented tn thts table. These

parameters are Important when interpreting and evaluating the data,

especially those readings which reflect changes that are close to the

resolution, sensitivity, or precision limits of the instrument.
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Tibia §-i

KO_Ctt_41CAL INSTRUN[NTATIOI_SP(C|FICATIO_ SUNMRY

Scheduled |nStrumnt Soect f tcat tons s
lnstmmnt Phenomnon Paraueters to FrNuency of Readings Range (RS, Sensitivity (Sl

.... Tyne Monitored I be [vnt_ltld , js of this hnO_ _ Resotution ([I. PriQtston _P)

' shaft key gauges 0-2500 .ifl,/tlJ ,v_'_t _ided
, 1 _tn,/in,

shift key cells 1 psi

liner & key pressure *0,S pet

(:&SH shaft Convergent. Oeforwtton Z,*, AL** As .ccetsibl. (M) I_t: ,-SO ftpoints it .O,OOS |n,

Key ceils 1 psi

Wiste shaft PtezomteM Water ]_Pressure* kteekly (Oi (tilt O-SO0 pstg
1trier & key Pressure ((): .0 S psi

points st (P)_ ,O,OOS ta,

(xhaust 8orehoie Oeformtton ]Di*, AL** Weekty (0) (tilt 0-2 in, (Pl; 0,001 in,
shaft extenlomters at ([is 0,001 ta.

_h.ust ,t.,--t.. ..t.r Zpress.." ..nthly(.) (RS,0-,00pstg
shaft ether pressure ((): *05 psi
& key

(.ha,stPressurec.,,spressur._pressu.*Asacc.si,.(,) I_)'O-i_psishaft key ¢ 1 pet

Orifts Rockbolt ' Load ZLo.d*, Nonthiy (,) (RSi 0-300 kips
load ce11$ _l_ (5)1 16 lb

At

Drifts' ao.hole oefo_..tto.:,*, _** ...klycD)/ (Rs,o-_in. (pl,o.oo_in.
extensomters At Monthly (Hl (()_ O.0gl ta.

Orifts Convenience Oefomation :De*, AL** Monthly to oy,. (RS, 2-,0 ft
points St 2 mnths (ft)U/ (PSI tO,OOS ta,

Drifts Lateral mveennt Oefomition :C¢ No longer read (RS! O-S ta. ([)_ 1/64 ta,
gauges (PSI _.1/64 in.

Test rooms Vertical ix, ay Z _x** Sty*. (R)z 0-30"
tnclinom(ers :_ixy*, [very 2 months (Ml (P)_ ,0.3 tn,/lO0 ft of casing

Azi_th*, ((), tO.OOl In,/2 ft of casing
()Ss ,0.001 ft/2 ft of caslng

Test room Horizontal at T.eWz**A.jGJ_z (very 2 months (Ml (R)z 0-30"
tncltnometmrs At - (P)l *0.3 in,IlO0 ft of casing

((li ,0.001 ta,/2 ft of citing
(S)Z tO,OOl ft/2 ft of casing

Test rooms Vibrating wtre Stress _S* AS* Weekly (O, ft)* (R)i 12,000_14,000 pit wtre stress
strtssmters at

lelt room Convergence Oefomation _¢** sL** lelekly (Oi (RS: ApproxiNtely 2,S ft
mter_ i_, gs): ,0.001 In.

Test roees Convergence Oofomltton _*, sL** Monthly (Ml (RSi 2-SO ft
points at (PS: O,OOS In.

Test romes 8onehole Oefoniltton TJ*, sL* Weekly (D) (NS) 0-2 in, eP)) 0.001 ta.
extansmMters At (() : 0.001 in.

D) - read through datalogger (1) HeY converlence points are read _eeklyM) - read mnually for the first month after instillation.
]_¢ - total change frm t - 0 *Oestgn/validmtton perlmter
d - angle Sifety/oporatton41 paramter
aL - change from lest reading
St - elapsed ttme since list reading
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5.2.5 _!eld Obs?r_tlor_s

The detemlnatlon of underground condltlons Includes a qualltatlve

assessment based on frequent observatlons by HIPP slte geotechnlcal

personnel. Changes In rock condltlons and In the behavlor of the

underground openlngs have been observed and documented on a regular

basls In the GFDRs. In addltlon, quarterly Inspectlons have been made

by Bechtel home offlce deslgn englneerlng personnel. These Inspectlons

augmented the slte geologlsts' observatlons and helped hlghllght those

changes which occurred so slowly that they were dlfflcult to detect on

a datly basts.

Pertodtc Inspections of the C & SH shaft have been made stnce the

shaft was completed. Conditions of the shaft walls, 11net and key have

been observed In addttton to any water flow tnto the shaft. Stmtlar.

Inspections of 1;he waste and exhaust shafts have also been made but

less frequently due to ]tmtted accessibility.

Observations of the hortzonta] opentngs lnc]ude such 1terns as the

condition of thetr roofs and walls; fracturing tn pt]lar corhers at

drtft and room Intersections and tn roofs and floors; and horizontal

displacements and vertical separations m_asured tn open boreholes.

Thts Information has provtded Important tnput for destgn and safety

evaluations.

5.3 ANALYSISANDEVALUATION

Oata collected at the h/IPP stte have been analyzed and evaluated by

qualified engineers and scientists. Engineering experience and

Judgement were used tn the evaluation of fteld observed conditions.

Laboratory tests were performed on core samples to determine the

- constitutive equations for the host rocks. Theoretical and applted

aspects Of measurements, statistics and phystcs were uttltzed to

analyze and evaluate geomechantcal Instrument data.
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5.3.1 Observations

The observations of geologic conditions documented during visual -

inspections are used to evaluate the performance of the underground

openings. These evaluations are made tn conjunction with the

analytical techniques. The evaluations are qualitative, however, and

are subjective assessments of the behavior of the salt surrounding the,,

excavations.

5.3.2 Laboratory Tests

The results of the laboratory testing described in subsection 5.2.3 on

samples of haltte, argillaceous haltte, anhydrite, polyhalite and clay

from the factllty level were evaluated and statistically analyzed to

determine elasttc and creep constants. Constitutive equations for each

of these materials were established and their material property

constants were determined (ref. 5-3). The material property constants

based on the laboratory test results are presented in Chapter 6.

5.3.3 In Situ Measurements
,

Statistical and numerical methods were used to analyze in situ data and

to evaluate the physical behavior of salt. Numerical models were used

to compute creep parameters from the in situ data.

In situ measurement data from selected geomechantcal instruments in the

drifts and test rooms were fitted with analytical equations using

regression procedures. Since early data are lacking for most of the

instruments, one approach was to calculate the closure rates and fit an
-

equation to the closure rate wrsus elapsed time relationship. An

estimate of the early Closure not measured by the instruments was

Independently derived.

5.4 PREDICTIONOF FUTUREBEHAVIOR

Validation of the underground opening reference design requires

predicting the future behavior of the openings. This was achieved by

collecting in situ data consisting of field observations and
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geomechan!cal Instrument measurements. Statistical methods were then

used to extrapolate the data obtained from the geomechantcal

Instruments. Selected tn sttu data were fttted "_o analytical curves

and predictions were made based on the extrapolated results. Closed

form solutions and engineering experience were also uttltzed to

substantiate the adequacy of the facility. A model simulation method
,+

was used "to vertfy the creep model of salt based on creep constants

derived from data obtatned from laboratory material tests• After the

determination of creep parameters ustng a statistical technique, the

numerical model for simulating the factltty was also uttltzed to

predtct and evaluate future behavior. Thts tncludes the closures,

stratn distributions and stress distributions over the operating 11le

of the facility.

Oestgn revtews were performed as requtred during destgn of the WIPP

underground facility. Experience and Judgment were an important

adjunct tn predtct|ng the future behavior of the underground openings.

• flore than 3 years of continuous data collection and analysts and

evaluation have provtded an adequate data base for predicting future

behavior.

Subsections 5.4.1 through 5.4.3 describe the methods used for

predicting the future behavior of the underground openings.

5.4.1 [xt_apolatignof In Situ Data

Selected In sltu closure data were analyzed and fltted by analytlcal

curves for extrapolatlon of future responses. Regression analyses by

• the _uss-Newton or Marquardt compromise techniques were performed to

determlne the regresslon parameters. These regression parameters were

assumed to be valld for the future behavior of the openlng, and the

equatlons were used to predlct the future closure rate. To estimate

the addltlonal closure that could occur, the equation was integrated

over the requlred time Interval.
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5.4.2 Closed Form Solutions

Closed form solutions provided in the SME Mining Engineerinq Handbook

(ref. 2'25) were used to evaluate the selected room and ptllar sizes

and their stability. Closed form solutlohs for steel and concrete

structural design were also used to substantiate the adequacy of the

. shaft ltners and keys (refs. 5-4 thru 5-7).

5.4.3 Model Simulations

Numerical analyses were performed to compute the predicted responses of

the underground openings. The constitutive laws discussed in

Appendix C were used in these analyses. However, yield or fatlure

criteria developed for halite and non-halttic materials based on the

results of laboratory tests were not incorporated in the numerical

modeling. Due to the idealization of the real system in a mathematical

model, the uncertainty of in situ au×tliary conditions corresponding to

the mathematical model, and deviations in the material properties

obtained from the laboratory tests, analyses using, laboratory test data

did not provide suitable results for design validation. Therefore, an

engineering approach using curve fitting methods was employed. Creep

parameters computed by the following procedure were used for the

analyses. Additional information pertaining to material property

deviations based on laboratory tests is presented 4n Chapter 6.

Numerical models were generated for the locations of specific

instruments to simulate the instrument response and compute the creep

parameters.

After generating the numerical models for these locations, their creep

parameters were computed and the structural behavior was simulated by

performing an analysis using the statistical method presented in

Appendix C and the following procedures:

(I) At the initial stage, 'the surface of the openings were

' restrained to simulate the unexcavated condition.



I

(2) An tnternal stress was applted at each element to represent

the tnt ttal 11thostattc stress state, whtch ts defined as:

f.6xx " &yy " &zz " pgdy (5-1)

where: p ts the rock mass per unit volume;

g ts the gravitational constant; and

y ts the depth.

(3) The overburden and support pressures at the boundaries and

the wetght of the rock were applled to compute the stattc

solution.

(4) The restraints at the surface of the opentngs were then

removed to stmulate the excavation.

(5) The structural responses were computed ustng .a ttme step

Integration scheme. Normalized ttmo steps were used

throughout the analysis. At the ftrst ttme step, the ttme

Increment was calculated by an Iterative scheme ustng a

predetemtned tntttal ttme Increment.

(6) In subsequent ttme steps, the ttme Increment for each ttme

step was calculated based upon the prev]ous ttme steps and

the specified maxtmum tolerances of stress and strain

increments at the previous and current ttme steps. The

structural responses were computed at each normalized ttme

step.
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CHAPTER6

GEOLOGICCHARACTERIZATION

6.1 INTRODUCTION

6eologtc characterization of the underground excavations for design

validation of the WIPP began in June 1981. Intttal characterization

activities consisted of monitoring the drtlltng and geophysical logging

of the SPDV exploratory shaft. As shaft outfitting and underground

excavation progressed, the geologic work evolved into mapping of the

shafts and underground hortzonl;al openings, performing ground-water

inflow tests, monitoring geomechantcal instrumentation installations

and taking subsequent readings or measurements, logging underground

core hole samples, and performing other tasks related to defining the

geologic integrity of the WIPP site. Data from these activities were

evaluated in conjunction with information from previous site studies to

more accurately define site geologtc conditions as they related to

• design validation of the WIPP underground facility.

6.2 DATACOLLECTIONACTIVITIES

6.2.1 Geoloqtc Mapptnq

An important aspect of validating the WIPP underground opening

reference design included geologic mapping of the shafts and drifts.

The objectives of this mapping were discussed in Chapter 5.

6.2.1.1 C & SH Shaft

Geologtc characterization of the C & SH shaft began tn late aune 1981

with the drilling of the SPDV exploratory shaft (see Chapter 3,

subsection 3.3.1, for an explanation of the two shaft names). The

initial activity conducted to develop this characterization consisted_

of logging the drill cuttings at periodic intervals to permit a

determination of rock types and to provide a description of the

geologtc formations penetrated (Appendix D, Figure D-l). These

formations included, in descending order, the Dewey Lake red beds, the

Rustler formation and the Salado formation.

. q
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Afl:er completion of the drllltng operation, geophysical logg4ng was

perfomed tn the shaft to detemtne the cond4t4on of the shaft wall and

to more accurately define the stratigraphy penetrated. These logs were

the caltper, gammaray, denstty and epithermal neutron. The logs were

analyzed tO better detemtne the depths to vartous strattgraphtc

horizons and correlate them wtth those found tn holes drtlled durtng

preVtous stte Investigation phases (Appendix S, Ftgure B-l).

Reconnaissance and detatled geologtc mapptng of the C &SH shaft was

performed between March 31, 1982, and May 2, 1982, from a depth of

about 846 feet (elev. 2564 feet) near the Rustler/Salado fomatton

contact to a depth of 2,193 feet (elev. 1217 feet). Mapptng above the

846-foot depth could not be performed due to the presence of the

permanent steel 11net, whtle dr4111ng flutd and muck prevented mapptng

below the 2,193-foot depth. The results of thts mapptng, combtned wtth

cr4terta established as a result of prev4ous s4te Investigations, were

used to select the ftnal depth for the underground development level

(Chapter 3, Sectton 3.2). The mapptng results are shown tn Appendtx O,

Ftgures D-2 through D-4. A detatled discuss%on of the mapptng %s
contained tn reference 3-1.

Ve_cal control for the shaft mapptng was established by tape measure

from a known elevation provtded by the SPI)V underground excavation

contractor at the shaft collar. The scope of work and methodology for

the shaft geotech_llcal activities are contained tn reference 6-1.

Reconnaissance geologtc mapptng of the shaft from a depth of about 920

feet (elev. 2490 feet) to 2,083 feet (elev. 1327 feet) was accomp14shed

after construction of the shaft key. The mapped area was 14mired to a

strtp 1 to 5 feet wtde along the south stde of the shaft. One tnterval

from about 1,832 feet (elev. 1578 feet) to 1,892 feet (elev. 1518 feet)

was not mappeddue to the Interference of shaft outfttt4ng acttv4ttes.

Detatled circumferential geologtc mapptng was performed tn the key area

from the base of the steel 11net to a depth of about 920 feet.

' ............................ ' ......................................... mill........ "" ..... '.................



Detailed mapping was also performed from a depth of about 2,083 feet to

about 2,193 feet. Detatled mapping was carried out through this

tnterval to obtain sufficient geologtc information for use in making

the ftnal factltty level selection. The faclltty level selection

mapping was 'performed by several teams of geologists working over a

3-day period from Aprtl 30 to May 2, 1982. The detatled mapping was

generally performed Independently of shaft outfitting activities to

permit better observation and interpretation of the shaft geologtc

characteristics.

Representative samples of the geologic strata surrounding the shaft

were obtained during mapping for later, more detailed classification.

Photographs were taken at various locations along the shaft wall for

verification of the mapping results and record-keeplngpurposes. As

mapping progressed, observations of the shaft wallwere also made to

determine the condition of the salt as a result of its behavior

following excavation.

Based on the data obtained from the above activities,characterizations

were made of the geologic formations penetrated by the C & SH shaft.

The characterizations consisted primarily of descriptions of the

stratigraphy, lithology and structure of the formations, Other

detailed data were included, where relevant, to more' accurate)y

characterize the salt strata in areas of primary concern to the design

of the WIPP undergroundfacility.

The C & SH shaft geologic activities served to further refine and

confirm the data obtained from previous site investigations. The

geologic conditions observed in the C & SH shaft within the mapped

interval corresponded to the conditions expected from previous

investigations. Borehole ERDA-9, in particular, showed conditions

similar to the C & SH shaft. Although some variation was observed,

it was attributed to core loss in ERDA-9 which prevented the early

•detection of these conditions.
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Only mtnor mod4ftcattons to the reference destgn of the C _ SH shaft

key structure and the geomechantcal instrumentation levels were made to

accommodatethe observedf geology.

6.2.1.2 Waste Shaft

Drtlltng of the tntttal 5-feet dtameter SPDV ventilation shaft (later

to be enlarged to the waste shaft) was conducted from December 1981 to

February 1982. Samples of the dr111 cut_tngs were obtained at pertodtc

Intervals from the drtlltng flutd to pemlt monitoring of the

stratigraphy betng penetrated. After the drt111ng was completed, a set

of geophysical logs was run to detemtne the shaft wall conditions and
to further deftne the boundaries of the rock Strata penetrated.

• 6eologlc mappln9 of the 6-foot dlameter shaft began In July 1982 In

conJunctlon wlth the Inltlatlon of shaft outflttlng. Znltlally, flve

areas of weaker rock whlch had been washed out by the dr1111ng

operatlon were mapped between July and September 1982 before steel

11net plate was placed over these areas for safety purposes. Geologtc

mapptng of the SPOV ventilation shaft from the bottom of the steel

surface castng at 97 feet (elev. 3312 feet) to the bottom of MB-139 was

conducted durtng September and October 1982.

Both reconnaissance and detatled geologtc mapptng were performed tn the

6-feet dtameter shaft. The mapptng extended from a depth of 97 feet

below the ground surface to a depth of about 2,170 feet (elev. 1239

feet). The results of thts mapptng are shown tn Appendix E, Ftgures

E-1 through E-6. In addition, a 11thologtc log, based on the geologtc

mapptng, and a geophysical denstty lo9 are shown tn Appendtx B, Ftgure

B-l, for correlation with the C & SH shaft and boreholes _IPP-12,

ERDA-9 and DOE-1. A detatled description of the SPOV ventilation shaft

geotechntcal activities ts contained tn reference 4-3.

Mapping of the SPOVventilation shaft was generally performed by a team

of two geologists. Oepth control was maintained by hangtng a tape down

the shaft wall at 100- to 200-feet Intervals from the top of the
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surface casing. Orientation tn the shaft was maintained by following a

steel guide installed on the southwest wall to control movement of the

work platfom used tn the shaft. Most of the shaft was mapped in a

strip about 2 to 3 feet wtde along the steel guide. Although only a

portion of the shaft wall was mapped, vtsual examination was made of

the entire wall to determine if any geologtc abnomaltttes existed.

Below a depth of about 1,180 feet (elev. 2229 feet), mapping was

perfomed on a 1trotted basis due to salt incrustation on the shaft

wall. This crust was apparently the result of dust from the factltty

level that was exhausting through the shaft and depositing on the wet

shaft wall. Representative samples of the rock strata were collected

to pemtt a more detatled description. Photographs were taken at

various locations along the shaft wall for verification of the mapping

results and record-keeping purposes. In addition to providing a

description of the rock strata, observations of the shaft wall were
,

made to detemlne, where possible, the reactlon of the rock to

excavation.

Oetatled mapping around the full circumference of the 6-foot diameter

shaft was performed at the following five Intervals:

(1) Magenta dolomlte member,

(2) Culebra dolomtLe member,

(3) Rustler formation fracture zone;

(4) Rustler/Salado formation contact; and

(5) MB-139.

Because of salt incrustation on the shaft wall immediately above the

factllty level, detailed circumferential mapping could not be perfo.med

in this area. However, two opposing strips about 1 foot wide were cut

through the crust to permit mapping of the shaft wall for a distance of

about 50 feet above the factlity level. Depths in the factltty level

area were verified by a separate survey utilizing elevation points

established in the C & SH shaft station.
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The enlargement of the SPDV ventilation shaft tnto the waste shaft

began In October 1983 and was completed in August 1984. Additional

geologtc mapping and vtsual Inspections were conducted concurrently

wtth this excavation. Happing was conducted from December 9, 1983, to

August 10, 1984. Vtsual Inspections of the shaft surface were

performed throughout the shaft enlargement operations. The lithology

of the exposed shaft stratigraphy was described and compared with the

description of the same strattgraphtc interval mapped in the SPDV

ventilation shaft. Any differences or additional detail were noted and

the 5PDV ventilation shaft geologic map was modified accordingly.

In the ltned section of the waste shaft, the depth to the base of each

successive concrete segment was provided by the shaft excavation

contractor. Ve_ttcal control for mapping was then established from the

base of the previous segment. During enlargement of the unlined

section of the shaft, verttcal control was established from occasional

survey control points Installed by the contractor and from the

previously mapped SFDV ventilation shaft geology. In the shaft sump,

vertical control was based on a contractor survey point installed at a

depth of 2,167 feet (elev. 1242 feet).

Oetatled, full circumference geologic mapping was performed in areas of
6

specific geologtc interest, These areas were selected because of their

poor exposure tn the SPDV ventilation shaft, the posstble occurrence of

dissolutiontng, or their 'hydrologic significance. These areas of

detatled mapping were:

(1) the Forty-niner member claystone;

(2) the Magenta dolomite member;

(3) the Tamarisk member claystone;

(4) the Culebra dolomite member;

(5) the upper portion of the unnamed lower member of the Rustler

formation; and

(6) the Rustler/Salado fomatton contact and key area.
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The detailed mapping tn the waste shaft was generally conducted as

out ltned in reference 6-1. Mapping was conducted by teams of four to
r

stx people. Once verttcal control was established by the contractor

from the base of the prevtous concrete segment, a 5 x 5-feet grtd was

patnted on the shaft surface around 1ts circumference to permit the

accurate location of any ltthologtc contacts and geologic features.

Reconnalssancegeologlc mapplng was performed In the waste shaft sump.

A vertlca] strlp, approxlmately 5 feet wlde, was cleaned and mapped

along the entlre length of the sump.

A detalled descrlptlon of the geotechnlcal actlvltles conducted In the

waste shaft Is contalned In reference 6-2. The results of the mapplng

are shown In Appendlx E, FigUre E-I.

The geologtc mapping and vtsual Inspections of the SPDV

venttlatton/waste shaft has provtded additional documentation of the

strata above and below the WIPP underground development level. Based

on the data obtatned from the shaft mapping activities, a general

characterization of the stratigraphy, lithology and structure of the

geologic formations penetrated by the waste shaft was made.

The waste shaft penetrates flve formatlons. In descendlng order, they

are the 8atuna formatlon of Ouaternary age, the Santa Rosa sandstone of

Trlasslc age, and the Dewey Lake redbeds, Rustler formation and Salado

formation, all of Permlan age. In addltion, the waste shaft also

penetrates thln surflcla] Ouaternary dune sands and the Mescalero

callche. In the WIPP slte area, the Santa Rosa sandstone and the

8atuna formatlon are represented by thln layers of sandstone (ref.

6-3). They were not mapped In the waste shaft due to Installatlonof

the shaft col]ar facllltles.

The results of the geologlc mapping of the waste shaft correlate we]l

wlth the SPDV ventllatlon shaft mapping results. The stratlgraphlc

unlts penetrated by the waste shaft are the same as those encountered

by the C & SH shaft.
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Post-_epos4t4onal d4ssolutton features were not observed tn any

strattgraphtc horizons tr; the waste shaft. Several zones previously

Identified as containing dissolution _ restdues tn borehole ERDA-9 are

now considered to contain pronounced prtmary sedimentary features.

,

6.2.1.3 Exhaust Shaft

The exhaust shaft was enlarged from a 6-foot dtameter raise-bored

shaft to tts ftntshed 14- to 15-foot diameter ustng conventional dr111

and blast methods from 3uly 1984 to 3anuary 1985. Geologic mapping of

the shaft wall was conducted copcurrently wtth excavation and

constructlon _ctlvltles.

Reconnaissance geologtc mapptng was perfomed_ along the enttre length

of the shaft wtth the excepttoR of selected areas where del:ailed

mapptng was performed. A verttcal strtp, approximately 5 feet wtde,

was cleaned and mapped. The procedures used for the reconnaissance

mpptng are contained tn reference 6-1.

Oetalled clrcumferentlal mapplng of speclflc areas of geologlc Interest

was also performed. These areas tncluded those previously described tn

the C & SH and waste shafts and fo,r additional areas wlthtn the

Dewey Lake redbeds, three of whtch contatn gypsum ftlled fractures.

The areas of detatled mapplng In the exhaust shaft were:

(1) gypsum-filled fractures at a depth of 195.0 to 210.0 feet;

(2) gypsum-filled fractures at a depth of 269.0 to 280.5 feet;

(3) gypsum-filled fractures at a depth of 353.5 to 375.0 feet;

(4) the Dewey Lake/Rustler fomatton contact (546.4 feet);

(5) the Forty-niner memberclaystone (575.5 to 586.5 feet);

(6) the Magenta dolomtte member (602.5 to 627.0 feet);

(7) the Tamarisk member claystone (689.0 to 695.5 feet);

CS) the Culebra dolomtte member (713.5 to 736.0 feet);

(9) the upper portion of the unnamed lower member (736.0 to 800.0

feet); and

(10) the Rustler/Salado formation contact and key (845.0 to 912.0

feet).
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The deta%led geologtc mapptngwas performed tna mannerstmilar to that

in the waste shaft, using a 5 x 5-foot grid. Verttcal survey control

was provided by the shaft excavation contractor. As theshaft liner

was constructed, the depth to the base of each successive concrete

segment was provtded by the contractor. Verttcal control for mapping

was then established from the base of the previous segment. During

excavation of the unlined sectton of the shaft, vertical control was

established wtth survey chatns suspended from contractor-installed

survey control potnts.
t

The results of the exhaust shaft mapping are shown tn Appendtx F,

Figure F-1. A detatled description of the geotechntcal activities tn

the exhaust shaft are tncluded tn the report tttled Geotechntcal

Activ!t!es In the Exhaust Shaft (ref. 6-4).

In general, the exhaust shaft mapping results correlate well wtth the

results from the waste shaft. Sltght lateral variations tn the geology

produce minor exceptions. The exhaust shaft geologtc mapping

activities have_produced additional confirmation of data obtained from

previous stte investigations. Thts moping confirms the suitability of

the shaft reference design, wtth someminor modifications, based on the

ortgtnal design parameters.

6.2.1.4 Drifts and Test Rooms

Geologtc mapping of the drifts and test rooms was performed to

characterize the faclllty level geology, demonstrate tts continuity,

and provide permanent documentation of the geoloqy exposed tn the

underground excavations. Those drifts and rooms that were not mpped

were visually inspected by stte geologists to verify that the

stratigraphy ts laterally continuous and stmtlar to that exposed tn the

mapped areas of the facility. No unusual geologtc features were
observed.

Geologic mapping was conducted tn accordance with the procedures
established tn reference 6-1. A horizontal level-l_ne referenced to
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the C & SH shaft statibn floor elevation was established tn the
i

drifts and rooms using an engtneer°s trtpod level. All strattgraphtc,

contacts and geologtc features were referenced to thts level-line

datum. Horizontal distances were measured wtth an engtneer*s tape

using the C & SH shaft centerltne as the zero reference point.

Detailed mapping was performed at lO-foot Intervals along one wall of

the drifts. Between these Intervals, the continuity of the

strattgraphtc contacts and the nature of the Individual units were

observed and noted on the map. The mapped drifts were the E140 drift,

the EO drift, the Nl100 drift and the N1420 drift. Selected ftgures

showing the megascoptc results of this mapping are 'contained tn

Appendix S.

Geologtc Mapping tn the test rooms consisted of describing a 6- to

lO-foot wtde strip surrounding the instrument array tn the center of

each room. Both walls and the roof tn each room were mapped. The

remainder of the room was carefully Inspected to confirm lateral

continuity of the strattgraphtc untts. The strip maps from the test

rooms are presented tn Appendtx G, Figures 6"1 ,through G-4.

6.2.2 Core Drill!nq

6.2.2.1 Purpose

Verttcal core holes were drilled 1hto the floor and roof of the

underground openings to provide geologtc Information for design

validation. The objectives of the verttcal core holes are described tn

Supporting Document 3 of reference 2-5. The purpose of the program was

discussed tn Chapter 5 of thts report.

6.2.2.2 Summaryof Drilling

A total of 124 verttcal core holes have been drilled and logged tn the

underground drtfts and In the SPDV test rooms, excluding those drtlled

as part of SNL_s tn situ tests. This number Includes ]6 holes drilled

to replace holes that had poor core recovery and four holes drt lled to

obtain Information on non-cored sectlons tn the ortglnal holes. The
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holes were generally drtlled in pairs, one hole drtlled vertically into

the roof and one hole drilled vertically into the floor. Core was

obtained in each h_le to a nominal depth of 50 feet. Table 6-1

presents a summary of the core hole data. A map showing the core hole

locations is presented on Figure 6-1. Geologtc cross sections at

selected _ core hole locations in the drifts are contained in

Appendix H. Geologic drt11 logs of all of the core holes are contained

tn Appendtx I.

Drtlling was performed by the underground excavation contractor. The

drt11 rig was set up by the driller and the attitude of the core hole

was checked by site geotechnlcal personnel. Logging and handling ofr

the core were performed by geotechntcal personnel in conformance with

the procedures outltned in Supporting Document 3 of reference 2-5.

All core holes were drilled using rotary equipment and compressed air

or saturated brine as the circulating medium. The holes were drilled

with a diamond impregnated bit which produced 2-tnch or 2 3/8-inch

diameter core. A 5-foot long double-tube or split double-tube core

barrel was used to retain the core.

The core was logged underground as it was removed from the core barrel

or after the drilling of the hole was completed. Logging was generally

performed by the same geologist to maintain consistency in the

descriptions of the geologic materials. The following data are

recorded on each log:

(I) locationof core hole and direction of drilling (up or down);

(2) beginningand completion dates of drilling;
mm

(3) length and number of core run;

(4) amount and percentage of core recovery;

(5) stratigraphlc and llthologic descriptions (color descriptions
=

are based on the Geological Society of America (GSA)

Rock.Color Chart);

(6) graphic llthologlcprofile; and
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Table. 6-I

SUMNARYOF COREHOL,EDATA
Page I of 2,

..... Collar Approximate Fao11l_f +b'iPth/
Core )1ole Elevation Start on Cootd1nares Penetratt on ! nst rument

No. Dt rectton (ft-MSL. ) (ft) (ft) (ft) Des1gnat1on

NB-139-I Down 1254. I N79 W6 N9766 E6888 I 0.0 None
146-139-.2 Down 1251.2 S410 E150 N9277 E7044 15.7 None
IqS-139-3 Down _260.5 $101 E157 N9586 E7051 16. U None
NB-139-4 Down 1258.7 $99 1417 N9588 E6877 10. 2 None

DH-01 Up 1318.2 N1424 E439.5 Nl1110.9 E7335.5 5U.8 None
DH-O2(1) Down N1424 E440 N1111U.9 E7336.06 50.2 None
DH-O2A(1) Down N149_4 E435 NllllO.9 E7331.29 49.2 None
DH-O2B Down 1306.3 N1424 E442 Nl1110.9 E7331.29 53.0 P_one
DH-03 Up 1318.1 Nl112 E444 N10799.2 E7335.4 48.8 None
DH-O3A Up 1317.4 Nl112 E450.5 N10779.2 E7341.92 49.9 None
DH-04 , Down 1309.6 N1112.5 E444 N10799.2 E7335.4 45.8 None
DH-O4AI1) Down 1309.6 N1113 E446 11.2 None
DH-O4B Down 1309.7 Nl112 E450.5 N10799.70 E7341.85 51.4 None
DH-05 Up 1329.9 N1463 E972 Nl1149,6 E7_55.0 51.0 None
DH-06 Down 1317.9 N1_3 E972 Nl1149.7 E7864.9 49.75 None
DH-07 Up 1325.7 Nll12 E976.5 N10799.3 E7_70.8 49.8 None
DH-08 Down 1318.8 Nl112 E976.5 N10799.4 E7tJ7O.9 38.3 None
DH-GSA(1) Down 1318.7 Nl112 E975 50.7 None
DH-OBB Down 1318.0 Nl112 E979.5 N10799.47 E7866.66 51.4 None
0H-09 Up 1324.5 N1432 E1332.5 Nl11_,71 E89_27.11 51.1 None
DH-lO Down 1312.1 N1432 E1332.5 N1110b.70 E8227.09 52.0 None .
DH-11 Up 1320.5 Hl112 E1332.5 N10799.8 E_227.3 50.9 None
DH-12 Down 1311.1 Nl112 E1332.5 N10799.4 E8227.2 51.3 None
DH-13 Up 1311.4 N1424 E1690 Nl1112 E8_5 13.8 None
DH-13A Up 1311.5 N1424.5 E1691 Nl1112 E8586 49.0 None
DH-13B Up 1311.4 N1425 E159,5 Nl1112.0 EUbgO.1 21.0 None
DH-14 Down 1299.5 N1425 E1695 Nl!112.0 EB59_J.1 49.1 None
DH-15 Up . 1308.9 Nl104 E1688.5 N10793.26 E8589.96 51.0 None
DH-16 Down 1300.3 Nl104 E1588 N10792,,89 E8589.39 51.U None
DH-17 Up 1315.5 N1427 E178 Nl1114.2 E7L_7_.IS 52.0 None
DH-18 Down 1305.1 N1429 E181 N11114.2 E7071.1:I 50.8 None
DH-IN Up 1314.7 N1107 E206.5 NI0794.2 E7101.7 51.`5 None
DH-20 Down 1306.2 N1109 E206 N10794.Z E7101.7 51,1 None
DH-21 Up 1331.0 N1421 E78_ Nll 1(19.1 E768(J.9 50.4 None
DH-22 Down 1318.8 N1421.5 E785.5 Nl1109.2 E7680.9 51.0 None
DH-23 Up 1328.0 Nl112 E781 N10799.2 E7579.9 51.0 None
DH-24 Down 1319.5 Nl112 E781 N10799.2 E7679.8 49.4 None
DH-24A Down 1319.5 gll12 E780 N10799.05 E7578, 59 54J.4 None
DH-25 Up 1318.8 N1422 E1510 Nl1109.7 E840_.8 51.8 None
DH-26 Down 1307.2 N1427 E1510 Nl1114.3 E8403.8 53.0 None
DH-27 Up 1300.8 N1107 14`582 N10793, 7 E`5218.4 5(J.5 None
DH-28 Down 1289.9 Nl107 14682 N10793.8 E6_1_.3 ,50.5 None
DH-29 Up 1298.3 N1099 N982 N10785.4 E593_.4 50.4 None
DH-ZgA Up ?298.1 N1099 kl987 N10780,1 E5927,3 35.0 None
DH-30 Down 1289.2 N1099 N982 N10785.5 E5932.2 50.1 None
DH-31 Up 1298.5 N1099 14121_2 N107_4.9 E503",'.3 50.5 None
DH-31A Up 1298.5 N1099 141280 N10784.,.B E5630.5 49.;' None
DH-31B Up 1288.5_. N1099 1412,61 N1071d6.7 E5552.2 4.9 None
DH-32 Down 1289.6 N1099 141282 N10784.9 E5632.2 50.0 None
DH-32A Down 1289.5 N1099 141261 N107_6.7 E5552.2 5.5 None
DH-33 Up 1298.6 N1099 141582 N10786.O E5331.1 50.5 None
DH-33A Up 1297.4 N1099 N1570 N107tlG._ E5_12.0 4.1 None
DH-34 Down 1289.4 N1099 141582 N10786.5 E5331.7 51.5 None
DH-34A Down 1289.2 N1099 141570 N10785.1_ E5341.9 3.6 None
DH-35 Up 1294.4 Nl102 141862 N10789.4 E5532.2 5,;'.0 None
DH-36 Down 1284.6 N1102 141082 N107_9.4 E5032.2 51.b None
DH-37 Up 1297.4 NllO1 14218Z N10788.9 E4732.0 51.5 None
DH-38 Down 17.87.0 N1101 142182 N1071_.8 E4731.9 47.5 None
DH-39 Up 1296.0 Nl101 N2482 N10789.2 EC43L_.7 50.7 Hone
DH-40 Down 1286.1 N1101 142482 NI071_9.2 E4431.0 51.0 None
DH-41 Up 1295.8 Nl101 N2782 N10789._ E4132.6 4_.9 None
DH-42 Down 1285.9 N1101 N;_782 N10789.0 E4132.4 51.:_ None
DH-42A Down 1285.7 N1101 142789 N10789.2 E4125.5 40.5 None

(1) Survey data no1:available.
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Table 6-1 (continued)

SUNNARYOF COREHOLEDATA
P_ge Z of 2

GolI sr Appr'oxlmate Facl1lt, y Depth/
Core Hole Elevatt on Statton Coordinates Pe*,_etratton Instrument

,No. Direction (ft-HSL) (ft) (ft) -., (ft) Designation

DH-207 Up 1259.8 $697 E155 N8989.7 E7049.1 53.0 GE-246
0H-208 Down 1251.6 S698 E150 N8988.8 E7044.0 49.2 None
DH-211 Up 1270.5 $1320 E163 N8366.5 E7057.1 50.0 None
DH-212 Down 1261.7 $1320 E163 N8306.5 E7057.1 5:'.1 None
DH-215 Up 1272.0 S1960 E153 N7727.2 E7046.9 52.0 GE-247
DH-216 Down 1262.6 S1960 E153 N7727.2 E7046.9 54.2 GE-2_
DH-219 Up 1266.3 $2422 E162 H7264.9 E7056.6 51.0 None
DH-Z19A Up 1266.1 $2418 E162 N72btJ.5 E7066.2 11.3 None
DH-E20 Down 1257.4 S2421 E152 N7265.5 E7055.9 51.8 None
DH-223 Up 1255.1 $3079 E154 N6607.2 1:'704,8.5 52.6 GE-:"49
DH-224 !_own 1246.6 $3079 E154 N6607.5 E7048.5 52.5 None
DH-227 Up 1247.O $3656 E147 N6030.7 E7U41.2 51.7 None
DH-228 Down 1237.8 $3556 E147 N6030.7 E7041.2 50.4 None
DH-301 Up 1276.9 N150 ii170 N9830.5 E6724.5 50.70 None
DH-302 Down 1264.9 N150 I1170 N9830.5 E6724.5 50.6 None
DH-303 Up 1267.2 $400 Ill 70 Ng_bz.3 E,6720.1 51.4 None
DH-3O4 Down 1254.3 S40O I11170 N9282.5 26720.1 50.5 None
DH-3O6 Down 1244.1 S4(JO E1AO N9Z87.3 E7049.9 5_.0 None
DH-306A Down 1244.0 $400 2125 N9287.9 27034.6 8.5 None
DH-307 Up 1262.6 5400 E300 N9_'1_6.7 E7194.2 52.0 GE-v63
DH-309 Up 1259.8 $700 2220 N8987.1 27123.0 52.3 GE-265
DH-311 Up 1264.4 $1000 E300 N8680.3 27194.9 52.0 GE-Zb4
0H-313 Up 1270.6 S1300 2300 N8385.9 27190.6 19.6 None
DH-313A Up 1270.9 $1300 2299 N83_b.6 27169.5 50.2 None
DH-314 Down 1258.3 $1300 E30U N8386.5 27189.5 50.75 None
DH-315 Up 1272.1 $130() ii170 N8387.3 E67_'5.5 50.3 None
DH-316 Down 1259.9 $1300 ii170 N8387.2 26725.3 50.1 None
DH-317 Up 1271.3 $1600 ii33 N8077.4 Ef_75.9 50.1 None
DH-317A Up 1271.2 S1600 . ii30 N8077.5 E6879.5 5._J None
DH-317B Up 1271.2 S1597 ii30 N8080.3 E6881.U 51.(J None
DH-318 Down 1258.5 51600 ii30 N8077.3 E6876.1 50.0 None
DH-319 Up 1260.0 $700 E300 N8988.1 27191.6 51.05 None
DH-321 Up 1261.4 5400 E0 N9792.U E6891.8 52.0 GE-268
DH-323 Up 1261,2 $400 E55 N9291.7 E6952.5 52.5 GE-Z67

D0-45 Up • 1285.5 N254 E147 N9941.0 27041.3 52.4 GE-230
D0-46 Down 1276.5_ N254 E147 N9941.O E7U41.3 51.5 Hone
D0-52 Up 1280.4 N146 ii4 N9832.5 E689(J.5 51.6 GE-220
DO-53 Down 1266.6 N146 ii4 N9832.5 E6tJgo.5 49. Z None
00-56 Up 1296,8 N6Z1 EO N10311.1_ E6892.3 52.1 GE-234
D0-57 Down 1288.1 N621 EO N10311.8 E0tJ92.4 52.I None
D0-63 Up 1310.6 Nl110 EO N10796.0 26891.9 52.8 GE-243
D0-64 Down 1301.5 Nl110 EU N10790.U EbU91.t,, 5_'.8 GE-ZZ1
D0-67 Down 1296.8 N1265 Ii231.5 N10952.1 E6662.9 51.7 GE-2ZU
D0-69 Up 1310.1 N1265 ii231.5 N10951.9 26602.5 51.4 GE-Z18
D0-77 Down 1294.6 N1270 ii304.5 N10962.5 26529.6 53.4 GE-Zlb
D0-79 Up 1307.7 N1270 ii364.5 N109o2.6 26029.5 51.8 GE-Z14
D0-88 Up 1305.9 N1265 ii497,5 NlO952.tl' E639b.5 52.7 GE-212
D0-90 Down 1292.1 N1265 Ii497.5 N10952.6 26390.4 53.6 GE-ZIO
D0-91 Down 1292.1 N1275 Ii630.5 N10961.5 26263.9 51.8 GE-2U9
D0-93 Up 1304.9 N1275 ii630.5 N10961.1 E6;'03.9 52. O GE-ZU7
D0-201 Up 1262,2 $406 ii19 N9280.6 26874.9 51.7 None
DO-202 Down 1248.6 $406 ii19 N9280.6 26874.9 51.e, None
D0-203 Up 1298.2 N624 E140 N10308.b 1:'7041.7 52.0 GE-235
D0-204 Down 1290.5 N640 E140 N103(JS,5 27041,5 51.6 None
DO-205 Up 1316.5 N1410 EO N11095 E689:,' 50.7 None
D0--206 Down 1308.0 N1410 EO Nl1095 E6UgZ 50.6 None
DO-229 Up 1259,8 $401 E153 N9287 27049 50.6 None

OH-9 Up 1310 N1433 Ii231.5 Nl1125.6 86062.9 15.4 None
0H-11 Up I308 N1433 Ii364.5 Nl1125.6 E6529.6 19.7 None
OH-13 Down 1298 N1433 Ii_31.5 N111Zb.b E6002.9 9.5 None
OH-14 Down 1296 N1433 Ii364.5 Nl1125.6 E6529.6 9.7 None
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(7) other pertinent information related to core conditions and

observations made during drilling.

Included on the logs of many of the core holes is a core samplei

reference number for each distinguishable stratigraphic unit (except

anhydrite). This number (in some cases several numbers)is shown in

brackets at the en'd of the unit description. The number identifies a

specific core sample that has undergone a laboratory analysis to

determine its percentage of insolubles (clay/polyhalite). A listing of

the reference core samples and their laboratory test results for

insoluble residues are presented in Table 5-2. The reference sample

system was used to provide uniformity in the logging of the core and to

facilitate the comparison of unit descriptions with samples having a

known insoluble content. The sample number or numbers which appear on

the log are those which are visually most similar to the overall unit.

The crystal size in the reference samples may not be the same as in the

units with which they are correlated.

Each box of core was photographed and then stored in the WIPP core

library. After data from several of the core holes was collected,

correlationsbetween the holes were developed.

6.2.2.3 Summary of Results

The underground core drilling program has demonstrated the lateral

continuity of stratigraphy throughout the underground facility

horizon. Three anhydrite units were identified in the upholes and two

anhydrite units were identified in the downholes. These units are

consistently underlain by clay seams. In addition, a clay seam

designated clay I was found in most of the upholes and a clay seam

designated clay D was found in many of the downholes. Anhydrite is

commonly associated with these two seams. The remaining units consist

of halite with varying amounts of argillaceous material and

polyhalite. Individual units vary slightly from hole to hole in

thickness, crystal size, and the percentage of accessory constituents

such as argillaceous material and polyhalite. The stratigraphy
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,Ta,ble 6-,Z

Z_SOLUDLE_SXDUESor REVERE,CtCOA_S_PL_S
SANDIA NATIONALLABORATORIES

Warer=Insoluble E[JTA-I nsol ul_le f 1_
Reference Depth Sample ....Restdue --- sample Resldue
Sample Hole Interval Metght kletgh_ Percent t_etght Height Percent
Number Numbe_....__r..... (feet) _grMs) (grams) kfetght (grams) (grams) Wetght

1 I)0-62 9.0- 9.7 451.09 0.03 0.01

2 00-52 39.4 - 40.0 336.10 0.11 0.03

3 I)0-62 14,3 - 15.0 416.57 Z.15 0.62 1.61 0.72 _.72

4 D0-63 14.1 - 14.5 251.72 0,40 (1.16 0.36 U,14 38.8_ (2)

5 D0-63 4.0 - 4.3 206.53 1,26 0,62 0.80 0,28 36.00 (_)

6 00-63 23.7 - 24.1 166.36 1.26 0.81 0.96 0.5_ 61.46

7TM DH-4B 18.0- 18.35 0,22

8 D0..52 2.0 - 2.75 436.67 I 2.16 (1.49 1.32 U,91 68.94

9TM DH-12 28.15- 28.6 0.75 57.1

10TM DH-11 46.5 - 46.9 3.85 39.Z

11TM DH-12 60.05- 50.4

12TM DH-II 32.8 - 33.35 Z.36 6U.U

13 00-53 36.1 - 36.7 364.13 1,89 0,62 1,47 1,17 79,59

14 I)0-52 42.6 - 43,5 543.6?, 17.97 3.31 5.13 4,_ _9.28

15 D0-62 33.8 - 34.7 538.73 20.28 3.76 6.0,5 3.9t_ 78.81

If_ D0-52 48.7 - 49.2 316.06 16.59 5.27 5.31 4.33 lJ1._

17TM DH-lO 43.3 - 43.6 0.52 49.2

Notes:
m

(1) For description of sample preparation see Results of S!_e Va,!tdatto,n, Experiments e Waste

Isolation Ptlot Plant (MIPP,).ProJect, Southeastern NewHextco, Sectton b.4 (ref. 2-5).

(2) Small sample volume may have produced Inaccurate r_sult.

(3) Reference sample used for vtsual comparison ts Identical to the staple tested tn the

laboratory, but ts from dtffertnt tnterval w_thtn the sameuntt.
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encountered tn the core holes was used to prepare the reference

strattgraphic column discussed in subsection 6.3.1.3.'

The presence of any gas or brine detected durlng drilling Is recorded!

on the drill logs. Usually within 2 weeks of completing an alr-drllled

uphole, brine weeps or moisture halos appear at the collar of the

hole. Brine has also collected in some downholes which were dry durlng

drllllng. Observations of gas and brlne occurrences are discussed In

the followlng subsection.

6.2.3 F1uld Measurements

6.2.3.1 6eneral Descrlptlon

Ground-water Inflow measurements were taken In both the SPDV

exploratory and ventilation shafts as part of the geologlc fleld

activities for the SPDV Program. In addition; measurements in the

waste shaft and exhaust shaft were taken as part of deslgn valldatlon.

Gas and brine have been encountered in boreholes and at excavation

faces In the facility level drifts and rooms. Studies are being

performed by other WIPP project participantsto further investigate and

evaluate these occurrences.

6.2.3.2 C & SH Shaf,t .

Measurements of flutd tnflow were taken during the SPDV exploratory

shaft drtlltng operation when the drill tools were out of the hole for

a bit change. The measurements were taken by monitoring changes in the

drilling flutd level over a period of several hours. These data were

then used to estimate approximate ground-water flow rates into the

shaft.

5.2.3.3 Waste Shaft

Ground-water inflow measurements were taken in the 6-foot diameter SPDV

ventilation shaft during shaft outfitting. These measurements were

taken in the shaft sump and at the base of the Rustler formation. The

measurements in the shaft sump were used to determine total flow into
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the shaft from all ground-water sources penetrated. Periodic

measurementsto determlnewater level rise with respectto a known

point at the top of the sump were obtained during test intervals

ranging from about l.S to 90 hours. The data obtained from these

measurementswere used to calculateapproximateground-waterflow rates

into the shaft rangingfrom 0.3 to 0.9 gallonsper minute (gpm). The

averageflow ratewas determinedto be about0.6 gpm.

An attemptto measure ground-waterinflowfrom the rock strata above

the Salado formtlon was only partially successful. A collection

systemto retainground-waterinflowwas constructedat the base of the

Rustler formationby placlng plastlc sheetingacross the shaft and

attachlng lt to the wall. The quantlty of water collected In the

sheetlng And drained Into a graduated container was calculatedto

accumulateat a rate of approximately0.3 to 0.4 gpm from all sources

abovethe Saladoformation.

No directinflowfrom the Magentaor Culebradolomitemembersor at the

Rustler/Saladoformationcontact was measured. The Magenta dolomite

dld not exhibit measurable flow. Ground water from thls member

resultedIn the wettingof the wall below the dolomitefor a distance

of about 20 feet. Below thls distancethe shaftwall was essentially

dry. Therefore,lt was concluded that the Magenta was making no

contributionto the collectionsystem at the base of the Rustler

formation. Visual inspectionof the Rustler/Saladoformationcontact,

and shaft wali conditionsimmediatelyabove and below this contact,

suggestedthat the zone was making little,if any, contrlbutlonto the

water accumulatingIn the sump. Based on these results, lt was

concluded that the Culebra dolomite member was con)rlbutlngthe

majorityof groundwater reachingthe SPDV ventilationshaftsump.

The 6-footdiameterSPDV ventilationshaftwas laterenlargedto become

the waste shaft for the WIPP facility. Of the three formations

observedduringgeologicmappingactivitiesin the enlargedshaft,only

the Magentaand Culebradolomitemembersof the Rustlerformationwere
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obvious fluid-bearing zones. The Magenta exhibited only a few weeps

and generally produced very ltttle water. The entire Culebra sectton,

however, was wet, but no obvtous local concentrations of water tnflow

were observed. Wherever a ledge was present, a steady drlpptng of

water occurred. The Rustler/Salado formation contact, often considered

a fluid-producing zone, dtd not contatn any observable flutd except for

some dampness around rock bolts.

After the waste shaft ltner was constructed, ground water was observed

seeping through cracks and construction Jotnts tn it. These

observations are discussed tn Chapter 8, subsection 8.3.1.1.
+

6.2.3.4 Exhaust Shaft

A water tnflow measurement of approximately 0.4 gpm tnto the 7 7/B-tnch

diameter ptlot hole for the exhaust shaft was taken on December 1,

1983. On December 21, 1983, a water tnflow of 0.47 gpm was measured

after the ptlot hole was enlarged to 11 inches tn diameter.

After the shaft was excavated to its finished dimensions, water lnflow

through cracks and construction Joints in the liner was measured.

Measurement was made from the 2-tnch drainpipe that connects the three

water collection rtngs tn the shaft. The measured flow was 0.35 gpm in

January 1985. A grouting program, conducted in June and July 1985

wtthtn the ltned section of the shaft, reduced thts inflow to a

non-measurable quantity.

6.2.3.5 Drtfts and Test Rooms

Small amounts of gas under pressure have been encountered by some

underground boreholes and at the working face of underground horizontal

excavations. Brine ts observed +to weep locally from walls and into

some boreholes. The brine occurrences are visible durlng or

immediately after excavation or drilling and remaln moist or produce
+

fluid for a period of from several weeks to more than 3 years. The

formation of salt blisters on walls and salt straws and precipitate at
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hole cellars are common. Salt incrustations fomtng on the roof are

betng monitored at three locations: W30/S1600, [140/S2_90 and
r

[140/$2740.

The gas occurrences encounterd by boreholes are Indlcated on the

geologlc drlll logs. Pressure translent testlng and gas sampling were

performed In several holes In the roof and floor of the faclllty as

reported in reference 4-11. Only two occurrences of gas at the working

face were documented prior to the end of December 1985. In both cases,

degassing could be heard at the face for' short pertods of ttme.

The locations of major weeps occurring on walls that were geologically

mapped are indicated on the maps and a discussion of their occurrence

and structure ts presented tn reference 4-10. Sampltng of brine from

weeps for chemtcal analysts ts currently being conducted. A
4

preliminary inventory of brine occurrences at accessible locations is

presented In reference 4-15.

The flow of gas from monttored holes has been low and erratic, lt

appears to be associated with c lay seams or a result of fracture

permeability in anhydrite beds. The spattal distribution of brine

occurrences is also undefined. Although very few weeps have been

observed on the roof surface, boreholes In the roof sometimes weep

brine. The amount and duration of flow from boreholes and wall areas

varles considerably. Based on observations made during preliminary gas

testing, the brine appears to be associated primarily wtth anhydrite

beds and thetr underlying clay seams. However, brine can also weep

directly from halitlc units, as observed on the walls and roof of

drlfts and in the drum durability test pit In Room3.

Tiwo program plans have been developed to investigate gas and brine

occurrences in the WIPP underground faclllty. The programs wlll

Investlgate the origin, migration, volume and composition of the

occurrences. Work on the Brine Testlng Program (BTP) is presently
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betng conducted and wtll conttnue through 198"/, The Gas Testing

Program (GTP) ts also currently in progress.

As part of the BTP, 36 accessible boreholes containing brtne have been

monitored. These holes include the shallow holes for the Hatertal

interface-Interactions Test (MIIT) in Room J, inclinometer holes in

Test Rooms 1 and 2 (51X-IG-O0201 and 51X-IG-O0202), an abandoned

stressmeter hole (51X-NG-O0252) in Test Room2, hole LI-XO0 tn RoomLI,

nine stratJgraphJc core holes tn Room G (DH-35 through DH-42A), and

eight strattgraphtc core holes tn experimental RoomsAl, A2, A3 and B

(AlXO1, AlX02, A2XO1, A2X02, A3XO1, A3X02, BXO1 and BX02). The static

level of any brine tn the holes ts measured and recorded on a regular

basis. The brine ls then evacuated from the hole and its volume

measured.

The BTP monitoring of brine occurrences in the HIIT holes tn Room3 was

suspended at' the end of Aprtl 1985 due to interference with

experimental activities tn the room. Honttortng of the remainder of

the boreholes listed above continues. As new monitoring locations for

the BTP are identified, they wtll be added to the program.

An inventory of all boreholes drilled in the underground facility has

been assembled. Data contained in the inventory include hole location,

diameter, depth, present status, drllllng fluid used, and any

observations on the occurrence of gas or brine. Over 1400 holes are

presently listed, most of which contain geomechanlcal instruments or

are otherwise inaccessible. The llst wlll be used to locate accessible

boreholes that may be suitable for use in the gas and brine testing

programs.

6.3 DESCRIPTIONOF FACILITY GEOLOGY

6.3.1 Stratiqraphy
i

The stratigraphy within the WIPP underground facility horizon has been

determined through vertical core hole drilling and geologic mapping of
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the excavation walls. A description of the general'lzed stratigraphy

and evidence for stratigraphlc continuity is presented in the fo110wJng '

subsections. Figures showing the stratigraphy wlthln the NIPP
i

underground faclllty horlzon are presented In Appendlx B.

6.3.1.1 I_eneraltzed Stratigraphy

The WIPP underground factlity horizon consists primarily of haltte

containing .varying amounts of polyhalite and clay. Thts halite ts

interrupted by 5 anhydrite beds, 12 clay seams and 6 argillaceous

layers. Figure 6-2 contains a generalized strattgraphtc column showing

the relationship of these materials. Detailed descriptions of the

individual units (except clay seams) are presented tn Table 6-3.

Figure 6-3 shows the individual clay seams and their descriptions.

Because of the difference tn the behavior of haltte and anhydrite, the

five anhydrite beds represent significant boundaries above and below

the horizontal underground openings. Three of the beds, abouth 1 1/2

to 12 inches thick, occur approximately 7, 14 and 35 feet above the

roof of the storage level drifts and rooms. The remaining two beds

occur beneath the floor of the drifts and rooms. The most significant

of these two beds ts HB-139 which occurs approximately 3 1/2 to 4 1/2

feet below the floor of the storage level and varies from 2.5 to 4 feet

In thickness. The remaining bed occurs about 32 feet below the storage

level and ts approximately 4 inches thick. Thtn clay seams underlie

all of the anhydrite beds.

Fifteen 11thologic units have been identified during geologtc mapping

within the fac111ty level drifts, rooms and waste experlmental area.

The majority of these units are halite containing varying amounts of

polyhalite and argillaceous material, usually less than 2 percent. The

remaining units consist of 2 anhydrite beds, 2 argtllacelous halite

units and 1 polyhaltttc halite unit. Each of the 15 mapped units has

been assigned a numerical designation as shown on Figure 6-2 and=

contained tn Table 6-3.
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Table 6-3

DESCRIPTIONOFGENERALIZEDSTRATIGRAPHY

Page1 of 3

Approximate
0t stance From ,

. Cl_ G (Ft) ..... _Strattgraphtc Un!t.. Description
55.') to 57.3 Argillaceous haltte Clear to moderatebrown, medtumto coarsely crystalline.

<1 to 31;brownclay. ]ntercrysta111no and discontinuous
breaks. ]n onecore hole, consists of a 1 tn. thick clay
seam. Unit can vary up to 4 ft thickness. Contact with
lower unit is gradattonal.

46.5 to 55.Z Halite Clear to moderate reddish orange andmoderatebrown,
coarsely crystalline, somemedium. <1% brownclay, locally
argillaceous (clays H-1 andH-Z). S_attered anhydrite
stringers locally.

4Z.8 to 46.5 Polyhalttic halite Clear to moderate reddtsh orange, somemoderate brown,
. coarsely crystalline. <1 to 31;polyhalite. Noneto 11;

brown and somegray clay. Scattered anhydrite locally.
Contact wtth unit below ts fairly sharp.

38;0 to 4Z.8 Argillaceous haltte Clear to moderatpbrown, mediumto coarsely crystalline,
• sem fine. <1 to bl&brownclay. Locally contains 1U%

clay. Intercrystalline and scattered breaks, Locally
contains partings and seams. Contact with lower unit fs
gradattonal basedon increased clay content. Averagerange
of unit is 38,0 to 4Z.8 ft aboveclay G but does vary from
33.8 to 46 ft.

34.0 to 38.0 Halite Clear to moderate brown, somemoderate reddish brown,
coarsely crystalline, someftne andmedtum. <11; brown
clay, trace gray clay locally. Scattered breaks. Locally
argillaceous. <11; polyhalite. Contact wtth untt below is
gradattonal basedon clay and polyhalite content.

30.1 to 34.0 Halite Clear to moderate reddtsh orange, coarsely crystalline. <1
' 1;o31;polyhalite. Commonlypolyhailttc. Scattered

anhydrite stringers with anhydrite layers up to i/Z tn.
. thick locally.Scattered brownclay locally.Contact with ,

MB-138below is sharp.

_g.4 to 30.1 Anhydrite (HB-138) Light to mediumgray, mtcrocrystalltne, Partly laminated,
Scattered hallte growths. Clays seamK found at baseof
untt.

25.0 tO Z9.4 Argillaceous haltte Clear to moderatebrown, somelight moderate reddish
orange. Hedtumto coarsely crystalline. <l to 31;brown
clay, somegray. Locally up to 51;clay. Clay is
Intercrystalline with scattered breaks and partings
present. < 1/_ dispersed polyhalite. Contact with lower
unit fs gradattonal basedon clay content. Upper contact
ts sharp with clay K.

23.0 to 25.0 Halite Clear, so_ llght moderate brown, coarsely crystalline.
<1/21; brownclay. _.ontact with clay J below varies from
sharp to gradattonal depending if clay J is a disttnct seam
or merely an argillaceous zone.

21.0 to 23.0 Argillaceous halite Usually consists of scattered breaks or argillaceous zone
contalnln9<1 to 31;brownclay. In C & SH shaft,it is a
I/;!in. thickbrownclay seam.

" 16.7 to 21.0 Halite (Map Unit 15) Clear, coarsely crystalline, scattered medium. Noneto <11;
dispersed polyhalite and brown clay. Scattered anhydrite.
Lowercontactis sharpwithclay I.

IS.8to 16.7 Halite(Map'Jnit14) Clearto grayishorange-plnk,coarselycrystalline,some
medium.<I/21;dispersedpolyhalite.Scattered
discontinuousgrayclay stringers.Clay I isalongupper
contact. Contactwith lowerunit isdiffuse.

II.5to 15.8 Halite(MapUnlt 13) Cleartomoderatereddishorangeand moderatebrown,medium
to coarselycrystalline,sumeflne. <ll;brownclay,
locallyup to 3. Traceof grayclayT Scattered
discontinuousbreaks.<1% dispersedpolyhaliteand
olyhaliteblabs. Contactwithunitbelowis gradatlonal
asedon clayand polyhalitecontent.
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Table 6-3 (continued)

DESCRIPTION OF GENERALIZEDSTRATIGRAPHY

Page 2 of 3

Approxtwte
01stance Frm
Clay G (Ft) Strattgraphtc Untt Description*
7.5 to 11.5 Polyha]tttc ha]lte Clear to mderate reddtsh orange, coarsely crystalline.

(flap Untt 121 <1 to 3% dtsltersed polyhalite and polyhalite blebs.
_bcattered anhydrite stringers. Contact ts sharp wtth untt
below.

6.8 to 7.5 Anhydrite "a m Light to Idtlm gray, llght browntsh gray and somttmes
• (Nap Unlt 11) 11ght moderate reddtsil orange. Hlcrocryste111ne. Haltte

growths wlthtn. P|rl;ly laminated. Clear, coarsely
crystalline haltte layer, up to 2 tn. wtde, found wtthtn
exposures tn waste expertmntal area. Thln gray clay seam
H at base of untt.

5.5 to 6.8 Heltte (Nap Untt lO.) Clear to moderate redd|sh orange/broom, f/ne to coarsely
crystalline. <iS brown and/or gray c]ay and dispersed
polyhalite. OTsconttnuous clay stringers locally. Contact
with ]ower unit fs dtffuse based on crystal stze and
varytng Imounts of clay and polyhalite.

0.2 to 6.5 HalSte (Nap Untt g) Clear to ltght mder|tely reddtsh orange, coarsely
crystelltne, some medttm. None to<lS polyhallte. Trace
of gray clay locally. Scattered anhydrite stringers.
Contact wtth untt below ts sharp.

0.0 to 0.2 Anhydrdte "b" Light to mdtum gray, mtcrocrystelltne anhydrite.
(flap Untt 8) Scattered hallte gro_hs. Thtn gray city seam G at base of

, untt.

0.0 to -2.2 Haltte (Nap Untt 7) Clean to ltght/Idtw gray, so_ mderate reddtsh
orange/brown. Coarsely c_stalltne, sowe ftne and tdtum.

<1 brown and gray clay. Locally up to L_&clay. <lt
_tspersed polyhalite. Upper contact ts sharp wtth clay G*
Contact wtth lower untt ts gradattonal.

-2.2 to -7.0 Haitte (Nap Un|t _) Clear, sora wmderate ¢eddtsh orange, coarsely crystalline,
: some ftne to wdlum locally. <1/23 gray clay and

polyhalite. Contact wtth lo_r untt gredattonal and/or
dtffuse.

-7.0 to -9.0 Haltte (Nap Untt 5) Clear coarsely c_stalltne. < 1/2. gray clay. Contact with
lower untt ts usually sharp with clay F.

-9.0 to -11 4 Argillaceous hallte Cieer to moderate brown and mderate reddtsh brown, coarsely
(flap Untt 4) crystalline. <1% polyhalite. <1 to _ argillaceous

mtertal; pnmdamtnantly brown, some gray, locally.
Intercrystalline and discontinuous breaks and partings
comon tn upper part of unit. 0ecreastng argillaceous
content downward. Contact wtth lower unit ts gradattonal.

-]1.4 to -13.7 Hallte (Hap Untt 3) Clear to moderate reddtsh orange, coarsely crystalline.
<1 _• dispersed polyhalite and polyhalite blabs. Locally
_olyhaltttc. Scattered gray clay locally. Contact wtth
lower untt fs sharp.

-13.7 to -14.0 Argillaceous hallte flnderate reddtsh brown to Idtum gray, medttm to coarsely
(flap Untt 2) crystalline. <1 to 37, argillaceous Ntertal. Contact wltho

lower unlt Is usually sharp.

-14.0 to -14,5 Haltte (Nap Untt 11 Ltght reddtsh orange to _derate reddtsh orange, medttm to
coarsely crystalline. <lS dispersed polyhalite. Contact
wtth l_r untt ts shar_.

-14.5 to -22.0 Haltte (Map Untt O) Clear to mderate reddish orange/brown, moderate brown and
gr_ytsh brown, fledtum to coarsely crystalline. <1 to
argillaceous mtertal. Prodmlnantly brown, some gray,
t ntercrlysta] 1tna argt 1laceous Ntertal and dtsconttnuous
breaks and partings. Upper two feet of untt ts
argillaceous haltte decreasing tn argillaceous mater_-I
content downward. None to<lS polyhalite. _ontact wt_h
lower untt ts gradatlonal based on polyhalite content.
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Table 6-3 (cent1 nued)

DESCRIPTIONOF GENERALIZEDSTRATIGRAPHY +

Page 3 of 3

Approximate
Dt stance From ,
Clay G (Ft) Strettgraphtc Unit Description

-2Z.0 to -25.3 Polyhalttic haltte Clear to moderate reddish orange. Coarsely crystal]tna,
some medtum locally. <1 to 3%polyhalite, Scattered
anhydrite. Scattered gray clay locally. Contact wtth
lower unit (146-139) ts sharp, but commonly Irregular and
undulating. Trace of greylocally present along this
contact.

-25.3 to -28.1 Anhydrite (148-139) Moderate r_eddish orange/brown to ltght and medium gray,
mtcrocrystalltne anhydrite, "Swallowtail" pattern,
consisting of halite growths wtthin anhydrite, commonin
upper part of untt. Locally, hairline, clay-filled,
low-angle fractures found tn lower pert of unit. Thin
halite layer commonclose to lower contact. Clay seam E

. found at base of untt. Upper contact ts Irregular,
undulating and somtlmes contains<l/16 in. gray clay.

-28.1 to -31.2 Hallte Clear to moderate reddish orange, and 11ght gray. Coarsely.
crystalline, so_ ftne and medtum. <11; polyhalite and
intercrystalline gray clay. Contact-with lower untt ts
gradations1 based on increased polyhalite content.

-31.2 to -36.0 Polyhallttc haltte Clear to moderate reddtsh orange, coarsely c_stalltne. < 1
to 3_ polyhalite. Contact with lower untt is usually sharp
along clay O.

-36.0 to -37.8 Haltte Clear to moderate reddish orange, some ltght gray, Hedtum
to coarsely crystalline. <1_; polyhalite and gray clay.
Contact wtth lower untt ts"gradattonal based on Increased
polyhsl tta Content.

-37.8 to -42.7 PolyhalLttc haltte Clear to moderate reddish orange/brown, coarsely
crystalline. < 1 to 3_ polyhalite. Trace of clay locally.
Scattered anhydrite locally. Contact wtth lower untt is
gradations1, based on decreased polyhalite content.

-42.7 to -47.3 Halite Clear to moderate reddtsh orange, medium to coarsely
crystalline. < lZ dispersed polyhalite. <17; brown and/or
gray clay. Contact with lower tntt is gredattonal and/or
di ffuse.

-47.3 to -53.3 Polyhallttc ha!tte Clear to moderate reddish orange. Coarsely crystalline
with somemedium sometimes presentt close to lower contact.

<1 to 3_; polyhalite. Scattered anhydrite especially common
close to anhydrite "c"+ Lower contact is sharp with
anhydrite "c".

-53.3 to -53.5 Anhydrite "c" Light to medtumgray, mtcrocrystal]lne anhydrite.
Scattered haltte growths. Fatntly laminated locally. Clay
seam 6 found at base of unit.

-53.5 to -65.7 Halite Clear to medium gray and moderate brown. Hedium to
coarsely crystalline, some fine locally. <_1%polyhalite,
locally polyhaltttc. <1 to 3_ clay, both Brown and gray.
lnterc_sta111ne clay with discontinuous breaks and
partings. Zones of argillaceous haltte found wtthln unit.
Seams of clay mtxed with halite crystals present locally.
Upper contact of thts unit is sharp wtth clay B.

* Descriptions are based on examination of drtll core and exposures of untts tn shafts and other
underground opentngs.
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Mep units 1 1;hrough 6 occur wtthtn the storage level drifts and rooms.

Unit 1 is a distinct, relatively thin, orange-colored unit commonly

referred to as the 'orange marker bed". This unit is continuous

throughout the facility level excavations. Ouring excavation, it was

used as a marker to help keep the underground openings wtthtn the

proper stratigraphy. The descriptions for map unt.ts 7 through 15

represent the lithology most frequently encountered tn the drifts and

rooms In the waste experimental area. Minor variations in these

llthologtes occur at various locations but they are not of sufficient

difference to _}ustlfy their inclusion in the generalized descriptions.

6.3.1.2 Strattgraphic Continuity

The results of geologic mapping and core hole drilling in the

underground facility have confirmed the lateral extent and

stratigraphlc continuity of the geologic units within the underground

facility horizon. Strata exposed In the drifts have been traced

continuously for 4,500 feet tn an east-west direction and more than

5,000 feet tn a north-south direction. North-south and east-west

correlations between the vertical core holes have also demonstrated the

continuity of the stratigraphlc units above and below the facility

level. Figures B-4 through B-9 in Appendix B show the correlations of

strattgraphic horizons that have been made based on core hole data.

These figures also demonstrate the slight southern dip of the units.

Figure B-5 shows a slight thinning of units to the south by about 5

percent. Figures B-1 and B-2 show a larger correlation of

strattgraphic horizons between boreholes WIPP-12 to the north and DOE-1

to the south. The five anhydrite beds shown on Figure 6-2 are

laterally continuous across the WIPP site.

Although the general character of each stratlgraphic unit remains

constant throughout the underground facility horizon, minor variations

occur. Some thin clay seams are discontinuous and some halite units

thin locally or pinch out. The disruptions of some of these units are

localized phenomena thought to result from syndepositlonal processes.

Both lateral and vertical variations in the argillaceousand polyhalite

6-29



!1'1:_ •
",,I1',:l

, I11-"lli:!l
!.I

, I ,,'I

,!.'
• II

_ ,,,,li,I,
_P

_1 II I II I ii I I I I Hl i" I I

L,, .....li"' _ ' ' _,'

I; . ! i!i o'_,, : :_'

=

," T

d d d ,d d z_

,lI, II, ] ,II,'" Illllll, ..... III! _]llll III Ii,IiI ' ' 'r i,., iII,llnl _""
>;,:,' i ',,'i '"',;I _',',',"l'.lll i ll:_ ,i< l,,,i I ,1' ,li

_;';I I !;11 III,,,,_,l Hll,,,,I_'_'l__...I ,. ,,,, ,,,

:I_'_I la 'I ; I; i ;I I "_

6-30





content of the halite units are common. The size of halite crystals

varies from fine to coarse both laterally and vertically within

Inldvldual units. Although the anhydrite is mlcrocrystalllne,the beds

vary laterally in color, thickness and polyhalite or halite content.

The upper surface of MB-139 is undulatory wlth amplitudes of up to 12

inches.

The halite around the underground openings exhibits slightly varied

behavior in response to excavation at different locations. This may be

due to minor variations in crystal size or clay content. The clear

halite in the roof of the El40 drift south of the waste shaft exhibits

more spalllng than is apparent in similar halite in other areas of the

underground openings. Spalllng along the upper portion of map unit 4

occurs in many of the facility level drifts and rooms. In the

locations where this unit contains abundant argillaceousmaterial, the

spalllng appears to be more pronounced. This behavior is discussed in

Chapters lO and II.

6.3.1.3 ReferenceStratigraphy

A meeting was held on November 15, 19?g, to determine a reference

stratigraphy for the WIPP site. This was titled the "November '79

Reference Stratigraphy"and was based on data obtained from exploratory

boreholes. The purpose of the reference stratigraphy was to provide

input data fnr thermal/structuralaoalyses of shafts, drifts and rooms

at the WIPP that could be referenced by all structural analysts and

updated as more data became available.

The "November '79 Reference Stratigraphy"was revised in July IgBl and

again in September 1983 as more data were collected from construction

activities and underground core holes, The 1983 revision was titled

=September '83 Reference Stratigraphy". This revision was based on the

evaluation of 39 core hole logs and the geologic mapping performed in

the SPDV exploratory and ventilationshafts.
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The evaluatlon determlned that the strata are falrly horlzontal but dlp

sllghtly to the south. Based on a statlstlcal analysls, the entlre

stratlgraphlc sectlon was found to vary In elevatlon In a regular

manner, but Indlvldual unlt thlcknesses and the relatlve separatlon

between unlts were found to have no statlstlcally slgnlflcant varlatlon

between the northern and southern llmlts of the underground fac111ty

horlzon (r_f. 5-3). . '

Figure 6-4 shows the reference stratlgraphy developed by thls

statlstlcal analysls. Thls stratlgraphy conslsts of I polyhallte bed,

2 arg111aceous hallte unlts, ? anhydrlte beds, 12 clay seams, and

hallte as the remalnlng constltuent. Thls reference stratlgraphy

extends approxlmately 165 feet above and below the fac111ty level. The

locat4on and thickness of the vartous untts were adjusted by averag4ng

values determined from the core holes. Geologtc maps of the SPDV

exploratory and ventilation shafts and the log of borehole ERDA-9were

used fo.r untts outstde the WIPP underground factltty hortzon. The
uniformity of the rock tn the core holes and shafts, the lack of a

statistically significant variation tn untt thicknesses and elevation,

and the expected small Influence of any differences on structural

behavtor resulted tna dectston to use the same reference stratigraphy

throughout the stte.

Subsequent to the development of the September 1983 reference

stratigraphy, additional core holes were drtlled and logged, the

ventilation shaft was enlarged to the waste shaft, the exhaust shaft

was completed, and both of these shafts were geologically mapped.

Based on additional data from these activities, a generalized

stratlgraphtc column of the underground factllty hortzon was developed

(Ftgure 6-2 and Table 6-3). Thts stratlgraphtc column does not vary

significantly from the earlter 1983 reference stratigraphy. Therefore,

the 1983 reference stratigraphy continued to be used for model

calculations.
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6.3.2 ],_L_!gJ_qg_L

The Salado formation is predominantly halite, but other evaporite

mtnerals and argillaceous materials are present that may locally

compose up to' 50 percent of the salt. Anhydrite, an early-precipitated

evaportte mtneral, is found tn beds (usually less than 5 feet thick)

which are typically underlain by a clay seam (1/16 to 3/4 inch thick).

Polyhallte, a late-forming evaporlte mlneral, is commonly found as an

accessory mineral In the Salado formatlon. Clay and silt may be found

disseminated through the haltte or tn thin seams, partings, or breaks.

Following ts a description of the major ltthologtes occurring within

the underground facll,tty horizon,

Clear Ha!it.@. These units consist of haltte wtth only trace amounts of

Impurltles. The hallte Is predominantly medium to coarsely crystalllne

and clear to very ltght gray or moderate reddish orange. Less

commonly, tt occurs as ftnely crystalline, opaque, very light gray

halite wtth a sucrose texture. Trace impurities of clay and/or

polyhallte are generally dispersed in the halite. Scattered very light

gray to white anhydrite or magnestte stringers may be present.

polyhaltt!c Halite., These units are composed mainly of medium to

coarsely crystalline halite with accessory amounts of polyhalite. As

the polyhalite content increases, the color of the rock changes from

transparent ltght orange-pink to translucent moderately reddish

orange/brown or dark reddish brown. The polyhalite occurs primarily as

Interstitial blebs or patches and, less. commonly, in stringers about

1/4 to 3/4 lnch thick.

Argillaceous Haltte. Six argillaceous haltte units, three above and

three below clay G, occur within the underground facility horizon.

Generally, these units consist of medium to coarsely crystalline and

some flnely crystalline halite wlth from less than l to as much as 5

percent silty clay. The clay is predomln_'ntlybrown in color wlth some.

gray. lt is commonly intercrystalline or forms scattered breaks or

partings. Discontinuous clay seams are present locally. The percent
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of clay is a visual estimate; laboratory measurements of Jnsolubles

(ref. 6-5) were used as a reference.

The contacts between these units and the surrounding materials vary

from gradattonal to distinct. Clays F, K and L occur at the upper

contact of three of these argillaceous untts. The three units below

clay G are exposed tn the underground drifts and rooms. These are

geologtc map units 2 and 4 and the upper portion of map unit 0 (Figure

6-2). They are exposed continuously throughout the opentngs except tn

the waste experimental area which is stratlgraphically higher. Hap

unit 2 is very thtn and abseqt tn places.

No significant moisture !s associated wtth these argillaceous haltte

layers. Commonly, they are s11ghtly moist Immediately after excavation

, and locally develop brine blisters on the walls of the underground

openings,
4

AnhYdrite. These beds range tn thickness from a few inches to a few

feet. Because they are readily identified, the anhydrite beds tn the

vicinity of the factltty level have served as reference units.

Three anhydrite beds, 0.15 to 1.05 feet thick, are present above and

two beds, 0.3 and 2.5 to 4 feet thick, are present below the facility

level (Figure 6-2). All of the beds are laterally continuous and each

ts underlain by a thin clay seam. Locally, very thtn anhydrite seams

are associated wtth identified clay seams and scattered anhydrite

stringers are commontn several of the halite units. The anhydrite Is

mtcrocrystalltne and commonly ranges from a very ltght gray to medium

gray-green color, although tt ts sometimes a moderate reddtsh to

pinkish color. Haltte growths are common, especially wtthtn HB-139.

Anhydrite "a" commonly contains a clear halite seam up to 1 1/2 inches
thick.

HB-139 ts the thickest anhydrite untt wlthtn 1;he underground faclllty

horizon and ts the most vartable tn color and composition. It ts
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described here t n detatl because of its Importance tn the defomattonal

behavior of the underground openings, particularly the test rooms

(Chapter 11).
, +

+

MB-139 ranges from 2.5 to 4 feet thtck, For mapptngpurposes, tt has

been dtvtded into two subuntts (Appendix G, Figures G-10 through

6-34). Subuntt A corresponds to Zones I, II and III described tn

reference 6-6. Thts subuntt consists predominantly of reddtsh

polyhaltttc anhydrite and anhydrite mixed wtth ltght to medtum gray

anhydrite. Pods+ lenses and seams of ltght to very ltght gray

anhydrite are crlmmon.lyscattered throughout the subuntt. Irregular

haltte growths, ranging from less than' 1/1_ to more than 25 square

inches, are common, especially in the upper half of subuntt A.

Commonly,a 1- to 2-tnch thtck seam of moderately reddtsh-oranger to

gray polyhaltttc anhydrite with scattered halite and polyhaltttc haltte

growths occurs along the upper contact. This corresponds to Zone !

described tn reference 6-6. Swallowtail growth patterns and hopper

crystals are occasionally present tn the upper 12 inches of subunit A,

commonlywithin an upward undulation of the marker bed. Halite-filled

fractures are found in places within the undulations. Scattered within

the reddish polyhalittc anhydrite ts an Irregular and sometimes

discontinuous layering of light gray anhydrite, which varies from less

than 1/8 inch to 1/2 tnch thick. Podsand lenses of gray anhydrite are

often faintly aligned, although discontinuously, with the general trend

of the layering. These pods and lenses are most prevalent in the lower
half of subuntt A.

Subunit B cori'esponds to Zones IV and V tn reference 6-6. Its contact

with subuntt A Is dtffuse and based mainly on a change in color.

Subuntt B consists of light to medium gray anhydrite. Some core

samplesexhibitlayeringwhich faintlyfollowsthe generaltrendof the

layering in subunltA. Halite growths are present, but to a much

lesserdegree than in subunltA. Usuallythe lower 4 to B inchesof

the subunltIs faintlylaminatedand containsa few halitegrowths. A

subhorlzontalhalite layer, usually less than I/8 inch thick, Is

occasslonallypresentcloseto the lowercontact.
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The upper contact of HB-139 ts undulatory. The lower contact is

underlain by clay E. Thts clay ranges from 1/4 tnch to 1 1/2 inches

thick. It ts often sltghtly moist and sometimes wet.

Clay Seams. Characteristics of the clay seams within the underground

factltty horizon are shown on Figure 6'3 and summarized in Table 6-4.

These tnclude qualitative and/or quantitative characterizations and

descriptions of the clay seams tn terms of the following:

(1) color;

(2) thickness;

(3) molsture;

(4) grain stze;
(5) _:_nststency/plasttctty;

(6) planar trend; and_

(7) conttnuity/unt formt ty.

Thls information has been gathered through a review of core hole logs,

geologic mapping and Inspection of existing exposures.

The clay seams underlying anhydrite beds usually vary from less than

1/8 lnch to 3/4 Inch tn thickness but may range up to 1 1/2 inches

thick, as Is commonfor clay E. The other, less continuous seams are

usually less than 3/4 Inch thick but may be as much as 2 inches thick,

as ts clay L tn the C & SH shaft. Clay H-1 was as much as 3 1/2

inches thick tn one hole but tt consisted of a mixture of clay and

hal'_te crystals at this location.

GenerallYo the seams consist of clay wtth some silt. The clay varies

frorr gray to brown tn color. Only fteld classifications of the clay in

core and underground expos_lres have been performed. These

classifications lndlcate that the seams generally consist of soft to

= hard, medlu_ plastlc material. Locally, ftne to coarse halite crystals

are present In some of the seams. Clays F and H-1 commonly contain

--

6-37 _





6-39





more halite mixed with the clay/silt fraction. Clay F also appears to

be more silty and less plastic than the other seams.

6enerally, the clay seams,are slightly moist in thetr in ,sttu state

However, some of the seams are wet and exhibit some brtne weeping in

places. This was observed for clays E, G, H and K In,some core holes.

The clay seams in some of the holes where brine was used as a drilling

fluid were observed to be moist. This was probably due in part to the

drilling fluid. In contrast, clay seams were ob,_,ervedto be dry in

many of the core holes drilled using air circulation. It is expected

that, in the in situ state, these seams contain a slight amount of

moisture whlc)iwas evaporated as a result of the drilling method. Some

moisture can be seen along exposures of clay H and clay 6 in the waste

experimentalarea. More moisture is evident along clay 6 and some Salt

blisters have accumulated locally along this seam. The clay seams

exposed in the undergroundopenings are generally slightly moist during

and immediately after excavation. Some seams h)ve continued to expel

moisture long after excavation. Often, howevfr, they dry out at the

surface within a few days after their exposure,

Clays 6, H and I, exposed in the waste experimentalarea, commonly

contain white specks which may be salt resulting from the air drying of

, the clay. The clay usually has a slightly salty taste. These white

specks are soft, can be easily crushed between the fingers,and have a

slightly bitter taste.

The consistency of the clay encountered in the core holes and

excavations is related to its moisture content. When wet or moist, the

clay is generally soft to medium stiff and can be picked out with the

fingers and molded into a ball in the hand. When the clay is only

slightly moist or dry, it is stiff to hard and is difficult to work in

the hand.
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6.3.3 .Structure

6eologtc mapping of the underground openings has not identified any

faults, Joints, significant folds, or other structural disruptions that

. ttcould affect the suttabtlt ,_ of the WIPP facility for storing
' '' "(''l _ t ,,

radioactivewaste. Ver.v_!_)_lscale (approximately] foot), locallzed

disruptions of the beddlr_l_,Ve,_ieenencountered. These are attributed

to penecontemporaneousprocesses.

Detalled correlations between vertical core holes, combined wlth the

results of geologic mapping in the drifts and test rooms, Indlcate that

the strata wlthln the qnderground facility horizon are deformed

slightly into a slnusoldal shape. Figure B-4 in Appendix B depicts

this shape, but greatly exaggerates the amplltude of the deformation.

The amplitude of the fold is approximately 10 to 15 feet and its

wavelength is approximately 2,000 to 3,000 feet. The fold Is

superimposedon a gentle southwarddip.

The deformation of the strata Is post-depositlonal in origin. Whlle

undulations of deposltlonal surfaces are common, all of the strata in

the interval from 50 feet above to 50 feet below the facility level

exhibit parallel undulations. This consistency in folding over a

relatively large interval containing numerous depositlonal sequences

suggests_that the beds were deformed after deposition. The folding is

a minor feature which does not adversely affect the suitability of tbp

faclllty for waste storage.

" 6.4 PROPERTIESOF HOSTROCKS

As discussed tn subsection 6.3.2, the underground facilltty hor'izon is

/

composed of halite containing beds of argillaceous halite, anhydrite,

= polyhalite and thin clay seams. Laboratory tests were performed to

determine the constitutive equations and material property constants

for these host rocks (ref. 5-3). Subsections 6.4.1 and 6.4.2 present

the properties of the host rocks based on laboratory and in situ data.

In situ closure measurments were also used to 'back calculate" the

creep parameters for halite.
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6.4.1 Laboratory Tests

Laboratory tests were performed on core samples from surface boreholes

at the WIPP stte prior to the initiation of underground excavation

(ref. 5-3). Matertal property constants determined from the laboratory

tests are presented in Tables 6-5 through 6-7. Table 6-5 shows the

elastic constants for haltte, argillaceous halite, anhydrite and

pal yha1t te.

The fatlure criteria for both anhydrite and polyhalite were defined

based on the results of the laboratory tests. One such criterion is

Mohr-Coulomb, which defines failure in terms of friction and cohesion.

Failure means that the matertal is unable to hold a devtatortc stress

beyond a certain value. Once this value is reached, the material

starts yielding. However, the Mohr-Coulomb criterion ignores the

effect of intermediate principal stress on failure. In terms of

principal stresses at failure,

1

(a 3 - al) = 2e° cosB - (o 3 + a1) stnB (6-1)

where: e and B are Mohr-Coulomb parameters; ando

o1 and a3 are principal stresses that are positive in tension.

Because the process of yield must be independent of the choice of axes,

the failure criterion must be independent of the choice of axes and

should be expressed in terms of stress tnvartants. The Drucker-Prager

yield criterion is expressed as follows:

/jT = c - aJl "' (6-2)

1 V -' where: / Is the second stress invariantand is equal to _ /3; and

_I is the first stress invariant:

_I = _I . _2 . _3 (6-3)

- 2 2 I/2
4 = ! [(41 - 42)2 + (42 - a3) + (a3 - aI) j (6-4)

/2
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Table6-S

ELASTIC CONSTANTSDETERMINED_FROMLABORATORYTESTS

- ,,,i i i ,,, , i ,, ,, ,,.

E _

MATERIAL (ksf)

Hallte 647,450. 0.25

A_t 11aceous hallte 647,450.. 0.25

Anhydrite 1,568,500. 0.35

Po1yha1t te 1,155,000. 0 36

j i

Note:

= elasttc modulus

- Polsson's ratto

Table 6-6

FAILURECONSTANTSDETERMINEDFROMLABORATORYTESTS

ULTIMATE YIELD

e o 13 a c eo 13 a c
MATERIAL (ksf) (o) (ksf) (ksf) (o) (ksf)

, , ,,,,, ,., , , ,= ,. ,

Anhydrite 627. 37.0 0.279 752. 564. 29.0 0.226 689.

Polyhalite 395. 51.0 0.395 414. 359. 46.5 0.361 403.

6-44
_



Table 6-7

CREEP CONSTANTS DETERMINED FROM LABORATORYTESTS

PRIMARY CONSTANTS SECONDARY CONSTANTS
,,

A B _* _ sec ) (kcal/mole)MATERIAL (sec-I) (ksf-4• -I n O
i, i- ,,, , ,l

Ha'llte 4.56 127 5.39xi0-B 4.96xi0-13 4.g 12.0

Standard
Error 1.05xlO-13 0.27 0.65

Argi 1laceous "
gallt, e 4,56 127 5.39x10 -B 1.49xi0-12 4.9 12.0

i
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For anhydrite, however, the ulttmate strength decreases somewhat wtth

the change 4n stra4n rate. That 4s, a 10 percent decrease occurs as

the l;tratn rate ts decreased from 10-4 se_-1 to 10-6 sec"1.
i

For polyhalite, the ulttmate strength ts assumed to be Independent of

the strain rate. Table 6'6 shows the fatlure constants for anhydrite

and po1yha 11re.

Table 6-7 shows the creep constants for hallte and argillaceous

hallte. Although the data for most tndtv4dual creep tests are

Internally consistent, steady-state creep rates obtatned from different

specimens tested under the nominally same conditions may scatter by an

order of magn4tude. Nevertheless, statistical analysts has resulted tn

a "best ftt" to the data. Table 6-7 also shows the dev4atton of the

secondary creep constants for haltte. It was concluded that when such

large deviations or uncertainty extst, calculations using mean values

are apt to be meaningless and the destgn process requtres considerable

Judgement (ref. 6-7).

Based on laboratory tests, the fallure crlterlon of hallte can be

descrlbed uslng a fallure functlon ¢, such that when ¢ becomes

posltlve, ha]lte no longer supports any devlatorlc stress, The

functlon liIs assumed to be:

m

¢ - , - 0.023 - f(p) (6-5)

m

where: _ Is the effectlve creep straln (see Appendlx C) and the

functlon f(p) Is expressed as:

0.132 for p > 125.26 ksf

f(p) - (6-6)
p(a - bp) for p < 125.25 ksf

where: p, the pressure In ksf, Is expressed as
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p =- _01+ °2 +_3 (6-7)
3

and ts positive in compression; and

a and b are equal to 2.122x10 -3 ksf -1 and
-6 -2

8.487x10 ksf , respectively (ref. 5-3).
i

i

lm

Equation 6-5 indicates that tf c > 0.023 + f(p) at any point in the
haltte, yteldtng wtll be initiated at that point. For p greater than

120 ksf, the fatlure effective strain is about 0.16.

Laboratory test results have also shown that a clay seam will be active

for a frictional coefficient of 0.4, and that clay seam separation Is

unlikely unless the seam is very near the opening.

The average unit weight of the salt within the reference stratigraphy

interval was determined to be 143.6 pounds per cubic foot (pcf) (ref.

5-3).

6.4.2 In Situ Data

In situ data was gathered from geomechanical instruments at various

underground location!' The creep law shown by equation C.4-1 in

Appendix C was used to fit the in sltu data and to determine the creep

parameters. The MARC General Purpose Finite Element Program (ref. 6-B)

was used for the numerical computation based on the theory discussed in

Appendix C. Table 6-8 shows the primary and secondary creep parameters

determined from test room In situ data. Chapter II presents a more

detailed discussion of the procedures used for computing these

parameters.

Secondary creep parameters were also computed using in situ data from

the C & SH shaft. The secondary creep parameters computed from

horizontal deformations in the C & SH shaft and in the test rooms are

reasonaOly close. The parameter based on test room wall-to-wall
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Table 5-8

CREEPPARAHETEREDETERHINEDFROHIN SITU DATA
,'

iHi II ii 1 llIN i li i ill i il , ,. ,,, ,,., ii _ iii, ,,ll l,i,' ,

' PRIMARYPARAMETERS SECONDARYPARAMETER
, i _ lIN,llil, ii J i .1 ,,i.i i ill i

A z C
MATERIAL' ( sec-1 ) (ksf "4'9 sec-1 )

, H Jl l|m. i i i ,.l,i, i , ,

Nal,lte,

Roof-to-Floor I ,'/'/4 5.5"/3xi0 -8 2.588xi0 "21 ,

Hal l-to--Hall I .518 4,757x10 -8 1.351 xl O-21
l I III i I 111111 I I I I I II I
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closure 4s !.36x10 "21 ksf "4'9 sec"1 while the parameter based on
extensometer measurements in the C & SH shaft is

1.30xlO "21 ksf"4.9 sec"1,
, +i

i
t

6.5 SURFACESUBSIDENCEHONITORING

The design crtterta state that subsidence due to undergroundexcavation
shall not exceed ] inch within a 500-foot radius of the waste shaft.

' The layout of the undergroundexcavationand the extractionra_lo

requirementswere establishedto complywith this criteria. Subsidence

monumentshave been Instqlledon the ground surfaceabove the shaft

plllar area (Chapter2, Figure 2-2), Additlonalsubsidencemonuments

are scheduledto be Installedabove the storage area in m4d-1986.

Thesemonumentswill be used to determinesurfacesubsldenceduringthe

25-yearfacilityoperatingllfe.

Because the storage area has not yet been excavated, actual subsidence

cannot be measured. This subsidence will occur over the next 25

years. The calculations used for the reference destgn tndtcate that

subsidence ts not ltkely to exceed the crtterta llmtt. Therefore, the

reference destgn subsidence crtterta ts considered validated on a

computational basts rather than on actual measurementdata, A revlew

of thts conclusion may be requtred later when a hts'tory of actual
subsidence ts available.

!
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CHAPTER7

C& sH.SHAFT

7.1 INTRODUCTION

Thls chapter presents the results of the design validation program for

the C & SH shaft, included are discussions of the design criteria, ,

design bases and design configurations pertaining to the C & SH

shaft. This is followed by information and data from _the design

validation process including the data collected, its analysis and

evaluation, and predictions regarding future behavior 'of the shaft

ltner and key and the rock strata surrounding the shaft. Conclusions

and recommendations are presented based on a comparison of the results

of the design validation process with the reference design.
a

7.2 DESIGN

This section presents the design criteria and design bases used to
4

develop the reference design for the C & SH shaft. The configuration

of the shaft is discussed in Chapter 3, subsection 3.3.1.

7.2.1 Deslqn Cr!_er!a

The Design Criteria document (ref. 2-8) contains the general concepts

that were used as a guide for design of the WIPP underground openings.

Table 2-I summarizes those design criteria elements that are Lo be

evaluated by the design validation process. The following discussion

provides a summary of the elements that pertain to validation of the

C & SH shaft reference design.

The design criteria specify that all shafts shall be designed for

structural stability over an operating life of 25 years. The design

shall also consider the requirements for shaft decommissioning and

sealing. Shaft design shall prevent wall deformations which would

interfere with shaft functions or affect the safety of operations

within the shafts. Rock support shall be used as required to limit

rock deformationsand to prevent looseningand fallout of wall rock.
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The time-dependent dtametL'tc closure O_ the shafts due to creep shall

be considered tn thetr destgn. The shafts shall be destgned so that

the mtntmum dimensions requtred for shaft functions are maintained

throughout the operating 11le of the facility. Provisions for

Instruments to measure closure shall be Included' tn the destgn.

Ground-water flow tnto the shafts shall be controlled so that no

uncontrolled ground water reaches the factlJty level vta the shafts.

8round-_ater pressures and tnflows shall be measured throughout ti_e

construction pertod and operating life of the shaft.

Shaft destgn shall constder the requirements of decommissioning and

backft 11trig upon l:emtna_ton of oPerations. The destgn shall

accommodate the need to ultimately seal potential pathways between the

storage factltty and the biosphere.

The shaft 11net shall be destgned to help ensure that the shaft

dimensions remain wJthtn the 1traits requtred for shaft functions,

prevent ground-water flow tnto the shaft, protect wall rock from

• deterioration, and preclude the rtsk of rockfa11 from the shaft walls.

The shaft stattons shall be destgned to provtde structurally stable

excavations and ptllars. Oefomattons of excavations and ptllars shall

remtn wtthtn the 11mt_s requtred for structural functions, ventilation

and safety. The excavation destgn shall matntatn the mtntmum

dimensions requtred for the opera + _g 11fe of the opentng by

accommodating closure. Closure rates used for destgn shall be

conftmed or mdtfted by Instrument observations t n the excavations.

Rock bolts shall be used where necessary to provide support of the roof
and walls.

7.2.2 Destqn B_ses

The l)est_ Basts. [xplorator_ Shaft (ref. 2-10) and the Oestqn Basts.

Exploratory Shaft Geomechantcal Instrumentation (ref. 2-12) were the

prtmary documents used as a basts for destgn of the C & SH shaft.

These documents, described tn Chapter 2. provided the detatled destgn

7-2
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requirements for the C & SH shaft. Table 7"-1 summarizes those destgn

basts ele!i-_:ts which are to be evaluated by the destgn validation

process. The following discussion provides a summary of the major

design bases for the C & SH shaft. Not all of these bases require

evaluation as seen by comparing the discussion wtth Table 7-1°

The design bases specify that the C & SH shaft shall be designed to

provide access for personnel and equipment to excavate and operate the

underground factltty and to provide a means by which the excavated salt

can be transported to the surface. It shall also serve as the
o

ventilation tntake shaft.

i

The shaft 11ner shall be made of structural steel and have an tnstde

diameter of 10 feet. The remainder of the shaft shall be unltned and .

have an approximate dtameter of 11 feet 8 inches. The steel 1then

shall extend from 1 foot above the ground surface to the top of the

salt formation at a depth of approximately 850 feet. The primary

materials used to 11ne the shaft shall be cement grout, steel casing,

corrugated metal pipe, structural steel and reinforced concrete.

!

The 1trier shall protect against sloughing, fallout and deterioration of

the rock formations and shall prevent water seepage tnto the shaft. Zt

shall have a smooth inner surface to reduce atr friction. The liner

shall be designed for temporary Installation loads and permanent

loads. The permanent load shall consist of a hydrostatic lateral

pressure starting 250 feet below the ground surface and extending to

approximately 837 feet below the surface. Rock pressure shall not be

used as a factor tn the destgn analysis. Installation loads to be

considered shall be the compressive and tenstle forces resulting from

lateral pressure due to unequal heights of drtlltng flutd during the

various stages of Installation.

Ourtng shaft drilling, ground-water flow tnto the shaft shall be

determined. If the amount of ground water entering the shaft ts

detemtned to be unacceptable by the DOE Contracting Officer, approved
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Tabl,,e,,7-I

VALIDATI_ONELEMENTSOF (: & SH SHAFTI}ESIGNBASES
.... _ L LI i__ i iii. . ii i i,. i , i i i

(I) Shaft Liner

8. Hydrostatic pressure 4s considered to start 250 feet below the
ground surface and extend to the top of the key.

b. Water shall 'be prevented from flow4ng down the unllned shaft
from behtnd the 11net.

(2) Shaft Key

a. Key shall be destgned to resist the lateral pressure from the
salt. (Assumed to be 75 percent of the overburden pressure.)

b. Key shall be destgned to res4st the hydrostatic pressure from
above the salt.

(3) Un14ned Sect4on

PrOv4de 11-feet 8-4nch dtameter to allow for future salt creep
deformation.

, , i _ ,, ii ,., , . H,,. , i,



corrective action shall be taken to control the water inflow: The

basis for determining if the amount of ground water flowing into the

shaft is unacceptable shall be if the inflow exceeds an amount which

can be tolerated without appreciably altering the drilling fluid

characteristlcsas approved by the DOE ContractingOfficer.

The shaft.key shall be constructed using reinforced concrete and will

serve as the transition element between the lined and the unlined

sections of the shaft, lt shall retain the rock formation and shall be

provided with chemical water seals and a water collection ring with

drains to prevent water from flowing from behind the liner down the

unllned shaft. The key shall be des!gned to resist lateral pressure

generated by salt creep, rock and soil overburden, and by hydrostatic

pressure from above the salt. 'rbedesign lateral pressure was selected

as 75 percent of the overburden pressure based on the configurationof

mine shafts in the vicinity of the WIPP. These shafts generallyhave a

concrete liner that is thinner and that extends to a greater depth than

the shaft key at the WIPP. Host of 'theseshafts are at least 25 years

old and show no significantdeteriorationor structural instability.

No liner or w,re mesh is planned for the section of the shaft in the

Salado formation. However, if field conditions require, rock bolts and

wire mesh may be installed in zones of fractured salt.

The shaft station excavation shall be the minimum required to meet the

operational and safety requilrementsin the shaft pillar area of the

waste storage level. Supports of underground workings shall comply

with Federal and New Mexico codes. The use of rock bolts and wire mesh

• in specific areas shall be determined by excavation conditions and code

requirements. The roof, walls and floor shall be checked periodically

for loose salt in accordancewith applicable codes.

The bottom of the shaft shall extend below the facility level to

accommodate the salt handling equipment and a sump to collect water

that might enter the shaft. Should the stratigraphy of the facility
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level be unsuitable for waste storage, the shaft bottom may be lowered

to reach a more suttable stratigraphy.

6eomechantcal Instruments shall be provtded to measure radtal

convergence (closure) of the shaft, water pressure behtnd th_ ltner,

salt creep, forces on the concrete key, and the variation of load on

rock bolts. The type of Instruments Installed shall be stra4n gau_es,
(

pressure cells, ptezometers, stressmeters, extensometers, load cells

and radtal convergence potnts.

The shaft 1trier, key, unltned sectton and furnishings shall be

Inspected at approximately 1 month intervals, or lesser Intervals as

required, to detect cracking, corrosion, deterioration and water

Intrusion.
,,,

7.3 DESIGNVALIDATIONPROCESS

The destgn validation process for the C & SH shaft conststs of data

collection, analysts and evaluation, and predictions of future

behavior. The follow%ng d%scusstons of each Of these acttv4t4es have

been dtvtded 1hto four sections: the 11ned sectton of the shaft; the

shaft key; the unllned section; and the shaft statton. Th4s d4vtston

ts based on the different tn sttu and destgn conditions tn each of

these areas.

7.3.1 Data Collection

Data collection In the C & SH shaft has consisted of geologtc

mapptng, v%sual Inspections and geomechantcal 4nstrument measurements.

The results of shaft mapptng have been discussed tn Chapter 6. F%eld

observations and the geomechan%cal Instrumentation program are
t

d4scussed tn the following subsections.

7.3.1.1 Lt ned Sect1 on

Fteld Observations. The C & SH shaft has been Inspected on a regu]ar

basts stnce 1ts construction. Ourtng the factllty level construction
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phase, the mtnlng Contractors conducted weekly shaft inspections for

safety and shaft maintenance. These weekly inspections are being

conttn_ed by the factllty operator.

Site ge(ologtsts inspect the shaft at approximately 6-month intervals•

These tlnspecttons provide geotechntcal evaluations of the condition of

l_he shaft, and of instrument .conditions and their performance. Shaft

inspections were performed on the following dates: August 29, October

1, October 5, October 22, November lg and December 3, 1983; June 2,

June 21, October 13 and November 12, 1984; and April 9 and December 9,

1985. Th;e results of these inspections are presented in the GFDRs.

Geomechanlcal Instrumentat!on. Nine sets of radial convergence points

were installed in the C & SH shaft between July 7 and 17, 1982. Two

additional sets were installed on October 8, 1982. Five of these II

sets were installed in the lined section of the shaft (Figure 7-I).

Plots of the convergence point data from the lined section are

presented in Appendix J, Figures J-205 through 3-209.

Ten piezometers were installed in the lined section of the C & SH

shaft above the shaft key between July lO and 17, 1982 (Figure 7-I).

Two piezomet(erseach are at elevations of 2830, 2790, 271g, 2684 and

2608 feet. All of these piezometers are in the Rustler formation. The

piezometers at elevations of 2790 and 2684 feet are in the

water-bearing dolomite members, the Magenta and Culebra, respectively.

Graphic plots of piezometer data are presented in Appendix J, Figures

J-34 through J-44. The piezometers are dual-component instruments

containing a vlbrating-wlre gauge and a pneumatic gauge. The

vibrating-wiregauge is the principal instrument used to measure water

pressure. The pneumatic gauge is used for initial calibration and

= periodic performance checks on the vibrating-wire units. The

vibrating-wire piezometers were connected to the datalogger on

October 30, IgEI2. The pneumatic units can only be read manually at the

instrument location; however, most of the pneumatic units are no longer

functioning.
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The shaft instrumentation has had a history of damage. Convergence

points and especially piezometers are susceptible to damage from

falltng objects and construction a:ttvtttes. Damage in the lined

section of the shaft has generally consisted of sheared data cables,

sheared or bent convergence points, broken :}unction boxes and water

damage.

Water intrusion has been a major problem with most of the shaft

instruments and control systems. One water source has been the holes

drtlled into the steel liner for ptezometer Installation. The bushing

tn the ltner through which the ptezometer was Installed did not have

tapered threads, making it difficult to seal the hole in the liner.

Leakage through these holes has generally occurred at some time in

their history. It was especially difficult to effect a seal when a

ptezometer was reinstalled after being repaired due to other damage.

Water trickling down the liner from around these bushings has sometimes

entered damaged fiberglass junction boxes and terminal boxes through

cracks. Water has also seeped into the conduit connecting piezometers

with the nearest junction box. This water has corroded terminal blocks

and seeped down cables connecting lower terminal boxes.

A second water source has been rainfall. During periods of heavy rain,

water runs down the shaft along the surface of the liner. This water

can enter terminal boxes broken by impact or construction activities.

Once in the boxes, it causes corrosion and cable damage.

A great deal of effort has been exerted correcting these problems.

Shields were placed over boxes, cables,were replaced and rerouted, and

piezometers were repaired and sealed as well as possible. These

measures improved performance somewhat, but problems still exist. The

data acquired from the instruments is considered valid, but must be

interpreted in light of the various interruptions in data monitoring.

The specific details of instrument damage are updated in every GFDR,

particularlyin the tables of operating histories.
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7.3.i.2 Shaft Key

Fte ld Obseryat!ons. The shaft inspections conducted on October 1 and

November 19, 1983, June 2 and October 13, 1984, and April 3 and

December 9, 1985, patd particular attention to the shaft key. The

design of the key provides a means to determine tf any water from the

water-bearing zones In the Rustler formation ts flowlng behind the_

key. Thts situation, tftt existed, could cause dissolution of the

salt around the key resulting tn eventual structural Instability.

During inspection of the shaft key, the condition of four telltale

drains that connect to a French drain behind the key is observed. Any

motsture tn the drains ts noted. Similarly, other capped pipes (those

for possible future injection of grout and those originally used for

chemtcal seal injection) are checked for accumulated water. The

interface between the salt and the bottom of the key receives

particular attention.

The latest geotechntcal inspection of the shaft key was made on

December 9, 1985. The four telltale drains at the key were inspected

and cleaned. Only the hole on the northwest stde of the shaft was

weeping, resulting tn salt accumulation on the termtnal box below.

After chipping off this salt, a small amount of liqutfied chemical seal

material began oozing out of the telltale. Inspection of the bottom of

the key showed no evidence of seepage below the concrete.

Geomechantcal Instrumentation. Twenty-four embedment strain gauges, 16

spot-welded strain gauges, and 4 pressure cells were installed tn the

C & SH shaft key from April 11 to 17, 1982. Two plezometers were

installed In the shaft key on July lO, 1982. The locations of these

Instruments are shown on Figure 7-2. All instruments were read

manually unttl they were connected to the data logger system on

October 30, 1982. Appendix 3 contains plots of the data from these

instruments. Piezometer data are presented on Figures 3-44 and 3-45.

Figures 3-54 through 3-57 present pressure cell data. The strain gauge

data are presented on Figures =-58 through =-97.
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The Instruments for monitoring the Shaft key, and especially thetr

electrical boxes and cables, have had the same perfomance problems as

the ptezometers and convergence potnts tn the ltned sectton above. The

two key ptezometers have been damagedand repatred repeatedly.

The major problem tn the key has been water damage tnstde the vartous

electrical boxes. The worst damage was tn termination cabtnet LTC-1.

Water seeptng down |nstde cables connected to water-damaged boxes tn

the 11ned sectton of the shaft corroded the terminals in the LTC.

LTC-1 11nks the ptezometers, stratn gauges and pressure cells to the

surface datalogger. Several attempts were made to repatr the LTC

components. The components were permanently removed tn October 1984 tn

o, der to avotd further damage. The shaft Instrumentation system ts

scheduled for an overhaul durtng a future construction contract.

Meanwhile, all LTC-l-controlled Instruments are read manually durtng

shaft lnspecttons.

The termtnal boxes for the pressure cells and stratn gauges have also

'been damaged. Zntttal damage was to the fiberglass boxes and data

cables as they were struck by falllng objects and construction

materials traveling on the shaft conveyance. Subsequent damage was by

water seeptng tnto the boxes. The boxes and cables have been repatred
numerous ttmes.

Detatled accounts of Instrument damage are presented tn the GFDRs,

particularly tn the tables of operating histories. The GFORs also

dtscuss data collection, data plots and Interpretative problems wlth

the C & SH shaft key tnstrument_.

?.3.1.3 Unllned Sectton

Fteld Observations. Shaft Inspections tnclude observations of the
u.]tned sectton of the C & SH shaft. Thts sectton of the shaft

conststs of exposed salt formtng a smooth wall. The Inspections

conslst prlmarlly of detemlnlng If any spa111ng or fracturlng of the

salt Is occurrlng.
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The unlined section was Inspected to a depth of 2,057 feet (elev. 1353

feet) on December 9, 1985. One near-vertical fracture was observed on

the west stde of the shaft between a depth of 1,021 feet and 1,043 feet

(elev. 2389 feet and 2367 feet). It ranged from closed to less than

1/4-inch wide at the wall surface and extended about 10 feet in

length. It did not appear on the east side of the shaft. Previous

shaft mapping showed the presence of halite-filled vertical fractures

tn anhydrite from a depth of approximately 1,023 feet to 1,038 feet

(elev. 2387 feet to 2372 feet). The fracture observed appears to be

one of those previously mapped. Salt bltsters and precipitate were

noted tn various areas commonly associated wtth clay layers. The most

notable area was a 4-foot zone around the entire shaft circumference

from a depth of approximately 1,038 feet to 1,042 feet (elev. 2372 feet

to 2368 feet).

6eomechantca1 Instrumentation. Ntne borehole extensometers were

Installed in the unlined sectton of the C & SH shaft between July 6

and 8, 1982. These extensometers are arranged tn three-instrument

arrays at elevations of 2337 feet, 1846 feet and 1353 feet (Figure

7-3). Readings were taken manually until the extensometers were

connected to the datalogger system tn October 1982.

The extensometers are the multiple-point, sonic-probe type consisting

of four anchors. The anchors for each extensometer were set at depths

of 4, 9, 18 and 36 feet. The collar of the extensometers w_s recessed

1 foot into the salt. Data plots for the extensometers are presented

- in Appendix _, Figures J-116 through 3-124.

The extensometers have not been damaged as much as the other

instruments tn the shaft. Their operating histories rarely show any

interruption tn the data. This lack of damage is a result of several

factors. The diameter of the unlined shaft is 2 feet greater than that

of the key or lined section. The instruments are recessed and

therefore not susceptible to damage from falling objects. The

extensometers are connected to LTC-2 and LTC-3, which are not directly
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11nked to LTC-1 and the plezometers. Thus, water d_n_ge has not been a

problem.

Stx sets of radtal convergence points are located tn the unltned

section of the shaft. These points have a history of damage and

replacement stmtlar to that of the other convergence points. This

history ts discussed tn the 6FDRs. Plots of the convergence point data

from the unltned section are presented in Appendix 3, Figures _-210

through 3-214. Only ftve plots are presented since damage to the set

of potnts at elevation 1595 feet prevented the obtaining of reltable

readlnqs.

7.3,1.4 Shaft Sta_lon

Field Observations. Slte geologists monitor the defo_tlonal behavlor

of the C & SH shaft statlon on a regular basis. Particular attention

Is given to four aspects of movement or fallure: roof and wall

spalllng; fracturing at p111ar corners: roof displacements and

separations; and floor dl_?lacements,separations and fracturing. The

observations are recorded at least every 3 months and have been

published in each 6FDR since the February 1984 tssue.

A descrlptlon of the C & SH shaft statlon excavation and roof support

methods were presented In Chapter 3. The failure of resln-a_chored

rock bolts installed Inltlally In the shaft station roof has been

attrlbuted to a combinationof the following factors:

(1) the resin ftmly held the bolt shank in place and salt creep

caused failure at the first weak point;

(2) improper bolt Installation resulted in damage to the threaded

section of the bolt (improper torque and lack of beveled or

spherical washers); and

(3) contributing factors such as corrosion and hydro_,]en
embrittlement.
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Rock bolts Installed to rreplace the failed bolts, andsubsequent bolt

installations, used mechan!c_l anchors. As the load on these bolts

increases due to salt creep, the anchor ytelds by sltpptng in the

hole. Although this sltpptng ts not desirable for the roof support of

underground opentr,_s tn hard rock, tt provides more control than rigid

anchors that do not yteld but instead produce sudden bolt failure as a

resul'_ of the stress created by creeping salt. The slipping reduces

tL_ load on the bolt, thus reducing the pote,ttal for bolt fatlure, but

allows continued roof support and prevents sudden roof falls. Each

mechanical-anchor rock bolt supports a load that ts less than tts

capacity, but the aggregate support provided by all of the rock bolts

tn a pattern ts more than adequate for positive ground control. The

experience at WIPP shows that the mecha.nt,cal-anchor rock bolts perform

well tn creeping salt tf periodically inspected pnd maintained.

The station roof and walls have exhibited continual slabbing and

spalltng which has required periodic scaling. Wtre mesh h_s been

" Installed over the entire s_atton roof to contain any small, loose salt

fragments.

Vertical fractures have developed tn the ptllar corners at the $90

crosscut. The condition of these fractures has been monitored and the

results reported on a regular basis in the GFORs. A discussion of

fracturing at ptllar corners is presented tn Chapters 10 and 11. ,

Displacements, separations and fractures have been detected tn

boreholes drilled tnto the station roof and fntnor separations have been

detected in some holes drilled into the station floor. Separations and

fracturing at clay 6 and tn the underlying haltte were detected shortly

after the tntttal station excavation. Horizontal displacements have

been observed tn various boreholes during the past 2 years.

" In May and June 1986, 20 boreholes w_re drilled in four arrays in the

shaft station to further investigate the extent of separations and

fracturing In the roof and floor. This drilling was conducted as part
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of a program to characterize excavation effects in the salt surrounding
the openings and particularly in MB-139. This program is discussed

more fullyin ChaptersI0 and II.

The new boreholeswere inspectedfor the existenceof separationsand

fractures. Exlstlnl holes were inspected for horizontal

displacements. The probe used for this inspectionconsistedof an

alumlnumrod with a 1/16-1nchthick nall attachedperpendlc_larto one

end. Whenapplying moderate pressure, the nail snags on t;_e borehole

wall if a separation, fracture, or clay seam is encountered. The

separation is considered to be less than 1/16 inch wide if the nail

catches on, but does not penetrate the hole wall. If the separation at

the wall surface iS at least the nat1 width (approximately 1/16 inch)

there will be a sltght penetration. If the separation is larger, the

nall penetrates its entire 1/2-tnch length into the wall. When the

probe catches on the hole wall, the feature is probed on all sides of

the hole. This ensures that it is a continuous feature and not a clay

• pocket or an imperfection caused by the drilling.

Fracture zones, anhydrite beds, or clay seamswere sometimes identified

by picking out pteces of the material With the probe natl. An estimate

of their verttcal dimension was made by moving the probe rod up and

down within the limits of the feature. Occassionallya slight

penetrationoccurredat the clay seams due to a very small separation

or penetrationinto the softerclay.

In the array of holes drillednorth of the shaft, no separationsor

fractureswere detectedin the roof. In the two arraysdrilledsouth

of the shaft, multiple separations and fractures, ranging from

approxlr_tely1/16 inch to 4 incheswide, were found in most of the

roof holeswithinthe halitebelowclay G. Many of the fracturesoccur

within 3 feet of the roof. Some separationand fracturingappearsto

be associatedwith clay G basedon datafrom otherholesin the station

area and from the central roof holes in the two arrays, but no'

significantoccurrenceappears to have developedin the holes closest
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to the s_tatJon walls. A separation, less than 1116 tnch wtde was

detected tn _nly one roof hole beyond a depth of 4 feet.
[

Only a few separations or fractures, less than 11/8 tnch wide, were

detected tn the central floor hole of the hole array drtlled north of

the shaft. Some separations and fractures, less than 1/16 tnch to 1

tnch wtde, were detected tn the two floor hole arrays drtlled south of

the shaft. These occurrences were tn ME-139 and the overlying haltte.

Essentially no separation was encountered at clay E at the base of

MB-139. Holes drtlled around the edge of: the electrical , substation

concrete base slab foundation to Investigate a potential source of 1ts

ttlttng encountered only small scattered separations. The total

accumulated verttcal separation ts estimated to be less than 1/2 tnch.

GeOmechantc_l] In_;t.rumentatton. As tn other areas of the underground

facility, a sutte of geomechan_cal Instruments was Installed tn the

C & SH shaft stattlon (Ftgure ?-4). The ortgtnal Instrumentation

destgn consisted of 6 rock belt load cells, 3 borehole extensometers,

and 2 sets of convergence potnts. These Instruments wer_ Installed

bet_een 3une 30 and November 1_ 1982. Subsequently, 4 extensometers,

4 lateral movement gauges, 3 convergence potnt sets, and 1 set of wall

shortening potnts were Installed between 3anuary 8 and February 3,

1983. The purpose of thts second sutte of Instruments was primarily to

monttor any ver_ctcal or lateral movement of the Immediate roof tn the

C & SH shaft statton. The immediate station roof consists of a

"beam" of salt resulting from separation along the thtn clay seam

beneath anhydrite "a". South of the shaft thts beam ts about 3 to 4

1/2 feet thick, whtle north of the shaft tt ts about 7 feet thick.

Chapter 3, Section 3.2, presents a brief discussion of the underground

factllty hortzon selection and the resulting localtton of. the station

wtth respect to overlying and underlying clay seams and anhydrite

layers.

The data plots for the C & SH shaft station are presented in

Appendix 3. Ftgures 3-146, 3-147, 3-163, and 3-170 through 3-173 show
•
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the extensometer data. Convergence potnt data are presented on Ftgures

3-188 through 3-194 and rock bolt load cell data are shown on Ftgures

3-192 through 3-197.

Four _ateral movement gauges were Installed tn the roof of the

statton. These were tntended to measure lateral displacement of the

salt.above anhydrite Ab'. However, the lateral movement measurements

were distorted by the verttcal movement of the roof and a meaningful

trend or pattern tn the relattve direction of horizontal movement dtd

not develop. Therefore, readtng of the latera] movement gauges was

discontinued and the data are not presented tn thts report.

7.3..2 Analysts and Evaluation

The data collected from the C & SH shaft have been revtewed and

subjected to statistical analysts, closed form solutton and model

simulation techniques for evaluation agatnst the reference destgn

parameters. The following subsections present discussions of these

analyses and evaluations for the four secttons of the shaft.

7.3.2.1 Ltned Sectton

Observed Co_dtt!ons. Observations of the steel 11ner durtng shaft

Inspections have detected no stgns of deterioration. There ts no

Indication of any 11net Instability due to shaft deformation. Nater

seepage has occurred only through the previously discussed ptezometer

bushings.

Structural AnalYsts. As a result of Increasing hydrostatic pressure

wtth depth, the thickness of the C & SH shaft steel ltner and the

stze and spactng Qf 1ts stiffener rtngs vary accordtng]y. The

stiffener rtngs are 3-tnch thtck steel rtngs welded to the outer face

of the ltner. The thickness of the ]tner and the wtdth and spacing of

the stiffener rtngs for' vartous depths are:
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Plate Stiffener Stiffener
Depth Thickness Width Spacing
(feet) i (inches) (inches) i(feet)

0.00 to 182.45 5/8 7-I/2 I0

182.45 to 362.45 1 12 I0

362.45 to 542.45 l ll 5

542.45 to 642.45 1-I/4 10-I/2 5

642,45 to 742.45 1-318 9 4

742.45 to 842.45 1-112 10-I/2 4

A structural analysts was performed for the shaft ltner based on there

depths and dimensions. The l trier and stiffeners were made of A-441

steel fabricated into 20-foot sections by full penetration bevel welds

between the ltner sections and by' ftllet welds between the ltner and

the stiffeners. Radiographic acceptance examinations were performed on

' all welds in accordance with the American Welding Society (AWS) (ref.

7-I) and the ASME Boiler and Pressure Vessel Code, Sections VIII and IX

(ref. 7-2).

A computer program was used to design the steel liner against elastic

" buckling between the stiffeners,elastic buckling of the combined liner

and stiffener, and the yielding of the liner. This program was

developed jointly by Fenix & Scisson and Southwest Research Institute

and was based olJTheory of Plates and Shells by S. P. Timoshenko and

S. Woinowsky-Krieger(ref. 7-3).

The computational results of the analysis of the liner, based on the

depths and dimensions presented above, show that the external pressure

: capacities and corresponding closure limits (maximum diametric changes)
=

at the midpoint of a stiffener and at the midpoint between stiffeners

are:

=
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Pressure Closure Ltmtt Closure L_mtt
Depth Capactty at Stiffener Between Stiffeners
(feet) (DSt) (tnches) (inches)

0.00 to 182.45 139 0.007 0.054

182.45 to 362.45 281 0.010 0.069

362.45 to 542.45 434 0.019 0.108

542.45 to 642.45 518 0.030 0.104

642.45 to ?42.45 • 595 0.043 0.112

742.45 1:o 842.45 684 0.043 0.118

In sttu hydrostatic pressures determined from ptezometer readtngs at

elevations of 2830. 2790. 2719. 2684 and 2608 feet (Ftgure 7-1)lwere

comparedwith destgn pressures and the pressure capactty of the 11net

as discussed below.

Mea,sure.,d Water . pressure.. Ptezometers are used to monttor the

hydrostatic pressure exerted on the steel ltner by water from the two

water-bearing zones tn the Rustler formation. Selected water pressure
o

measurements are presented tn Table 7-2. Because of the ptezometer

htstory of damge and leakage, the data must be used w4th cautton.

However, as expected, the data show a general trend of tncreas4ng

pressure (Ftgure 7-5). The exceptions, 37X-PE-O0211 and 37X-PE-O0212,
are d4scussed In the next subsection.

As Indicated In Table 7-1, the destgn basts hydrostatic pre:sure ts

assumed to begtn at a depth of 250 feet below ground level. Thts

corresponds to the potenttometrtc surface of, the water-bearing members

tn the Rustler formation. The hydrostatic destgn pressure gradtent of

the 11net tn the Rustler fomatton ts shown on Ftgure 7-5. Ptezometer
,,

readtng data Trom _]une 1986 Indicate pressures significantly less than

the destgn hydrostatic, pressure. Thts can be explained by a

combination of the following conditions:

(1) drawdown of the potenttometrtc surface tn the vtctntty of the

shafts;
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Table 7-2

c & SH SHAFTLINER AND KEY
SUHHARYOF HEASUREDWATERPRESSURES(ps1)

i , , i , ii , ii , H, ii , ,

PIEZOHETERNO. 37X-PE-O0

Date 201 202 203 204 205 205 207 208 209 210 2!1 2!_
of Elev. Elev. Elev. Elev. Elev. Elev.

Readtng , 2830 2790 2719 2684 2608 2560

Pressure 518 , 518 595 595 684
capaclty of /
11net

,1un. 20,'83 112 111 108 108 86 86 110 104 140 142 6 12

Dec. 3,'83 96 96 100 101 84 84 98 I00 137 139 13 9

3un. 5,'84 90 93 - - 79 - 90 96 127 129 5 1

Dec. 27,'84 93 95 119 119 102 100 105 116 - 152 3 0

Feb. 8,'85 98 100 131 130 109 105 107 117 - 157 10 7

Ray 21,'85 90 93 84 81 61 44* 105 -** 146"137" 5 6

3un. 29,'85 89 92 91 -** 97 -** 104 -** -** -** 4 7

Dec. 9,'85 90 91 108 104 100 -** 108 -** -** -** -1 -1

Hat. 24, '86 101 102 - 134 107 -** 104 -** -** -** -2 -4

Jun. 02, '86 89 91 104 - 100 -** 108 -** -** -** - -2

NOT___!E:All ptezometers have leaked or suffered damage at one ttme or
another.

* Ptezometer _eaktng.

** Plezometer removed for repatr.
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(2) incomplete hydraulic continuity behind the liner;

(3) water leakage through the ptezometer bushings and telltales;

_nd

(4) partial plugging of the piezometer filters.
0

Lowering of the potentiometricsurface is primarily the result of water

flowing into the unlined SPDV ventilation shaft and later through

cracks in both the waste and exhaust shaft liners. Hydrologic testing

at the site by SNL has also contributed to lowering the potentiometric

surface.

The annular space between the steel "linerand the rock was filled with

grout during liner installation(Chapter 3). In addition to supporting

the liner, the grout was intended to help prevent water in the

water-bearlng zones from contacting the salt in the key ares. The

variations in water pressure at the different plezometer elevations,

and especially the lack of a linear increase with depth, suggests that

this objective has been at least partially achieved. The absence of

hydraulic continuity along the rock/liner interface could prevent the .

water at individual piezometer elevations f'rom achieving the

anticipated pressures.

Most of the piezometers have developed leaks at some time in their

history. This leakage would result in a drop in water pressure at the

affected piezometer. The piezometer would then measure a water

pressure that is lower than anticipated. The influence of the leaks on

piezometer readings is considered to be minor because, as individual

piezometers are repaired or bushings are sealed, the data plots do not

show a significant change from the normal variationwithin the data.

The fourth cause of variation in the pressure readings could be a

result of palatially-pluggedfilters. Each piezometer contains a

stainless steel, porous stone filter, lt has been noted during their
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repalr that some f11ters are partlally covered wlth salt deposlts and

corroslon. It Is not clear how much of an effect thls may have on the

plezometer readlngs, lt Is posslble that there Is no effect If the

corroslon and salt deposltlon occurred after the f11ter was exposed to

the atmosphere durlng plezometer removal.

C!osure. Closure data show the tn st tu diametric changes tn the ]%ner

based on raddal con_;ergence podnt measurements at elevatdons of 3114,

2956, 2826 and 2680 feet (Ftgure 7-1). These data are consddered a

lower bound because the tn sttu readdngs represent only relattve

closures stnce the ftrst readtngs were taken 329 days after

excavation. In addttton to the effect of hydrostatic pressure, the

closure data are also affected by vardables such as temperature and

11thostattc pressure.

Radtal convergence potnt measurements tn the l tned sectton of the shaft

tndtcate that the maxdmum diametric closure 4s less than 0.10 tnch.

Stnce the shaft ts used for ventilation purposes and ts open to the

atmosphere, changes tn ambtent temperature' from around O°F tn the

wtnter to over IO0°F tn the summer may affect the diametric closure by

approximately 0.075 tnch. Consequently, on'ly closure data recorded at

approximately the same temperature should be used for analysts.

7.3.2.2 Shrift Key

Observed.f_dtt!ons. Shaft key Inspections tndtcate that the key ts

stable Certain observations, however, dtctate that continuous
i

monltortn9 of _he key will be required. The telltale dratns, connected

to a Fre,_:h dr°aln behlnd the key, drlp Intermlttently. Several other

capped ptpes typically produce stall amounts of water when opened after

° betng clo,sed for several weeks.

No water has been observed bypassing the lower chemtcal water' seal.

Outing the Oune 2, 1984, Inspection, ltqutfted chemtca] sea] material

was observed tn two chemtca] seal Injection pipes, lt ts ltkely that

chemtca] seal material ts migrating behind the key stnce small amounts

"/-26

' ' , h_ i III i m i .....



4

were observed dripping from the northwest telltale drain and from

piezometer 37X-PE-OOE]l. These fluid observations do not present any

immediate cause for concern. However, the key should be monitored on a

regular basts and appropriate acttons taken tf required to mttigate any

significant tncrease tn flutd discharge.

Inspection of the bottom of the key has revealed no evtdence of seepage

below the concrete. Some salt stalactites have been observed hangtng

from the concrete but these originate from brtne drtpptng from the

leaking ptezometers or telltale dratns above.

Model Slmulatlon. The long-tem impact of C & SH shaft salt creep on

the concrete key was evaluated by a nonlinear computational analysis

using the finite element method (ref. 7-4). The objective of the

analysis was to determine the structural adequacy of the shaft key

based on the appropriate ACl Codes (ref. I-5). Site stratigraphy was

considered in the analysis. The creep behavior of the salt was

incorporated into the material properties used in the finite element

model. The shrinkage of the concrete during initial curing w(_salso

simulated in the computation (ref. 7-6).

From the shaft geologic mapping, lt was determined that the

stratigraphy in the shaft key area consists of horizontal layers of

halite, argillaceous halite, anhydrite and slltstone, with clay seams

between some of these layers (Figure I-6). This stratigraphywas used

as the basis in modeling.

The properties for the host rock are based on laboratory test results

, (refs. 5-3 and 7-7) as described in Appendix C. Because the analysis

was performed early in design validation, before the methods of

computing primary creep and using tn sttu material properties were

developed (ref. 5-1), the analysis included only the secondary creep of

salt based on laboratory test data.
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The relationship for concrete shrinkage (ref. 7-8) can_be expressed as:

t
Csh = 35 + t tsh u Cthe Ch Cs Ccem Cfa (7-1)

for t in days, or:

t
=sh = 3,024,000 + t =sh_ Cthe Ch Cs Ccem Cfa (7-2)

where: t is the shrinkage time in seconds;

tsh u is the ultimate shrinkage strain, taken to be 0.0008;

Cthe is the correction factor for thickness (1.17 - 0.029T);

Ch is the correction factor for humidity (1.40 - O.OIOH);
C is the correction fac.tor for slump (0.89 + 0.041S);s
C is the correction factor for cement content
cern

(0.75 + 0.034B); and

Cfa ls the correction factor for percent fines and air
content, taken to be 1.0.

The thicknessT of the key wall Is 30 Inches; the humidity H is very

low In the reglon of the key and is assumed to be 50 percent; the

slump S of 4 inches Is taken as the average value for 5,000 psi

concrete; and B is the number of sacks of cement per cubic yard of

concrete, consldered to be equal to seven. The values of the

correction factors Cthe, Ch, Cs and Ccem, as calculated from
the equations above, are 0.3, O.cJO, 1.05 and 0.99, respectively.

Figure 7-7 shows the finite element model for the creep analysis.

• Since the structure is symmetrical about the centerline of the shaft,

the shaft key and the area around it were modeled using 196

quadrilateral ring finite elements representing 1B distinct geologic

layers. The MARC General Purpose Finite Element Analysis Program (ref.-

6-8) was used for the analysis. To reduce the c,_mputationtime, the

stress and strain were computed at the centroid of each element. Four

clay seams, at depths of 848.9, 857.9, 866.2 and 900.9 feet, were

considered as active slip planes, represented by 25 friction and gap

link elements with a coefficient of friction equal to 0.4. The outside
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verttcal boundary had zero horizontal displacement and the bottom

boundary had zero verttcal displacement. The boundary conditions at

the top of the model were uniform calculated pressures based on the

mass denstty of the geologtc formation from the ground surface to the

elevation of the boundaries. The ltthostatlc stress state was defined

as described tn Chapter 5, equatton 5-1.

Creep analysts was performed on the mathematical modelby ustng the

procedures described tn Chapter 5. The analysis was carried out 'For a

5-year tnterval wtthout the key and a comparison was made of the

corresponding radial deformations to determine the time when creeptng

salt would come into contact with the shrinking :'oncrete key. The

times computed for vartous layers behtnd the key were between 1.6 and

3.9 years wtth an average value of 2.7 years after excavation of the

shaft (or 2 years after construction of the shaft key). To simulate

contact of the shaft wall wtth the concrete key, the elements of the

key were tted to the proper, locations on. the shaft wall and the

analysts was continued for a total of 27 years (refs. 7-4 and 7-5).

Deformation. Readtngs from the stratn gauges embedded in the concrete

key show a range of stratns from approximately 0.00014 in compression

to 0.00021 In tenston wtth an average compressive stratn of 0.00004

through December 9, 1985. The readings from the stratn gauges welded

to the reinforcing steel show a range of approximately 0.00031 in

compression to 0.00054 In tension with an average tensile stratn of

0.00006.

Table 7-3 sum_rizes the changes in readings of the embedment and

welded gauges at a depth of 856 feet (elev. 2554 feet) since April 22,

1982, immediately after concrete was placed for the shaft key. The

trend of the change in strain readings indicates that the salt had not

made contact with the key by Oune 1985.

Water Pressure. Figure 7-5 shows water pressure readings from

piezometers 37X-PE-O0211 and 37X-PE-O0212. These piezometers h_ve
I
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Tab1.e 7-3

C & SH SHAFTKEY
SUHHARYOF STRAIN GAUGEREADINGSAT ELEVATION2554 FEET

, , i . i um ,i., l l. .,,, ,,,, , ,. ,.,, ,,,,= ,, i , .

Change In straln x 10-6
..... s!nce Apr!l 22, 1982 .........

Stratn Gauge 3un. 5, Feb. 8, 3un. 29, Dec. 9,
.....No. 1984 1985 ..... 1985 1985 ...... Reinark .s

37X-ZE-209 -63 -59 -81 -9.5 Embedment
211 -23 -16 -34 -51 stratn gauges
213 -133 -104 -139 -144 14.5 Anches
215 -82 -67 -g9 -111 from inner

surface
. u i i i, i i,,

235 -12 16 -23 -47 Embedment
236 56 88 37 16 strain gauges,

237 -18 35 -23 -8 9 tnches from
238 -63 ,-23 -81 -99 tnner surface

,. , i I,I ., , [

210 -110 -71 -123 -154 Embedment
212 178 272 201 215 stratn gauges
214 58 128 65 79 3.5 Inches
216 -53* -7 -61 -76 from Inner

surface
i ,. ,. n ,,. , ' ii, '' ' '

201 -93 -100 -102 -138 Stratn gauges
203 - - 444* - welded to the
205 -235 -286 -352 -371 outer rein-
207 -102 -127 -142 -95 forcing bar

202 -43 - -61 -58 Strain gauges
204 443 2066 1056 541 welded to the
206 -193 -147 -230 -246 Inner rein-
208 - - -1659"* - forctng bar

NOT._...[[:Negatlve strain change indicates compresslon.

* Reading taken on Hay 3, IgB4.
** Readlng taken on Dec 30, 1982.



shown a range of readtngs from a maximumof 30 psi in 1982 to a current

reading of 2 psi. As shown on the figure and in Table 7-2, the readings

of these t_,4o plezometers are consistently lower than the readings from

• the upper ptezometers. These lower ptezometers are at a depth of 850

feet (elev. of 2560 feet), Just above the chemtcal water seal at a depth

of 851 feet (elev. 2559 feet). It appears that this seal Bay be

breached and that water is able to bypass it and exit through the French

drain and telltales. Plezometers 37X'-PE-O0211 and 37X-PE-O0212 may also

be Isolated from the upper ptezometers by the grout that was injected

behind the steel liner at a depth of 843 feet (elev. 2567 feet).

The assumption that the chemlcal water seal Just below the ptezometers

may be breached is based on observations of ptezometer behavior during

the October 1983 inspection. As discussed in subsectio_n 7.3.1.2,

several capped pipes in the key were found to contain small amounts of

water during this inspection and were drained. Prior to this,

piezometers 37X-PE-O0211 and 37X-PE-O0212 indicated.pressuresof around

6 to 8 psi. After draining the pipes, both piezometers showeOla drop to

2 psi within 2 days. This indicates a hydraulic connection across the

water seal.

It Is unlikely that water in the key originates from higher in the

shaft. Detailed mapping in the shaft key noted weeps from claystone and

siltstone beds at depths of 842. 846 and 858 feet. This is probably the

source of the water seen in the French drain telltales and other pipes

in the key. The fact that the key piezometers have had consistently

lower readings than the upper piezometers'indicates that there is

probably no hydraulic connection with the water-bearing members higher

= in the shaft. The draining of water from the grout pipes influenced

only those piezometers in the key; none of the upper piezometersshowed

any pressure drop. The existence of a seurce of water in the key area

provides a better explanation of the dripping from the telltales and the

performance of the key piezometers than does the migration of water

from the water-bearingmembers higher in the shaft.
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Salt Pr_sur_. The four earth pressure cells 4nstalled between the

concrete of the shaft key and the salt have a combtned average readtng

of less than 10 ps1 tn compression. These four cells, located

90 degrees apart, at elevation 2550 feet (Figure 7-2), are 4ntended to

register changes tn lateral pressures on the shaft key exerted by the

creeptng salt. Table 7-4 shows that the pressure cells have not

registered any significant change Jn read4ngs for a pertod of over 3

years stnce construction of the concrete key.

Xf we assume that the pressure cells are functioning properly, then the

hallte between a death of 858 feet and 863 feet (elev. 2552 feet and

254T feet) had not made contact wtth the pressure cell diaphragms as of
!

December 9, 1985. According to the results of computational analyses,

the contact between the salt and concrete wtll be reestab14shed at

different elevations at different ttmes between 1984 and 1986.

7.3.2.3 Unltned Sectton

Observed Conditions. The unltned sectton of the shaft appears to be

stable wlth no evtdence of rock spa111ng, wall deterioration, or

dissolution by water.

Closure. Ftgure 7-8 compares average d4ametrtc closure readings at stx

elevations on Oecember 9, 1985. The readings reflect only relattve

closure stnce the tntttal readtngs were taken nearly 1 year ,after

completion of shaft excavation. Thus, the maxtmumdiametric closure at

a depth of 2,057 feet (elev. 1353 feet), near the bottom of the shaft,

wtll be more than 1.0 1rich. At htgher elevations tn the shaft, the

actual diametric closure over the same pertod will, likewise, be htgher

than those shown on the f4gure.

I)eformatJon. The radtal deformation of salt behtnd an opentng can be

determined from the measurements of movements of borehole extensometers

: wlth multlple anchor polnts.
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TaUle 7-4_

C & SH SHAFT KEY
PERFORMANCEHISTORY OF PRESSURE CELLS

• , i,,

Pressure Cell Readinq (psi) Date of
DeScrlptton WE-201 WE-_02 WE-203 WE,204 Readinq

Initial Irad Gage Co +I +2 +6 +13 . Feb. 3,'82
calib_ation

InitialSRI +8 +7 +8 +8 Feb. 16,'82
calibration

' '82Site received, -1 +l 0 -2 Mar. 30,
inspection

Pre-lnstallatlon, -'I +l -5 -2 Apr. 4,'82
surface

Pre-installation, 0 -l -2 -2 Apr. 15,'82
in shaft

After plaster of paris -2 -2 0 -2 Apr. 15,'82

After concrete 0 0 0 0 Apr. 15,'82
placement

Initial installed 0 0 0 0 Apr. 16,'82
reading

Time after.installation:
7 days +2 -1 +2 +l 7 Apr. 22, '82

107 days -1 -3 -2 0 Jul. 31,'82

529 clays -2 -5 -31 +I Sep. 26,'83

530 days +1 -3 0 -2 Sep. 27, '83

544 days -4 -8 -32 -3 Oct. II,'83

597 days -4 -7 - 0 Dec. 3, '83

797 days -1 -7 -38 0 Jun. 20,'84

938 days -12 -ll -27 0 Nov. 8, '84

I030 days -12 -30 - -2 Feb. 8,'85

II40 days -6 -lO -25 +3 May 21,'85

I179 days -6 -ll -25 +5 Jun. 29,'85

1342 days -14 -lO -25 -2 Dec. 9,'85

NOT____EE:Negative sign indicatestension.
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NOTES:

1. SHAFT WAS EXCAVATED FROM JULY THROUGH OCTOBER 1981

2, CONVERGENCE mINTS WERE INSTALLED FROM JULY THROUGH OCTOBER 1982.

Ftgure 7-8

C & SH SHAFT UNLINED SECTION
AVERAGE DZAHETRIC CLOSURE
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' According to extensometer readings on September 16, 19B5, the total

average collar displacements at elevations IB46 feet and 1353 feet

(Figure 7-3) were 0.19 inches and 0,235 inches, respectively. However,

the extensometers were install'ed _early 7 I/2 months after the

completion of shaft excavation.

Figure 7-9 shows the collar movement time histories for multiple-point

borehole extensometers 37X-GE-O0202, 37X-GE-O0205 and 37X-GE-OO20B

relative to their deepest anchor. The undulating shape of the curves

appears to reflectthe influence of seasonal temperature changes on the

extensometers. The effect of temperature changes is more pronounced on

the instrument behavior than on the salt surrounding the instrument.

Figure 7-10 shows the change in calculated rates of collar movement

with time for the extensometer time histories on Figure 7-9. The

maximum rates coincide with the hottest months while during mid-winter

the rates are close to, or slightly less than, zero. Because the time

interval chosen for calculating the rate of collar movement is much

less than the total observation period of 2 years, these rates are

probably very close to the actual rates.

Comparison of the extensometer collar movements with convergence point

readings suggests that the salt in the vicinity of the deepest anchor

may also be moving. Thus collar movement does not reflect the true

radial closure of the shaft. The amount of movement of the deepest

anchor for any extensometer of given length can be estimated so that

the collar displace(uent provides absolute radial closure. The

diametric closure can be computed by model simulation as described L

below, by curve fitting as described in reference 4-19, or by closed

form solution, also described in reference 4-19. Based on this

analysis, the absolute n,ovementsof the collar and intermediateanchors

for the 36-foot long shaft extensometerswill deviate from the measured

values by only 0.03 inch.

Model Simulation. The structural behavior of the unlined section of

the C & SH shaft was analyzed by a nonlinear creep analysis using the

' 7-37
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MARCGeneral Purpose Ftntte Element Program (ref. 6,8). The objective

of the analysts was to compute actual structural behavior by utilizing

available in sttu data, thereby verifying the design adequacy of the

unltned section of the shaft. J

The finite element model used for the analysis uttltzes a single
i

horizontal plane of quadrilateral rtng ele_.,_ts with the upper and

lower horizontal boundaries restrained against vertical displacement.

This model is shown on Figure 7-11. The outside vertical boundary was

given a constant uniform pressure based upon the ltthostatic stress

state defined in Chapter 5, equation 5-1. The inside boundary was also

given a uniform pressure based upon the same ltthOstattc stress

assumption; however, the pressure was removed in a step-wise fashion

over a period of approximately 1 day. This was done to simulate the

excavation of the drtlled shaft, which results in a gradual reltef of

overburden pressure on the shaft interior and affects structural

behavior in the early stage of excavation.

The secondary creep parameter C in Chapter 6, Table 6-8, was determined

based on extensometer data at a depth of 2,057 feet (elev. 1353 feet).

The value of C can be computed for each extensometer location using the.

analytical results and in situ data from the exl_ensometer. Because C,

determined from each extensometer, may vary, predicted diametric

closures along each extensometer will vary accordingly. Using the

diametric closures predicted at different directions on the horizontal

plane, the principal directions of the strain on the horizontal plane

can be determined. Consequently, closure along two horizontal

principal directions can be predicted. Based on the predicted

diametric closures at a depth of 2,057 feet in the N15°W, $75°E and

$45°W directions, the major axis was found to be NI7°40'W and the minor

axis N72°20' E.

Closure predictions were made for two principal directions on the

, horizontal plane. Because the stress and strain distributions are not

sensitive to the value of the secondary creep parameter, except during
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the initial stages of. creep, the stress and strain distributions were

computed based on the average values of the creep parameter C

determined from three different directions.

7.3.2.4 Shaft Station

Observed Condltlons. The C & SH shaft station exhlbjts spa111ng from

both the roof and wall surfaces that requires contlnual routine

maintenance. Olsplacements, separations and fracturing occurlng above

the roof at clay _ _nd Inthe underlying hallte were expected.

Data from the Excavation Effects Program indicate that the haltte from

4 to 10 feet above the roof contains essentially no separations or

fracturing. Floor heave is evident at the electrical substation where

the concrete base slab has ttlted several degrees, but holes drtlled

Into the station floor encountered only minor separations and

fracturing. Ex'tensom_ter 51X-GE-O0253, in the station floor, does not

show any significant increase tn collar movement that would be expected

tf floor heave and fracturing ts occurring. Although the C & SIt

shaft station is the oldest and largest horizontal opening, the extent

of separations and fracturing beneath the floor is very small relattve .

to the fracturing found in the floor beneath Test Room3 (Chapter 11).

The observed behavior tn the statton is apparently due in large part to

1ts tntttal excavation by blasting. No other underground area has

exhibited the degree of spalltng that has occurred in the station. The

blasttng is thought to have accelerated separations at clay G and in

the underlying haitte in the main station area south of the shaft.

However, the extensive rock bolting in the roof appears to have

effectively controlled these separations.

Fracturlng In the plllar corners at the S90 crosscut has continued to

evolve as the salt responds to stresses produced by the station

• excavation. Changes in the fracturing are exhibited primarily by the

appearance Of new vertical fractures and by the elongation and widening

of exlstlng fractures. Hinor spamm_nghas ai_u occurred. _.,_,_.,.,,y
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at the roof and wall Intersectlon in the upper portion of geologic map

unit 4.

Closure. Figure 7-12 shows closure rates calculated from the readings

of roof-to-floor convergence points. The maximumrate appears to have

occurred during the early part of August 1984.

The closure rates shown on Figure 7-12 cannot be directly compared

without considering the differences in dimensions at the locations

shown, as well as differences tn the thickness of the roof beam below

clay 6, and the number of rock bolts in the vicinity of the respective

convergence measurement stations.

Figure 7-13 compares the central verttcal closure readings at stations

S18.5 and N39. Although the closure measurements are very close at

both stations, actual total closure at the S1B.5 station wtl1 be

greater since the Initial reading at this station was taken nearly 251

days after the completion of excavation, compared to only 35 days at

the N39 station. In addition, the larger opening dimensions at the

$18.5 station will also result in more rapid closure. Even though the

density of rock bolts is gre_ter south of the C & SH shaft than north

of it, the roof-to-floor closure is greater to the south. This is

probably because the roof beam below clay 6 is thinner and longer to
the south.

Figure 7-14 shows the collar movements of multiple-point borehole

extensometers 51X-GE-O0227 and 51X-GE-O0228 in the station roof, 35

feet north and 65 feet south of the C & SH shaft, respectively. The=

average collar movement rate of 51X-GE-O0228 is higher than that of

51X-6E-O0227, as determined from Figure 7-14. The roof closure rate

south of the shaft Is currently more than the rate north of the shaft.

A double-point borehole extensometer (S1X-GE-O0253) was installed in

the floor of the C & SH shaft station. The tnttlal reading f_om this

extensometer was taken nearly 238 days after the completion of

7-43





12. " I ..... I I -i

uJ 10, EO/518,5 ._, 10,0 I

D 8. o I" EXCAVATION SIZE
u 18 FT X 34 FT
¢: u.
O 6,
O
,.J

_ 4. > -

O X

2. I - '
I

0 I I II I I I , I

200 300 400 500 600 700 800 900 1000 1100 1200

ELAPSED DAYS SINCE EXCAVATION

10 .................

_,_' t/ ' _ ' ' ' ' Ii ' , t ,
_ 8. _ EO/N39_8.71N, -

_ . .

OCj 6.- _XCAVATIONSIZE -
rr' _ 15FTX30FT .

8
,,J
_ 4, . ' --

_ 2.-

0 33 ! I I I I I I ! I I

0 1CK) 200 300 400 500 600 700 800 900 1000

ELAPSED DAYS SINCE EXCAVATION

F1qur'e 7-13

C & SH SHAFTSTATION
TYPICAL ROOF-TO-FLOORCLOSUREHISTORY

7-45
t



0 g 0 L o'g O'Cj 0't, O'C 0 _, 0 L 0'0 _
S_3H:DNI '_OHONV 1S3d330 O.L 3AIJ.V7":I_ IN3H3AO_

7-45



excavation at the instrument location (Appendix J, Figure J-172). The

measured collar movement relative to the deepest anchor was 3.26 inches

on December 20, 1985. Actual floor heave will be higher as a result of

the time-lag between the end of excavation and the initial reading

date. There was a slight increase in the collar movement rate due to

excavation of the nearby W170 drift, but the rate has since become

steady.

Roof Stablllty. Figure 7-15 shows the distribution of measured

movements along roof extensometer 51X-GE-O0251, IB I/2 feet south of

the C & SH shaft, for the readings taken on September IB, lgB5. The

magnitudes shown are cumulative between the initial reading date of

January II, 1983, and September IB, 1985. The movements are also

expressed as percentages of the collar reading. Sixty-one percent of

the relative movement has taken place between the collar and anchor A.

This has remained practically constant since December 1983 and is an

indirect indication that there is no accelerating trend in the rate of

opening at clay 6 in the vicinity of this extensometer. For

comparison, the distribution of measured movement along roof

extensometer 51X-GE-O0227, 35 feet north of the C & SH shaft, is

shown on Figure 7-16. The relative movement between the collar and

anchor A has remained constant at 52 percent through December 1985.

Based on these measurements, there is no indication that clay G is

parting at an acceleratingrate either north or south of the shaft.

7..3.3 Prediction of'Future Behavior

This subsection presents the results of the analysis and evaluation of

the finite element modeling and the data collected in the C & SH

shaft. These results are presented in the form of predictions for

future behavior of the constructed shaft elements (liner and key) and

of the salt surrounding the unlined section of the shaft and the shaft

station.

7-_7
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7.3.3.1 Lined Section

The water pressure on the shaft liner to date has been less than the

hydrostatic, design pressure. The prediction of future water pressures
behind the ltner ts difficult due to the reasons discussed in

subsection 7.3.2.1. The lower potenttometrtc surface and lack of

hydraulic continuity along the rock/ltne_ interface may prevent the

ground water from reaching the design hydrostatic head., In addition,

leaks around the ptezometers and possibly obstructed ftlters may cause

the measurements to be somewhat less than the actual pressure

conditions.
t

Figure 7-17 shows that if the water pressure does reach the design

hydrostatic pressure, the liner wtll remain stable based' on Its design

factor of safety. The figure shows that the pressure capacity of the

11ner far exceeds the design hydrostatic pressure. Thls pressure was

determlned based on water level data obtained at the slte during
i

prellmlnary design activities. The data indicated that the hlghest

potentlometrlc surface In the Rustler formation beneath the slte

occurred at a depth of approxlmately 250 feet below the ground

surface. Thls data was later confirmed by Investlgatlonsconducted In

the slte vlclnlty by the U.S. Geologlcal Survey (USGS) (ref. 7-9). It

Is not _.xpectedthat thls potentlometrlc surface wlll be exceeded

durlng the 25-year operatlng 11fe of the facility. If any external

water were to Inflltrate along the rock/11ner Interface to form a

column of water that would exceed the hydrostatic head contalned In the

deslgn bases, the stablllty and safety of the steel 11ner would stlll

not be compromlsed based on the deslgn factor of safety.

7.3.3.2 Shaft Key

The results of the shaft key analysis indicate that after concrete Is

placed against the shaft wall tt shrinks away from the wall at a rate

greater than the rate of salt creep, resulting In a separation between

the concrete and the salt. The rate of concrete shrinkage decreases

with time and continuous salt creep eventually results In the salt
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contacting the concrete again. The interactive pressure between the

concrete and the salt wtll then gradually increase due to continuous

salt creep.

In the key area, the shaft wall radial and tangential stresses (Figures

7-18 and 7-19, respectively) were plotted as a function of distance

from the centerltne of the shaft for a typical section immediately

after excavation of the shaft and for 1 year and 25 years after

concrete placement. As expected, the radial stresses in the salt are

initially relieved near the opening but begin increasing after the salt

comes in contact with the concrete. Further away from the opening, the

stresses trend toward the overburden pressure.

The tangential stresses in the salt 3 days after excavation show an

elastic response which gives very high values near the opening. The

stresses are relieved near the opening from the time the salt starts to

creep until tt contacts the concrete. After contact is made, and for

the remainder of the 25 year analysis period, the stresses in the salt

and concrete key increase. There exists a discontinuity of stress at

the concrete/salt interface which is primarily due to differences in

their material properties. Like the radial stresses, the tangential

stresses approach the overburden pressure with increasing distance from

the opening.

At 25 years, the radial stresses, which are equal to the lateral

pressures on the salt face of the key, will increase to an average

value of 275 psi. At the same time, the maximum hoop stress at the

inside face of the concrete key has an approximate value of l,O00 psi,

with an average value across the key of about B25 psi. Figures 7-20

and 7-21 show the predictions for average lateral pressures and average

hoop stresses, respectively. A lateral pressure capacity in the key of

833 psi, based on an allowable hoop stress controlled by a concrete

compression of 3,000 psi, results in a factor of safety of

approximately three.
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The average diametric closure of the key at 27 years is expected to be

about O.l inch with a maximum value of 0.175 inch, or about half the

predicted value for the salt in the unlined section immediately below

the key (Figure 7-22). The average diametric closure of the unlined

section immediately below the key at 27 years varies from 0.03 inch for

the anhydrite bed to 0.38 inch for the argillaceous halite layer.

Figure 7-.23 shows the diametric closure predictions for both the

concrete key and the salt in the adjacent shaft wall.

7.3.3.3 Unlined Section

Extrapolationof In Situ Responses. Convergence point measurements are

too few to be used for the extrapolationof future in situ responses in

the unlined section of the shaft. Thus, the readings of collar

movements of multlple-point borehole extensometers must be used for

this extrapolation. Because the extensometer collars are recessed

l foot into the wall, and the readings are referenced to the deepest

anchor which is also moving, extrapolation of collar movement will not

produce an exact estimate of the movement of the shaft surface.

The maximum collar movement occurs at multiple-point borehole

extensometer 37X-GE-O020B at a depth of 2,057 feet (elev. 1353 feet)

(Figure 7-3). As discussed earller, and as shown on Figure 7-9, the

collar movement is affected by seasonal temperature fluctuations.

However, if we consider only the later portion of the curve, its slope

is approximately 0.125 inch/year between June 1984 and June 1985.

Assuming this rate to be constant for another 22 years, the additional

radial movement of the collar wtll be nearly 3 inches. Thus, the

effective diameter of the unlined shaft will be reduced by nearly 6

inches.

Replication of In Situ Responses. Figures 7-24 and 7-25 show the

radial and tangential stress distributions relative to the overburden

stress at different times. Figure 7-24 indicates that the zone where

radial stresses are affected increases in size with time while Figure

i-_ ihdlcate5 ,L,,__._.....+4_._ _+.''_"_ _V'"nnlu _ff_rt_d within anI.IIID I. I&,i_llt-J_{;ll _ ll.i I _WipWl w .i,.w,_.,..d, --' " .... ,,al ........

approximatelyconstant radius of 60 feet.
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Figure 7-26 shows the ratlo of radlal dlsplacements at various

dlstances from the shaft centerllne relatlve to the radlal dlsplacement

of the shaft wall at different times. Based on this figure, the ratio

of the displacements between each extensometer anchor point,and the

shaft wall can be determined. This figure Indlcates that the

extensometer collar readings relative to the deepest anchor will reach

about e4 percent of the actual radial displacement of the shaft wall 15

years after excavation.

Figure 7-27 illustrates the effective creep strain distribution in the

shaft at a depth of 2,057 feet (elev. 1353 feet) at selected times

after excavation. The magnitude of effective strain at the shaft wall

at 15 years approaches a value of approximately 0.03.

Figure 7-28 shows diametric closure versus depth at different times.

The response curves are drawn relative to the ttme the tnttla]

instrument readings were made. The response indicated by the curve to

the left of the vertical axis corresponds to the computed response

which took place between excavation and the initial instrument

reading. The relative response between October 1982 and June 1984 is

correct regardless of the time offset. Varying the time offset in

effect shifts the position of a11 other response curves relative to the

vertlcal axis. The diametric closure prediction at a depth of 2,057

feet is shown on Figure 7-29.

7_3.3.4 Shaft Station

Figure 7-15 shows that, for roof extensometer 51X-6E-O0251 in the

C & SH shaft station, the relative movement between the collar and

anchor A, expressed as a percentage of the collar reading, has remained

practically constant for the last 2 years. Thus, provided that no

failure of the mechanical-anchor rock bolts occurs, the closure rate of

the roof is expected to stabilize. It is assumed that no new

excavation will occur close to the station. If additional excavation

is performed, the rate of closure between the roof and floor and

between the walls may be accelerated.
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The rock bolts and wire',mesh in the station roof wtll control spalltng

and stabilize the roof to provide a safe working environment I_ut wtll

not control salt creep. Although separations and fracturing have

developed in the salt surrounding the shaft station, they exist on a

much smaller scale than those observed in Test Room 3. They are

expected to continue to develop throughout the operating life of the

facility.

The total measured roof-to-floor closure in the C & SH shaft station

was approximately IO inches on September 16+,1985, nearly 3 I/4 years

after the completion of excavation. The measured wall-to-wall closure

over the same period was about 6 inches. Actual closure values are

higher because the initial readings were taken nearly 260 days after

the station was excavated. The average rate of roof-to-floor closure
+

oyer the measurement period is approximately 3.89 inches/year.
Assuming this rate wtll be constant throughout the operating ltfe of 25

years, an additional roof-to-floor closure of about 8 feet ts

expected. Since the wall-to-_/all closure is approximately 60 percent

of the roof-to-floor closure, the additional wall-to-wall closure Is

expected to be nearly 5 feet.

7.4 CONCLUSIONS AND RECOMMENDATIONS

Design validation requires a determination of the compatibility of the

design criteria, design bases and design configurations used In the

reference design. Therefore, the following conclusions and

recommendations address those criteria identified as applicable to the

C & SH shaft in Chapter 2, .Table 2-I, and the design basis elements

presented in this chapter, Table 7-I. Other conclusions and

recommendationsthat are a product of the design validation process are

also presented.

7.4.1 Conclusions '

Validation of the C & SH shaft reference design is based on a

comparison of the applicable elements contained in the Design Criteria

+
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and Destgn Bases documents wtth tn sttu conditions. These documents

contatn the requirements that the C & SH shaft must meet tn terms of

shaft stability, deformation, water pressure, water control, and shaft

statton stability and deformation.

g

Observations made during shaft Inspections hays not detected any signs

of deterioration or instability, Due to its design pressure capacity,

the liner is expected to remain stable even if the water pressure

exceeds the design hydrostatic pressure.

The design basis assumption that the hydrostatic pressure begins 250

feet below the ground surface is suitable. Ptezometer measurements

indicate that the hydrostatic pressure is currently much less than the

design basis pressure. These measurements are of sufficient accuracy

to indicate that an anomalously high hydrostatic condition does not

exist.

The design basis requirement that the key be designed to resist ]ateral

pressure from the salt equal to 75 percent of the overburden pressure,

approximately 640 psi, is suitable. The shaft key analysts indicates

that the lateral pressure on the key at the end of 25 years wtll be

approximately 275 psi. Th_ lateral pressure capacity of the key is 833

psi. This provides for a factor of safety of about three. The

analysis further shows that the maximum diametric closure expected for

the key at the end of the operating period is only 0.175 inch. If the

plastic flow or creep properties of the concrete were _nc]uded in the

ana]ysts, the results would indicate that the design pressure would not

be reached until after the 25-year operating life of the facility.

Based on the computed vertical, horizontal and effective stresses in

the unlined section, the magnitude of stresses immediately adjacent to

the opening decreases with time as the stress arch around the opening

migrates away. The maximum stress occurs immediately after excavation

and is followed by relaxation due to creep behavior. The stresses

will, therefore, not cause a future stability problem in the unlined

section of the C & SH shaft.
_
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The analyses Show the locations of effective creep strain

concentrations in the unlined section of the shaft at different times.

lt is predicted that the maximum effective creep strain will not exceed

0,05 at the end of the operating life of the shaft, Based on the

effective creep strain limit discussed in Chapter 6, the structural

stability of the C & SH shaft will remain within required safety

limits during its operating life.

The analyses also predict that the diametric closure near the bottom of

the shaft at the end of its operating life will be approximately

lO inches along the major axis of principal strain, approximately IB

degrees from the longitudinal direction of the shaft tubular steel

supports (buntons). Based on the predicted deformations and closures,

the unlined section of the shaft will meet the requirementsstated in

the design criteria. The diameter of approximately 12 feet in the

unlined section will allow for salt creep over the operating life, as

required bY the design bases. However, based on the design

configuration of the C & SH shaft, the connections at both ends of

some buntons do not provide sufficient allowance for longitudinal

adjustment.

The C & SH shaft reference design complies with the criteria that

require control of ground-water flow. This conclusion is made despite

the fact that considerable instrumentationdamage has been caused by

water flow. Thls water has seeped into the shaft through holes cut in

the liner for piezometer installation or is a result of direct

rainfall. The piezometer leakage problem has been addressed and will

receive additional corrective attention during a future shaft

renovation. The rainwater does not reach the facility level in any

significant or measureable quantity.

The chemical water seal Just below the key piezometers is probably

breached. The lowest water seal in the key is functioning properly.

The water draining from the telltale drains has a local source.

Therefore, it is concluded that there is no solutioning of the salt

behind the key.
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The C & SH shaft statton exhibits the highest degree of deterioration

in the underground facility. This is considered to be the result of

the effects of blasting for lntttal excavation of the station. The

station roof has been stabilized by rock bolting and no further

significant deterioration is expected. However, removal of the 3-foot

thick salt beam between the roof and clay G may be required for safety

reasons in the future. Closure wtll continue at a rate of

3.89 inches/year vertically and 2.33 inches/year horizontally. Total

closure after 25 years wtll be on the order of 8 feet vertically and 5

feet horizontally. This closure wtll require that the station roof or

floor, and walls be trimmed periodically to maintain the destgn

dimensions.

Separation and fracturing in the salt is expected to continue in the

station roof and beneath the floor. Both closure and fracturing in the

station wtll necessitate periodic maintenance during its operating life

in order to maintain safety as well as the required' clearances for

equipment and operations.

The reference design for the C & SH shaft ts validated based on the

preceding discussions. The reference design complies with the design

criteria and design bases. Except for instrument repair and

maintenance, no modifications are requtred to the shaft reference

design. The C & SH shaft will perform its functions as required

during the operating life of the facility.

7.4.2 Recommendations

Based on the results of design validatlon, the following

recommendationsare made with respect to the C & SH shaft:

(1) Water behind the shaft key is undesirable and should be

monitored carefully. If the volume of water behind the key

increases, or if water starts flowing from beneath the key,z

past the,lower water seal, it may become necessary to lhject

grout above the top water seal in the key. Grout should not
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be placed behind the key (below the top seal) unless

absolutely necessary. If this cannot be avoided, the grout

must be a chemical gel (or other non-rigid grout) and must be

compatible with both the existing water seal material and

with the Plugging and Sealing Program requirements.

(2) Based on the results of design validation of the C & SH

shaft, lt is recommendedthat, during inspection of the shaft

furnishings, the bunton connections should be inspected for

closure allowance. If the allowance is insufficient,

corrective action should be taken to provide for additional

closure.

(3) The observation holes drilled in the roof of the shaft

station to monitor displacements and separations, and in the

floor to monitor fracturing, should be maintained. Continued

observations of conditions in these holes will be valuable in

assessing the safety and stability of the station.
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CHAPTER 8

WASTE SHAFT

8.1 INTRODUCTION

The waste shaft provides the connection between the surface waste

handltng facilities and the underground s_orage level. A discussion of

shaft construction was presented in Chapter 3 and geologic

characterizationof the shaft stratigraphy was presented in Chapter 6.

This chapter Presents discussions of the design criteria and design

bases pertaining to the waste shaft. It documents the collection of

waste shaft geotechnical data, its analysis and evaluation, and

presents predictions of future shaft behavior. Conclusions and

recommendationsare presented based on a comparison of the results of

the design validation process with the shaft referencedesign.

8.2 DESIGN

Thls section presents the design criteria and design base_ used to

develop the reference design for the waste shaft. The design

configurationof the shaft Is discussed in Chapter 3, subsection 3.3.2.

8.2.1 Desiqn Criteria

The design criteria for the waste shaft are the same as those for the

C & SH shaft. The criteria requiring validation are indicated in the

listing of abri_-_d criteria presented in Chapter 2, Table 2-I and are

discussed in Chapter 7.

The design criteria requiring evaluation for design validation of the

waste shaft are:

(1) shaft shall be designed to be structurallystable;

-

(2) shaft shall be designed to accommodate salt creep;

(3) g ..... ,_-*-,a+--_ flnu Intn th_ _haft shall be controlled"I qtJ W I l'l_il W V_ t_,'*J,, W iv.. ,,, ........... |

8-1



(4) underground openings (i.e. waste "shaft station) shall be

designed to accommodatedeformation; and

b

(S) underground openings shall be stable.

8.2.2 Oestqn Bases

• The D__ekstgnBasis. Haste Shaft (ref. 2-15) was the primary document used

as a guide for waste shaft design. The major elements of this basis

are Summarized in this subsection. Only a few of these elements must

be evaluated or have a direct impact on design validation. These

particular elements are presented in Table 8-1.

The design bases specify that the waste shaft shall be designed to

transport personnel, materials and radioactive waste, lt shall also

serve as an intake shaft for a small volume of air during normal

operations and as an escape route during emergency operations.

The shaft shall be lined with unreinforced concrete from the bottom of

its collar in the waste handling building to the top of the shaft key

t the rock/salt interface. The liner shall be permanent and shall

protect against spallinq, fallout and deterioration of the rock in the

shaft wall. lt shall also prevent water seepage into the shaft.

The shaft liner shall be designed in compliance with applicable ACI

Codes. A load factor of 1.4 shall be used for designing the concrete

liner. The specified concrete compressive strength shall be

5,000 psi. No lateral rock pressure shall be assumed for design of the

shaft liner. Hydrostatic pressure shall be considered to start at 250

feet below the ground surface and extend to the rock/salt interface at

the top of the key. The water pressure shall be considered to increase

0.437 pounds per square Inch (psi) for each foot of depth.
.

At water-bearing zones, the shaft shall be enlarged and liner plate

installed to provide pressure relief and drainage space behind the

liner during concrete placement and Curing. Drainage pipes and
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Table 8-I

VALIDATION ELEMENTS OF WASTE SHAFT DESIGN BASES

(I) Shaft liner

Hydrostatic pressure is considered to start at 250 feet below the
ground surface and extend to the top of the key.

(2) Shaft key

Design lateral pressure shall be SO percent of the vertical
pressure due to soil, rock and salt overburden.

(3) Unlined section

Provide 20-foot diameter to allow for future salt creep
deformation.

, ii i
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temporary hoses shall be installed to control water inflow prior to

placement of the concrete liner. When the concrete liner has attained

adequate strength, the area behind the liner plate shall be grouted to

preclude deterioration of the dolomite and mudstone in the

water-bearing zones.

The shaft key at the bottom of the concrete liner shall be constructed

of reinforced concrete keyed into the rock and salt strata. A chemical

water seal shall be placed behind the top and bottom of the key to

prevent the migration of water. After the completion of shaft

excavation and construction of the concrete ltner and key, permanent

piping from water collection rings to the shaft station shall be

Installed. Water from the collection rings shall be piped to a tank in

the shaft station and then transported to the surface. The piping

shall tnclude inspection and clean-out fittings. Inspection and

cleantng of the water collection rings and drainage piping shall be

performed as necessary.

A load factor of 1.7 shall be applted to the design loading used for

the concrete in the shaft key. The key shall be designed to resist

lateral pressure generated by salt creep. The design lateral pressure

shall be 50 percent of the total vertical pressure due to the sotl,

rock and salt overburden.

Below the key, the shaft shall be excavated 20 feet in diameter to

allow for future salt creep deformation. Rock bolts and wire mesh

shall be installed in this unlined section of the shaft in order to

provide a structurallystable salt surface.

A shaft station shall be excavated at the storage level. The shaft

shall extend below the storage level to such a depth as required by the

hoisting equipment and sump. The use of rock bolts and wire mesh shall

be dictated by the condition of excavated surfaces as well as code

requirements. The roof, walls and floor shall be checked periodically

for loose salt in accordance with applicable codes. The tolerance for
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excavation of roof, floor and wall surfaces shall be no greater than

plus 6 inches. In no case shall the finished cross section dimensions

be less than the design dimensions.

Geomechanical instruments shall be installed to measure water pressure

behind the shaft liner, salt creep pressure behind the key, and radial

convergence in the unlined section of the shaft. The types of
)

instruments installed shall be piezometers, pressure cells, radial

convergence points and extensometers.

The shaft, including the liner, key, unlined section, station and

furnishings,shall be inspected at 1 month intervals, or as required by

applicable codes, to detect cracking, corrosion, deterioration and

water intrusion.

B.3 DESIGN VALIDATION PROCESS

The design validation process for the waste shaft consists of

analytical calculations, finite element modeling, and the analysls of

data collected from geomechanical instruments installed in the C & SH

and waste shafts. The in situ material parameters of salt determined

from C & SH shaft instrumentation data were used to analyze the

closure behavior of the waste shaft. For the shaft station, the in

situ measurement data obtained from the C & SH shaft station were

used to predict future closure behavior. The following subsections

present information pertaining to validation of the waste shaft

reference design.

8.3.1 Data Collection

Data collection in the waste shaft has consisted of geologic mapping,

visual observations and geomechanical instrumentation measurements.

Data obtained from the geologic mapping were presented in Chapter 6.

The following subsections discuss the field observations and the

geomechanical instrumentationin the shaft.
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8.3.1.1 Fteld Observations

Waste shaft inspections have been concerned primarily with water

seepage through the concrete liner, salt incrustation on the surface of

the ltner, dissolution tn the shaft sump and the results of the ltner

grouting program.

m

Water seepage through the waste shaft 11ner has occurred slnce

construction. As dlscussed in Chapter 3, subsection 3.4.2, groutlng

during construction behind the steel 11ner plate at both the Magenta

and Culebra members dld not completely prevent water from entering the

shaft, lt was estimated that the total water seepage through the 11ner

was approx1_tely 0.5 gallons per minute (gpm). A remedlal groutlng

program (ref. 3-3), conducted from August 11 through August 25, 1984,

reduced the seepage to about 0.015 gpm as measured In October 1984.

Subsequent Inspectlons in February and June 1985 detennlned that fresh

water had begun seeping through cracks and construction Jolnts In the

liner from zones wlthln and above the grouted area. The highest level

of water seepage was occurrlng at a depth of only 60 feet below the

shaft collar. Because th13 is hlgher than the potentlometrlc surface

of ground water in the Magenta and Culebra members, the source of the

seepage was probably rainwater and constructlonwater contalned in the

backf111 around the shaft collar and In the underlying Gatuna

sandstone. Thls Is based on the fact that heavy rains in the late

summer of 1984 left substantlal quantltles of water ponded in the

waste-handllng bul]dlng excavations and in the remnant of the SPOV

ventilation shaft drillIng fluid reserve pit.

The tnltlal rate of this renewed seepage could not be measured because

the PVC drainpipe had been broken in several places. Subsequent repair

of the drainpipe has permitted the rate of water inflow to be measured

on a regular basis. The measurements are obtained by timing the flow

of wa_.er from the drainpipe into a calibrated bucket. These

measurements do not consider the small amount of uncontrolled "fly

water* that falls down the inside of the shaft. The initial

measurement, in ,lanuary 1986, was 0.47 gpm. The measurements, are

I
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plotted on Figure B-1 and show a generally decreasing trend in the flow

rate. This trend may be influenced by three factors. First, the water

contained i_ithe backfill and sandstone has slowly drained into the

shaft. Second, the rate of evaporation increases as the outside air

temperature increases, thus reducing the amount of water reaching the

drains. Both of these conditions are temporary. A series of

rainstorms could recharge the backfill and sandstone, and evaporation

will decrease with cooler winter temperatures. Heavy rains in aune

1986 may have been responsible for the increased flow detected by the

late aune reading. The third factor influencing the flow trend is the

possibility that the water collection rings and the drainpipe may be

partially blocked by debris. This would result in reduced water flow

through the drainpipe and an increase in the amount of unmeasureable

fly water.
i
q

Although there has been limited access to t'he waste shaft since

August 1984, several inspectionsof the shaft and sump have been made.

One inspection was made on February 21, 1985, at which time some

instrumentation damage was observed. In addition, the PVC drainpipe

was observed to have been broken in several locations. Appreciable

salt incrustationwas noted on the surface of the concrete liner and on

many of the instrumentation boxes and cables. This incrustation was

primarily attributed to salt dust from the underground excavation

adhering to the damp shaft walls during the period since September 1984

when the waste shaft was used as an exhaust shaft. A small percentage

of this salt incrustationwas also attributed to water seepage through

the Iiner.

On June 16, 1985, another inspection of the waste shaft was made to

within 60 feet of the shaft station. The shaft ventilation had been

changed from upcast to downcast after the Februaryinspection. Very

little salt incrustationwas present on the concrete liner and only a

small amount was present in places on the wire mesh. Fresh water
_

entering the shaft through the liner, from approximately 60 feet below

the collar, was running down the l'iner. Although much of the liner was
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observed to be wet, the water rings were not full. This water appeared

to have dissolved the salt incrustation observed in the February 1985

inspection. Cracks were commonin the liner to within 60 feet of the

collar. The PVC drainpipe damage had not been repaired. No water was

seen draining from below the concrete key. The shaft sump contained

water to within 60 feet of the shaft station floor. This water was a

combination of rainwater, construction water and ground water. It was

pumpedout in September 1985.

On December 1, 1985, another inspection of the waste shaft was made.

The PVC drainpipe was still broken or disconnected at several levels.

The water rings were plugged and overflowing. There appeared to be an

increase in water flow into the shaft, most noticeably at the Culebra

member. An approxtn_tely 1/8- to 1/4-tnch thickness of salt had been

deposited on the liner below the Culebra.

On December 11, 1985, an inspection of the waste shaft sump was made.

During this inspection, and a subsequent inspection on December 12,

1985, )48-139 was observed closely. The clay along the lower contact

was distinct and no separations were noted. Although the upper contact

could not be distinguished behind a covering of wire mesh, MB-139 could

be seen quite well and appeared to be intact and undisturbed. One

small, fracture, approximately 2 feet long and 1/2 inch wide was

observed on the west side of the shaft approximately I foot above the

lower contact.

An anhydrite bed. 61 to 66 feet below the station floor was also
,,

observed during this inspection. A zone of dissolution was present

along' the upper contact of this layer in the northwest to southeast

half of the shaft. The dissolution occurred partially within the

anhydrite bed. The maximum void width of approximately 0.7 foot

occurred on the south-southwest side of the shaft and extended

approximately 18 feet south into the salt. The zone of dissolution

pinched out going around the shaft in either direction away from the
-

area of maximumopening. There did not appear to be any disturbance of
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the strata overlying or underlying this zone anywhere around the shaft

and no votds or disturbance of the anhydrite, existed on the opposite

side of 'the shaft. The _ upper contact of the anhydrite with the

overlying haltte did not exhibit any Irregularities. From the physical

evtdence available, lt appeared that this feature was the result of

localized dissolution. No dissolution of the anhydrite was observed.
a

The dissolved material was probably a soluble evaportte mtneral

representing a facies change within the Salado formation. The

dissolution appeared to have resulted from the previously discussed

water which had been standing in the sump. The level of this water was

measured at 60 feet from the shaft station floor prior to its being

pumped out in September 1985. The shaft wall below the water line

exhibited no significant deterioration due to the standing water.

However, some sloughing of an anhydrite layer 71 to 75 feet below the

shaft station floor and widening of the shaft near the bottom of the

sump was evident. The shaft wall exh'Jbtted a glazed surface which

probably resulted from minor dtssol,tton of the sa%t surface.

A shaft inspection was conducted on July 24. 1986. The inspection team

mapped the location of cracks in the concrete liner and any associated

seepage. They also mapped the location of leaking construction

• Joints. This mapping indicates that additional cracks have developed

in the liner since mapping was conducted prior to the August 1984

grouting program. The shaft was found to be considerably drier than

during the 1984 mapping program. Many of the new cracks mapped may

have existed in 1984 but were masked by the water on the shaft walls.

Also, salt precipitates now enhance the outline of the cracks. The

inspection also revealed that recent construction work inside the shaft
¢

has resulted in some instrument cable and Junction box damage and in

breakage of the previously repaired PVCdrainpipe.

The waste shaft station has shown little deterioration since it was

enlarged from the SPDV ventilation shaft station dimensions. Visual

surveys are performed approximately every 3 months by site geologists.

The results of these inspections are documented in the GFDRs. Only
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minor spalllng along the station walls has occurred. Vertical

fractures similar to those found in the drifts and test rooms have

developed at intersection corners. The roof, although showing no

visible evidence of deterioration, has been covered by wire mesh and

rock bolts for safety purposes. During the auly 1986 shaft inspection,

some separation at clay 6 was observed on the east and west sides of

the shaft. The separation was a maximum of 3/4 inch wide at the shaft

surface and decreased away from the shaft. No separation was observed

at clay H.

Minor separations and fracturing in MB-139 and in the overlying halite
,=

have been observed in the station floor. A dish-like fracture zone

similar to that found in Test Room 2 is present, but has developed on a

much smaller scale. Inspection of MB-139 in the shaft sump, and

evidenc_ from boreholes drilled in the station floor, show that the

marker bed and the overlying halite are, for the most part, intact.

8.3.1.2 6eomechanicalInstrumentation

The waste shaft geomechanical instrumentation is similar in design to

that of the C & SH shaft. The shaft contains 12 vibrating-wire

piezometers,4 pressure cells, 9 multiple-point borehole extensometers,

and 3 sets of radial convergence points. Figure B-2 shows the

instrument locations in the waste shaft aod Figure B-3 shows details of

the key instrumentation.

As in the C & SH shaft, all of the geomechanlcal instruments, except

the convergence points, are monitored remotely. The instruments are

connected to the surface datalogger that polls all of the remotely-read

underground instrumentson a scheduled basis.

The 12 piezometers were installedon September 7 and 8, 19B4, after the

6-foot diameter SPDV ventilation shaft had been enlarged to become the

20-foot to 23-foot diameter waste shaft. The water that could exert

pressure on the liner is expected to come from the two water-bearing

members in the Rustler formation. The Magenta dolomite member occurs
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from a depth of 596 feet to 621 feet (elev. 2813 to 2788 feet) and the

Culebra dolomite member from a depth of 706.5 feet to _28.5 feet

(elev. 2702.5 to 2680.5 feet). Two piezometers are at each of the

following elevations: 2877, 2798, 2740, 2692, 2651 and 2564 feet

(Figures 8-2 and 8-3). The ptezometers are located on opposite sides

of the shaft, one at N60°E and the other at S60°W. Ptezometer readings

are shown on the data plots in Appendix _1.

i

The four pressure cells are located in the waste shaft key between the

salt of the shaft wall and the concrete comprising the key. The

pressure cells were Installed at a depth of 866 feet (elev. 2543

feet). The four cells are spaced 90 degrees apart around the shaft at

the north, east, south, and west positions (Figure 8-3). Inttial

pressure cell readings were taken on April 6, 1984. The waste shaft
]

key concrete was placed, between March 23 and April 3, 1984. Pressure

cell data plots are also presented in Appendix 3.

The extensometers and convergence points were Installed only in the

unlined section of the shaft below the key. These instruments, whose

locations are shown on Figure 8-2, were installed after enlargement of

the shaft to its final dimensions.

The nine multiple-point borehole extensometers were installed between

August 31 and September 5, 1984, 3 to 5 months after the complution of

shaft enlargement. Three extensometers each are located at three

elevations in the unlined section of the shaft: 2338, 1843 and 1350

feet (Figure 8-2). The extensometers are spaced 120 degrees apart

around the shaft. Plots of the readings are presented in Appendix J.

- A s_t of radial convergence points, consisting of four points each, is

located at each of the same elevations as the extensometers. The

convergence polnts were installed immediately after enlargement of the

shaft. Due to interference by shaft furnishings, lt was not possible

to set the convergence points at 90 degrees from each other. Th_ _t

of convergence points at a depth of 1,Oil feet consists of two points
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on each side of the shaft conveyance furnishings. The two points were

set 44 degrees apart. At the other two depths the two points on each

side of the shaft are set 53 degrees apart. Convergencepoint readings

were obtained from April through June 1984 and are plotted in

Appendix J. However, their performance is considered poor and

erratic. The readings have been affected by salt incrustation on the

convergence point eyebolts and extensions. Convergence point readings

were discontinued when the temporary waste shaft hoist was

decommissioned on September12, 1984. The convergence points will be

inaccessible until approximately December 1986, when the permanent

waste shaft hoist is installed.

Geomechanical instruments were Installed in the SPDV ventilation shaft

station in late 1982. The instrumentation consisted of three

multiple-point borehole extensometers and two sets of convergence

points as show_ on Figure 8-4. When the shaft was enlarged to become

the waste shaft, the station was also enlarged and the original

instruments were destroyed. Two extensometers were then installed in

the enlarged shaft station. Both of these extensometers are in the

roof, one on either side of the waste shaft (Ftgure 8-5).

8.3.2 Angle,sis and Evaluation

Analysis of the waste shaft data and its evaluation against reference

design parameters has been divided into four elements: the

concrete-lined section of the shaft; the shaft key; the unlined

section; and the shaft station. This division is based on the

different in situ and design conditions in each of these areas

8.3.2.1 Lined Section

Engineering mechanics principles were used to design the concrete liner

against elastic buckling. Both axial and flexural stresses were

considered in the design. Permissible stress values were those used
L,

for structural plain concrete (ref. B-l) utilizing the ultimate

strength design method. Since there are no significant salt strata in
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the rock surrounding the liner, rock creep and the resulting rock

pressure against the liner were assumed to be negligible. Hydrostatic

pressure acting from a depth of 250 to 844 feet was used in the design

based on the appllcable,deslgnbasis element (Table 8-I).

',,','i',_" _,

Additional stre_o,!_i_,'i/,lln,ltheliner due to Inltlal imperfections in
roundness and grouting pressures were also considered. For stress

calculations, an initial Imperfectlon of I inch was assumed in the

roundness of the liner. In place of the local water pressures,

!I.grouting pressures 3 times the ground-water pressure were assumed to

act over one-slxth of the circumference of the liner. Due to localized

effects, a 20 percent Increase In the allowable concrete stress was

assumed due to the short-term loading of the grouting pressure.

The external pressure capacities and corresponding closure limits
.

(maximum diametric changes) for different thicknesses of the liner are:

LIner Pressure Closure
Depth Thickness CapacIty Limit
(feet) (inches) (psl) (inches)

27 to 462 10 216 0.165
462 to 580" 14 370 0.215
580 to 762 18 523 0.251
762 to 837 20 598 0.266

The intent of the shaft ptezometers ts to monitor the pressure exerted

on the liner by water from the Rustler formation. These data would

indicate if the design hydrostatic pressure from the design basis was

suitable.

Tab]e 8-2 summarizes the variation in measured _at,er pressures behind

the liner at different times. Figure 8-6 shows the averaf _. reading on

September 18, 1985, for each plezometer pair plotted against shaft

depth. For comparison, the hydrostatic design pressure for the liner

through this interval is also shown.

The measured pressures at this time are lower than the design pressure

• for two apparent reasons. First, water seepage through cracks and
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Ta,,ble 8-2

WASTESHAFTLINER ANDKEY
SUMMARYOF MEASUREDWATERPRESSURES(psi)

J

PIEZOMETERNO, 31X-PE-O0

Date 201 202 ....203 204 2'05206 207 208 209 210 211 212
of Elev. Elev. Elev. Elev. Elev. Elev.

Reading 2879 2798 2740 2692 2651 2564

Dec. 26, 1984 -1 0 16 20 -7 -8 77 93 65 76 13 11

May 16, 1985 -2 0 11 16 12 -15 79 95 58 84 ' 8 10

_une 27, 1985 * 0 13 19 *-16 78 95 * 91 II 12

Sep. 18, 1985 * l 17 26 *-14 99 II5 * I07 19 22

Dec. 18, 1985 * -3 -3 -2 * -3 47 51 * 27 4 8

Mar. 16, 1986 * -3 2 6 *-13 * 63 * 47 5 12

Qune 13, 1986 * 0 lO 15 * -20 * 85 * 74 18 19

Piezometer not functioning.
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Figure__8-6

HASTE SHAFT LINER
HATER PRESSUREHEASUREHENTS
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co.nstructlon Joints in the ltner has not allowed the water to build up

to its full hydrostatic head. This means that the ptezometers are not

measuring the full pressure that might be expected against the liner if

the leaks were sealed. Second, the low pressure readings, and

especially the variation in readings, suggest that hydraulic continuity

is incomplete along the rock/liner interface. It is possible that

water from the Culebra has been isolated, or at least restricted, in

its vertical extent. This is suggested by the distribution of

pressures shown on Figure 8-6.

The pressure dtstr!button of the plezometers is also shown on Figure

8-7. These readings, however, are the maximumpressure values measured

for each ptezometer elevation. The figure also shows the design

hydrostatie pressure distribution for the entire ltner and its pressure

capacity. The pressure capacity provides a significant factor of

safety over the design hydrostatic pressure.

8.3.2.2 Shaft Key
i

Due to lithostatic pressure, the salt formation behind the shaft key

tends to creep over time. The result is a buildup of inward pressure

against the concrete key. The concrete key was designed to withstand a

lateral pressure equal to 50 percent of the vertical overburden

pressure (approximately 60 ksf) for at least 25 years after its

construction. This reduction in lateral pressure from 75 percent of

the overburden pressure for the C & SH shaft to 50 percent for the

waste shaft was based on the results of the analysis of data obtained

from the C & SH shaft (Chapter 7).

A nonlinear finite element analysis was utilized to simulate the

long-term creep interaction ef the salt and the concrete key. The

analysis was performed using the MARC Finite Element Program discussed

in Chapter 6. The material properties of the finite element model

simulated the creep behavior of the salt via a power law (equation

C.4-6 in Appendix C) provided in the analysis.
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Hode] Simulation. Unlike the more sophisticated analysis of the

C & SH shaft key (whtch employed a multi-layered, axtsymmetrtc finite

element model), the etntte element model for the waste shaft key and

surrounding salt consists of a stngie layer of quadrilateral,

axtsymmetrtc ring elements as shown on Figure 8-8. Because only the

lateral flexural stiffness of the shaft key was considered tn the

fJntte element model, and not its longitudinal flexural stiffness, the

analysts provides conservative results. Also for conservatism, the

shrinkage effect of the concrete was not taken into account in this

analysis.

' An inner element of the model, shown on Figure 8-8, represents a

segment of the concrete key. In order to simulate the time interval

between shaft excavation and concrete placement for the key, this

element was not tied to the surrounding salt deposits. All

depth-dependent input values, such as overburden stresses, were

computed for a depth of 892 feet, low tn the key, where such values are

at a maximum. Because halite ts the most dominant material in the rock

around the shaft key° its properties were used for the model elements.

Halite ts also the matertal at the base of the shaft key where lateral

pressure is at a maximum.

The following analytical procedure was used to perform a creep analysis

of the waste shaft key:

(I) Initially, lateral forces were applied outwardlyagainst the

inside surface of the shaft. This simulates the condition

prior to excavation of the original B-foot diameter shaft.

(2) Lateral forces were applied inwardly against the outer

vertical boundary of the model. The magnitude of these

forces were based on the lateral earth pressure, equal to 892

feet of overburden, computed for the key elevation of 2517

feet.

8-24
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(3) Internal stres'ses were applled tn each element to represent

the Initlal llthostatlcstress stat'e.

(4) All nodes of the model were restrained against vertical

displacement.

(5) Subsequently, outward lateral forces against the inside

surface of the shaft were removed to simulate excavation of

the original 6-foot diameter shaft.

(6) A creep analysis was performed on the salt deposits

surrounding the 6-foot diameter shaft untll that tlme when

the shaft diameter was enlarged and the concrete for the key

was placed (795 days).

(7) The three innermost ring elements were detached (tte

constraints removed) from the model to represent the

enlargement of the shaft. A concrete rtng element (tte

constraints added to the model) then replaced the three salt

elements just removed to model the concrete key.

(8) A second creep analysis was performed using thts new model

and a creep ttme representing 28 years after placement of the

concrete key.

•

The stratigraphy tn the upper section of the waste shaft ts stmtlar to

that tn the C & SH shaft. The creep parameters determined from in

sttu salt behavior in the C & SH shaft were, therefore, assumed to be

valid for correlating analytical results of the waste shaft from

normalized ttme to real time. The secondary creep parameter c was

found to equal 5.70x10 -21 ksf -4.9
tamm1

sac . Because early In situ

measurements were not available for the C & SH shaft, the primary

creep parameters A and z were determined from in sttu data from the
-7 -1

horizontal drifts and were found to be 3.2 and 1.1xlO sec ,

respective]y.

|.
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SeeDaq_Ev_lua_ton. The structural integrity of the shaft key is not

totally dependent upon salt creep. The stability of the key, and

consequently the shaft ltner, can be compromisedby water dissolving

the salt surrounding the kay. Water is prevented from seeping from the

upper water-bearing zones down lnto the salt around the key primarily

by two chemtcal water seals. The key configuration, tn_ludt.ng the

seals, is described tn Chapter 3.

The numberof ptezometers in the key are not sufficient to conclusively

support an evaluation of seepage. However, the distribution of water

pressure behind the .ltner and key provides an Indication that there is

probably no hydraulic continuity along the rock/liner interface. This

is especially evident at the lowermost water-bearing zone at a depth of

717 feet (elev. 2692 feet). Here, water pressures are over 100 p_t.
The next lower level of plezometers, at a depth of 758 feet (elev.

2651 feet), also tndtcate pressures of about 100 psi. However, the

' lowest level of ptezometers, in the shaft key, reflect pressures of

less than 25 psi.

The telltale drains in the waste shaft key could not be located during

the _uly 1986 inspection. Assumingthey were cons'tructed as designed,

they may be covered by a thin veneer of concrete formed during concrete

placement. A seep was noted on one side of the shaft at the

approximate design level of the telltales. Inspection of the base of

the key de_ermtned that no water was seeping from behind the key. This

indicates that ground water is not bypassing the lower water seal
between the key and the surrounding halite.

8.3.2.3 UnlinedSection

The structuralbehaviorof the unlined sectionof the waste shaftwas

also computed by a nonlinearcreep analysisusing the MARC Finite

E,lement Program (ref. 6-8). The objective of the analysis was to

computethe actualstructuralbehaviorby utilizingapplicablein situ

datafrom the C & SH shaft and the horizontaldrifts, and to verify

the designadequacyof the unlinedsectionof the shaft.
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MOd_l SimUlation. The ftntte element model used for the unltned

sectton of the waste shaft uttllzes a stngle horizontal row of 70

quadrilateral axtsymmetrtc rtng elements. The model, shown on Figure
8-9, has 1ts upper and lower horizontal boundar4es restrained agatnst

vertical movement and a constant untfom 11thostattc pressure, equal to

2,059 feet of overburden, applied to 1ts outstde verttcal boundary.

The same 11thostattc pressure was Initially app14ed to tile !nstde

vertlcal boundary as well; however, that pressure was later removed

from the tnslde boundary to simulate the drtlltng of the ortgtnal

6-foot dtameter shaft.

The ana%ysts simulates the salt creep unt11 that t%me when the 6-foot

dtameter shaft was enlarged to 1ts present 20-foot diameter. The shaft

enlargement was simulated tn the model by remov4ng those rtng elements

that were located wtthln the 20-foot dtameter shaft opentng. Ntth the

enlarged shaft configuration, simulated salt creep for another 28 years

was analyzed.

Oetemt.natlon of Cceep Parameters. Because the 'stratigraphy beneath

the NIPP stte ts fatrly untfom, the values of the creep parameters for

the unllned sectton of the waste shaft were assumed to be Identical to

those values calculated at the corresponding elevations of the C & SH

shaft. In addition, the C & SH shaft was drtlled at a much earlter

date than was the waste shaft; therefore, more tn sttu geomechan%cal

Instrument measurements were available for the C & SH shaft. The

values of the creep parameters for the C & SH shaft were detemtnedt

by correlating analytical results wtth extensometer readtngs obtatned

from a depth of 2,057 feet (elev. %353 feet) tn the shaft. The creep

parameters C, A _nd z for the C & SH shaft were found to be

1.30x10 -21 ksf -4"9 sec-1. 3.2 and 1.1x10 "7 sec-1. respectively. Chapter

7 presents spectflc detatls on how the creep parameters were evaluated

for the C & SH shaft.
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8.3.2.4 Shaft Station

The analysis of closure and stability of the waste shaft station is

based upon closure measurements in the C & SH shaft station. This is

due to the limited amount of geomechanical instrumentation data

available from the waste shaft station for the reasons discussed in

subsection 8.3.1. The following discussion presents a brief comparison

of the two shaft stations.

The waste shaft station cross-section dimensions are 15 feet high and

30 feet wide. These dimensions are comparable to those of the C & SH

shaft station. However, the C & SH shaft station was excavated by

drilling and blasting while the waste shaft station was excavated using

a mining machine. The density of rock bolts in the roof of the

C & SH shaft station is much greater than that in the waste shaft

station. Also, the roof of the C & SH shaft station close to the

shaft is approximately 3 feet below clay G, while clay G at the waste

shaft station is nearly 8 feet above the roof. Thus, closure analysis

of the waste shaft station using measurement data from the C & SH

shaft stationwill be conservative.

The dimensions of the waste shaft station are also comparable to those

of the test rooms and storage rooms. Computational analysis of the

storage rooms (Chapter 12) predicts that failure will occur in MB-139,

below the floor, due to gradual stress buildup. Similar behavior is

expected to occur in MB-139 beneath the waste shaft station.

8.3.3 Prediction of Future Behavior

This subsection presents predictions of future behavior for the various

elements of the waste shaft including the lined section, the shaft key,

the unlined section and the shaft station.

8.3.3.1 Lined Section

The cracks in the rnncrete-llnedsection of the shaft are primarily the

result of normal tension cracking occurring during the restrained
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shrinkage of platn concrete. The cracks are not detrimental to the

11her's structural integrity but seallng by grouting w111 be required

to meet the design criteria regarding ground-water control.

Although the rate of water flowtng tnto the waste shaft has been minor,

the total volume of flow has resulted tn the lowering of the

potenttometrtc surface around the shaft. Other activities have also

affected the potenttomet_tc level tn the vicinity of the shafts. Most

notably, SNL pumping tests tn borehole H-3 tn 1ate 1985 lowered the

potenttometrtc surface approximately 40 feet (A.R. Lapptn, SHL,

personal communication). Due to the unknown effect of current and
I

future hydrologic studies at the WIPP, tt ts difficult to predict the

magnitude of future water pressure on the liner. However, two

statements can be made concerning thts water pressure:

(I) The plezometer data present a valld indication of water

pressures behind the liner.. Although thls data cannot be

used for predlctlng future pressures, contlnuous monitoring

of these instruments w111 reflect current pressures and

indicate short-term trends. Thls informationcan be compared

wlth the deslgn basis pressure distribution (Figures 8-6 and

8-7) to evaluate 11ner stablllty.

(2) Fo11(_dlngthe next grouting program In the waste shaft, if

811 water seepage through the 11ner has been stopped, lt Is

possible that the potentlometrlc surface could return to Its

highest level determined during prellmlnary design

actlvltles. Assuming complete hydraullc continuity behind

the 11ner, thls condltlon would result In a pressure

dlstrlbutlon equal to that of the hydr_:tatlc pressure used

for 11ner design. Thls condition would be within the design

llmlts.
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8+3.3.2 Shaft Key

Fli!gure 8-10 shows the predicted lateral pressure curve for the concrete
,+

keyp based on the ftntte element analysis. The key was designed as a

comlDresston cylinder tn accordance wtth the strength design method for

reSmforced concrete (ref. 7-5) using an ulttmate hoop stress of 4.25

kst (0.85 f' ). Using the design bas4s load factor of 1.7 forc
lateral loads, the maximumallowable hoop stress tn the concrete key ls

2.50 kst, which results tn an allowable lateral rock pressure of 148

ksf based on the diameter of the key. The design basts lateral

pressure design requirement ts approximately 60 ksf. Ftgure 8-10 shows
i

a lateral pressure on the shaft key of approximately ?2 ksf at the end

of the 25-year +shaft operating life. If the shrinkage and creep+

properties of the concrete were taken tnto account tn the ftntte

element analysts, the lateral pressure would actually be less than ?2

ksf at 25 years.

The reinforced concrete of the shaft key ts expected to exhtbtt cracks

due to shrinkage. These are tenstle cracks due to the reinforcement

restrain lng the concrete from shrinking. The cracks are not considered

significant because they are common to most reinforced concrete

structures.

8.3.3.3 OJnltned Sectton

Figures B-11 and 8-12 show the radial and tangential (hoop) stress

distributions relattve to the overburden stress for different times tn

the un1tried section of the waste shaft. Figure 8-11 shows the zone

arouP+_ the shaft opening where radtal stresses are affected and

Indicates ai decrease tn magnitude over ttme. The computational results

deptcted otn Ftgure 8-12 tndtcate that tangential stresses are only

affected wt_:htn a radius of approximately 120 feet.

Flgures 8-13 and 8-14 show the effective stress and effective creep

strain dlstr'lbutlons In the unllned sectlon of the waste shaft. The_

effective stPess tn the shaft wall at 25 years ts approximately 140 ksf

+
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whtle the effective creep strain t'n the shaft wall ,_t 25 years reaches

a value of approximately 0.037.

J

Figure 8-15 contains the prediction of diametric closure fbr the

unlined section of the waste, shaft at a depth of 2,059 feet (elev.

_,350 feet). Tht s figure shows a diametric closure of approximately 7

1/2 inches over the 25-year operating ltfe of the shaft.

8.3.3.4 Shaft Station

Closure tn the waste shaft station ts predicted using measurement data

from the C & SH shaft station. The measured roof-to-floor closure In .

the C & SH shaft station was approximately 10 inches on September 16,

1985, over 3 years after the completion of excavation. The measured

wall-to-wall closure ts greater than 6 inches over the same time

period. However, the lnttlal readings were taken nearly 260 days after

the station was excavated; therefore, the actual closure magnitudes

will be higher. The average rate of roof-to-floor closure over the

measurement period was approximately 3.89 inches/year. Using thts
value as a constant closure rate over the plant operating life of 25

years, an additional roof-to-floor closure of about 8 feet ts expected

to occur. The wall-to-wall clos(Jre over the same period is expected to

be approximately 60 percent of the roof-to-floor closure, or about 5

feet. Actual closure may be lower as discussed in subsection 8.3.2.4.

8.4 CONCLUSIONSANDRECOMMENDATIONS

Design validation requires an assessment of the compatibility of the

design criteria, design bases and design configurations used for the

reference design. The following conclusions and recommendations

address those design elements identified tn Sectton 8.2. Other

conclusions and recommendations resulting from the design validation

process are also presented.

8.4.1 Conclusions

The design criteria require that all of the shafts are tc_ be stable.

Shaft stability has been evaluated using analytical calculations,
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finite element modeling and in situ data analysis. The shaft liner is

considered stable because the water pressure exerted on it has remained

significantly below the design hydrostatic pressure. If the water
i,

pressure increases to the design hydrostatic pressure, as may be
i

expected if the leaks are sealed by additional grouting, liner

_t_oility will not be compromised. The pressure capacity of the liner

sufficientlyexceeds the design hydrostaticpressure;

Based on existing evidence, the cracks in the liner and key do not

present a structural proble;,i.The unreinforced concrete liner is

expected to function as intended, provided that the existing cracks and

construction Joints are grouted and contact grouting is performed at

the rock/liner interface. Consolidation grouting of the surrounding

rock may also be necessary to achieve a dry shaft.

The shaft key was designed to withstand a design basis lateral pressure

equal to 50 percent of the overburden pressure (approximately 60 ksf).

The finite element analysis determined that the lateral pressure on the

key at the end of the facility operating life will be approximately 72

ksf. Although this value is higher than the design lateral pressure,

the key is expected to remain stable throughout its operating life

because the allowable lateral rock pressure is 148 ksf. This is twice

the lateral pressure predicted and provides a sufficient margin of

safety. Furthermore, if the shrinkage and creep properties of the

concrete were taken into account in the analysis, the lateral pressure
would be less than 72 ksf.

The analytical results for the waste shaft, presented in Section 8.3,

show the calculated redistributionof stresses around the shaft due to

the effects of creep. Based on the computed vertical, horizontal and

effective stresses in the unlined section, the magnitude of stresses

immediately adjacent to the opening decreases with time as the stress

arch around the opening migrates away. The maximum stress occurs

immediately afte_ excavation and is followed by relaxation due to creep

behavior. Therefore, the stresses will not cause a future stability
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problem tn the waste shaft except In the anhydr]te bed' (MB-139) below

the floor of the shaft star%on. Gradual butldup of stress In thts bed ,

may result tn floor heave and fracturing.

The analysts shows the locations of effective creep stratn

concentrations for selected t%mes tn the unltned sect%on. Based on
r,

these predicted values of effective creep stratn and the strain 11mtt

discussed tn Chapter 6, the waste shaft w111 rema4n structurally stable

over 1ts planned 25-year operating l tfe.

The analysts predtcts that diametric closure tn the unltnod ,sectton of

_[:e waste shaft wt11 be approximately 7 1/2 tnches over 1ts 25-year

operating 11fe. Based on the predicted defomattons and closur'es, the

waste shaft w411 meet the requirements stated In the destgn cr4terla

and the 20-foot dtameter unllned sectton wtll provtde sufficient

operating clearance to allow for salt creep.
• _

The deslgn crlterla requlres that no uncontrolledground water reach

the fac1'llty level v_a the shafts. The maJorlty of water seeplng

through cracks and constructlon Jolnts In the llner Is collected In

three water-collectlon rlngs and dlrected to the underground fac111ty

where lt Is dlsposed. Only mlnor amounts of uncontrolled fly water

reach the faclllty level. Thls water has a negllglble Impact and does

not affect valldatlon of the crlterlon regard4ng ground water raachlng

the fac111ty leve;.

Shaft Inspections have detemtned that only one mtnor seep occurs In

the key and that no water seepage occurrs from the base of the key.

Thts supports the conclusion that the water seals are functioning, that

no water ts seeptng along the concrete/salt %nterface, and that no salt

dissolution ts occurring behtnd the concrete key. The Installation

technique for the waste shaft water seals was improved over that used

for the C & SH shaft water seals (Chapter 3).

The zone of dissolution observed tn the shaft Bump wali ts not

considered to be detrimental to the operation of the facility. The
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material was dissolved differentially by standing water in the sump

resulting from construction activities. It is not the result of any

?_ologic discontinuity or process, lhis zone will not produce any

structural problems in constructionof the waste shaft facilities.

The waste shaft station is expected to undergo roof-to-floor closure at

a rate of 3.89 inches/year. However, this rate has been obtained by

using the C 4; SH shaft station instrument data. The actual closure

rate may be lower. Additional heave and fracturing in the salt beneath

the floor, as well as in MB-139, is expected to occur. Some remedial

work will be required to maintain the required roof-to-flocr clearance

for operationalequipment and activities.

The reference design for the waste shaft is considered to be validated

in accordance with the objectives of the design validation program

based on the analyses, evaluations and predict:ionsof fucure behavior

presented in this chapter. With one exception, the waste shaft

reference design complles with the design criteria and the design

bases. The criterion that stipulates that shaft liner design shall

prevent ground-waterflow Into the shaft has not been met. The rate of

.water currently seeping into the waste shaft is not considered to be'

detrimental to the stability of the shaft or to 4ts functional

purpose. However, the criteria will be satisfied when additional

remedial grouting has been performed. No modifications to the shaft

reference design wlll be required.

8.4.2 Recommendations

• Based on the results of design validation, the following

recommendationswith respect to the waste shaft are made:

(I) Due to the limited in situ data base, validation of the waste

shaft key and unlined section relies on numerical modeling

utilizing creep parameters derived from the C & SH shaft in

situ data. lt is recommended that ttiemodeling be repeated,
.

prior to the first receipt of waste, using the latest in situ
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data from the waste shaft. This analysts should be repeated

periodically for comparison and verification of in situ data

against design parameters. '1

(2) 6routtng should be performed to completely seal the waste

shaft liner. This should tncl.de contact grouting behind the

ltner and grouting of shrinkage cracks and construction

Joints. Consolidation grouting may also be, required.

Oualtfted personnel should inspect the shaft a'L regularly

scheduled intervals. The liner should be checked for leaks

after grouting has been completed. The key should be checked

for water seeoing from behind the key at its base. If any

seepage is detected it my bec_me necessary to grout the area

above the upper water seal. If possible, grout should not be

placed behind the key below the upper seal. However, should

grouting behind the key become necessary, the grout must be a

chemical gel (or other non-rigid grout) and must be

compatible with both the existing water seal material and

wtth the requirements of the Plugging and Sealing Program.

(3) The dissolution zone in the waste shaft sump should be filled

wlth a salt-compatlblecement mortar.

(4) Because waste shaft station closure is based on C & SH

shaft station data, and because of the importance of the

waste shaft station in general, vertical convergence points

or meters should be installed at selected locations and

measurements taken periodically. These data should then be

analyzed to obtain better estimates of station closure.

8__P
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CHAPTER9

EXHAUST,SHAFT

9.1 INTRODUCTION

Thts chapter presents information on design validation of the exhaust

shaft. Included are dt.scuss_)ns of its design, the design validation

process, and conclusions and recommendations pertaining to validation

of the reference design.

9.2 DESIGN

This section presents the destgn criteria and design bases usud to

develop the reference design for the exhaust shaft. The design
/

configuration of the shaft is discussed in Chapter 3, subsection 3,3.3,

9.2.1 Design Criteria

The design criteria for the e>_haustshaft are identical to those for

the other two shafts. The criteria requiring validation are indicated '

in the listing of abridged criteria presented in Chapter 2, Table 2-I,

and are discussed in Chapter 7.

The design criteria requiring evaluation for design validation of the

exhaust shaft are:

(1) shaft shall be designed to be structurallystable;

(2) shaft shall be designed to accommodate salt creep; and

(3) ground-waterflow into the shaft shall be controlled.

9.2.2 Desiqn Bases

The design bases are the detailed design requirements developed from

the design criteria. The primary design basis document for the exhaust

shaft is the Desiqn Basis, Exhaust Shaft (ref. 2-15). The major

elements of the design bases are the same as those for the waste shaft,
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except for the 1terns discussed tn the next paragraph. The e]ements

that requtre evaluation or that have a dtrect tmpact on destgn

validation are presented tn Table 9-1.

In addttton to adhertng to the destgn basts elements discussed

previously for the waste shaft, the exhaust shaft shell be destgned to

connect the factltty level wtth the exhaust ftlter but141ng at the

ground surface. The exhaust shaft shall be used to remove atr from the

underground deve]opment level during construction and storage

operations. The enttre shaft shall be Inspected utilizing a

closed-circuit television camera that shall be lowered from the top of

the shaft. Unltke the design bases for the other two shafts, the

exhaust shaft destgn basts does not requtre the Installation of

geomechantcal instrumentation.

9.3 DESIGN VALIDATION PROCESS

As discussed tn Chapter 5, destgn validation of the exhaust shaft has

been achteved by data collection, its analysts and evaluation, and the

prediction of future behavior. Data collection activities have

tncluded geologic mapptng and vtsual observations of the exhaust shaft

wall. Although geomechanlcal Instruments have been Installed tn the
]

shaft, no data was available for destgn validation due to the late date

of Installation.

Computational analyses fo;' the exhaust shaft were performed tn the same

manner as those for the waste shaft. The ftntte element analyses of

the shaft key and unltned section used the matertal parameters for salt

obtained from the C & SH shaft and horizontal drift analyses. The

results of the analyses were then used to predtct future behavior.

d

9.3.1 Data Collection

Data collection tn the exhaust shaft was on a much smaller scale than

In the other two shafts. Geologic mapping was conducted tn the shaft

to verify the stratigraphy. Thts mapping ts discussed tn detat] in

Chapter 6. Vlsua] Inspections and observations in the shaft were
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Table 9-1

VALXDATIONELEMENTSOF EXHAUSTsHAFT DESIGNBASES
i]

(1) Shaft ltner

Hydrostatic pressure Should be considered to start at 250 feet
below the ground surface and extend to the top of the kev.

(2) Shaft key

Destgn lateral pressure shall be 50 percent of the verttcal
pressure due to sot1, rock and salt overburden.

(3) Unlined section

• Provtde 15-foot dtameter to allow for future salt creep
deforest1 on.

mmm, 4

,]
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sporadtc due to 11mtted access. The following discussion presents

those observations whtch affect destgn validation.

9.3.1.1 Fteld Observations

Exhaust shaft construction was completed on January ]5, 1985. Intttal

of, the 11ned sectton of the shaft was performed on January 30, 1985.

At that time water seepage through cracks and construction Jotnts tn

the 11ner was observed. Seepage tnto the shaft was measured at 0.35

gallons per mtnute (gpm).

Subsequent Insp_tlons of the exhaust shaft11net were made In February

and Nay 198S to observe Its condltlon and to evaluate the need for

groutlng to reduce water seepage. The flrst occurrence of molsture on

the 11ner was observed 25 feet below the shaft collar. The majorlty of

water seepage was occurrlng between approxlmate depths of 569 feet and

759 feet (elev. 2840 feet and 2650 feet). Below a depth of 759 feet

the entlre shaft 11ner was wet, maklng lt dlfflcult to determlne the

exact source of seepage. Some salt accumulatlon was observed on the

11net below the Culebra water-bearlng member. The Hay 1985 Inspectlon

generally revealed a I/4- to 3/8-1nch thlckness of salt IncrustatlonIn

thls area wlth some local accumulatlonup to 4 Inches In thlckness.

Salt accumulatlon at two telltale .draln holes, at a depth of 857 feet

(elev. 2552 feet) on the northeast and east sldes of the shaft key, had

resulted In the almost complete plugglng of these hoies. The slx other

draln holes had mlnor salt accumulatlon. The bottom of the key had

salt stalactltes hanglng from the concrete but no f]ow of water under

the concrete was observed. There was no evldence of any dlssolutlon of

salt at the concrete/saltcontact.

A cement/chemical groutlng program was conducted In the exhaust shaft

from June 1 through July 31, 1985. An Inspection of the exhaust shaft

_tner was made on Ju]y 30, 1985. The l tner was appreciably drter than

tt had been prtor to grouting, especially below the Cu]obra member.

One collar ptpe, for future ptezometer Installation at a depth of 616

, t
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feet (elev. 2793 feet), was weeptng and one ptpe, at a depth of 722

feet (clay. 2687 feet), was dripping. Thts water constituted the

maJortty of the total seepage Into the shaft. Weeptng from random

cracks above a depth of 617 feet appeared to be of the same magnitude

as before grouting. The water rtng at the base of the shaft key was

relatively dry. New telltale dratn holes at a depth of 870 feet (elev.

2539 feet) were all dry. Several of the ortgtnal dratn holes, at

857 feet, and several new holes, at a depth of 855 feet (elev. 2554

feet), were weeptng slightly. No evtdence of seepage at the concrete

key/salt contact was observed. The grouttng program reduced water

seepage Into the exhaust shaft to an essentially non-measurable

quantity.

Cursory Inspections of the exhaust shaft made durtng the Installation

of geomechanlcal Instruments In November and December 1985 Indicated no

appreciable change In the condition of the shaft ltner stnce the July

1.985 Inspection.

A second groutlng program was conducted In the exhaust shaft durtng

August, September and October, 1986. The program was performed at thts

time to reduce the posstble need for grouttng tn the future when shaft

access w111 be limited. The groutlng was conducted on a smaller scale

than In the earller program. It consisted of Injecting grout through

exlstlng sleeves from the top of the salt In the key are to the top of

the Magenta member. 6routing was also performed, as required, above

the Magenta through sleeves In the liner. The results of the grouting

were not available at the ttme of publication of thts report.
i

9.3.1.2 Geomechantcal Instrumentation

The orlglnal exhaust shaft destgn contained no provision for the

Installation of geomechanlcal Instrumentation based on the assumption

that rock behavior would be stmtlar to that In the waste shaft.

However, lt was subsequently dectded that geomechanlcal Instrumentation

shou]d be Installed to obtain shaft-specific behavtor information for

later use In the shaft sea]trig program.
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Instrument locations tn the exhaust shaft were based on waste shaft

instrument locations. Twenty-one piezometers, 4 pressure cells and 9
extensometers have been Installed tn the exhaust shaft. The instrument

tnstal?atton was completed on December 27, 1985, 385 days after the

completion of shaft excavation. A11 exhaust shaft instruments are

monitored remotely by the datalogger.

9.3.2 Analysis and Evaluation

The analysis and evaluation of the constructed exhaust shaft has been

performed using direct observation data and geomechantcal

instrumentation readings from the C & SH and waste shafts. Thts
o

analysts and its evaluation against reference design parameters was

perfomed for the three major sections of the shaft: the l tned section;

the shaft key; and the unltned section.

The adequacy of the exhaust shaft reference design was evaluated based

on a complete spectrum of geomechantcal behavior Including stress,

strain and deformation over the planned operating ltfe of 25 years.

The analyses used creep parameters computed from the C & SH shaft and

the 8 x 25-foot drifts as well as hydrostatic pressures from the waste

shaft.

9.3.2.1 Lined Section

Analyses were performed for the unretnforced concrete liner tn the

exhaust shaft. However, because no Instrumentation data from thts

shaft were available, the analyses were based on data obtained from the
C & SH and waste shafts.

The structural analysis and design of the exhaust shaft were performed

using engineering mechanics principles and design bases similar to

those used for the waste shaft as described tn Chapter 8. For example,

both axta] and flexural stresses were considered tn the design of the

concrete liner, wlth permissible stress values taken as those used for

structural unrelnforced concrete (ref. 8-1) utilizing the ultimate



/

strength design method. Loads considered in the design of the concrete

liner i_cluded a hydrostatic pressure assumed to act from a depth of

250 to 844 feet; a grouting pressure equal to 1.3 times the

ground-water pressure acting over one-sixth of the circumference of the

liner; and stresses due to an initial imperfection of 1 inch in the

roundness of the liner. Since there is no major salt strata

surrounding the liner, no significant creep will occur and rock

pressures against the liner were assumed to be negligible.

Based on its finished dimensions, the computational results show that

the external pressure capacities and corresponding closure limits

(maximum diametric changes) for different thicknesses of the exhaust

shaft liner are:

Liner Pressure Closure
Depth Thickness Capacity Limit

lll(feet) (Inch+:r_sL (psi) (,inches)

15 to 500 lO 320 0.140
500 to ?40 14 513 0.175
?40 to B44 16 611 O.IgO

Since no measurements of the finished liner diameter were taken during

construction,the actual closure is not available for comparison.

Figure g-I shows the relationship between the +hydrostatic design

pressure and the pressure capacity of the liner. The hydrostatic

pressure is identical to that used for design of the waste shaft.

Because the exhaust shaft liner also has water seeping through cracks

and constructionJoints, the hydrostatic pressure is expected to behave

in the same manner as discussed for the waste shaft in Chapter B. That

is, the design hydrostatic pressure is not expected to be reached until

the shaft liner is completely sealed. When the design hydrostatic

pressure is reached, the liner will have a factor of safety greater

than two, based on the liner pressure capacity.
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9.3.2.2 Shaft Key

The exhaust shaft key was designed to withstand a lateral pressure

equal to 50 percent of the vertical overburden pressure or about 60

ksf. A nonlinear finite element analysis, similar to that performed

for the waste shaft key described in Chapter 8, was used to simulate

the long-term creep interaction of the salt and the concrete key. The

creep behavior of the salt was simulated using a power law (equation

C.4-6 in Appendix C). For conservatism, the shrinkage effects and

creep of the concrete were not taken into account in the analysis.

. Model Simulation. The finite element model for the exhaust shaft key

and surrounding salt consists of a stngle layer of quadrt'lateral

axtsvmmetrtc ring elements as shown on Ftgure 9-2. An inner element of

the n_del represents a segment of the concrete key; however, this

element is not tied to the surrounding salt deposits until that time

when the concrete for the shaft key is actually placed. All depth

dependent input values, such as overburden stresses, initial

ltthostattc state, etc., were computed based on a depth of 891.5 feet,

low in the key, where such values are at a maximum. Halite is the

prevalent material present at the base of the shaft key and its

properties were used for the parameters modeling the salt deposits

surrounding thekey.

The analytical procedure used to perform the creep analysis for the

exhaust shaft key was similar to that used for the waste shaft key

analysis described in Chapter 8. However, in the finite element model

for the exhaust sh_ft, the key diameter was enlarged to 21 feet with a

finished inside diavole'Lerof 14 feet.

9.3.2.3 Unlined 3ectton

The structural behavior of the unlined section of the exhaust shaft was

also computed using the MARC Finite Element Program discussed in

Chapter 6. The analysis computed the actual structural behavior by

utilizing applicable in situ data from the C & SH shaft and the
horizontal drifts.
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Model Simulation. The finite element model used for the unlined

r section of the exhaust shaft utilizes a stngle horizontal row of 70
,

quadrilateral axtsymmetrtc ring elements. The model, shown on Figure

9-3, has its upper and lower horizontal boundaries restrained against

verttcal movement and has a constant lithostatic uniform pressure,

equal to 2,066 feet of overburden, applied to !ts outside vertical

boundary. The same ltthostatlc pressure was initially applied to the

inside vertical boundary; however, that pressure was later removed from

the inside boundary to simulate the drtlling of the 6-foot diameter

pi lot bore.

The analysis simulates the salt creep until that ttme when the 6-foot

diameter hole was enlarged to its present 15-foot diameter. The shaft

enlargement is simulated in the model by removing those ring elements

which are located within the newly-excavated 15-foot diameter. With

the enlarged shaft configuration, simulated salt creep for another 25

years was analyzed.

• Determination of Creep Parameters. Since the stratigraphy surrounding

the C & SH shaft is similar to that surrounding the exhaust shaft,

the creep parameters determined from the in situ salt behavior tn the

C & SH shaft were assumed to be valid for correlating anal _"y_Ical

results for the exhaust shaft from normalized time to real time. The

secondary creep parameter C for the C & SH shaft was found to equal
-21 -4.9 -I

5.70xI0 ksf sec . Since early in situ measurements were

not available for the C & SH shaft, the .primarycreep parameters A

and z were determined from in situ data from the horizontal drifts and
-7 -l

were found to be 3.2 and l.lxlO sec , respectively.

Chapter 7 presents specific details on the computation of the secondary

creep parameter C from the C & SH shaft. Chapter lO presents the

computationof the primary creep parameters A and z from the drifts.
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9.3.3 Prediction of Future Behavior

This subsection presents the results of the analysis and evaluation of

the exhaust shaft. Predictions of future behavior for the lined

section, key and unlined section are discussed.

9.3.3.1 Lined Section

The _racks in the concrete liner of the exhaust shaft are primarily

tension cracks formed during restrained shrinkage we described in

Chapter 8 with respect to the waste shift liner. These are neither

unusual nor unexpected. Grouting of t.hecracks, as well as the leaking

construction Joints, will be required to meet the design criteria

regarding ground-watercontrol.

As aiscussed in Chapter 7, subsection 7.3.3.1, there is no reason to

expect that the potentiometricsurface at the WIPP site will exceed the

design basis depth of 250 feet below the ground surface over the

operating life of the facility. In the future, the recently installed

piezometers will permit monitoring of the actual water pressure on the

liner. Even if the water pressure rises to the design pressure, the

pressure capacity of the liner will provide a sufficient margin of

safety.

9.3.3.2 Shaft Key

The elapsed tlme from the drilling of the 6-foot diameter pilot bore to

its widening to 21 feet in the key area and construction of the

concrete key was approximately 316 days. Figure 9-4 shows the

predicted lateral pressure curve for the concrete key based on the

finite element analysis. The key was designed a_ a compression

cylinder in accordance with the strength design method for reinforced

concrete (ref. 7-5) using an ultimate hoop stress of 4.25 ksi. Using a

load factor of 1.7 for lateral loads, the maximum allowable hoop stress

in the key is 2.50 ksio This hoop stress results in an allowable

lateral rock pressure of 154 ksf based on the diameter of the key.

Figure 9-4 shows a lateral pressure on the key of approximately 72 ksf
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at 25 years. Although higher than the design basis lateral pressure of

60 ksf, this value is about 50 percent of the allowable lateral

pressure. In addition, the lateral pressure would actually be less

than 72 ksf if concrete shrinkage and creep were taken into account in

the finite element analysls.

Although no shrinkage cracks have been found in the reinforced concrete

in the key, their presence would not be unexpected. They are commonto

most reinforced concrete structures and should not be of major concern.

9.3.3.3 Unlined Section

Figures 9-5 and 9-6 show predictions for radial and tangential (hoop)

stress distributions relative to the overburden stress at different

times for the unlined section of the exhaust shaft. Figure 9-5 shows

the zone around the shaft opening where radial stresses are affected

and their decrease in magnitude over time. The computational results

indicate that tangential stresses are affected only within a radius of

approximately120 feet.

Figures 9-7 and 9-8 show predictions of the effective stress and

effective creep strain distributions in the unlined section of the

exhaust shaft. The magnitude of the effective stress in the shaft wall

at 25 years approaches 140 ksf while the effective creep strain reaches

a value of approximately 0.037.

Figure 9-9 shows approximately 6 inches of diametric closure in the

unlined section of the exhaust shaft at a depth of 2,066 feet (elev.

1343 feet) over the 25-year operating life of the shaft.

9.4 CONCLUSIONS AND RECOMMENDATIONS

Design validation of the exhaust shaft requires an assessment of the

compatibility of the design criteria, design bases and design

configurationsused for the referencedesign. The following discussion

presents conclusions and recommendations regarding validation of the
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exhaLlst shaft destgn as they pertain to the design elements identified

in Section 9.2. These design elements stipulate the requirements that

the exhaust shaft must meet In terms of shaft stability, deformation,

water pressure and water control. Other conclustons and

recommendations that are a product of the design validation process are

al so presented.

9.4.1 Conclusions

The stability of the exhaust shaft has been evaluated using analytical

calculations, finite element modeltng and analysts of data from the

C & SH and waste shafts. The conclusions regat,ding shaft stability

are the same as those for the waste shaft. The water pressure exerted

on the shaft liner is currently less than , the design hydrostatic

pressure. If the hydrostatic pressure increases to its design limtt,

the liner will remain stable because its pressure capacity exceeds the

design hydrostatic pressure by a factor greater than two. The cracks

in the liner are not expected to result tn any structural Instability.

Analytical results show that the lateral pressure on the shaft key at

the end of the 25-year operating ltfe wtll be approximately 72 ksf.

Although this pressure exceeds the design basis lateral pressure of

60 ksf, the allowable lateral pressure on the key is 154 ksf, or more

than twice the predicted lateral pressure at 25 years. This provides a

sufficient margin of safety agatnst fatlure. If concrete shrinkage and

creep were taken into account In the .analysis, the margin of safety

would be even greater.

The analytical results also show the redistribution of stresses around

the unlined section of the shaft due to the effects of salt creep.

Based on the computed vertical, horizontal and effective stresses in

the unlined section, the magnitude of stresses immediately adjacent to

o the opening decreases and the stress arch around the opening migrates

away with time. The maximum stress occurs Immediately after excavation

and is followed by relaxation due to creep behavior. Therefore, the

stresses wtll not cause a future stability problem in the unlined
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section.of the shaft. The analysts shows the locations of effective (

creep stratn concenCrattons at different ttmes around the opentng tn
L

the unltned sectton. Based on the predicted values of effective creep

stratn and the stratn ltm!t discussed tn Chapter 6, the exhaust sh_ft

wtll rematn structurally stable wlthtn the ltmits requtred for safety

durtng 1ts operating ltfe.

The analysts also predtcts that the max4mumd4ametrtc closure 4n the

unllned sectton at the end of the operating pertod wtll be

approximately 6 tnches. Based on the predicted defomattons and

closures, the exhaust shaft w411 meet the requirements stated tn the

destgn criteria. The destgn basts requirement that the 15-foot

dtameter unltned sectton allow for salt creep over 1ts operating 11fe

w111 be met. "

As tn the waste shaft, water ts entertng the exhaust shaft through
0

cracks and construction Jotnts tn the concrete l tner. The amount of

water seepage was greutly reduced by grouttng conducted after
construction. The small amount of water sttll reachtng the open shaft

qutckly evaporates tn the upcast flow of exhaust atr. blhtle the

exhaust fans are operating, no water reaches the underground factltty

level. The water seals behtnd the shaft concrete key appear to be

functioning as tntended at the bottom of the key. No water ts seeping

from the concrete/salt interface. There ts no evtdence of salt

dissolution behind the key.

The reference destgn for the exhaust shaft has been va14dated tn

accordance wtth the ob_}ecttves of the destgn va14datton program, based

on the analyses, evaluations and predtcl:tons of future behavtor

presenl_ed In thts chapter. Ntth one exception, the exhaust shaft

reference destgn compltes with the destgn crtterta and the destgn

bases. The criterion that the 11net shall prevent ground-water f]ow

tnto the shaft has not been met. However, the water currently seeptng

tnto the shaft ts not considered to be detrimental to shaft stability

or function. No modifications to the exhaust shaft reference destgn

are required.
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9.4.2 Recommendations.

Based on the results of design validation, recommend_t,_t'i_'mssimilar tO
those for the waste shaft are made for the exhaust shaft,:

(1) Validation of the exhaust shaft key and unltned section

relted on analysts and modeltng using In sttu data from thei

C & SH and waste shafts. It ts recommended that the

numerical modeltng be repeated, prior to the first receipt of

waste, using tn sttu data from the exhaust shaft '

instruments. Thts analysts should be repeated periodically

for the comparison of tn sttu data against des'tgn parameters.

(2) The exhaust shaft should be inspected by qualified personnel

at regularly scheduled Intervals. The ltner should be

inspected for renewed seepage and grouting performed tf an

amount of water considered sufficient to affect the ltner's

stability or functional purpose ts observed. The key should

be inspected for water seeping from, behind the key at Its

base. If any ts detected, grout should be injected above the

top water seal. Grout should not be placed behind the key

below the top seal. If thts cannot be avoided, the grout

must be a chemical gel (or other non-rigid grout) and must be

compatible wlth both 1:he existing water seal matertal and

wtth the requirements of the Pluggtng and Sealtng Program.
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CHAPTER10

DRIFTS,

10.1 INTRODUCTION

This chapter presents the results of validation of the reference design

for the underground drifts. Discussions are presented on the reference

design, data collected from the openings, its analysts and evaluation,

and predictions of future behavior. Conclusions and recommendations

pertaining to the reference design are presented based on the results

of the validation process.

The term drifts includes all horizontal underground openings except the

shaft stations, test rooms, and storage area rooms and their associated

drifts. Discussions of the shaft stations are presented in Chapters 7

and 8. Discussions of the test rooms, storage rooms and storage area

drifts Are presented in Chapters 11 and 12.

The largest drifts planned for the underground facility were initially

excavated 8 feet high and 25 feet wide. These drifts have been or will

be enlarged to 12 feet high. The present 12-foot high, 25-foot wide

drifts were excavated earlier than most of the smaller drifts and,

therefore, have the longest history of in situ, data collection.

Because these 12 x 25-foot drifts are the largest to be excavated, they

also have the most crittcal dimensions. Consequently, the analyses,

evaluations and predictions are based primarily on these larger

drifts. The smaller drifts and rooms are, .therefore, considered to be

validated as a result of the validation of the larger 12 x 25. foot

drift reference design.

I0.2 DESI6N

This section presents the design criteria and design bases used to

develop the referencedesign of the drifts.
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I0.2oi Oesiqn Criteria

The design criteria established for the design of the WIPP underground

facility are discussed in Chapter 2 and summarized in Table 2-I. Table

2-I presents the major criteria affecting underground design, including

such items as waste receipt rate, type of waste, backfill requirement,

etc. Those criteria requiring evaluation of their suitability for

design validation are indicated in Table 2-I. The remaining criteria

contained in the Oeslgn Criteria document (ref. 2-7) do not require

evaluation•

Three of the indicatedcriteria pertain directly to the drift reference

design• The flrst criterion states that the underground openings shall

be designed to provide structurally stable excavations and pillars•

'Stable' is defined,in the criteria document to mean that deformations

of excavations and pillars are to remain within the limits required for

structural function, ventilation and safety. The second criterion

states that the underground opening reference design shall provide

maximum stability for the excavated rooms and drifts. The third

criterion stipulates that the underground excavation shall be designed

to accommodate creep closure and maintain the minimum aimensions

required for the operating life of the opening. Not only are these

criteria to be evaluated for their suitability, but the reference

design configurations based on them must also be evaluated. These

reference design configurationswere discussed in Chapter 3.

I0.2.2 besiqn Bases

The design bases comprise the second level of the design documents.

They _utllne specific design requirements that were followed in

designing the final drift configurations. Only those design bases that

apply directly to the underground drift configurations are discussed in

this subsection. The Design Basis, Underground Excavations (refs. 2-9

and 2-18), Design Basis, Underground Shops and Facilities (ref. 2-20),

and Design Basis, Geomechanical Instrumentation (ref. 2-17) should be

referred to for details of the appropriate design bases used for the

,,._... _^,,_ _r!$+e u^_ ^_ +baca ela©4nn h_cae rnn._4narl al arnan+cI_III_l _II _wIlw_wl I _.qo • l_viw_,B v • _Pit,_.,,m,,,,p ,wm,,.p,,w• _ii I_,1,m,,,l,,,,.,.m, v . _,,,v,, --_
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pertaining speclfically to the drifts that required evaluation durlilg

the validation program. Those bases that required evaluation for

validation pertain only to the storage area drifts and are discussed in

Chapter 12.

The design bases specify that excavation within the shaft pillar area

shall be the minimum required to meet the operational and safety

requirements of the waste storage level. The area extraction ratio

was, ther._fore,kept below 15 percent in this area.

The maximum tolerance for excavation of the roof, floor and walls shall

be plus six inches. In no case shall the finished dimensions be less

than those specified by the design. The minimum vertical dimension for

equipment clearances used to meet this basis was II feet.

Supports for underground workings shall comply with Federal and New

Mexico codes. The use of rock bolts and wire mesh in specific areas

shall be determined by mine conditions and code requirements. Entry

roofs, walls and floors shall be checked periodicallyfor loose salt in

accordance with applicable codes. Methods of locating gas or brine

accumulations shall be implemented,such as drilling holes ahead of the

excavation and testing for the presence of gas. . '

A geomechanlcal instrumentationsystem shall be installed to provide in

situ measurement data for design verification or modification and for

subsequent operational planning. In addition, the instrumentation

system shall monitor stress change, closure and creep to provide a

record of the structural stability of the drifts and to provide early

warning of abnormal conditions for operational safety.

Deformation measurements in the drifts shall be measured as a function

of horizontal and vertical closure. Salt creep and stress

distributions around the drifts and at intersections shall also be

measured.

°.
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The instrumentation shall provide the primary detection of changes tn

structural behavior. Vtsual observations shall follow any detected

abnomal strain, pressure or deformation for evaluation of the safety

of the underground working places. In addition, a program shall be

provided for periodic visual Inspection of all underground working

places.

10.3 DESIGNVALIDATION PROCESS

Validation of thereference design of the underground drifts includes

the collection of data and the presentation of results based on its

analysis and evaluation. The results of the design validation process

are used to present conclusions regarding the compatibility of the

design criteria, design bases and design configurations, and

recommendations for modifications, tf any. Thts sectton presents the

data collected and predictions of future drtft behavior based on

analysis and evaluation of the data.

+

10.3.1 Data Collection

Data pertaining to the underground drtfts was collected from vartous

sources. Geologic data was acquired from geologic mapp%ngand core

drilling. These data verifted the strattgraphtc continuity at the

facility level and are discussed in detail tn Chapter 6. Data were

also acqutred from periodic visual inspections and from geomechan%cal

instrumentation. Collection of these data are described tn the

following subsections.

10.3.1.1 Field Observations

Various aspects of underground behavior are evaluated by qualitative

observations and documentation. Visual inspections of the drifts

Include observations of their general surface conditions in response to

stress redistribution and creep. These condltlons include shallow

spalls from the roof and walls, especially at their lntersectlon; and

vertlcal fracturing In the pillars, both at corners and parallel to the

walls. In addition to visual inspections, other techniques are used.

Boreholes are surveyed using video cameras and displacements,
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separatlons and fracturing of geologlc strata surroundingthe boreholes

are detected uslng a simple probe. Surveys of underground conditions

have been performed at least once every 3 months. Each survey is

documented In a GFDR beginning with the February 1984 edition (refs.

4-12 through 4-1g).

Recently, a speclal program was conducted to determine the effect of

excavation Induced deformation on the salt strata surrounding the

faclllty level. An array of boreholes was drllled into the roof and

floor at 30 1ocatlons In the drifts and test rooms during May through

July 1986. These arrays are shown on Figure 10-1. These boreholes

were used to locate separatlons and f_actures In the hallte and

anhydrlte near the horlzontal underground openlngs. This Excavation

Effects Program was Instlgated after the discovery of significant

fracturlng beneath the southern half of Test Room 3 (Room T). The

obJectlves of thls excavation effects study were to determine if

fracturing of tn|s m_gnltude has occurred anywhere else and to

Investigate existing conditions at selected 1ocalltles throughout the

facility.

The documented field observations can be separated into four

categories: roof and wall spalling; pillar fracturing; roof

displacements and separations;and floor displacements,separations and

fracturing.

Roof and Wall Spalllnq. During and immediately after excavation, a

sounding survey of the roofs of all drifts was performed. Each survey

identified areas of potential instability, such as drummy or slabby

salt. Remedial work was accomplished immediatelyand included scaling,

additional excavation, or rock bolting. Comprehensivesounding surveys

were also performed In every underground opening in July 19B3 and

November 1984. The behavior of the roof and walls is documented in the

table entltled 'Conditionof Roof and Wallsu in each GFDR.
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Pillar Fracturlnq. Vertical fractures have developed in the corners

formed by drift intersections. These fractures began appearing about

3 to 6 months after excavation. Site geologists have monitored the

growth of these fractures and have included their observations in the

GFDRs.

Vertical fractures parallel to the drift walls have been detected in

several horizontal boreholes. These fractures were not present at the

time of drilling. They were first observed in May 1986 and occur

within l to 2 feet of the wall surface.

_oof Displacements and separations. Horizontal displacements and

vertical separations have been detected in some open boreholes in the

drifts during the past 2 years. Periodic inspectionsof all accessible

boreholes in the drifts have been made since September 1985. The

results of these inspections in the roof holes are presented in

Table lO-l.

Visual inspections were conducted directly or remotely using a video

camera and/or probe. The probe used was described in Chapter 7,

subsection ?.3.1.4. Depths to displacements and separations were

measured with a tape measure. Relative horizontal displacements were

measured where possible or estimated.

The recently conducted Excavation Effects Program consisted of drilling

numerous arrays of l l/B-inch and 3-inch diameter holes at selected

locations along the drifts (Figure lO-l). The holes were drilled

approximately 9 feet into the roof and floor and inspected using a

probe. The results of the inspection of these holes are presented in

Table 10-2.

The NllO0 and N1420 drifts were excavated eastward to E1680 in early

1984. These drifts incline upward to the experimental area. The roofs

of both drifts intersect anhydrite beds "a" and "b". Slabby rock at

the intersection was removed by the mining macI1ine and rock bolts
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Tab,le ,10-1
, t

DRIFTS
RESULTSOF INSPECTIONOF VERTICALBOREHOLESIN ROOFS

.... Paqe 1 of 3
Hole

Date Size Depth Approximate Observed
Hole _ompleted _ _ Locarl on _ Condition*

DH-01 2-10-84 3 50.8 N1424/E439.5 None

DH-03 2-7-84 3 48.8 N1112/E444 D

DH-O3A 3-12-84 3 49.9 N1112/E450.5 D

DH-05 3-9-84 3 51.0 N1463/E972 D

DH-O'/ 2-22-84 3 49.8 Nll12/E976.5 None

DH-09 3-14-84 3 51.1 N1432/E1332.5 None

DH-11 3-6-84 3 50.9 N1112/E1332.5 None

DH-13 3-28-84 3 13.8 N1424/E1690 D, S

DH-13A 3-29-84 3 49.0 N1425/E1691 D, S

DH-13B 4-5-84 3 21.0 N1425/E1695 D, S

DH-15 3-21-84 3 51.0 N1104/E1688.5 None

DH-1"/ 1-19-84 3 52.0 N1104/E1688 None

DH-19 1-21-84 3 51.6 N1107/E206.5 None

DH-21 2-27-84 3 50.4 N1421/E786 None

DH-23 2-15-84 3 51.0 Nll12/E781 None

DH-25 3-30-84 3 51.8 N1422/E1510 D, S

DH-27 7-27-84 3.5 50.5 N1107/W682 None ,1

DH-29 "/-25-84 3.5 50.4 N1099/W982 None

DH-29A 9-12-84 3.5 35.0 NlO99/wg87 None

DH-31 7-19-84 3.5 50.5 NlO99/W1282 None

* D - displacement; S - separation; F - fracturing
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T_ble.lO-1 (continued)

DRIFTS
RESULTSOF INSPECTIONOF VERTICALBOREHOLESIN ROOFS

Paqe 2 of 3if

Hole
Date Size Depth Approximate Observed

Hole Comp]eted ( in. ) _ Location ..... Condition*

DH-31A 7-24-84 3.5 49.2 NlO99/W1280 None

DH-31B 9-12-84 3.5 4.9 NlO99/W1261 None

DH-33 7-18-84 3.5 50.5 Nlogg/w1582 None

DH-33A 9-13-84 3.5 4.1 Nlogg/w1570 None

DH-35 1-27-85 3.5 52.0 N1102/W1882 None

DH-37 1-26-85 3.5 51.5 NllO1/W2182 None

DH-39 1-24-85 3.5 50.7 Nl101/W2482 None

DH-41 1-24-85 3.5 4g.9 N1101/W2782 None

DH-205 2-18-83 3 50.7 N1410/EO None

DH-211 12-19-82 3 50.0 $1320/E163 None

DH-219 1-14-83 3 51.0 $2422/E162 None

DH-227 1-28-8_ 3 51.7 $3656/E147 None

DH-301 8-30-84 3.5 50.8 N150/W170 D

DH-303 9-4-84 3.5 51.4 $400/W170 None

DH-313 7-10-84 3 19.6 $1300/E300 None

DH-313A 7-12-84 3 50.2 S1300/E29g None

DH-315 9-6-84 3.5 50.3 $1300/W170 D

DH-317 7-6-84 3 50.1 $1600/W33 Ncne

DH-317A "/-6-84 3 5.0 S1600/W30 None

DH-317B g-7-84 3.5 51.0 $1597/W30 None

DH-31g g-10-85 3.5 51.1 $700/E300 None
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Table !0-1 (continued)
(

DRIFTS
RESULTSOF INSPECTIONOF VERTICALBOREHOLESIN ROOFS

,,,, Paqe 3 of 3,
......... Hole ....... '' ......... # .......

Date Stze Depth Approximate Observed
Hole _ _omp!eted ,(in.) _ ..... Locatl..on.... Condtt!on, t

OH-2 8-83 4 20 S410/E147 None

OH-3 8-83 4 20 Room2 centerllne S, F

OH-4 8-83 4 20, N1110/W365 S

OH-6 8-83 4 20 N1110/W5 None

OH-7 8-83 4 20 STO/EO D, S, F

OH-8 8-83 4 20 N140/EO None

OH-9 2-84 4 15.4 ,N1433/W232 . S, F

OH-lO 2-84 4 21.0 N1420/W218 D

OH-II 2-84 ' 4 19.7 N1433/N365 None

- - 5 10 RoomLI centerllne None

L2PU_02 - 5 9.2 RoomL2 centerllne None
IHI
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and wire mesh were installed, Several fractures in the roof brow at

these anhydrttes have been observed.

A portion of the N140 crosscut between W170 and El40 has been excavated

above clay 6. An inspection of this area in _lune 1986 showed some

minor Vertical separation, on the order of 1/B inch, as well as some

squeezing out of clay 6. No fractures in the underlying haltte were
observed.

Fl,oor DlsDlacements, Separations ,,,_d iFraqturinq. Fracturing has

developed beneath the floor in some locations. These fractures occur

In the halite above MB-139 and sometimes extend into MB-139. The most

prominent fracturing at present is beneath Test Room3, as discussed in

" Chapter II. L

As wlth the roof boreholes, observationswere accomplished using both

video equipment and a probe. The results of floor hole inspections

conducted through July 1986 in accessible boreholes are presented in

Table I0-3. Results of the Excavation Effects Program_are included in

Table I0-2.

!0.3.1.2 GeomechanicalInstrumentation

An extensive system of geomechanlcal instruments has been installed in

the underground drifts (Figure I0-2) to provide in situ data on the

deformatlonal behavior of these openings. The majority of the

instruments were installed during the SPDV Program and therefore have

been monitored for over three years. Additional instrumentation was

installedafter the SPDV program was completed.

Instrumentation in the drifts consists of radial convergence points and

multiple-point borehole extensometers° The convergence points consist

of pairs of eyebolts anchored in the salt of the roof, floor and walls

of the drifts as well as at corners of intersections. The closure of

i the opening is measured between a pair of convergence points using a
tape extensometer. The borehole extensometersare the sonic-probe type

I0-13



Table lo-3

DRIFTS
RESULTSOF INSPECTIONOF VERTICALBOREHOLESIN FLOORS

......... , .... , parle,] Qf 2
Hole

Date Stze Depth Approximate Observed
Hqle Completed (in.) (ft) _ Locat!gn con_!t!on*

0

0H-36 1-26-85 3.5 51.5 N1102/W1882 None

DH-38 1-26-85 3.5 47.5 N1101/W2182 None

DH-40 1-25-85 3.5 51.0 N1101/W2482 None

DH-42 1-23-85 3.5 51.2 N1101/W2782 None

DH-42A 1-25-85 3.5 40.5 NI101IW2789 None

DH-228 1-28-83 3 50.4 S36561E147 None

0H-13 2-84 4 9.5 NI433/N232 S, F

0H-14 2-84 4 9.7 N1433/N365 D, S, F

OY-01 9-85 36 8 Room3 None

3V-02 9-85 36 8 Room3 None

3V-03 9-85 36 8 Room3 None

3V-04 9-85 36 8 Room3 None

3V-05 9-85 36 8 Room3 None

3V-06 9-85 36 8 Room3 None

3V-07 9-85 36 8 Room3 None

3V-08 9-85 36 8 Room3 F

3V-09 9-85 36 8 Room3 None

L2X-01 1-85 30 12 RoomL2 None

L2PO-O1 - 5 13.0 RoomL2 centerllne D, S, F

- - 5 11.3 RoomL2 center]tne S, F
.. ,, ,,, , , , --- ,,,

* O = displacement; S- separation; F = fracturing
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Table 10-3 (continued)

DRIFTS
RESULTSOFINSPECTIONOF VERTICALBOREHOLESIN FLOORS

Paqe 2 of 2
.... Hole

Date Size Depth Approximate Observed
,Hole Comp,,,]eted _ (ft)_ Location Condition*

- - 16 10.3 RoomL2 centerline D, S

NPD-03 1-86 5 9.3 N1420, east of None
Test Room1

NPD-04 1-86 5 9.5 N1420, east of None
Test Room1

NPD-05 1-86 5 9.6 N1420/RoomL1 None

NPD-06 1-86 - 5 9.5 N1420/RoomL1 None
,J

NPD-07 1-86 5 9.0 N1420/RoomL2 S, F

NPO-08 1-86 5, 12.0 N1420, east of S
Test Room l

NPD-II 1-86 5 8.9 N1420, between None
Test Rooms 2 and 3

NPD-I2 1-86 5 9.0 N1420, between None
Rooms L1 and L2

=
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with stainless steel anchor rods and expansion-ring anchors.

Two-anchor, four-anchor and five-anchor extensometers have been

Installed, Anchor depths vary with locality and site-specific

stratigraphy. Recent data plots for the drift instruments are

presented in Appendix 5.

No stressmeters _were installed tn either the halite or anhydrite

surrounding the drift openings. A program to develop reliable

stressmeters for use in halite was begun but abandoned when other WIPP

participants initiated similar programs. The results of their programs

indicate that measurements using modified stressmeters are not yet

sufficiently reliable to be considered for design validation.

Therefore. numerical modeling was relied upon to analyze stress changes

with ttme in the haltte and anhydrite around the openings. The

reliability of the readings from the two stressmeters Installed tn

MB-139 beneath Test Room2 ts discussed in Chapter 11.

The underground instrumentation system has had a complex history. All

extensometers have been reset at least once because salt creep moved

the anchor-rod magnets beyond the tntttal 2-inch measurement limit.

Convergence points were frequently damaged by construction activities

and were regularly replaced. Extensometers were also damaged during

construction; some were replaced _ and others were abandoned. The

operational history of the instruments ts presented tn each issue of

the GFDRs.

10.3.2 Analysis and Evaluation

The in situ data collected and observations made during the design

validation process were analyzed and evaluated to determine the effects

of salt behavior on the drift excavations• Closure data were analyzed

and a model simulation was performed for a typical 8 x 25-foot wide

drift. An option for lowering the floor 5 feet was incorporated into

the model for subsequent analysis of the drifts in the storage area.

The results of the analysis of the larger drifts are presented in

Chapter 12.
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10.3.2.1 Observed Conditions

Evaluation of observed conditions is a qualitative process. It

represents _the assessment of qualified geologists and engineers and is

an important component of the analysis and evaluation of measured

responsesand structural calculations.

Roof and Wall Sealltnq. Changes in roof and wall conditions occur

slowly. I)rummyareas detected during the Original soundings have not

enlarged significantly. These drummyareas occur In clear halite and

are not associated with any noticeable clay deposits. Separations

occur along planes of weakness, probably created by the orientation of

crystal faces. Few new slabby areas have developed. For an unknown

reason, more slabby areas developed in the roof of the El40 drtft south

of the waste shaft during excavation than in any other underground

area. These areas have shownlittle, if any, growth.

Wall _palltng is even more subdued. The most noticeable spalltng

occurs tn tl_e argillaceous haltte unit and associated clay seam

(geologic mapunit 4 and clay F) near the intersection of the wall and

roof. This area has exhibited slowly deteriorating conditions and

requires occasional scaling. This spallJng of map unit 4 and the
squeezing out of associated clay F is most noticeable in the N1420

drtft north of the test roomsand along the El40 drtft south of the

waste shaft. SpallJng results from room closure and is related to the

percentage of argillaceous material in the haltte and to the proximity
of the roof intersection. Stmtlar behavior associated with

anhydrite 'b', anhydrite "a' and clay I has been observed in the walls

of the drifts and test rooms in the waste experimental area. Some

minor squeezing of clay G, clay H and clay I has occurred where these

clays are exposedalong drift walls. Relative motion along these clays

similar to clay F is exhibited by the lower section of the wall moving

into the excavation relative to the upper section. Somespalling of

map untt 0 has also been noted along the El40 drift south of

approximately $2500.

i

10-20

• ......



Pillar lFracturinq. The vertical fractures that have developed in the

pillar corners occur throughout the underground facility. They are

particularly prominent in corners that were not beveled during i

excavation. The fractures range in width from closed to about 2 inches

and extend into the salt essentially perpendicularto the surface.

The fractures grow steadily with time as the halite responds to

deformation around the opening. Pillar corner fractures are the most

obvious manifestation of pillar shortening in the drifts and rooms.

These fractures wlll continue to grow and the corners will continue to

deteriorate, with increasing spalling as a result. This behavior is

expected and poses no stability problems, but lt will require

monitoring and maintenance throughout the operating life of the

facility.

Vertical fractures have developed in the walls of the drifts parallel

to the longitudinal drif.t axis. The fracture openings range from

closed to 1/16 inch in width. The fractures have been detected in some

boreholes where they occur within 2 feet of the wall surface. This

type of fracturing is typical of underground excavations and probably

represents tension fracturesdeveloped due to stress relief.

Roof Displacements and SeParations. Clay G and clay H, above the roof

of the facility level drifts, and clay I, above the roof of the drifts

in the experimental area, have exhibited displacements and

separations. Table lO-I presents the results of observations made

through July 1986 in 58 open boreholes. Twenty of these holes

exhibited positive evidence of the occurrence of displacements and/or

separations. Sixteen of these holes are at intersections. The

vertical separations range from closed to 1/4 inch in width, and the

horizontal displacementsare up to l inch wide.

An additional 32 holes In 11 arrays were drilled in the roof at various

facility level drift locations during the Excavation Effects Program

(Flgure 10-1). Of these, four arrays were drilled at intersections.

Three additional arrays were drtlled in the roof of drifts in the waste

experlmental area.
If$ ?_1
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Inspection of the recently drtlled holes ustng a probe lndtcate that

mtntma] separation has occurred at the Intersections and along the

drtfts. The stze of the opentng as well as the elapsed ttme stnce 1ts

excavation do not appear to have a significant effect on thts

phenomenon. Although the E140 drtft south of the waste shaft was

excavated early tn construction and has the largest opentng dimensions

(12 x 25 feet), only mtntmal separations, less than 1/16 tnch wtde,
were detected.

No separatlonswere detectedat clay G In the drlft hole arrays,and

the separatlonsIn the halltewere usuallyless .than]/]6 Inch. There

appearsto be about l/B Inch of separatlonat clay I In the array at

EB75 In the N]420drlft. Thls Is conslstentwlth observatlonsmade In

prevlouslydrllledholesIn the wasteexperlmentalarea.

The observed displacements and separations Immediately above the

facility drtfts appear to "be normal deformattonal behavior. As the
clevtatorlc stress around the underground openings Increases following

excavation, the surrounding salt w111 deform. The clay seamsare zones

of weakness that provtde sltp planes for salt movementdurtng lateral

loadtng. Movementls generally represented by the haltte sectton be]ow

the clay seamsmovtng tnto the excavation relattve to the sectton above.

F r 0 s ac e ts Se aratlonsand Fracturlnq. Minor dlsp]acements,

separatlonsand fracturlnghave occurred beneath the floor of the

drlfts. Tab]e 10-3 presentsthe resultsof observatlonsmade In 34

open boreholes through _luly]gB6. Ten of these holes exhlblted

dlsplacements,separatlonsor fracturlng, l)Isplacementsup to 3/4 Inch

wlde and separatlonsup to ]/2 Inch wlde have been observed In

boreholesat the Intersectlonof Test Room ] and Room LI, as well as at

the Intersectlonof Test Room 2 and Room L2. Theseare large,four-way

Intersectlons wlth 20 x 33-foot dlmenslons. Some dlsplacements,

separatlonsand fracturlngwere also detectedIn three open boreholes

In Room L2. On]y two holes In the N1420 drlft east of Test Room ]

exhlbltedseparatlons,less than ]/8 Inch wlo_. No other separatlons
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have been detected in any other open boreholes in the N1420 drift or

Room G, Only closed fractures were observed in the 30-1nch diameter

hole (L2X-OI) in Room L2 (Figure 10-3), These fractures, many,coated

with clay, appeared to have originated prior to room excavation,

Nine small-diameter holes were drilled in the floor of the 35-foot wide

$700 crosscut and inspected using a probe. These holes were drilled to

determine the depth to MB-139 as well as to determine if any fractures

were present. Fracture zones up to 1 inch wide were encountered in two

locations In the halite above MB-139. Only one borehole contained a

halrltne fracture within MB-139.

During September 1985, nine 36-tnch diameter holes were drtlled in the

floor of RoomJ, a 33-foot wide room, to accommodate structural steel

columns. Only one near-horizontal fracture, less than 1/32 inch wide,

was encountered in the halite above MB-139 in hole Jr-8. No fractures

were found In the other holes in RoomJ.
; °

One fracture has been detected In the floor of the El40 drift south of

the waste shaft. This fracture was observed whtle the drift was being

enlarged from 8 feet to 12 feet high from Aprtl through June 1984. The

fracture was about 18 inches below the ortgtnal floor in halite and

extended from approximately S1859 to SlBTl. Separation ranged from

1/16 inch to I/2 inch and was associated with some clay. lt curved

upwards toward the floor at its northern and southern limits.

The results of the Excavation Effects Program indicate that mlnlmai

separations occur beneath the floor of the drifts and intersections•

As determined from the roof holes, the slze of the opening and elapsed

tlme since excavation do not appear to have any effect on the

occurrence of separations In the salt beneath the floor. No fracture

zones were detected In any of the holes and separations where

encountered, ranged from less than 1/16 inch to I/B inch wide. As with

the older open boreholes, the Excavation Effects Program holes show

evidence of separations within MB-139, at clay E and in the overlying

halite.
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,The floor hole array tn the N1420 drift at E875 encountered a sltght

separation of approximately 1/16 inch, coincident with a clay seam at a

depth of about 8 1/2 feet. RB-139 at this locatton is about 22 feet

below the floor.

Brine was encountered during the drtlltng of the central hole in the

array at $700/E66 and continued to flow f'rom the hole for several days

after the completion of drilling. The hole encountered several

separations up to 1/16 inch wide between a depth of 7.4 and 7.7 feet.

No separations were detected in the other holes of this array. Brine

has been encountered at several other hole array locations but no

significant separations were detected in the holes.

The observations made to date indicate that fracturing in the drift

floors is minimal. This includes observationsof the El40 drift, which

was one of the earliest excavations made during the SPDV Program. No

fractures of the magnitude found in Test Room 3 (Chapter ll) have been

detected in any of the drifts. Displacements, separations and

fracturing beneath the floor is expected to continue in the future.

10.3.2.2 Closure Behavior at Selected Stations

Analyses were performed at selected stations to study roof-to-floorand

wall-to-wall closure. Analysis was also performed to study the effect

of floor lowering on closure.

Roof-to-Floor Closure. Until May 1984, the El40 drift south of the

waste shaft was unique in that there were neither crosscuts nor nearby

parallel drifts. However, in _ay and June 19B4 the floor of the drift

was lowered by 4 feet and new drifts and crosscuts were added between

stations NI40 and S1620. These two operations have resulted in an

increase in closure rates for this portion of the drift. Since both

operations occurred concurrently, it is difficult to isolate their

effects on closure. However, it has generally been observed that any

far field disturbance has only a short-term effect on the closure, and

I_-25



that the Closure rate, after a momentary Increase, d_uays to tts q

pre-perturbation rate pattern.

+

If we assume that the closure at station E140/S1879 ts not measurably

affected by the additional excavations performed north of statton

S1620, thts station can then represent the closure of an Infinitely

long opening tna geologically untfom fomatlon. However, because the

convergence potnts were Installed nearly 4 days after tl_e completion of

excavation, the roof-to-floor closure versus elapsed time curve was

extrapolated backwards by fttttng an equation tn the fom of

I

t - t 1 (1 + R(t)/R1 )3 (10-1)

where: R(t) ts the Instrument readtng at elapsed ttmet stnce the end

of excavation; and

a1 Is the regression parameter, equal to total closure at

elapsed ttmet 1 stnce the end of excavation.

Thls equatton Indicates that at t equal to O, the slope of the closure

curve ts Infinite. Thts ts not true because the slope at t equal to 0

ts ftntte but large.

Based on the results of the regression analysis, the value of R1 was
determined 'Lo be 1.97 Inches. However, the curve-fitting was not very

good, probably because excavation at the tnstrumenl; locatton was done

In two stages maklng lt difficult to assign the value for t 1.
Because the shape of the early part of the closure versus ttme curve ts

not smooth, the estimated value of t 1 ts approximate.

Flgure 10-4 compares the measured closul_e' with the adjusted curve at

statlon E140/S1879 ustng the results of the regression analysts. The

reading of roof-1;o-floor closure on August 26, 1985, was 5.84 Inches

and the adjusted value Is 7.81 tnches. Note that this statton Is '

nearly 230 feet from the boundary locatton north of whtch the ftoor was

lowered 4 feet. It Is likely that the excavation had some effect on
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the closure at thts statton, although Ftgure 10-4 does not clearly show

such an effect. The convergence potnts at thts locatton have stnce

been destroyed.

Ftgure 10-5 shows the central roof-to-floor closure at E140/S1246. The

roof-to-floor convergence potnts were Installed nearly 14 days after

excavation at thts location. Thts ftgure shows the effect that

lowertng the floor 4 feet has on the closure. In addition, the E300

drtft excavation passed thts locatton on August 21 and 22, 1984. The

effect of lowertng the floor, though, masks the effects of the adjacent

excavation. As of August 26, 1985, the roof-to-floor closure of the

12 x 25-foot drtft was 4.18 1riches. The lntttal reading was taken on

_uly 11, 1985, 1 day after the fleor was lowered. Because the closure

rate ts very htgh at the early stages, actual roof-to-floor closure ts

greater 'than 4.18 tnches.

RQ]_tlonsh!p Bel_weeq ROOf-t;o,FlOor Closure and D,rlft D1m..enstons.

Convergence potnts have been Installed at vartous stattons tn

underground drtfts havtng different cross sectton dimensions. Some of

the drtfts, especially the E140 drtft south of $1600, are Isolated,

while mos_ of the other drifts have nearby parallel drtfts and

crosscuts. The closure behavior of these drifts Is affected not only

by the opentng dimensions but also by' the presence of ad_)acent

openings. Dtfforences tn creep properties of the salt may also be

responsible for differences tn creep behavior. In addition, the

closure behavior ls affected by the 4- to 5-foot lowering of the drtft
floor.

Flgure 10-6 shows measured roof-to-floor closure at selected stattons

In drifts wtth different cross sectton dimensions. Because

measurements were not made Immediately after the opening was excavated,

the closure values were nomaltzed to the values at approximately 10

days after the completion of excavation at the respective Instrument

station. As shown on thts ftgure, the maxtmum closure and closure rate

OCCUr tn drtfts with openlng dlmenslons of 12 x 25-feet. Because the

i
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drifts in the storage area will have cross section dimensions of

13 x 25 feet, the modeling analysis discussed in this chapter and in

Chapter 12 focuseson predicting the behavior of the 13 x 25-foot drift

opening for the operating life of 25 years.

The effect of lowering the floor 4 feet at instrument stations EO/N626

and E140/S1246 is to increase the closure rate permanently. Although

the floor lowering was performed at different times at these stations,

the steady state rate after excavation appears to be nearly the same.

However, if the floor lowering is performed at a much later date

following the initial excavation,it is 'likelythat the total closure

may be somewhat decreased. The closure behavior at these two stations

is influenced by the presence of nearby parallel drifts and crosscuts,

as well as likelydifferences in the creep properties of the salt.

Figure I0-6 also shows the predicted roof-to-floor closure of an

infinitely long, single drift with cross section dimensions of

13 x 25 feet. This closure was obtained by modeling and is discussed

in Chapter 12. The approximate steady state closure rate at EO/N626

and EJ40/S1246 is 2.00 inches/year. The steady state closure rate

predicted for the infinitely long, single drift is 1.60 inches/year.

The nearly 25 percent difference in these rates is probably due to the

presence of adjacent drifts and crosscuts. This value compares well

with the value of 30 percent obtained from modeling as discussed in

subsection I0.3.3.3.

Figure I0-7 presents a comparison of the predicted closure of a

13 x 25-foot drift with the observed behavior of a 12 x 25-foot drift

at EO/N626. The closure for the 13 x 25-foot drift was obtained by

increasing the cIGsure rate obtained from modeling the infinitely long,

single drift by 30 percent. The roof-to-floorclosure at EO/N626 does
I

not ir_cludethe values before the floor was lowered by 4 feet. This

comparison indicates that it is reasonable to increase the closure rate

of a single, infinitely long, 13 x 25-foot drift by 30 percent to

account for the presence of adjacent parallel drifts and crosscuts.

lO-31



14.0 ................

®
12.0...... , .....

._o=_,_,o.o .............,.._,._7//// ,,/
8.0 .....

/ "_----12'x 25'

n-
O

o 6.0 ' ,,/ ......,J
/

, /0
I-.

Lt.

° ',7"
_ ,i ,,= i i i

2.0 ..............

(_) OBTAINED FROM MODELING. FLOOR LOWERED
2.3 YRS SINCE ORIGINAL EXCAVATION.

(_ BASED ON IN-SITU MEASUREMENTS AT
EO - N 626 STATION.

0.0

0.0 1.0 2.0 3.0 4.0 5.0 6.0

ELAPSED YEARS SINCE FLOOR LOWERING

F!qure 1,0-7

DRIFTS
COMPARISONOF PREDICTEDANDOBSERVED

ROOF-TO-FLOORCLOSURE

q

10-32



Wall-to-Wall Closure. The wall-to-wall convergencepoints at the S1246

station were installed immediately after the original excavation at

this location was completed. When the cross section dimensions were

B x 25 feet, the measurements were close to the .t'ruewall-to-wall

closure at midheight of the instrument location. On June 30, IgB4, the

wall-to-wall closure was 5 inches for an elapsed time period of 564

days. After the floor was lowered, a new set of wall-to-wall

convergence points was installed. The additional wall-to-wall closure

was 3.31 inches through August 26, lgB5.

Comparison of Roof-to-Floor to Wall-to-Wall Closures. Ta.ble I0-4

summarizes the closure of the El40 drift for locations south of S1620.

Until August 1985, these locations were unique in that there were no

crosscuts and no nearby parallel drifts at the time of the analysis.

The cross section dimension was 8 x 25 feet. The maximum measured

roof-to-floor closure of 5.1g inches was at station SIB?9. Stations

S3614, $3639 and S3664 are influenced by the end constraints of the

drift which terminates at about $3664.

_ff¢ct Of Ad.iacentDrifts. Table I0-5 compares closure in the drifts

at SllSO. Because the initial readings were not taken immediately

after the station location was excavated, the comparison is

approximate. Note that, for the El40/SllSO station, the original cross

section dimensions were 8 x 25 feet until June B, 19B4, and that no

convergence points existed at this location prior to lowering the

floor. The closure values at El40/SllSO are the maximum, not only

because the opening dimensions are the largest, but also because the

opening had already existed for nearly 550 days before the floor was

lowered 4 feet. It is also likely that there is mutual influence

between the openings.

Effect of Floor Lowerin.q. The EO drift between NI40 and N1420 was

increasedin height from 8 feet to 12 feet (by loweringthe floor) from

November 9, 1983, through January 9, 19B4. The closure readings

increased rapidly as excavation approached the measurement stations but

I0-33



,Table 10-4

E140 DRIFT SOUTHOF $1620
SUMMARYOF MEASUREDCLOSURE

(CROSSSECTIONDIMENSIONS- 8 x 25 feet)

Ttme-lag between end Convergence potnt
of excavation and readtng (inches)

Instrument lntttal readtng (days) Feb. 12, 1985
Locatton R-T-F* W-T-W* R-T-F* N-T-W*

E140/53664 14 0 1.70 1.48

E140/53639 0 0 4.07 3.24

E140/$3614 0 0 4.49 3.'/2

E140/$3250 11 11 4.13 2,,97

E140/$2950 10 10 4.19 3.18

E140/52625 5 6 4.43 3.59

E140/$2350 9 9 4.33 3.44

E140/$2066 8 8 4.32 3.40

E140/S1879 4 2 5,45 4.00

* R-T-F - roof-to-floor
W-T--W= wa11-to--wa 11
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dropped raptdly to, or slightly above, the pre-excavation rate. The

floor lowertng has affected the salt matertal above the roof of the

openings to distances of at least 30 feet.

Figure 10-8 shows the relationship of the movement rates for the collar

and two intemedlate anchors of roof extensometer 51X-GE-O0243 at the

EO/N1100 intersection. The figure shows that the movement rate of the

collar and these anchors increased due to floor lowering but then began

decreasing unttl March 1984 (about 400 days after the inttial

excavation). The rate then .began increasing again from March until

August 1984 (about 550 days after the inittal excavation). Because

excavation activities were performed in the area of this Instrument at

this ttme, it ts possible that parting at the clay seams above the roof

was occurring at an increasing rate.

Figure 10-9 shows the movement rates of the collar and anchors of roof

and wall extensometers at EO/N626. The collar movement rate of the

east wall extensometer appears to be somewhat less than that of the

west wall extensometer. It was also observed that floor lowering has

affected the closure behavior of ptllars as far as 25 feet from the

opening. Similarly, roof behavior has been affected, probably up.to at

least 30 feet above the roof.

The helght of the El40 drift remained at 8 feet during floor lowertng

in the EO drift between N140 and N1420. However, excavation performed

in the EO drift appears to have affected the closure behavior of the

El40 drift. Figure 10-10 shows the movement rates of the collar and

anchor A for roof extensometer 51X-GE-O0235 at E140/N624. The collar

movement rate was decreasing monotonically until late December 1983_

However, it appears to have increased around _anuary 1984. Assuming

the instrument was functioning properly and there was no anomalous

behavior of clay seams in the roof of the El40 drift, excavation in the

EO drift may have Influenced salt behavior as much as 150 feet from the
EO drift.

i
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Observations of the effect of floor lower4ng on closure behav4or are

summar4zed below:

(1) The closure read4ng at an 4nstrument statton 4ncreases

raptdly as floor excavation approaches the statton and

decreases rapldly to. or slightly above, the pre-excavat4on

closure rate as excavation passes the 4nstrument station.

(2) Floor lowering affects ci-eep behavior of the salt above the

roof of the. openings to depths of at least 30 feet. Thts

effect ts short-lived, however, extending over a pertod of

only a few months.

(3) Although'the floor of the E140 drtft north of the C & SH

shaft was not lowered for most of its length, excavation

performed tn the EO drift appears to have affected the E140

drift closure.

m

The movement rates of the anchors of extensometer 51X-GE-O0243 at the

EO/NllO0 intersection Increased and then decreased between March and

August 1984. Because no excavation acttvtty took place at thts ttme tn

the vtctnlty of the Instrument statton, it was assumed that the clay

seams above the roof may have been parttng aC an increasing rate.

Figure 10-8 shows the variation in closure rates for the collar and

anchor points wtth time. The Pates of the collar and anchor movements

have subsided and are probably returning, to thetr pre-perturbation

values. For comparison, the rates of collar and anchor movements of

floor extensometer 51X-GE-O0258 are shown on Ftgure 10-11. The rates

of movements of the collar and Intermediate anchors have a stmtlar

trend as the roof extensometer over the same ttme pertod. However,

this extensometer was damaged due to mtntng operations on February 8,

1985. Since then, the readtngs have remained anomalous.
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10.3.2.3 Model Simulation

A ftntte element model utilizing an engineering approach was used to

slmulate the behavlor of an 8 x 25-foot drlft. The method descrlbed In

Appendix C was used to mathematlcally slmulate the In sltu behavlor of

the drifts by determining the creep parameters C, A, and z. The

following discussion describes the numerical modeling and the

utilization of tn sttu data for the drtfts. Also discussed are

simulations of the effect of adjacent parallel and perpendicular drtfts.

Utlltzattort of Reference Stra!;tgraDh_L. Yhe reference stratigraphy

described tn Chapter 6 was used In the analysts. The reference level
f

representing the elevation of clay 6 ts 2,129.40 feet below the ground

surface, based on the core hole log at statton E140/S1960. Because the

finite element method lends itself well to multiple layer analysis in

which distinct material properties can be accounted for, the MARC

General Purpose Finite Element Program (ref. 6-8) was used.

Structural CharacterlzatlQn. Figure 10-12 shows the finite element

model used to predict closures, stresses and deformed shapes as a

function of tlme for an 8 x 25-foot opentng. The model consists of 122

plane strain elements with 21 gap/friction link elements modeling the

clay seams and an option for lowertng the floor 5 feet. The top and

bottom boundaries of the model are at depths of 2,045.00 feet and

2,245.00 feet, respectively, below the ground surface. The drift roof,

drift floor before lowering, and drift floor after lowering are at

depths of 2,128.70, 2,136.70, and 2,141.70 feet, respectively, below

the ground surface. The roof beam Is 8.10 feet thick and the final

floor level Is 4.39 feet above MB-139.

Only anhydrite layers with thicknesses greater than 1 foot were

Included tn the model. Calculations showed that most anhydrite layers

less than 1 foot thtck failed at vertical stresses less than 1 percent

of the overburden pressure. Therefore, because thetr contribution to

the stiffness of the model would be Insignificant, they were not

Included.
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Clay seams in the model were 1"trotted to two above and two below the
i

drift opening. The .Justification for this is twofold: first,

reference 5-4 states that "90 percent of _ the drift c losur_ n_easured

with ten active slideltnes could be captured with four slidelines, two

dtrectly above and two directly below the _drift'; second, previous

analyse'; have shown that, at locations representative of the more

distant clay seams, the shear force is considerably less than the

normal force; therefore, any slippage along these clay seams would be

negligible compared to that along seams closer to the opening and they

need not be included in the model. To stmpltfy the analysts of this

model, a coefficient of friction equal to 0.0 was assumed for the

gap/friction elements modeling the clay seams.

The lateral boundaries of the model are 82 feet apart, and were

established based upon vertical axes of symmetry with regard to

adjacent drifts. The upper and lower boundaries of the model were

based upon experience from previous analyses and were extended far

enough in both directions so that the difference between vertical and

horizontal stresses at each point of the boundaries would be within I0

percent of the vertical stresses. Horizontal restraints were assumed

for the lateral boundaries while vertical restraints were assumed for

the lower boundary of the model. Stress boundary conditions were

utilized for the upper boundary.

Element sizes were establishedto make them proportional in size to the

estimated stress gradient across each element. In addition, the

orientations of the elements were established in order to have the

radiating mesh coincide with the assumed principal stress axes. These

aspects of the model were designed to enhance the overall efficiency of

the analysis.

Consideration of Drift Opening. The drift openings were originally

excavated to 8 x 25 feet. Further development trimmed an additional

4 feet from the floor to provide a 12 x 25-foot opening in the shaft

plllar area. lo provide continuous r¢=pu.== hi=Lu, i== ,,u,,, ,,,,=,°,

_
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excavation through the floor lowering period, spectal considerations

were provided for modeling the opening.

Determination of Creep Parameters. Data from ten different locations

along the El40 drift from $550 to $3250 were reviewed and one

representativelocation was selected to calculate creep parameters for

the drifts and for use in predictingclosures and stress distributions.

Figure lO-13 shows the correlated roof-to-floor and wall-to-wall in

situ data curves from the selected location, as well as the predicted

closure based on the calculated creep parameters.

Transformation of Time Domains. Having determined the values of C, A

and z to be 1.40xlO-21 ksf-4.9 -l -lsec , 3.2 and l.lxlO-7 sec ,

respectively, the normalized time at which the floor lowering was

scheduled to take place was determined by transforming 7.25x107 sec
,

(or 2.3 years) to =rlormalizedtime using equation C.4--17in Appendix C.

The normalized time which corresponds to the scheduled real time for
-l3 -4.9

drift floor lowering was determined to be 1.4205xi0 ksf .....or

418 time increments from the start of the program. Accordingly, the

drift height wa_ changed at the end of increment 41B, and the analysis

continued until a total real time of approximately5 years was reached.

Ef;ect of Parallel Drifts. The extraction ratio at a particular

location is dependent upon the arrangement of the drifts and pillars.

Therefore, the effect that the extraction ratio has on structural

responses can be determined by considering the effect of adjacent

drifts. Two different cases were considered in the analysis. One case

assumes the adjacent drifts are parallel to the drift being analyzed

while the other case assumes adjacent drifts are perpendicular to the

drift being analyzed.

To simplify and minimize the computational effort, a multiple drift

model was used for the analysis of the B x 25-foot drift. For this



- 10-46



model, the drift was assumed to be located between an infinite number

of parallel drifts, with each having Identical cross sections and

ptllar widths. Two-dimensional analyses using this model were

performed assuming a state of plane Strain. Th_ boundary displacement

conditions at the centerline of the ptllar were assumed to beJ

restrained in the horizontal direction but free in the vertical

direction. Under these assumptions, this mathqmatical model can more

accurately simulate the geologic conditions in the future when adjacent

drifts will exist rather than at the present time when only a single

drift exists. Computational results for the parallel drifts are

presented in subsection I0.3.3. Parallel drifts with different

dimensions and spacings can be incorporatecl into the present

mathematical model and corresponding structural responses can be

computed.

Effect of Perpendicular Drifts. Ideally, a three-dimensionalanalysis

Is required for the case when the drifts are not parallel to each

other. However, the structural responses cea be approximated based on

the two-dimensionalanalysis described in this section.

Additional drifts which intersect pe'pendicular to the drift in

question increase the average overburden pressure in the pillar. The

two-dimensional analysis of parallel drifts has indicated that the

vertical stresses initially increase sharply in the pillar area

adjacent to the opening. Over time, salt creep reduces this stress

peak as the stresses are redistributed over the width of the pillar.

Eventually, the vertical stress level becomes nearly uniform over most

of the pillar width.

The total overburden load in the pillar is equal to the average

vertical stress multiplied by the pillar support area. Because this

total overburden load remains constant before and after the excavation
I

of perpendicular drifts, the average vertical pressure is inversely

I0-47
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proportional to the support area. Thls increased average vertical

stress can, therefore, be expressedas:

m

or = ai Wt/W_, _' (I0-2)

? _

I jf ', i'

where: Gr is the aver,_g_/ver_tlcalstress of a rectangularpillar,

i.e., pi!lar'wlthina gridwork of intersectingdrifts;

_i is the average vertical stress of an infinitely long
pillar, i.e., pillar without the perpendiculardrifts;

Wt is the distance between the center lines of the
perpendiculardrifts; and

W2 Is the pillar width In the ,perpendiculardirection, i.e.,

Wt minus the width of the perpendiculardrift.

After the excavation of additional drifts in the perpendicular

direction, the restraints at the new wall boundaries are released.

Consequently, the distribution of effective.stress in the pillar

changes. Actual distributionof the effective stresses can be obtained

through a three-dimenslonal computational analysis. However, a

two-dimensional analysis can be used to estimate the stress

distribution.

A two-dimensional analysis can neithermodel the restraint conditions

nor predict out-of-plane displacements that occur at the boundary of

the perpendicular drifts. As a result, the vertical stress

distribution from the two-dimensional analysis Is assumed to represent

a plane some distance from the perpendicular drifts wher_ the actual
, I

behavior more closely represents the plane strainlcondition. The

accuracy "of this assumption depends upon the distance be'tlve.enthe plane

being analyzed and the perpendicular drift. In all cases, the results

of a two-dimensional analysis represent a lower bound on the effects of

perpendiculardrifts_

The pillar dimensions are identified as Wl for the width of the

o pillar between parallel drifts and W2 for the width of the pillar

-. lO-4B



between perpendicular drifts. For an Infinitely long ptllar, which can

be considered as a rectangular ptllar with W1/W2 equal to zero, the
vertical stress distribution of the drtft to the center of the ptllar

can be detenllined from a two-dimensional analysis. The distribution of

the verttcal stress ot(y), shown at the top of Figure 10-14, is
symmetrical with respect to the centerlt,e of the ptllar and stabilizes

wtthtn several months after excavation.

For a square pillar, which can be considered as a spectal case of the

rectangular pillar wtth W1/W2 equal to one, the verttcal stress
distribution should be symmetrical with respect to the two centerltnes

and two diagonals of the pillar. Thts ts shown graphically in the

middle of Figure 10-14, where the x-axis is assumed to be along the

drift axts. Assuming the verttcal stress distribution Os(X,y ) from
the center of the pillar to any of the four walls is the same as the

stress distribution ot(y) across the width of the infinite ptllar,
the ratio of the average vertical stresses between the square and the

infinite pillars can then be estimated from equation 10-3:

"oW/2 /_+x- Os(X,y) dydx
GS X
--- = W/2 W/2 (10-3)

Oi _0 /0 oi(Y) dydx

where: di IS the average vertical stress for the infinitely long

ptllar;
=..

o is the average vertical stress for the square pillar;S

oi(y ) is the vertical stress distribution for the infinitely
long pillar; and i

Os(X,y) is the vertical stress distribution for the square
pillar.

Based on the computational results from the previous analyses, the

average vertical stress of a square pillar'is estimated to be 15

percent higher than that for the infi.itely long pillar. At the WIPP
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facility level, most of the pillars have a rectangular shape. As shown

at the bottom of Figure IO-14, a rectangular pillar can be separated

into regions which are assumed to act either as an infinite or square

pillar. By using a weighted area method, the following equation

expresses the effect of varying the plllar's aspect ratio on the

average vertical stress:

_ Wl _

or = (I + 0.15 _2 ) oi (10-4)

_here: o is the average vertical stress for the rectangular pillar.
r

The corresponding change In pillar shortening Is proportional to the
D

ratio of _r to oI, raised to some power, wlth an exponent not
exceeding n, where n Is the exponent in the power law expression for

the creep behavior. Subsection I0.3.3.3 presents the results using

equation I0-4.

10.3.2.4 Bay Strains

Strains around an opening in salt vary wlth space and time. Although,

lt Is difficult to measure these strains directly, they can be inferred

from the measurements of anchor displacements of multiple-point

borehole extensometers. Relative movements between anchors wlll

provide an approximate distribution of strain along the axis of the

extensometer. If these relative displacements are normalized over the

spacing between the anchors, then these normalized relative

displacements are termed =bay strains'. The bay strain wlll be closer

to the true strain provided that the spacing between anchors is small

and that the deformation varies linearly wlth spacing between anchors.

Bay strains are useful In detecting any anomalous behavior In salt

around an opening such as that influenced by discontinuities, clay

seams, or the effect of local stress concentr_tlons.

i

i

10-50
,,_



X INFINITE PILLAR ,,

s (x,y)

SQUARE PILLAR

_x,y )

RECTANGULAR PILLAR

_tqure ]0-14_ __

DRIFTS
VERTICALSTRESSDISTRIBUTIONS IN VARIOUSPILLARS

10-51



,=

i

Flgure 10-15 shows the variation of bay strains wlth elapsed time since

completlon of excavatlon foi'i,floor extensometer 51X-GE-O0242. This

eI(tensometerIs located at the intersectlon of Test Room 2 and the

N_1100drift. The sudden Increase In the bay strains may not be related

tl) salt behavlor an_ Is apparently related to system measurement.

Thus, lt is 11kely that the maximum average bay strain In the flrst 6

feet of salt In the floor Is no more than I percent. The analysls of

bay strains In the floor of the drlfts in other locatlons indicates

that the maximum average bay straln generally occurs in the first 6

feet (collar to anchor A) In elther the roof or the floor.

Figures K-36 to K-45 In Appendix K show the varlatlon of bay strains

wlth elapsed tlme slnce excavatlon.

Figure 10-15 shows the rate of bay strains for extensometer

51X-GE,O0242. The overall trend ts that the rates decrease wtth time

and are currently less than 0.5 percent/year. Figures K-46 to K-55 in

Appendix K summarizethe variationof strain rates with time.

The decreasing trend in the rates of bay strain with time ts an

indication that the salt tn the roof and floor of the drifts is

currently stable.

10.3.3 Prediction of Future Behavior

The results of the analysis of the 8 x 25-fo'_t drift have been

categorized as follows:

(1) Effective stresses and effective creep strains immediately

after initial excavation; immediately ber.ore and after floor

lowering; and 5 years after tntttal excavation.

(2) Principal stresses immediately after initial excavation;

immediately before and after floor lowering; and 5 years

after initial excavations.

!
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(3) Deformed drift shapes immediately before floor lowering and

5 years after initial excavation.

10.3.3.1 EffectiveStresses

Figures I0-17 and I0-18 show the distribution of effective stresse_ in

each of the elements of the mesh located near the midheight of the

finite element model. The contours are numbered with integers from 1

to I0 with each contour interval representing an effective stress

increment of lO0 ksf. As time passes, the plots show the effective

stresses becoming more concentrated in the anhydrite layer, That is,

more energy in the form of strain energy is transferred from the

creeping halite and argillaceoushalite layers to the anhydrite.

I0.3.3.2 PrincipalStresses

The principal stress plots (Figures lO-19 and I0-20) show that,

immediately after excavation,the magnitudes of the predicted principal

stresses are relatively large in the corners of the drift and in the

anhydrite layer. As the salt creeps, the principal stresses
, , ,

concentratein the anhydrite layer near the centerline of the drift.

I0.3.3.3 Deformationand Closure

A mesh showing the deformed drift shape is presented on Figure lO-21.

This mesh shows the outline of the original, undeformed drift in dashed

lines while the deformed shape at the corresponding creep time is shown

in solid lines.

The deformed shape immediately before floor lowering shows significant

vertical deflection (downward) in the roof area of the drift. The

drift floor has heaved upward only slightly and the walls have begun to

creep inward.

Effects Due to Extraction Ratio. An analysis was performed to simulate

the effect on the response of the drift due to a change in the

extraction ratio. A change in the extraction ratio is caused by
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excavation in adjacent or remote areas. Theeffect due to excavation

in adjacent areas was simulated by modifying the finite element model

used in the analysis. The difference is essentially a comparison of a

stngle drift to a set of Intersecting multiple drifts. Developing a

sing'le drift model which accurately represents the behavior of the

infinite pillar requires assuming a width for the model. Therefore, to

examine the effect of ptllar width on analytical results, a i39-foo_

wide model similar to the one shown on Figure 10-12 was used as a base

case and was later widened to 278 feet. Each model consists of an

8 x 25-foot drift.

Figures 10-22 and 10-23 show comparisons of the closure behavior for

the two different ptllar widths. Because the width of th_ model is

expected to affect the verttcal stresses, both the pillar shortening

and roof sag components of closure are included. The top graph in both

ftgures indicates that by halvtng the ptllar width to that of the

northern area spacing the roof-re-floor closure increases by about 15

percent.

The effects on pillar shortening due to increased overburden stress

from the perpendicular drifts can be seen on the mtddle graph in

Figure 10-22. Comparison of the infinite ptllar with and without

perpendicular drifts indicates a 15 percent increase in pillar

shortening due to the presence of the intersecting drifts. Comparing

the curves for the narrow ptllar in the top two graphs indicates that

ptllar shortening contributes approximately half of the total closure

response. The lS percent increase in the ptllar shortening then

corresponds to a ? 1/2 percent contribution in total closure. This is

also true for the total closure rate. The combined effects of single

versus multiple drifts and multiple parallel drifts versus an

intersecting gridwork account for about a 24 percent difference in the

total closure rate.

The effects of releasing the boundary constraints at the perpendicular

drift wall can be estimated by the use of equation I0-4. For the
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northern area where the NI/W2 tat'lo 4s approximately 0.4, the
average effective stress %s Increased by about 6 percent. Zf the

pillar shortening rate ts proportional to the square of the increase 4n

average effective stress tn the ptllar, the boundary release accounts

for a 12 percent Increase tn pillar shortening. As described tn the

previous paragraph, thts 12 percent increase tn pillar shortening rate

corresponds to about a 6 percent increase tn the total closure rate.

This factor, combined with the previously described effects, yields

about a 30 percent difference tn the total closure rate. Thts compares

well with the value presented tn subsection 10.3.2.2.

The roof sag component of closure ts shown tn the bottom graph of

Figure 10-23. Figure 10-22 shows the comparison of the closure

components of the narrow mode] relative to the wtde model which is

equivalent to comparing multtple para111e1 drifts to a stngle drift. As

thts figure indicates, the behavior differences appear to stabilize

after about 200 days.

10.3.3.4 Effectiveness of Numerical Modeltng

The creep parameters C, A and z were determined ustn9 roof-to-floor and

wall-to-wall closure data. The effectiveness of the numerical modeling

which uses one set of measured data to predict with reasonable accuracy

other variables such as stress and strain needs to be verified to

infuse confidence tn the numerical modcltng procedure. Besides, such a

comparison wt11 enable testt,g the adequacy of the basic creep level as

well as assumptions regarding the stattgraphy assumed for the model.

The 8 x 25-foot drtft south of $2180 was tsolated untt] :luly 198S and

different sets of creep parameters were determined by numerical

modeling using roof-to-floor closure data from various convergence

point measurements. In situ roof-to-floor closure data for stations

south of $2180 indicate that the drift behaves essentially 11ke an

infinitely long tsolated opening except at the very end of the E140

drift. Th_s affords an opportunity to compare the measured relative

displacements In the roof as well as In the floor at one instrument
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locatlon wtth the values obtained from numerical m()deltng whtch used
roof-to-floor closure data from measurements at someother Instrument

location to "back calculate" the creep parameters.

Ftgure 10-24 compares the measured relattve displacement between the
collar and anchor 0 of extensometer 51X-GE-O0247, tn the roof at

E140/$1950, wtth the values obtatned from the numerical modeling. The

calculated value ts the relattve vertical displacement of two nodes

comparable to the positions of the collar and anchor D of the

extensometer. The parameters C, A and z were obtatned using

roof-to-floor closure data from the instrument location at E140/S1879.

The agreement ts reasonable because the slopes of both the measuredand

calculated relattve displacements are nearly identical. Ftgure 10-25

similarly compares th_ measured reiattve displacement tn floor
extensometer 51X-(_E-O0248at E140/S1950 with the calculated values from

the same numerical modeling. The slope of the in situ curve ts 28

percent steeper than the calculated value. This is probably because

the numerical model assumesthat the ar_hydrtte layer tn the floor of

the drtft as 11nearly elasttc with infinite strength. This may not be

true if the anhydrite has pre-existing fractures, and thus may not be
able to absorb the heave from the salt below.

Ftgure 10-26 compares the measured wall-to-wall closure at E140/S1879
with the calculated wall-to-wall closure from the results of the same

numerical modeling. The average slope of the curve from numerical

modeltng ts nearly 43 percent steeper than the slope of the curve from
measurementdata.

10.4 CONCLUSIONSANDRECOMMENDATIONS

The following subsections present conclusions pertaining to validation

of the drlft reference design and recommendations for design t_
modifications. These are based on a comparisonof the destgn criteria,

deslgn bases and reference destgn configurations with the results of

the analysis and evaluation of data collected during the design

val tdatlon process.
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10.4.1 Conclusions

The evaluation of field observations and analytical results shows that

the design criteria were appropriate for design of the horizontal

openings. The three crlterla identified as requiring specific

evaluatlon, that the drifts remain within the required structural

limits, provide maximum stability, and maintain the minimumrequired

dimensions, were determined to be sultable. The reference deslgn for

the horizontal openings Is therefore validated.

Spalilng from the roof and walls of the drifts and fracturingand

• spa111ng at p111ar corners wlll continue. Olsplacements and

separatlons at clay seams above the roof may slowly increase. This

defo_tlonal behavlor Is expected and can be controlled by scaling and

rock bolting as necessary.

The average bay strains determined from the relattve displacements of

extensomete_ anchors 3 years after drift excavation are within 1

percent. The strain rates as well as the closure rates decrease with

time lndlcatlng that the drifts are stable. Based on the projections

of closure rates, the drifts wlll continue to be stable.

Fracturing beneath the floor of the drifts is minor and has nowhere

developed to near the degree as that beneath the floor of Test Room3.

If additional fracturing develops in the future beneath the drifts, it
i

is also expected to be minor. Based on experience in local potash

mines, this type of fracturing is not expected to cause stability or

operatlonal problems.

The comparison of measured closure behavior in drifts with different

dimensions indicates that the maximum closure and closure rate will

occur In 12 x 25-foot drifts. The closure rates are affected by the

presence of nearby parallel drifts and crosscuts as well as differences

: In salt properties. Based on available measurement data and the

results of modeling analyses, the closure rate in the 13 x 2S-foot

i

I0-69.



/

storage at'ea drifts may be 30 perce,t greater than that of a stngle,

infinitelylong drift with the same dimensions,(Chapter 12).

Analyses of salt behavtor around the 25-foot wtde drifts has detemtt_ed

the redistribution of stresses due to the effect of creeP. Based on

the computed vertical, horizontal and effective stresses, the stress

which develops Immediately after excawtton ts followed by relaxation

due to creep behavior. According to the analyses, stress should not

cause future stability problems tn the drifts.

The analyses have also detemtne.d the locations of effective creep

strain concentrations around the drifts at different times. Based on

the predicted values of effective creep strain and the strain ltmtt

discussed tn Chapter 6, the drifts wtll remain" within the structural

stability limits required, with respect to catastrophic failure, during

the facility operating life. Mlnor spalls from the roof and wall

surfaces are'expected to occur. Analysis of observations In mines and

discussion with mtn; personnel Indicates that the surfaces of the

drifts may start to deteriorate more raptdly after about 15 years.

Increased maintenance wtll then be required.

10.4.2 Recommendations

Based on the results of design validation of the drifts, it ts

recommended that all drifts be inspected frequently for operational

clearance and safety. If the clearance Is insufficient, the drifts

must be trimmed to the required dimensions. Trimming the floor to
i

increase drift height Is preferred over trimming the roof. Over the

25 year operating llfe, the roof should not be trimmed more than

12 Inches for drifts 25 feet wide or less. Trimming the roof more than

12 inches would make the beam of salt too thln and increase the

posslbllty of a roof fall, Further trimming must be accomplished from

the floor even.though thls wlll decrease the thickness of the salt

above MB-139. Scallng and rock bolting should be performed where

F,
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necessary for safety purposes. Pertodtc Inspection of accessible open J

boreholes should be performed to m_nttor the occurrence and behavtor of

displacements, separations and fracturing tn the salt above the roof

and beneath the floor of the drtfts.

31
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:, CHAPTER11
TEST ROOHS

11.1 INTRODUCTION

The four test rooms comprlsea panel wlth a conflguratlon slmllar to

that designed for the waste storage area. The test rooms were

instrumented, observed and analyzed In order to evaluate the potential

behavlor of the storage rooms, Thls chapter presents the results of

data collectlon activities In the test rooms and the analysls and

evaluation of the data wlth respect to the behavior of the excavated

rooms. The Info_tlon Presented here wlll be used In Chapter 12 to

predict the future behavior of the storage rooms and to valldate their

reference design.

11.2 DESIGN _'

T_e test rooms represent a portion of the storage room reference design

configuration. The purpose of the test rooms ts to provide

geotechnlcal Info_tlon that can be used to predict the potential

behavior of the storage rooms. Because they were excavated to pemlt

valldatlon of the storage room reference design, and w111 not be used

for permanent storage, the test rooms were not specifically addressed

In the Design Criteria document. The design criteria apply to the

configuration of the storage rooms and, therefore, only Indirectly to

the configurationof the four-room test panel.

No Design Basis documents were developed specifically for the test

rooms. Only two Design Basis documents (refs. 2-9 and 2-18) contain

elements pertaining to the test rooms. These elements specify that

, test rooms shall be provided to verify underground conditions as

required by the SPDV Program and that their dimensions shall be 33 feet

wide, 13 feet htgh and 300 feet long. All other design bases that

require evaluation are applicable to the storage rooms rather than to

the test rooms.
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11.3 i)ESI6N VALIDAT%ONPROCESS
• i

The test room panel ts the experimental model for the storage rooms.

Validation C,_ the test panel reference destgn configuration ts not

required. The test room data and analyses presented tn thts chapter

are the bases for validation of the storage rooms. Predictions of the

future behavtor of the storage rooms based on these data analyses are

presented tn Chapter 12.

11.3.1 Data Collection

Data collection tn'the test rooms consisted of the accumulation of

geotechntcal data from geologtc mapptng, core drilling, observations of

defomal:tonal behavtor and geomechantcal Instrument measurements.

6eologtc mapptng, and core drt111ng were performed tn the four test

rooms. The stratigraphy deftned by the mapping and core ]oggtng Is

discussed tn Chapter 6. Observations of tn sltu behavtor and data from

the geomechantcal _nstrumentatton program are presentrd _n the

followtng subsections.

11.3.1.1 Fteld Observations

Some aspects of test room behavtor can only be evaluated by vtsual

observation. Vtsual Inspections of the rooms tnclude observations of

their general surface conditions tn response to stress redistribution

and salt creep. These conditions tnclude small spalls from the roof

and walls, especially at 1:hetr Intersection, and verttcal fracturing at

ptllar corners and along the walls tn response to p'illar shortening.

Fteld observal:t ons tnclude other qua1ttal:tve and quanl:ttattve

techniques tn .addition to vtsual Inspections of excavation surfaces.

Boreholes are surveyed ustng vtdeo cameras+ Horizontal displacements

and vertical separations of the geologtc strata surrounding boreholes

are determined ustng a probe, as described tn Chapter 7,

subsection 7.3.1.4. Wall surfaces of large dtameter holes are mapped

by a geo]ogtst.

A qualitative determination of the conditions of the test rooms ts made

J
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by slte geologists during an Inspection of the rooms at least once

every 3 months. These inspections have been documented in each GFDR

starting with the February 1984 edition (refs. 4-12 through 4-19).

Oetatled descriptions of observed test room behavior are contained in

each of these reports.

As discussed in Chapter 10, an Excavation Effects Program was conducted

throughout the t_ndergroundfacility during Hay through July 1985. This

program was conducted to further characterize near-fleld deformation

above and below the facility level. Ten arrays of boreholes were
+

drilled in the roof and floor of the test rooms. The locations of the

arrays are shown on Figure lO-I in Chapter 10.

The results of some of these observationsare used in co,nJunctlonwith

the results of numerical analysis and In situ measurement data to

quantify the structural behavior of the test rooms. The documented

+ field observations can be separated into four categories: roof and

wall spalltng; ptllar fracturing; roof displacements and separations;

and floor displacements, separations and fracturing.

Roof and Wall Spalltnq. A sounding survey of the roof of each test

room was conducted during and immediately after excavation. Only a few

areas of drummy rock were discovered arid these were either removed or

rock bolted.

The rooms have exhibited only minimal spalling over a period of 3 years

slnce thetr excavation. The drummyareas orlginally found t n the roofs

have not grown noticeably, but some additional areaCs have been

discovered by subsequent roof soundings. Additional scaltng and rock

bolttng have been performed in most of these areas. The most

noticeable spalltng ts associated with the argillaceous haltte unit

(geologic map unit 4, Appendix G, Figures G-1 through G-4) high on the

test room walls. This spalltng is generally continuous but shallow.

Some spalling from the roof close to the walls has also been observed

within the past year that has required support by rock bolts in
selected areas.

11-3
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Ptllar I_racturtnq. Vertical fracturing has occurred tn the corners

formed by the Intersection" of drtfts wtth the test rooms. The i
i

fractures have separations that range from essentially closed to about
2 1riches wide. They generally extend tnto the rock perpendicular to

the rock surface for an unknown distance. All corners of the test

rooms show fracturing and consequent spalltng. The fractures ftrst
'l

appeared In the ptllar corners about 3 to 6 months after excavation.

They started as thln, hatrllne fractures and have steadtly grown tn

lengtho wtdth and presumably depth. Each of the GFDRs document thts

gradual development of the fractures. Scaltng of these corners has

been performed periodically.

Verl:tcal fracturing has developed tn the pillars parallel to the room

walls. Thts fracturing ts relattve)y mtnor and, to date, has been

observed only tn Test Rooms 3 and 4. The fracturing has been detected
tn horizontal boreholes drtlled Into the walls and occurs wtth|n

approximately 2 feet of the wall surface. The fractures range from

closed to about 1/32 lnch wtde.
i

Roof Displacements and Separat!ons. Inspections of open boreholes tn

the test room roofs were conducted ustng a vtdeo camera and/or probe.

The video camera produces high-resolution, color videotapes that are

useful tn Identifying horizontal displacements and verttcal

separations. The probe Is used tn con_lunctton wtth a tape measure to

determine the locatton and amount of movement _n the boreholes. As _n

other areas of the underground facility, expected horizontal and

verttcal movements of the geologtc strata surrounding the boreholes

have been observed or measured tn the test rooms. These observations

are summertzed tn Table 11-1.
o

Ten arrays of boreholes were drtlled tn the test rooms tn May 1986 as

part of the Excavation Effects Program. These holes were used for

additional Investigation of test room roof displacements and

separations. Each hole was Inspected using a probe. Table 11-2

presents a summary of the results of thls study.
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Table 11-1

TEST ROOMS1 THROUGH4
RESULTSOF INSPECTIONOF ,VERTICALBOREHOLESIN ROOFS

ii , i t i i _ i ,, , |,, i,,, ,, ,,

Hole
Date Stze Depth Approximate Observed

Hole Completed ( !n. ) (ft) Locatt on Condtti on*

I6-205 4-I?-83 3 56 Roomi; I ft from D
' ' west wall

16-206 4-15-83 3 52 RoomI ; I ft from O
east wal 1

I6-203 3-26-83 3 52 Room2; 1 ft from D
west wall

I6-204 3-83 3 52 Room2; 1 ft from O
east wall

OH-3 8-83 4 20 Room2 centerltne S, F

P4X-26 10-83 5 52.1 Room4; N1360/W630 None

P4X-30 12-83 4 50.9 Room4; N1360/W630 S

- 6 B Room4; N1360/W639 D, F

- - 5 9+ Room4 center; S(?)
Nll?6

1

* O = Displacement; S - Separation; F = Fracturing
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F1QOr I)lsplaceme.nts. separations and Fracturing. Horizontal

displacements, verttcal separations and fracturing have been observed

beneath the floor of the test rooms in boreholes. They have been

observed to occur tn MB-139 and in the overlying haltte. Geologic maps

of Test Room3 (Room T) boreholes are presented in Appendix G, Figures

G-lO through G-31. A summary of the results of the Inspection of a11

small-diameter boreholes drtlled tn the floor of the test rooms ts

presented tn Table 11-3. The Inspections were accomplished ustng video

equipment and/or a probe.

The only prominent exposure of floor fracturing ts tn the 36-tnch

diameter boreholes drtlled tn the floor of the south half of Test

Room3 (RoomT). A total of 22 holes were drtlled tn thts area durtng

September and November 1985 for the erection of structural steel

columns. A drilling summary Is presented tn Table 11-4. The holes are

approximately 7.2 feet deep. The bottom of many of the holes coincides

wtl:h the occurence of clay E at the base of MB-139. The remaining

holes were terminated above the base of the marker bed.

The holes were logged on a 360 degree foldout at a scale of 1 inch to 1

foot. All features were measured from a level reference llne whtch was

later surveyed to determine elevations. Fracture traces, fracture

zones and hatrltne fractures, tn addition to ltthologlc contacts, were

logged. A fracture trace ts a dtsttnct fracture surface exposed on the

wall of the borehole. Fracture traces shown on the logs, unless

otherwise noted, are closed wtthtn a few inches of the wall surface. A

fracture zone Is an area on the wall bounded by dtsttnct fractures.

Rock wlthtn the zone ls broken by numerous smaller fractures spaced

less than 1 Inch apart. The fractured rock ts commonly broken out very

close to the wall surface of the borehole due to drilling, but becomes

closed wlthtn 1/2 to 2 Inches of the wall surface. Locally, the zone

Is open or partially ftlled with drt11 cuttings. At a distance of 12

lnches from the borehole, the cumulative vertical separation measured

over the length of the hole vartes from less than 1/4 inch to 6

•inches. The halrltne fractures are closed fractures usually found
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Table } ! -3

iTEST ROOMS1 THROUGH4
RESULTSOF INSPECTIONOF VERTICALBO._EHOLESIN FLOOR

ii H. ii ii til I I ii II | I I I I

Hole
Date Stze Depth Approximate Observed

Hole t;gmOleted ( !n. ) (ft) Locatt on Condtt 1on*

16-202 4-18-83 3 52 Room1; 1 ft from O
west wall

6E-269 1-86 3 55 Room1 centerllne S, F

16-201 3-26-83 3 52 Room2; 1 ft from 0
west wal 1

Nt_-254 3-84 6 7 Room2 centerllne None

6E-270 1-86 3 55 Room2 centerllne S, F

2NPD-01 2-86 5 8.9 Room2; N1370 S, F

HB-FI-01 12-85 4 12.0 Room3; N1309 D, S, F

HB-FI-02 12-85 .4 12.0 Room3; N1309 D, S, F

HB-F1-03 12-85 4 12.0 Room3; N1309 D, S, F .

GE-271 1-86 3 55 Room3 centerllne S, F

P4X-06 1983 5 9.0 Room4; N1369/_J625 D, S, F

P4X-2S 10-83 5 50.2 Room4; N1360/1_630 D, S, F

P4X-27 10-83 5 51.1 Room4; N1360/W630 O, S, F

P4X-29 10-83 5 49.5 Room4; N1360/W630 D, S, F

P4X-31 11-83 5 50.4 Room4; N1360/W630 D, S, F

P4X-81 11-83 16 - Room4 D, S, F

P4X-83 12-83 16 6.1 Room4 ' S, F '

P4X-84 1-84 36 9.5 Room4 D, S, F

* O - Displacement; S = Separation; F = Fracturing
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Tabte 11-4

TEST ROOH3 (ROOMT)
SUHHARYOF DRILLING

........ Page 1 of 2

Date Drt 11t ng
Hole Completed FlUtd Communication Durtnq Drllltnq*

TV-01 10-25-85 Brine** ---

TV-02 10-28-85 Atr ---

TV-03 11-05-85 Atr TV-07, TV-14 through 75° dtpptng
fracture. TV-15 through fractures tn
hallte close ta surface on east stde.
Surface fracture close to east wall 25
feet south of TV-03. No communication
to TV-13. TV-17, TV-12.

TV-04 11-08-85 At r ---

TV-05 11-20-85 At r ---

TV-06 11-I 3-85 AI r

TV-07 10-29-85 At r TV-12

TV-08 11-19-85 Air ---

TV-09 11-21-85 Atr ---

TV-IO 11-14-85 Atr TV-13, TV-14, TV-17, TV-15,
• TV-06, TV-11

TV-11 11-11-85 AI r ---

TV-12 9-17-85 Air ---

TV-13 10-09-85, Atr TV-12, TV-15

TV-14 10-11-85 At r TV-15

TV-15 9-23-85 Atr TV-19

TV-16 9-30-85 Alr TV-19, TV-20
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_able 11,,-4 (contlnued)
J

TEST ROOH3 (ROOHT) (
SUHMARYOF DRILLING

,, , ........................ paqe 2 of _,2

Date Dr1111no
Hot,e, .Cq_ppleted Flutd. Communication Ourtnq.,Drt 1,11nq*

TV-17 I0-15-85 Air

TV-18 10-02-85 Atr ---

TV-19 9-20-85 ' At r

TV-20 9-25-85 Air TV-19 along matn fracture zone
on north-northeast stde.

TV-21 10-18-85 Atr ---

TV-22 10-19-85 Atr TV-19 along main fracture zone
on north-northeast stde.
TV-20 along matn fracture zone
on west stde.

=, _ i i i i ,, i i,i i, ,iL li

* Communication ts Indicated by drt111n9 dust emanating from
connected holes and detected by drtller or geologist.

** Source of brtne encountered tn TV-01 ts clay E at. base of HB-139.
Driller noted that thts clay and about 4 tnches of the overlying
anhydrite were motst tn many holes.

i
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within fracture zones less than 1 Inch wide. Some of these appear to

be Pre-excavatlonfeatures wlthln MB-13g.

Additional small-diameter boreholes were drtlled tnto the test room

floors as part of the Excavation Effects Program. The 10 arrays

summarized in Table 11-2 tnclude three floor holes at each array.

These holes were drtlled primarily to determine tf the fracturing

observed in the 22 large-diameter holes in Test Room3 extends to other

areas beneath the test rooms.

11.3.1.2 SeomechanicalInstrumentation

6eomechanlcal instrumentation In Test Rooms 1 through 4 initially

consisted of Ig borehole extensometers,16 horizontal Incllnometers,6

vertical Incllnometers, 4 sets of convergence points, 2 convergence

meters, and 2 rlgid-lncluslon vlbratlng-wlre stressmeters (Figure

li-l). These instruments,with the exception of the Incllnometersand

convergence points, were connected to the datalogger system on May 13,

1983.

Due to failure for various reasons, some instruments in the test rooms

had to be replaced. Those instruments replaced include both

stressmeters In Test Room 2 and the extensometers in the floor of Test

Rooms I, 2 and 3. The history of instrument performance and

maintenance Is discussed In the GFDRs.

Figure 11-2 shows the instruments in each test room and the excavation

dates at the instrument locations. Because the excavation of each test

room required about IO days to complete, lt was difficult to assign a

single date of excavation for some instrument locations. Table 11-5

presents the dates of excavation used for plotting and analysis of the

test room data.

II.3.2 Analysis and Evaluation

This section discusses the analysis and evaluation of the results of

, +
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fleld observations and in situ measurement data. The results of (
numerical modeling of the test rooms using in situ measurementdata are

also presented. In addition, regression analyses of the closure rate

obtained from the closure measurementswere also performed. The fitted
equations were used to supplement the prediction of closure behavior in

the storage roomsand are discussed in Chapter 12.

11.3.2.1 Observed Conditions

Roof and Wall Spalltnq. Minor spalllng from the roof in the test

rooms, resulting in shallow drummyareas, has occurred as expected.

Or.ummyareas us,_ally occur within 3 to 6 inches of the roof in areas of

clear halite not associated with any noticeable clay. Separations

occur along local planes of weakness in the halite, probably created by

the orientation of crystal surfaces. This same phenomenonoccurs in

the drlfts_ i)rummy areas have been identified Immediately after

excavation and additional areas have developed since that time. These

later-occurring drummyareas appear to develop primarllv along the roof
within several feet of the walls.

Spalllngalong the walls of the test roomsis a resultof localstress

concentrationsand the low tensile propertiesof salt. lt is also

relatedto the percentageof argillaceousmaterialin the haliteand to

the proximityof floorand roof intersections.The squeezingof clay F

at the upper contact of geologicmap unit 4 is associatedwith the

spalling phenomenon. Minor spalling is also associatedwith map

unit O, near the floor.

PillarFracturln_. Verticalfracturingin the pillarsis the expected

result of room deformationand stress concentrations.The fractures

that have developedin the walls of the test rooms, parallelto the

rooms, are consideredto be tension fracturesresultingfrom stress

relief. Fracturesdetectedin boreholesdrilled in the upper portion

of geologicmap unit 4 are relatedto the.spallingoccurringin this

unit.
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Horlzontal incllnometers In the test room walls show both upward and

downward vertlcal movement toward the center of the wall (Appendlx_},

Flgures 3-320 through J-335). Although no dlsplacements have been

observed, the Incllnometerdata Indlcate that the salt has moved toward

the central horlzontal axls of thee room. Thls movement, due to

vertlcal compresslve stress and salt_ creep, Is dlscussed further In

subsectlon 11.3.2,2. Tenslle stresse_ resultlng from th%s salt creep

and plllar shortenlng have caused fractures to lengthen and wlden and

new fractures to develop. Fracturlng is more promlnent at plllar

corners that were not beveled to the 4 _ 4-foot deslgn.

Fracturlng paralle1 to the room walls w_11 contlnue to occur. Spalllng

and local fallure w111 also contlnue at plllar corners and w111 require

perlodlc malntenance.

Roof Olsplacements and Separatlons. The dlsplacements observed In

various open boreholes In the test room roofs are the result of

defomtlon around the openings. The halite at the storage horlzon Is

Interrupted by anhydrlte beds and thln clay layers. These layers,

part%cularly anhydrlte "b" and the underlylng clay G, are dlrectly

assoclated wlth the dlsplacementsobserved In the test room roofs.

Lateral dlsplacement In the salt above the test rooms Is slmllar to

that detected above the drifts. The hallte bounded US/the roof and

clay G moves toward the room center relatlve to the upper layers of

salt. The movement Is, however, not exactly symmetrlcal about the room

centerllne. Thls Is conflmed by Inc1_nometerreadlngs In the roof of

Test Rooms I and 2 which show that the lateral movement of the salt

close to the roof is greater to the west than to the east (AppendlxJ,

Figures J-316 through J-319). However, thls trend Is reversedat about

32 feet above the roof of the test rooms. The hallte comprislng the

lower roof beam Is subjected to horlzontal compressive stresses

resultlng In shear along clay G and posslble vertlcal separation as the

beam moves downward. Some caslng deformations have also been observed

wlthln I foot of the hole collar of the roof Incllnolaeters. The

J
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relative movement here Is opposite to that observed above and Is 1

probably due to the near surface haltte resisting the shear movement

along clay G.
,,

Movement within the halite below clay G, opposite to that found

elsewhere, has been observed tn one borehole tn Test Room4. Thts may

be the result of movement along extsttng planes of weakness tn _.he

hallte or of the r'eststance of the haltte to shear movement along

clay _.

The current results of the Excavation Effects Program Indlcate that

mlnlmal separation or fracturing has occurred at clay G or In the

underlylng hallte above the test room roofs. In Test Rooms3 and 4,

separations less than 1116 Inch wlde have been observed. No separation

has been observed at clay G. In the array of holes comprising

Section 5 tn Table 11-2, above the 36-tnch diameter holes tn the floor

of Test Room3 (RoomT)o no separatlon_ or fracturing were detected.

In hole C of Section 4 In Test Room3, two I/4-1nch vertical

separations 'were found within 1 foot of the roof. These fractures

resulted from roof spalllng.

Similar small separations were observed tn the roof of Test Rooms1 and

2. Also. fracture zones (in one case 2.4 inches wide) were detected in

the halite belo._ clay Gtn the center hole of three of the four arrays.

E!oor OlSpllacements,separations and FracltUrln(l.The only promlnant

dlsplay of fracturlng observed throughout the entlre WIPP underground

faclllty during deslgn valldatlon has been In the area of the 36-1nch

diameter holes dr111ed In the floor In the south half of Test Room 3

(Room T). Cross sections of the room floor through these holes are

presented In Appendlx G, Figures G-33 and G-34. Two dlstlnct fracture

zones are evldent. The first is a dlsh-shaped zone that angles IO to

20 degrees downward from near the room walls, intersects HB-13g, and

flattens near the rock center. This zone ts most pronounced along the

series of holes shown on Figure G-34. In the

. l1-20
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northern cross sectton (Figure 6-33), this fracture zone Is evident in

the holes west of the room centerltne but is not present in the holes

east of the centerltne. In both sections, this upper fracture zone

"daylights" at the floor surface or pinches out before reaching the

room pi 11ars.

A second fracture zone, dipping approximately 50 to 60 degrees from

horlzental and exposed In the holes closest to the room walls, occurs

below the upper fracture zone. This lower zone is more regular and

planar th_n the upper zone. With the exception of one hole, this lower

zone occurs entirely within MB-139 and is more developed on the west

side of the room.

In addition to the two major fracture zones, some subhorizontal

fracturing is present Just above clay E at the base of MB-139. This

fracturing Is most evident in the holes closest to the room

centerline. No separations along clay E were observed in any of the

holes.

Communication between holes during drilling was o_served and is

described in Table ll-3. During the drilling of hole TV-03, drilling

dust was observed coming up through a surface fracture close to the

east wall, 25 feet south of the hole location.

A series of measuring pins were installed in two open holes, TV-03 and

TV-19, in late January 1986 to monitor movements within the holes. The

pins were installed in MB-139 and in the overlying halite and straddle

the fracture zones. Measurements taken until the holes became

inaccessible in June 1986 indicated that some small-scale dilation was

occurring in both of the holes.

The fractures observed beneath the floor of Test Room 3 are directly

related to the excavation geometry and the stratigraphy. Some

fractures within MB-139 may have been pre-existing but have opened

since room excavation.

ll-21



Three 4-inch diameter holes were drtlled in the north half of Test

Room3 to determine tf fracturing ts occurtng there. These holes were

drtlled to a nomtnal depth of 12 feet below the floor. A thtn fracture

zone was detected within 1 1/2 feet of the floor in two of the holes

and minor fracturing was detected in MB-139 in all of the holes. Thts

fracturing is significantly less developed than that observed in the

south half of Test Room3.

The 22 large-diameter holes in Test Room3 were drtlled late in 1985.

They are, therefore, too recent to document any lateral dtsglacements

along the observed fractures. However, other older floor boreholes do

indicate relative displacement. In Test Room4, boreholes P4X-06,

P4X-25, P4X-27, P4X-29 and P4X-31 all show multtple displacements and

verttcal separations (Table 11-2). These are primarily within HB-139

and exhibit up to 2 inches of lateral displacement and up to 1/2 inch

of vertical separation. These five holes are near the room

centerltne. The relative movement of the multtple displacements

observed is complicated and does not follow the stmpler interpretation

of the roof displacements. The most significant displacements in all

of the holes have taken place closest to the floor surface and, in all

cases, .the salt above the fracture has moved east relative to the

underlying salt. Incltnometers I6-202 and I6-201, In Test Rooms1

and 2, also exhibit similar relattve displacement. Both of these

incltnometers are on the west side of their respective test rooms. The

marker bed and the overlying salt have moved east towards the room

centerltne relattve to the underlying salt. Movement ts apparently

along clay E and is approximately 3/4 inch.

Although no detailed investigation of the salt beneath the test room

plllars has been performed, the Test Room3 fracture mapping indicates

that it is unltkely that fractures extend beneath them to any

significant extent. Net ther of the two fracture zones identified can

be traced into the ptllars. The upper fracture zone pinches out prior

to reaching the walls or daylights at the floor surface. The lower

fracture zone cannot be traced beyond the hole walls, but it is not
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suspected of continuing beneath the pillars. One small diameter hole

was drilled at an angle into each of the walls of Test Room3 in May

1986. Except for a localized clay break at a depth of 3.2 feet, there

was no evidence of separation.

Fractures and separations have been observed in four large-diameter

holes drt lled in the floor in the south end of Test Room4. Fractures

were observed in these holes during drilling in November 1983 and

:anuary 1984. The fracturing was minor, however, with no separations

observed. One hole becameInaccessible soon thereafter. Fractures in

the other holes have been observed to increase in numberand to exhibit

separation (Table 11-2). Fractures occur in the marker bed and in the

overlying halite. Because two of the holes have restricted access,

monitoring of the fracturesis difficult. Borehole P4X-84, in theL

southwestcorner of Test Room 4, was mapped in February1986 and_the

results are shown in Appendix(_,Figure G-32. The separationsand

displacementsin P4X-B4over the 2 year period since excavationare

small in comparisonto those in the floorholes in the south half of

Test Room3. , ' '

A low-angle fracture in the floor of Test Room2 was observed in August

1985. An Inspection In June 1986 showed that it extended from

approximately N1242 to N1208. This fracture daylights at the floor
surface, 1.5 feet to 6 feet from the west wall, and extends 2 feet

below the floor surface toward the east. Approximately 8 to 10 inches

of separation is present along this fracture, and approximately 25

square feet of floor in the vicinity of this fracture soundsdrumy.

As part of the Excavation Effects Program, a series of holes were
drilled in each of the test rooms to determine the extent of floor

fracturing and for future monitoring of this phenomenon. Existing

boreholes, such as those in Test Rooms3 and 4, were utilized where

possible. The locations of the holes are shown on Figure 10-1 in

Chapter 10. These holes were inspected ustng a probe and the results
are summarized in Table 11-2. The holes exhibited some fractures and
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separations. The dish-shaped fracture proftle observed tn the holes tn

Test Room3 was also found tn someof the hole arrays, although on a

much smaller scale. Zt was most pronounced tn several of the holes

close to the room walls where separations were estimated to be a

maximumof 6 tnches. In other locations, 1!:bt:_separation ranged from

1/8 tnch to 3 inches. Within HB-139, fractures and separations found

tn the central holes of the Test Room1 array ranged from approximately

1/8 inch to 3 inches. For other hole arrays, the maximumseparations

were 1/2 inch and, again, these were found in the central holes.

Horizontal displacements and vertical separations have been observed in
vartous small-diameter boreholes In the test room floors. Horizontal

displacements up to 2 1/2 inches and vertical separations estimated to

be up to 1/2 inch wide were present tn someof these holes. Hultiple

displacements tn single boreholes were also present. The horizontal ....

displacements and vertical separations found in many of the h'oles are

within MB-139 or coincide with the lower contact of this unit. These

displacements and separations have developed since room excavation,

although someof them may have developed along pre-existing planes of
weakness tn the marker bed.

In addition to observations made in open boreholes, ground-penetrating

radar and gas permeability testing have been conducted in someof the

test rooms. A radar survey was conducted tn Test Rooms2 and 3. The

radar method has some limitations. ]:t appears to be effective in
locating the first reflector such as a fracture or clay seam beneath

the floor, but the structure below this is not easily distinguished.

MB-139 ts readily deftned on the records but fractures within it cannot
be discerned.

Zones of relat(Jvely hlgh pemeabtltty have been found to develop

immediately beneath the floor of the test rooms and beneath the
intersections of Test Rooms1 and 2 with t,he N1420 drift. There also

appears to be a slight increase in permeability, relative Lo background

values, within MB-139 and immediately beneath the floor of the N1420
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drift between Test Rooms1 and 2. Some increase in permeability also

appears to occur in MB-139 near the center of the ptllar between Test

Rooms2 and 3. This data is only preliminary, however, because only

one_hole intersecting MB-139 beneath the ptllar has been drtlled and

tested for permeability.

6as tracer measurements performed along the centerllne in the north

half of Test Room 2 and across the N1420 drift to Room L2 indicate the

existence of fracturing beneath the floor. A video survey of the

boreholes used for the tracer tests shows the presence of fracture

zones and separations mainly within MB-139. Holes tested along the

N1420 drift, except at intersections, show little increase in

background permeability. A video survey of these holes did not show

anyseparationsor fracturing.

In sum_ry, subhorlzontal fracturing has developed beneath the test

room floors. The majority of this fracturing occurs as single

fractures or thin fracture zones within MB-13g and the overlying

halite. Horizontal displacements ranging up to 2 inches and

separations generally ranging up to I/2 inch have been measured in

small diameter boreholes. Separations up to 6 inches have been observed

locally. Only the south half of Test Room 3 (Room T) in the WIPP

underground facility has exhibited extensive fracturing beneath the

floor.

The Excavation Effects Program was designed,in part to determine if

fracturing similar to that occurring beneath the floor of Test Room 3

has developed in other areas of the facility. The results of this

•program show that, although small-scalefracturing is occurrinq beneath

all of the test rooms, no other areas of fracturing have developed on

the same order of magnitude as that in Test Room 3. The fracturing

occurring beneath the floor of Test Room 3 appears to have existed

prior to drilling. The stress changes induced by the size and number

of holes drilled in this area probably exacerbated the existing

fractures.
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11 °3.2.2 Closure

Roof-to-Floor Closure. Ftgure 11-3 shows the relationship between

measured roof-to-floor closure and the elapsed time since excavation of

the fo-r test rooms, as determined from convergence meter and

convergence point data. Because of differences in ttme-lag between the

end of excavation and the time of the inltial readings, the rolatlve

posltlons of these curves are deceptive. For analysls purposes, the

roof-to-floor closure that occurred before Installatlon of the

' convergence instruments was determined ustng equation 10-1 in

Chapter 10.

In addition, part of the measurement data from the temporary

convergence points were added to the permanent convergence instrument

data to obtain approximate values of the actual roof-to-floor closure.

Table 11-6 shows roof-to-floor convergence point readings and adjusted

closure magnitudes for the test rooms. Item ? in thts table shows the

approximate roof-to-floor closure obtained by adding suitable portions

of the temporary convergence point readings to the readings of the

permanent convergence instruments.

lt Is apparent that the fracturing observed in the floor of the test

rooms, and vertlcal separations in the roof, have contributed to the

total roof-to-floor closure. However, based,on measured cumulatlve

vertlcal separations in September 1985, the contribution of floor

fracturing to the total roof-to-floorclosure is notmore than 1 inch.

The total estimated closure (item g in Table 11-6) includes the values

of early closure estimated by using equation 10-1 in Chapter 10. Based

on the indicated additive values, the maximum roof-to-floor closure of

approximately 16 1/2 inches through 3une 198(; occurs in Test Rooms2

and 3. Test Room4 has undergone the least roof-_o-floor closure.

Figure 11-4 shows the adjusted roof-to-floor closure values as a

function of time.
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FigureII-4 showsthat the closurerate generallydecreaseswith time,

except for occasional increases due to disturbances from nearby

excavations. Providedthere are no additionalperturbationsin and

aroundthe test rooms,lt Is likelythat the rate of closurewill reach

a steadystatevalue, lt is possibleto get an estimateof the rate of

closure using either a phenomenologlcalrheologlcalmodel or an

empiricalmodel that is essentiallya curve-flttingprocedure. Both

methods have been attempted. Numerical methods using the

phenomenologlcal approach are discussed in Chapter 5.

Closure rates rather than measured closure are used In the emplrical

approach 6ecause measured closure is not absolute. Early closure
measurements are not avallable because the instruments could not be

installed immediately after excavation. However, the calculatlon of

closure rates Is not affected by the lack of early measurements. The

closure rates are calculated by assuminga llnear relatlonshlp between

closure and elapsed time over a short Interval. This time Interval has

been arbltrarlly chosenas a minimumof 7 days.

Because it Is expected that the closure rate wlll initially be

relativelyhigh and then decrease to a steady rate, the following

equationwas used:

A
-at) (lI-l),,.lmm.l

C(t)-tn + Cc(1 - •

where: C(t) Is the closurerate at elapsedtime t afterexcavation;

A, a and n are constantswhich depend upon the deformation

characteristicsof the salt, initial stress regime and

dimensionsof the opening;and

C Is the steadystateclosurerate.
C
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The value of C(t) is obtained by arbltrarlly choosing a time Interval

of not less than 7 days. If RI is the closure reading at calendar

time tI and RI+1 Is the closure reading at tl+I, then

Rt .... - Ri
C(t) - +l ..at (ll-Z)

where: at = (tl+1 - tI) _>ldays (II-3)
C

The value of t is defined as:

tI + tl+l
t = 2 (11-4)

A regression analysis, which is the fitting of an equation like ll-l to

the set of [C(t),t] data points, was performed using NLIN, a

commercially available statistical software package (ref. li-l). The

general method used to estimate the constants, herein called the

regression parameters, was to mlnlmlze the sum of the squares of the

differences between the actual measured values and the values predicted

by the proposed equation.

Equation li-l, a nonllne_r equation, cannot be converted into linear

form. The statlstlcal software NLIN employs iterative methods that

attempt to flnd least-square estimates for nonllnear models. The

methods commonly employed are the Gauss-Newton technique and the

Marquardt compromlse technlque (ref. ll-2). However, the requisite

partial derivatives of the equation wlth respect to the parameters must

be speclfled. In many cases, the Marquardt compromise, which is

considered to work well in many clrcumstances, gives a better estln_te

and provides quicker convergence of the values of the regression

parameters. However, nonllnear regression analyses may not always

result !n good estimates of the regresslon parameters. In addition,

the analysis tacitly assumes that the regressor variables are measured

without error. Thus, the observations, which in this case are the

values of C(t), were not weighted.
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Ftgure 11-5 compares the roof-to-floor closure rates for Test Room1

calculated by equatton 11-1 to the valueslcalculated ustng the fttted

equation 11-2. The data used was obtained during the first year

following the completion of excavation. The regression analysts showed
b

that, for all practical purposes, equation 11-1 could be simplified as

_.A_ + Cc (11-5)
c(t) -tn

because the value of 'a' obtatned from the regression analysts was
-_t

large enough to make the tem e comparatively negligible. The

fttted equatton for the roof-to-floor closure data tn Test Room1 has

the fom
i

206.58 -5.27t) Inches/year (11-6)m

C(t) tO.84 + 2.24(1-e

where: t Is the elapsed ttme tn days slnce excavation.

However, as shownby'equation 11-5, equatlon 11-6 can be approximated as

206.58
I

C(t) t0.84 L . 2.24 Inches/year (11-7)

The method used was the Marquardt compromise technique. The
coefficient of determination ts 0.99.

The analysls was repeated late- using roof-to-floor closure data at

980 days (2.68 years) after the completion of excavation. The

regression equatton was

211.16
m

C(t) tO.8 s + 2.44 Inches/year (11-8)

The steady state closure rate determined using the first year of data

only ts 9 percent less than the rate determined by using 2.68 years of
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data. A thl_ analysts, using 3 years of measurement data, up to June

1986, gave

. 208
C(t) tO.85 + 2.40 Inches/year (11-9)

Equations 11-7, 11-8 and 11-9 show the consistency of the regression

parameters for different input data sets.

Figure 11-6 shows the predicted roof-to-floor closure rate for Test

Room1 as a function of elapsed ttme tn Years using equation ]l-g.

Based on equation 11-7, the roof-to-floor closure rate at the end of

25 years ts expected to be approximately 2.34 Inches/year. Using

equation 11-8, tt w111 be 2.53 Inches/year or 2.49 Inches/year using

equatton 11-g.

Figures 11-7 through 11-10 show the fitted curves based on

roof-to-floor closure rates calculated from equation 11-2, using data

up to June 1985. To get an approximate tdea of the roof-to-f)oor

closure for periods of ttme greater thad 1 year since the completion of

excavation,equation 11-7 was integratedwlth respect to tlme between

the llmltsof 1 year and tlme t2 (In years)to yleld

0.147
R(t) - 0.Te(t2 - 1) + 0.20(t2 I) (11-10)

Figure 11-11 shows the predlct_droof-to-floorclosure In feet for Test

Room I (excludlng that whlch has occurred In the first year after

excavatlon) as a functlon of tlme In years. Accordlng to thls

predlctlon,25 years after excavationthis value w111 be 5.34 feet. A

slmllaranalyslsuslng equatlon 11-9 gave a value of 5.3 feet.

Table 11-7 Is a summary of the results of the nonlinear regression

analyses for the roof-to-floorclosure rates In the test rooms using

3 years of measurement data. The parameters contained In thls table

are appllcable for an elapsed time expressed In years. For Test

Room 4, the regresslon analysls using only the permanent convergence

point data dld not produce satisfactory results. The analysls was

11-34
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Table 11-7

TEST ROOMS
SUMMARY_OFRESULTSOF REGRESSIONANALYSES

FORROOF-TO-FLOORCLOSURERATES

Test Room
Oescrtpt!on 1 2 3 4*

Reqresston Paramete rs**
A 208 , 1218 311 85

n 0.85 1.22 0.83 0.69

Cc 2.40 2.26 1.56 1.98

r 2 0.99 0.98 0.94 0.97

Not_____e:Analyses based on data obtained through June 1986.

* Data used for regression analysis includes data from temporary
convergence p_tnts.

A

** Equation is: C(t) - t--_-+ Cc
i

where: C(t) ts closure rate in inches/year;
A and n are constants;
t ts elapsed time in days; and
Cc ts steady state closure rate.

p2 Is the coefficient of determination.
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repeated wlth the inclusion of temporary convergence point data, and (

produced good results. The results of the regression analysis of

roof-to-floor closure rates discussed in this subsection are used in

Chapter 12 to define the bounds on the roof-to-floor closure rates for

the storage rooms.

Wall-to-Wall Closure. Figure ll-12 summarizes the measured

wall-to-wall closure magnitudes for the test rooms. BecaUse of the
i

lack of early measurements, the relative positions of the individual

curves are not absolute. Table 11-8 presents an estimate of the actual

wall-to-wall closure for the four test rooms. The approach Is similar

to the one used for estimating the actual roof-to-floor closure

values. The maxlmum wall-to-wall closure occurs In Test Room 3 and is

about 13 inches. The minimum wall-to-wall closure is about g inches in

Test Room 4.

The regresslon analysis of wall-to-wall closure rates for Test Room l,

using measurement data up to June 1986, shows that the equation has the

form

202
C(t) = 94 + 1 75 inches/year (ll-ll)

tO.

where: t = elapsed time in days since excavation.

Comparing equation ll-ll with equation ll-9, the long-term wall-to-wall

closure rate will be 73 percent of tr_eroof-'to-floorclosure rate.

Table ll-9 is a summary of the results of the regression analyses for

the wall-to-wall closure rates in Test Rooms 1 through 4. The closure

rate values"determined from temporary convergence point readings were

included In the analysis of Test Room 2. The fitted curves for Test

Rooms 2 and 3 are relatively poor. Figures II-13 through II-16 show

the fitted equations for the wall-to-wall closure rate versus elapsed

time curves for Test Rooms 1 through 4.
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• Table ll-g

TEST ROOMS
SUMMARYOF RESULTSOF REGRESSIONANALYSES

FORWALL-TO-WALLCLOSURERATES
i ,, i ii ,| ii , ,i i , i ii ,, ii,m

Test Room
oescr.lptton ...... 1 2, 3 4

Reqression Constants**
A 202 222 231 1766

n 0.94 0.79 0.83 1.81

Cc 1.75 0.30 0.74 1.88
J

r 2 0.95 0.95 0.92 0.99
, •

Note: Analyses based on data obtained through June 1986.

* Data used for regression analysis includes data from temporary
convergence points.

A
** Equation is: 'C(t) = --- + C

t n c

where: C(t) is closure rate in inches/year;
A and n are constants;
t is elapsed time in days; and
Cc is steady state closure rate.

r2 is the coefficient of determination.
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Table 11-10 is a summary of the collar readings from the wall

multiple-point borehole extensometers in the test rooms, Because the
extensometers could not be irtstalled as soon as the excavation was

completed, the collar readings do not reflect absolute closure. The

table also shows the sum of the collar movements from both the east and

west walls in each of the rooms except Test Room3, which has no

• extensometer in the west wall. The last two columns of this table

pemtt a comparison of the sum of the collar movements with

wall-to-wall convergence point readings. Ideally, providing the salt

is hon_geneous, the central vertical lines of the pillars between Test

Rooms1 and 2 and Test Rooms2 and 3 should be lines of symmetry with

zero lateral strain. The deepest anchor at 50 feet for extensometers

51X-BE-O0213 and 51X-BE-O0215 should be expected to undergo negligible

displacement. Therefore, the sum of the collar movements for Test

Rooms2 and 3 should be approxln_te%y the same as the wall-to-wall

convergence point readings. As shown in Table ll-lO, this is the case

for Test Room2. Exact equivalence ls difficult to obtain because the

collars of the extensometers are recessed into the wall by variable

amounts and the ttme-lag between the end of excavation and the date of

lntttal reading Is not the same for the extensometers and the

convergence points.

Comparison of Roof-to-Floor to Wal!-to-Wall Closure Rates. Table ll-ll

presents recent roof-to-floor and wall-to-wall closure rates for the

test rooms. The rates were calculated using convergence point readings

with a time interval of approximately 1 month. Based on these

readings, the average wall-to-wall closure rate is approximately 68

percent of the roof-to-floor closure rate.

11.3.2.3 Deformation

An indication of the deformation of the salt around the test rooms may

be obtained by comparing Inclinometer measurements around a room.

Figure ll-17 shows the cumulative measurements from the four wall

inclinometers located around Test Room3 through March 6, 1985. The

inclinations are measured along the plane of the cross section.

z
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Figure 11-18 showsthe Inclinometer behavtor around Test Room4 through

March 6, lges. The inlttal readings from these tncltnometers were

taken g to 15 days after the completion of excavation in the test

room. The current readings indicate that the maximumrelattve verttcal

deflection is on the order of 1 inch over a length of 12 feet.

The tncltnometers near the roof show verttcal downwarddeflection while

those near the floor indicate upward deflection. This Indicates that

the central multiple-point borehole extensometers located in the walls

of the test roomsprobably undergo negligible verttcal deflection.
,

11.3.2.4 Bay Strains

Relattve movements between anchors of the multiple-point borehole

extensometers wtll provide an approximate distribution of salt

deformation around the excavated openings. The relative displacements

are normalized over the spacing between anchors and are termed "bay

strains'. The bay stratn is approximately the average axial strain

between any two anchor potnts and wtll be closer to the true strain

provided that the spacing between the anchors is small and that the

deformation varies ltnearly with the spacing between the anchors. Bay

strains are useful in detecting any anomalous behavior in the salt

around an opening, such as that influenced by discontinuities, clay

seams, or the effect of local stress concentrations.

Flgure 11-19 shows the strain between the collar and anchor A for the
roof extensometers in Test Room1. The distance between the collar and_

anchor A is 5 feet. The maximumstrain occurs at the east and west
sides of the roof of the test room and is equal to approximately

4 percent through June 1986. Although the roof sag, as depicted by

collar movement, is higher at the center of the rooms than at the

sides, the bay strain is higher at the sides than at the center. As

discussed in subsection 11.3.2.5, the numerical modeling also indicates

higher stratn at the roof and wall intersections. Figure 11-20 shows
the vertical strain rates for these sameextensometers. The rates are

t
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generallydecreasingwlth time. As wlth the strains,the strainrates (
are highercloseto the pillars.

FiguresK-37 throughK-46 In AppendixK show the bay strainsIn percent

as a functton of elapsed ttme since excavation for all of the test

rooms. To monitor more closely the separation across the clay seamat

the base of anhydrite "b", the spacing between anchors A and Btn Test

Rooms1 and 2 Is 1 foot. Currently, the maximumstratn occurs between

anchors A and B on the west stde and central part of the roof tn Test

Room1, and ts on the order of 5 percent. Because the anchors are not

equally spaced, and the deformation varies nonltnearly wtth the

distance along the anchor, a comparison of bay stratn between

successive anchors may be misleading.

Figures K-4? through K-56 In Appendix K show the strain rate plots for

all of the roof and floor extensometers. In general, the strain rate

Is decreasing with time, except for floor extensometer 51X-GE-O0210In

Test Room3 where, for anchor A, the strain rate increased with ttme

unttl the extensometer fatled (Ftgure K-42). The decreasing trend tn
the strain rates Is an indication that the salt above the roof and

below the floor ts currenty stable and wtll remain stable based on the

projected decreasing rate.

11.3.2.5 Model Simulation

As discussed tn Chapter 5, Section 5.3, numerical analyses using creep

constants obtained from laboratory tests dtd not provide a good

correlation wtth tn situ measured closure. Therefore, an engineering

approach using curve fitting methodswas employed. The ftntte element
method was used to stmulate the behavior of the test rooms and to

determine stress distributions. The effects of material properties and

the proximity to other roomswere considered for incorporation tnto the

model. The reference stratigraphy used tn the model and the matertal

properties of the geologtc layers are described tn Chapter 6. The

constitutive equations used tn the analyses, particularly the governing

creep equations, are presented tn Appendix C. Ustng the procedures-
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• described tn Chapter S, Section 5.4, tn situ roof-to-floor closure data

through June 30, 1985, were correlated with the ftntte element

responses to determine the values of creep parameters C, A and z for

each test room. In order to eliminate the effect of excavation

sequence on computation of the creep parameters, only in situ data

taken after the completion of all test room excavation activities were

utilized. The average values of these parameters for the four test

rooms were then used to predict the responses of the future storage

rooms as described in Chapter 12.

Figure 11-21 shows the finite element model for the test room panel

based on the reference stratigraphy. The model has 363 nodes and

consists of 270 plane strain elements, with gap/friction 1ink elements

modeling a clay seam at a depth of 2,104.87 feet. A friction

coefficient of 0.4 was used for a member property of the gap/friction

1ink elements. HB-139 was modeled as an elastic layer from a depth of

2,130.36 to 2,133.18 feet. The top and bottom boundaries of the model

are at depths of 1,978.5 feet and 2,250.0 feet, respectively. The roof

and floor of the room are at depths of 2,112.56 feet and 2,125.56 feet,

respectively.

Two openings were incorporated in the finite element model to simulate

differences resulting from the proximity of inner and outer rooms.

These openings were modeled using height and width dimensions of 13

feet and 33 feet respectively. The boundary on one side of the model

was taken as the vertical axis of symmetry for the center pillar and

consists of horizontal restraints. The boundary on the other" side of

the model also _ uttltzed horizontal restraints. These boundaries were
b

established based on experience from previous analyses and were

extended far enough so that the effects of the boundaries on the

structural responses were mtntmal. Stress boundary conditions were

used at the top and bottom of the finite element model. A stngle

vertical restraint at the lower left corner of the model was used to

eliminate any rigid body modes in the model.
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Element sizes were proportioned to minimize the stress gradients across

each element. In addition, elements were oriented to have the mesh

radiating from the opening of the model to be commensurate with

estimated orientations of the principal stress axes. These aspects of

the model were designed to increase the overall efficiency of the

analyses.

Comput.atlonof In Situ R.esponsesand Creep Parameters. The test room

analyses were performed using the proceduresdescribed in Chapter 6 and

the MARC General Purpose Finite Element Program (ref. 6-8). Time steps

used in the analyses were within the specified tolerances recommended

by the MARC Program. The analysis was performed in several stages with

each stage containing between 50 and lOO integration steps. After

completing each stage, the corresponding real time was computed to

determine the required number of integration steps for the subsequent

runs.

Figures II-22 through II-25 show the correlations of in situ and

analytical roof-to-floor closures for Test Rooms l through 4. The in

situ roof-to-floor closure data for Test Rooms l and 2 are from

convergence meter readings while the measurements for Test Rooms 3 and

4 are from convergence points. Table II-12 shows the individual creep

parameters C, A and z for all four test rooms determined by numerically

correlating the in situ roof-to-floor closure data. The table also

shows the mean values of the creep parameters for three test room

combinations.

i

Similarly, Figures II-26 through ll-2g show the correlationsof in situ

and finite element wall-to-wall closures for Test Rooms l through 4.

The in situ wall-to-wall closure data for Test Rooms l, 3 and 4 are

from permanent convergence points while the data from Test Room 2

consists of both temporary and permanent convergence poin_

measurements. Table II-13 shows the individual creep parameters C, A

and z for all four test rooms determined by numerically correlatingthe
I

in situ wall-to-wall closure data. The table also shows the mean

values of the creep parameters for three test room combinations.

ll-61

i i llll I I I II -



i

,,i ............

3
_. _ ¢.1

_ , ,, , i ,,,,' ,, ,, ,,

d

2 I--
g _z e
&" '' _0 LI.

0

o =
- 0

,, , Qt__ z

- _

._, v2

.c ........ _Z

_ r g
_ r 3 L.d

J <

t_ "J
,'2. L2

_ z

- _

• , , ,,-- , ,, ,,,j,, ,......

_ ' ........ ,_ -,4
J

_f

g ;
g
- _ ,_
_ ,,, _ t.., Z

I' :_

0 _ 0 tt O'ZI 0 Oi 0 g 0 = 0 t 0'_ 0 0
" S_HDNI '_ldf'lSO'13 IdOO'ld'OJ.'dOOkl

11-62



,,, , , ,,, , , ,, ,,

=¢

,,J,,, , , J_

t,j

- <

z
-- I--

, , ,,L ....... ,| Nz

' Z
ao

' '' ' I

_ >_ ._

o X
- _

z

QW 0

_- _ o
0

....... , ....

u_ e

-._

Q ..J

g

..................... _ - _ og °

_ In_ ee

0'9L 0'I,L O'_ O' t O'g 0'9 0'_' O'Z; 0'0
S_HDNI 'gurIso'ID blOO3d,O.L'dOOB

11-63



t
i

-1 ,1=,_

,-, ............ LL

u,_ o

- _

'm Z

- W

............. _Z

_ _._

g ............... _,,,
uJ j._

Z

_' g ..................... _2 ":
- ...I _

o'1 C

_ o_.

- -2

_ a

X
......... _ -- _ 0

- _ _
_ _ _

, Z 0

_.. o ,...,
o,g

'=.1

- ,.

0 .gr 0t,I 0'_ 0 0 0 _' O'q 0 t' 0 _ 0 0
_HONI '_t:ll'lSO'lO IdOO']d'Ol'=lOOId

11-64



L

, ........ I"N

_.L.,.

' (.1
U, , LI../

_4

_ J
- _J

,','I "' ' ' " , ,,, , ,,ii, q3w'-

- _

_ ....... ' "1' : '-'
,"_Z

_ _.

_ z

,-, <
; J

_

E

- ,_L..; -2
.-I

,--, '5 .-J

_ o

e

_........ I I - '
-I

_. .............. --. Z

_.,; ? g< , Z Q

r.o

-- 2

, i
..... i .... e_

0 9 0 l 0 Zl 0 0 0 g 0 0 I' 0 Z 0 0
$3HONI 'aar_So-loaoo'l=l-oi.;lOOa

- 11-65



q,

Tab!e 11_--!_,' i

TEST ROOMCREEPPARAMETERS
DETERMINEDFROMROOF-TO-FLOORCLOSURES

i - llll. i iml ..... ,..i,i

C A z

•-4 .O -I -I
Test Room (ksf sec )(sec )

, i,, i ,, li, ,i -- , ,,,,,r--

1 3.103X10 -21 1.593 4.570x10 -8

2 1,9'19xlO -21 1.712 4.782xl 0-8

3 2.516xl 0"421 2.077 7.268xl 0-8

4 2.81 3xlO -21 1.712 5.572xl 0-8
i ii i _ i i iii iii i i

Mean X 2.588x10 -21 1.774 5.573x10 "8
(Rooms 1 thru 4)

Mean X 2.958x10 -21 1.553 5.121x10 "8
(Rooms 1 & 4)

' 0_2Mean X 2.218xl 1 1.895 6.025XI0"B
(Rooms 2 & 3)

-- i i

i
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Tabl,e,,,11,13

TEST ROOM CREEP PARAMETERS
DETERMINED FROM WALL'TD-WALLCLOSURES

C A z

Test Room (ksf-4"gsec-I) (sec-l)

l 2.054xi0-21 l.502 6.810xl0-8
-21 -8

2 O.850xi0 1.630 2.476xi0
-21 -8

3 I. OgSxl0 I. 920 4.464xi 0

4 1.444xi 0-21 1.41 g 5.276x10 -8

• Mean X 1.361xi0-21 1.618 4.757xi0-B
(Rooms l thru 4)

Mean X 1.749xi0-21 1.461 6.043xi0-8
(Rooms I & 4)

Mean X o.g73xlO -21 1.775 3.470x10 -B
(Rooms 2 & 3)
..._ , i . : ,

i 11-71



As shown in Tables 11-12 and 11-13, the creep parameters obtained for
(

the test rooms using roof-to-floor closure values very significantly

from the values obtained using wall-to-wall closure values. To

Illustrate these variations, the upper curves on Figures 11-26 through

11-29 show the wall-to-_a11 finite element responses using creep

parameters determined from roof-to-floor numerical correlations. The

discrepancy may be partly due to material anisotropy of the salt which

ts not taken into account in the constitutive relattor, ship for the

salt. However, the most important contributor to the discrepancy may

be the behavior of the clay seamsand anhydrite beds. The model also

does not include the complete effects of anisotroptc creep behavior due

to the combination of different layers in the actual stratigraphy.

This behavior, due to antsotropic geometry, can be shownusing a simple

one-dimensional model stmtlar to the one used by Branstetter et. al.

(ref. 11-3). Consider a block of halite containing N horizontal layers

with equal thickness. The creep law for each of the layers is assumed
to be

I

-n

_c" fl(t)a i- l, 2, ......N (II-12)

The equivalentverticalcre._pfunctioncomputedby consideringonly the

creeprelationin the vertlcaldirectioncan be expressedas

,

N

I_I fl(t)
fv{t)" N (li-13)

However, the equivalent horizontal creep function computed by

consideringonly the horizontaldirectionbecomes

N l

fh(t) . [ ) fl(t)-_ ]-nNn (li-14)lJl

lt was found that, for any problemin which fl(t) varies,the value
of the equlvalentcreep functionin the horizontaldirection,based on

,lr



equation ll-14, Is lower than the value in the vertical direction,

based on equation 11-13.

Replication of in sttu creep behavior by the finite element model would

require extensive /re_ar_i___,,in,to the existing constitutive equations and
perhaps modtftcati_'l q_/:t;he MARC Finite Element Program. It is

_ _, , ,' ,

belteved that the' pr_en'_ methodology can adequately predict the

roof-to-floor and wall-to-wall closures within acceptable engineering

accuracy and that further work into anisotropic creep behavior is not

justified for design validation.

One method of determining the structural adequacy of the salt is by

using the effective strain. Model simulation of Test Room2 behavior

showed that the effective strain reached a maximum value at the

intersections of the walls with the roof and floor. As discussed tn

subsection 11.3.2.4, bay strains in the vertical direction, determined

from roof and fluor extensometer data, are on the order of 5 percent

through June 1986. Fteld observations of the test room walls have not

found any structural fallure at these strain values. Occasional minor,

shallow spalls are a continuing occurrence, especially along the upper

portion of geologic map unit 4.

Based on the results of the model simulation of Test Room2, the

maximum effective strain at the roof and wall intersection wil1 be 6

percent about 15 years after excavation. The corresponding average

vertical strain over a 2-foot thickness of salt will be 15 percent.

However, effective strain is not directly measurable. At best, only

vertical or horizontal str(_tns can be determined from )_lulttple-potnt

borehole extensometer, measurements. A comparlso_ of the predicted

vertical strain with the vertical straindetermtned from the relative

displacement between the collar and anchor A of the roof extensometers

has been made. Because the coll)r and anchor A are 5 feet apart, the

strain calculated from the relative displacements will be an average

value. Similarly, the strain from three elements spanning the collar

to anchor A interval were summedand averaged for comparison.

_= 11-73
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Figure 11-30 shows the comparlson for the average vertical strain at

the roof and wall intersection. Although the relation is expressed in

terms of t*, the relationship between t* and the real time t Is

approximately linear. The strain determined from the collar to anchor

A readings indicates that the rate is currently decreasing with time.

Figure ll-31 shows the relatlonshlp for the center of the roof. This

rate is also decreasing with time, even though the numerical analysis

shows a constant rate.

11.3.2.6 Effectiveness of Model Simulation

The procedure discussed tn the previous _ubsection and in Chapter 5

used roof-to-floor closure data for the test rooms to calculate the

creep parameters C, A and z. Extrapolation of creep behavior was then

accomplished using these derived creep parameters.

The numerical analysis gives the displacements of nodal points and

stresses within the elements. The effectiveness of the model used can

be checked by comparing measurement data other than roof-to-floor

closure with the magnitude predicated by the model. For example,

relative displacements between anchor points in multiple-point borehole

extensometers may be compared with predicted relative displacements

between appropriate nodes of the modelv Such a comparison wlll be

helpful to assess the effectivenes, s of model simulation.

Because a symmetrical two-room model representing four rooms was used

for model simulation, the relative displacement between the collar and

the deepest anchor of the central roof extensometers in Test Rooms1

and 4 were calculated for an interval of 60 days, and the average value

determined. The real time t was converted to the nomalized time t*

using equation C.4-17 in Appendix C. This Is because the numerical

analysts was performed in terms of the normalized time. The vertical

displacements of appropriate nodes in the finite element model, which

approximately duplicate the collar and the deepe'st anchor of the roof

extensometers, were compil_. If the nodes did not exactly match the

I
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locatton of the deepest anchor, then 11near Interpolation,was used to

determine the displacement of salt at the required location.

Figure 11-32 compares the average relativu displacement between the

collar and the deepest anchor for the central roof extensometers

51X-GE-OO207 and 51X-GE-O0218, with the relative displacement between

appropriate nodal points computed from the numerical model. A
-14

normalized time t* of 37.07x10 is equivalent to an elapsed time of

nearly 3 years since the completion of excavation at the instrument

location. The discrepancy between the measured and calculated relative

movements is nearly 2 inches in 3 years.

For large values of t, the normalized time is approximately

proportional to the real time, since the exponential term in equation

C.4-17 In Appendix C approaches unity. For large values of t* (and t),

the calculated relative displacement rate will be approximately 44

percent higher than the measured relative displacement rate if the

current rate is maintained. A similar analysis was made for Test

Rooms 2 and 3. Figure 11-33 compares the measured values with the

values obtained from numerical modeling. The discrepancy in this case

is 27 percent with respect to the measured value at nearly 3 years of

elapsed time.

A comparison of salt heave measurement data from a floor extensometer

in Test Room 4 was made with the values computed from numerical

modeling. Figure II-34 shows the results of this comparison. The

numerical model underestimates the salt heave in the floor by

approximately 70 percent of the measured value. This discrepancy is

probably due to the assumption in the model that MB-139, 4.8 feet'below

the floor, Is elastic and has infinitestrength. Measurements from the

floor extensometer and observations of fracturing indicate that MB-139

cannot be strictly considered as elastic. As discussed in subsection

1!.3.2.l, borehole P4X-84 indicates the presence of lateral

displacements and vertical separations in MB-13g beneath the floor of

Test Room 4. This indicates that stresses in parts of the anhydrite

bed may have reached the failure state.
_
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Another possibility is that the fractures might have developed prior to

excavation of the test rooms (ref. 6-6). In either case, assumptions

of linear elasticity for the anhydrite bed become untenable.

Modifications to the material characterization of this anhydrite

material will be required to better represent its deformational

behavior.

The basic philosophy of the model simulation developed in this report

is that in sltu measurnment data are utilized to back calculate the

creep parameters of the salt mass with the attendant discontinuities

such as clay seams and anhydrite beds, For the model simulation

technique, the in sttu roof-to-floor closure data have been used to

extract the creep parameters and predict future behavior using these

creep parameters. This is because the roof-to-floor closure is deemed

critical to evaluate the adequ,_cy of the room dimensions for the

effective storage and retrieval of waste. The discussions in the

previous paragraphs indicate that there are discrepancies between

measured and predicted quantities for variables other than

roof-to-floorclosure, such a'sdeformationswithin the salt mass. Such

discrepancies are not due exclusively to any inadequacy of the

numerical modeling procedure but are also due to differences in the

actual and assumed stratigraphy, variations in creep parameters with

space and time, and inadequate representation of the stress-strain

behavior of the anhydrite bed. However, it has been demonstrated that

the model can predict, with sufficient accuracy for engineering

purposes, the roof-to-floor closure behavior of the test rooms. A
i

similar model simulation analysis was made for wall-to-wall closure and

independent creep parameters were developed. Extrapolation of

wall-to-wall closure with time .was achieved using these creep

parameters. This model simulation technique using in situ data was

employed because the more detailed approach using material properties

I derived from laboratory tests may not produce more accurate results, as

discussed in Chapter 5, subsection 5.4.3.

1l-Bl
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11.3.2.7 Computational Analysts Ustng Laboratory Test Creep Data

The reference destgn was based on computations for a stngle room rather

than for multtple rooms. It was assumed that, wtth a low extraction

ratio, the rooms wtth lO0-foot ptllars would not have as much early

Interaction as that whtch has deveioped tn the four-room test panel.

In Ftgure 11-35 the two lower curves show the computational results of

roof-to-floor closure predictions for a 13 x 33-foot room ustng creep

constants obtatned from laboratory tests. The bottom curve represents

the computational _esults from reference 11-4, dated AugUst 1982, whtle

the mtddle curve rePresents the updated result from reference 11-5,

dated Narch 1985, whtch used revised creep parameters and an updated

reference stratigraphy. In sttu closure data for all four test rooms,

Including ad;}ustments for thetr early closure, are plotted on the same

ftgure for comparison. Interaction effects may be partly responsible

for the discrepancY.

11.4 CONCLUSIONSANDRECOHHENDATIONS

11.4.1 Conclusions

The detemtnatton of the closure behavtor of the WIPP underground
opentngs ustng creep constants dertved from laboratory experiments

underestimated the actual closure. The measured roof-to-floor closure

In the test rooms has exceeded 12 tnches tn the 3 years stnce the end

of their excavation. Thts does not comply wtth the dest_#n crtterta

verttcal closure allowance of 12 tnches tn 5 years.

Average verttcal stratns at roof and wall Intersections, as determined

from extensometer readings, were close to 3 percent tn 3une 1986 and

the strain rate was decreasing. Haxtmum verttcal stratn by numerical

modeltng occurs at roof and wall tnters=cttons and compares well wtth

the value determined from tn sttu measurements.

Spa111ng from the roofs and walls, and fractures tn the ptllars and at

ptllar corners have been observed. Displacements and mtnor separations

have been observed at clay seams and tn the underlying hallte tn

I I-_





boreholes that penetrate the roofs. These occurrences are expected to

continue.. Pertodlc maintenance of the roof and wall surfaces wtll be

requ t red.

Floor fracturing ts well developed tn the south half of Test Room3

(Room T). Floor fracturing also occurs to a mtnor degree In the other

test rooms and tn a few areas tn the drtfts. Because the prominent

floor fracturing occurring tn Test Room3 has not been found tn any

other rooms or drifts, tt ts considered to be anomalous to the

underground facility. It ts possible that the number and stze of the

22 large-diameter holes .tn Test Room3 exacerbated the pre-existing

fractures. If floor fracturing occurs tn the storage rooms, tt ts notb

expected to cause any operational or storage problems. As discussed tn

Chapter 3, section 3.2, the WIPP pro_Ject participants agreed, tn a

meeting on February 13, 1986, that the underground conditions do not

requtre movtng the factllty level (ref. 3-2).

11.4.2 Recommendat!ons

Observations' and geomechanlcal Instrumentation measurements should

conttnue In the test rooms. Because they are the models for the

detemtnatlon of storage room behavior, trimming, rock bolttng and

other maintenance In the test rooms should be kept to the mtntmum

requtred for safety, and the rooms allowed to deform.

It ts recommended that Test Room2, tn particular, be preserved. It ts

the only test room that has not been physically altered. Thts room

wtll then serve as a model for the storage rooms as they wtl1 exlst

prior to waste emplacement. Test Room2 should not be trtmmed or

supported except as anticipated for the storage rooms. Additional

Instrumentation may be Installed and smal]-dtameter holes should be

drilled tn the roof and floor to observe the development of

displacements, separations and fracturing. Large-diameter drt111ng

should be prohibited and the room should be closed to all other

activities. Continued observations of Test Room2 behavtor wtll
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provtde valuable data on antlc4pated storage room performance for the

pertod between room excavation and the emplacement of waste.

A program of dr1111ng, testlng and geologlc mapplng should be contlnued

to determlne the development and extent of fracturlng beneath the test

room floors. Nhen thls has been determlned, several monltorlng

statlons should be establlshed to document 'the behavlor of the

fractures. Thls program should also Include monltorlng roofr

displacements and separations. Arrays of small-diameter holes should

be drtlled tna few locations tn each test room as soon as posstble to

document movement above the roof. However, drt111ng tn Test Room2

shoul"d be kept to a mtntmum.

Add%tlonal efforts are needed to reflne constltutlvelaws for the creep

behavlor of salt as well as the representa"[1onof stratlgraphy. The

stress-straln-tlmebehavlor of anhydrlte beds should be more accurately

represented.

11-85
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CHAPTER12

STORAGEAREA

12.1 INTRODUCTION

The s.torage area encompasses all rooms, drifts and crosscuts that will

be used for the permanent storage of CH and RH TRUwastes. The storage

area is located south of the waste shaft station, from S1600 to $3664(

(see Chapter 1, Figure 1-2, and this chapter, Figure 12-1, for location

and 'layout). The storage area is arranged to provide a system in which

CH and RH TRU wastes can be efficiently and safely handled and stored.

A panel of four full-scale test rooms was excavated to determine the

adequacy of the opening configuration and dimensions (Chapter ll).

.Evaluation of in situ data from these test rooms were utilized to

predict the closures of, and stresses and strains around, the future

storage area rooms and drifts.

Thls chapter presents Info_tlon on the referencedesign of the storage

area rooms and drlfts, the design validation process, conclusions

regarding the sultab111tyof the referencedesign based on the findings

of the valldation process, and recommendationsfor modifications to the

storage area deslgn conflguratlonsthat will, if implemented, result in

a validated referencedesign.

12.2 DESIGN

This section presents the design criteria, design bases and reference

design configurations that were used for the WIPP storage area rooms

and drifts.

12.2.1 Deslqn Criterla

The Design Criteria, RMC-IIA, for the storage area (ref. 2-B) is

summarized in Chapter 2, Table 2-I. This table presents the major

criteria that governed the WIPP underground opening reference design,

including those criteria that require evaluation as part of the design

validation process. The following discussion presents a description of
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the three design criteria pertaining to the storage area that require

evaluation for validation of the reference design. ,,,

The first criterion requlres that the excavation dimensions of the

storage area rooms and drlfts Include an allowance for creep closure

sufflclent to prevent container breaching by creep-lnduced stresses

durlng the retrlevabllltyiPerlod. The second crlterlon states that

each storage room shall allow for salt creep and shall be sized to

mlnlmlze breachlng of the CH waste containers for a period of IO

years. The third crlterlon states that the underground storage rooms

and access drlfts shall be designed to be compatible with the waste

transport vehlcle, wlth the waste contalner sizes, shapes, welghts, and

stacking configurations, and wlth the waste handling and backfilling

equipment requlrements.

Other crlterla that apply to the storage area reference design also

apply to the drifts and were discussed In Chapter IO.

12.2.2 Oestqn Bases

The design bases describe the specific dimensional requirements used to

develop the reference design for the storage area drift and room

configurations (Figures 12-2 and 12-3). The Destqn Basts, Underground

_xcavattons (refJ 2-18) contains the bases used for the storage area

reference design. The major elements from this Design Basis document

are summarized In the following discussion. Although other design

bases were also used, they dtd not have a direct impact on design

validation. The specific design bases requiring evaluation during the

validation process are presented in Table 12-1.

The design bases specify that the reference design shall provtde an

underground s_orage area in which CH and RH TRU wastes can be

efficiently handled and stored. The reference design of the waste

storage area shall permit simultaneous storage of CH and RH TRU

wastes. To the extent possible, the configuration of the storage area

shall minimize haulage distances for excavated salt and waste storage.
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' EXPLANATION

. (1) HEIGHT OF WASTEPACKAGESSTACKEDTHREEHIGH: 9'-7 1/2' FOR BOXES;
' 9'-0' FOR SIX PACKS.

(2) SALT COVER: 1' TO 2'; LEVEL OF SALT IS MAINTAINEDAT 10'-8' ABOVE
THE FLOOR.

(3) VENTILATION SPACE: 1'-4' MINIMUMUNTIL ROOMOR PANELIS FILLED AND
PLUGGED.

(4) SALT CREEPALLOWANCE:1'-0' ROOF; 4 1/2' EACHWALL(ASSUMEDTO BE
ADEQUATEFOR 5 YEARS).

(5) CONSTRUCTIONTOLERANCE: +6'.. THE CONTRACTORMUST MAINTAIN THE
MINIMUMROOM DIMENSIONS.

(6) BACKFILLINGCONVEYORCLEARANCE:2'-4' ABOVEWASTEPACKAGES.

(7) HEADROOM:12'-0' FoR CH BOXESAND RH TRANSPORTER.

(B) WASTEPACKAGEWIDTH: 6'-2 1_2' FOR BOXES; 6'-1 1/2' FOR SIX PACKS.

(9) STACKINGTOLERANCE: 2 1/2 m BETWEENWASTEPACKAGES.

(10) SALT BACKFILL: 3'-0' BETWEENWASTEPACKAGESAN_ WALL.

+ FtQure !2-2

STORAGEAREA-

DRIFT REFERENCEDESIGN DIMENSIONS
_
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EXPLANATION

(1) HEIGHT OF WASTE PACKAGES STACKED THREE HIGH: 9'-7 I/2" FOR BOXES;
9'-0' FOR SIX PACKS,

(2) SALT COVER: I' TO 2'; LEVEL OF SALT IS MAINTAINED AT I0'-8" ABOVE
THE FLOOR.

(3) VENTILATIONSPACE: I'-4' MINIMUM UNTIL ROOM OR PANEL IS FILLED AND
PLUGGED.

(4) SALT CREEP ALLOWANCE: I'-0" ROOF; 4 I/2" EACH WALL (ASSUMED TO BE
ADEQUATE FOR 5 YEARS).

(5) CONSTRUCTION TOLERANCE: +5'. THE CONTRACTOR MUST MAINTAIN THE
MINIMUM ROOM DIMENSIONS.

(5) BACKFILLING CONVEYOR CLEARANCE: 2'-4" ABOVE WASTE PACKAGES.

(7) HEADROOM: 12'-0' FOR CH BOXES AND RH TRANSPORTER.

(8) WASTE PACKAGE WIDTH: 5'-2 I/2" FOR BOXES; 5'-I I/2" FOR SIX PACKS.

(9) STACKING TOLERANCE: 2 I/2' BETWEEN WASTE PACKAGES.

(lO) SALT BACKFILL: B 3/4" BETWEEN WASTE PACKAGESAND WALL.

Ftgur'e 12-3

STORAGEAREA
ROOMREFERENCEDESIGNDIMENSIONS
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_Table 12.1

VALIDATION ELEMENTSOF STORAGEAREADESIGN BASES
m - i i i i . _ li i li. ,..

(1) Operational requirements

a. The storage area rooms, dr tfts and crosscuts shall be designed
to allow for retr4eval of all CH and RH waste stored for a
pertod of up to 5 years after the tntt_al emplacement of each
waste spectes.

b. Excavation dimensions tn the waste storage area shall be to a
untfom hetght of 13 feet.

(2) Essent4al foatures

Provtde 1 foot verttcal and 9 tnches horizontal allowance for
creep closure to matntatn the m4ntmumdestgn dl;nenstons up to 5
years after lnttlal emplacement.

(3) Safety des4gn requirements

A mtnlmum opentng of 16 tnches '.;lall be left at the top of the
rooms and drTfts for a%r passage above the waste and backfill.

l li , III' li -- lllll fill -- -- III "
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Construction and storage operations shall be physically separated and

performed during different shifts.
,

Each storage room is to be filled with waste containers consisting of

six-packs of CH TRU waste storage drums and/or boxes of CH TRU waste.
L,i

The containers shall be stacked three hlgh and five wide, stored with

their longest dlmenslon across the opening. A 2 I/2-1nch stacking

toleranceshall be allowed between waste packages. Ali rooms, drlfts

and crosscuts in the storage area may be used to store CH waste

contalners stacked three high. For this reason, excavation shall be to

a uniform helght of 13 feet throughoutthe waste storage area.

The underground storage area shall provide for the horizontal

emplacement of 1,000 RH canisterso The RH canisters, nominally 10 feet

long and 26 inches in diameter, shall be stored in the salt pi!lars.

Emp'laCementholes shall be perpendlcular to the walls, approximately

midway between the floor and ceiling and evenly spaced laterally.

Canister spacing shall be based on the assumption that the average heat

output per canister will be 60 watts or less. Thermal loading in the

RH waste storage area shall not exceed 10 kilowatts (kw) per acre.

Allowing 12 inches for salt creep, RH waste emplacementmachinery shall

be designed to operate in an effective room height of 12 feet,

including all required clearances.

The storage area floor shall be approximately 2,150 feet below the

ground surface. The final level of the excavations shall be as

determined by the DOE ContractingOfficer.

Four parallel entries shall be provided from the shafts to the waste

storage area. These entries shall provide separatechannels for air

intake and exhaust, salt removal, and waste storage.

Excavation dimensions shall include an allowance for salt creep of l

foot in the vertical direction and 9 inches in the horizontal direction

for all rooms for up to 5 years. The tolerance for excavation of roof,

12-?
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floor and wall surfaces shall be no greater than plus 6 tnches. In no

case slha11 the ftntshed cross sectton dimensions be less than the

design dimensions.

Provision shall be made for the expansion of the storage area wtthtn
the boundaries of Zone I1 (Chapter 1, Figure 1-1) if required tn the

future. The areaextraction ratto tn the storage area shall not exceed

25 percent.

The stored CH TRUwaste packages shall be covered wtth a layer of salt

backftll (3/8 tnch or less tn gratn size) for fire protection. The

volume of stored CH TRUwaste tn any one _ompar_ent without a vertical

fire barrter shall be 11mired to a maximumof 500,000 cubic feet. For

ventilation above the backfilled waste, a mintmumopening of 16 inches

shall be provided.

No personnel may worW tn atr that has passed over the stored CH TRU

waste. However, personnel may work In air that has passed through an

opening where RH TRU waste has been emplaced provided that cantster

holes have been sealed with plugs. Personnel may not work in air that

has passed through openings where RHTRUwaste is being emplaced.

12.2.3 Design conflaurat!on

The reference design of the storage area was developed tn accordance

with the design crlterla and the design bases. The design configuration

is based on the stratigraphy detemlned from borehole ERDA-9and on

salt creep performance determined from laboratory tests on core

extracted from EROA-9. The [RDA-9 exploratory hole was the only hole

within the underground development area which was permitted to

penetrate the $alaclo formation to the underground factlity horizon.

The storage area reference destgn conft_.'_ratton (Ftgures 12-1, ]2-2 and

]2-3) consists of etght panels with seven roomseach. The roomsare 13

feet high, 33 feet wide and 300 feet long. The panel entries are also

13 feet htgh and 33 feet wtde. The roomsare separated tn each pane]

12-8
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by lO0-foot wide ptllars and the panels are separated by 200-foot wide

pillars. The test rooms discussed in Chapter 11 were designed to be

the same size as the storage rooms. The test rooms were constructed to

monitor salt performance, permit _bservations of opening stability, and

to permit validation of the storage room referencedesign.

The reference design provides ' for the storage oF CH waste in one room

whtle RH waste is stored in another room. Emplacement of RH waste

canisters into horizontal holes is depicted on Figure 12-4. After the

RH waste canisters are emplaced in the walls of the storage room a

shield plug is placed in the wall sleeve. When the emplacement of RH

waste canisters is completed in the storage room, CH waste can be

stored in the same room. During the 5-year demonstration period, the

_,_ waste canisters are stored in steel sleeves in the first room of

Panel 1. During permanent storage, they are emplaced in ptllars

throughout the storage area as dictated by the recetval rate of the

waste.

The RH waste canisters (with a heat output of 60 watts or less) are

placed in horizontal holes spaced so that the local storage area

thermal loading does not exceed the design basis limit of lO kw/acre.

For the reference design, and for this report, the thermal effects on

storage room behavior were not considered significant. The reference

design for RH waste is subject to the results of the ongoing WIPP

experimentaI program.

The reference design configurationalso defines stacking configurations

and tolerances for ventilation, backfill and salt creep. These

tolerances are shown on Figures 12-2 and 12-3 for the storage area

drifts and rooms, respectively. In order to meet these requirements,

the reference design configuration incorporates a reference operating

procedure. This procedure is based on the waste receipt rates,

emplacement rates, and retrieval rates s_ipulated by the design

criteria. This operating procedure is part of the storage room

reference design and is incorporated in construction package EP-OIX.

12-g
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This package contains the design documents that will be used to operate

the WIPP.

12.3 DESIGNVALIDATION _ROCESS

The design validation process for the storage area consists of the

evaluation of numerical modeling and data analysis from the drifts and

test rooms (Chapters lO and ll) and its application to the reference

design of the storage area drifts and rooms. The predicted future

performance of the storage area openings was compared to the

performance of existing openings having comparable dimensions. This

was then used as the upper bound for validating th.ereferencedesign.

12.3.1 Data Collectlon

Geomechanlcal instrumentation data collected from the test rooms were

used to compute the creep parameters of the surrounding salt. Geologic

mapping and drill cores from the underground facility were used to
=

confirm the stratigraphy of the storage area. Test room

instrumentation data and the computation of creep parameters are

pre_ented in Chapter II. Chapter 6 preuents information on the

geologic mapping, drill cores and development of the reference

stratigraphy.

The geomechanical instruments in the test rooms have provided

deformation measurements and response data on the excavated openings.

Periodic visual inspections of the rooms have provided observational

data with which to further,evaluate the response of the surrounding

salt. Geologic mapping and core dr_!ling in the El40 drifi:south of

the waste shaft have provided information on the stratigraphy in the

storage area.

12.3.2 Analysis and Evaluation

12.3.2.1 Storage Rooms

Analysis and evaluation of the storage room reference design have been

: performed _slng data collected from the test rooms. The adequacy of

• •
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the reference destgn was evaluated by analysts of the geomechantcal

' behavior, Including stress, s'traln and defomatton, whtch could be

expected to occur over the operating 11fe of each room. The operating

11fe ts defined as the pertod of ttme from tntttal excavation of the

room unttl retrieval operations are completed, tf the dects_on to

retrteve ts made, or until the storage operation for each panel ts

completed.

Evaluation Of the geoiogtc mapptng and dr111 cores from the E140 drtft

south of the waste shaft has confirmed the continuity of the

stratigraphy 50 feet above and below the storage area (refs. 4-1 and

4-2).

Based on an engineering approach (Chapter 5), numerical analyses were

performed based on creep parameters determined from test rOOB data and

the stratigraphy surrounding the factllty level. Because the

extrapolation of the tn sttu closure data for the drtfts and test rooms

Indicates that more than four rooms tna storage pane] could Influence

the total closure and overall creep rate, a mathematical model was

developed tc) esttmate the upper bound responses. Thts requtres

assuming an tnftntte array of equally spaced storage rooms such that

the center]tne of atyptcal room and the centerltne of any one of 1ts
i

ptllars form axes of symmetry. In addition, the rooms were assumed to

be Infinitely long.

Figure 12-5 shows the flntte element model that was used to determine

the responses for an tnftntte array of Infinitely long storag e rooms.

The model has 94 nodes and conststs of 59 plane stratn elements, wtth

gap/friction 11nk elements hav_ng a frtctton coefficient of 0.4 to

model a clay seam. Because test room creep parameters are used tn

predicting the responses of the storage rooms, thts model uses the same

comparative element sizes and external loads as those used tn the test

room model described _n Chapter 11, Sectton 11.3. The boundaries on

both stdes of the model were taken as verttcal axes of symmetry to

represent the ptllar centerltnes and consist of horizontal restraints.

!2-!2
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Elevations at the top and bottom of the model, the clay seam, the

anhydrite bed, and the roof and floor of the room are based on the

reference stratigraphy and are Identical to those used tn the test room

f t nt te e1ement model.

The analyses were performed ustng the MARC General Purpose Ftntte

Element Program discussed tn Chapter 6. The average values of the

creep parameters were dertved from test ro;_ roof-to-floor and

wall-to-wall tn sttu closure data. Ustng these computed creep

parameters, prev4ously presented tn Chapter 11, Tables 11-10 and 11-11,

the predicted future responses of the storage rooms were computed. The

results of the analyses are presented below.

12.3.2.2 Storage Area Drifts

Analysts and evaluation of the 13 x 2S-foot drtft destgn for the

storage area have been performed ustng data collected from the extsttng

8 x 25-foot drtfts. The same ftnlte element model used for the

8 x 25-foot drtfts (Chapter 10) was used for the larger drifts. A

removable floor sectton extending 5 feet vertically downward from the

ortgtnal floor level was Integrated tnto the model so that thts group

of elements could be removed at the appropriate stage tn the analysts

to stmulate floor excavation. A coefficient of frtctton of 0.0 was

assumed for the gap/friction elements to. model a clay seam. The time

between lnlttal excavation and the subsequent floor excavation was

assumed to be 2 years. Therefore, all results presented tn the

following subsection are dtrectly affected by these assumptions.

Figure 12-6 shows the model after removal of the floor elements.

12.3.3 Prediction of Future Behavior

12.3.3.1 Storage Rooms

Because the room stze and panel configuration of the four test rooms ts

slmtlar to the destgn of the proposed storage rooms, the behavtor of

the storage rooms was computed using the measured data from the test

rooms, as presented tn Chapter 11. The results of the _torage room

12-14
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analyses were plotted at vartous Integration t+me steps. These ,

Integration steps correspond to real ttmes Immediately after

excavation, 1 year and 10 years after excavation. The horizontal and

vertlcal stresses, effective stresses, effective creep stratns,

principal stresses and the deformed shapes were plotted at these t_mes

based on the mean value of the averaged wall-to-wall and roof-to-floor

creep parameters presented tn Tables 1%-12 and ll-13 tn Chapter 11. A

closure calculation considering the effects at a room Intersection was
<,

performed utilizing the values from these tables. Roof-to-floor and

wall-to-wall closure predictions for the sto_'age room were then plotted.

,HQrtzorlT+l and Verdi:lcat. $1_resse,s. The computed horizontal stress

distributions In the storage rooms are plotted on selected elements of

the ftntte element mesh Immediately after excavation and ,at ttmes of 1

year and 10 years after excavation (Ftgures 12-7 through 12-9). _ A

contour tnterval of 250 ksf was chosen and lO contour Increments were

used to span a stress range from 0 to 2,500 ksf compression.

Horizontal stresses _mmedIately after excavation are totally

compressive throughout the selected elements of the model. Host of the

changes tn horizontal stresses tn the salt around the opening occur

within the ftrst year after excavation and remain practically constant

even 10 years after excavation. The walls and the underlying anhydrite

bed (MB-139), near the center of the room, have the largest compressive

stresses, with values between 250 and 500 ksf compression. As the

opening slowly deforms, horizontal stresses tend to become move

compressive tn the anhydrite bed near the room's verttcal centerltne.

In the anhydrite bed far from the room centerltne, the horizontal

stresses are relatively low.

The verttca] stress distribution was also plotted for t_me perlods

lmmedIate]y after excavation and at ttmes of ] year and lO years after

excavation (Figures 32-]0 through 12-12). The contour lnterva] and

stress range are the same as those used for the hor_zonta] stress plots.

12-16
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Figure 12-10 shows a verttcal stress in the wall near the room opening

Immediately after excavation of between 500 and 750 ksf compression.

This stress ts approximately twice the origtnal _ ltthostattc stress

before excavation and clearly shows the expected stress concentrations

around the opening immediately after excavation. As the opentng

defoms, the vertical stress is redistributed around the opening and

reduced to between 250 and 500 ksf compression.

Figures 12-11 and 12-12 show very small differences from 1 year 'through

10 years after excavation. That ts, the verttcal stress is relatively

constant throughout that period with most of the halite roof beam

having low' stress in the verttcal direction. Likewise, the uppermost

level of elements in the room's floor has relatively low stress in the

verttcal direction due to its lack of vertical confinement,

The anhydrite bed (MB-139) below the storage room is, in, general,

subjected to low vertical stresses; however, some compressive vertical

stress is indicated under the pillars.

Effective Stresses and Effective Creep Strains. Figures 12-13 through

12-15 show the computed effective stress distribution in those elements

of the finite element model near the room opening. Ten contour

increments, each having an interval of 250 ksf, were chosen to span a

stress range from 0 to 2,500 ksf. The effective stress plot immediately

after excavation shows a relatively low stress concentration in the

anhydrite bed below the floor and no stresses greater than 500 ksf in

the hallte beds,

, At l year and 6.5 years after excavation, the comvuted effective

stresses have increased and concentrated in the anhydrite bed and

• overlying halite. Because the anhydrite was modeled as being elastic

until failure and stiffer than halite, it supports more stress, which

results in a large effective stress gradient in the anhydrite. The

maximum computed effective stress is 2,600 ksf, concentrated in the

anhydrite bed near the room centerline.

f
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Because the model does not include failure criteria for the anhydrite

+ bed, an anal)sis for ,otenttal failure in this bed was performed

separately. In Chapter 6, the fatlure criterion

/_-_-=_- 752 -0.27931 , (stress iri ksf) (12-1)
was defined for the anhydrite bed based on laboratory tests. Rewriting

this equation in terms of the effective stress at failure ;f and the

first stress invarient at failure (31)f:

_f(ksf) = 1302.5 - 0.483 (_]l)f (12-2)

From the results of the numerical modeling, the average effective stress
m

stress at a point close to the center of the room exceeds of at about
B.5 years since excavation. Thts does not mean catastrophic failure

wil'l occur. Instead, there will be a redistribution of stress in the

anhydrite bed which the model cannot consider.

Computed effective creep strain d_strtbutions were plotted on selected

• elements of the deformed mesh at 1 year' and 6,5 years after excavation

(Figures 12-16 and 12-1?). Ten strain increments with an interval of

O.O1 were used to span a strain range from 0 to O.lO0.

At 1 year after excavation, effective creep strains have concentrated

in the region around the room opening. At 6,5 years after excavation,

the effective creep strains have further intensified around the room

opening and in the region above the anhydrite bed near the room

centerltne.

Based on laboratory creep tests on samples of halite, a failure

cPiterion has been proposed (equation 5-5 in Chapter 6). Based on this

criterion, the failure effective strain for halite is a function of ,the

mean normal stress intensity and reaches a maximummagnitude of nearly

16 percent at a mean stress intensity of 125 ksf.

=
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Based on the computed values ,of effective creep strain up to 6.5 years

since excavation, and by linear extrapolation beyond G.5 years, fatlure

w111 be initiated in the _haltt,e about 12 years after the completion of,

excavation. The fatlure wt ll be Initiated at floor and wall

intersections.

However, the numerical modeltng also shows that effective strain

decreases rapidly wtth distance away from the opening. Thus, the

failure ts expected to be confined very close to the opentng. Thts

wlll requlre periodic scallng and trimming.

Pr!nctpal Stresses. The computed _rtnclpal stresses on the plane of a

section across the storage rooms are presented tna qualitative manner

on Ftgures 12-18 through 12-20. _he magnitudes of the two principal

stresses are _roporttonal to the lengths of the corresponding ]ines

which are plotted, perpendicular to each other, at the centrotd of each

of the elements.

Immediately after excavation, the n_gnttudes of the principal stresses

are relatively large In the corners of the room and tn the anhydrite

bed. As the room opening deforms, the principal stresses concentrate

tn the anhydrite bed near the room centerltne.

The plots of the principal stresses also show the stress arch which

forms around the room due to the transfer of loads around the room

opening. The stress arch tends to become enlarged wtth ttme and

migrates away from the room.

Deformation and Closure. Figures 12-18 through 12-20 also show the

predicted deformed shapes of a typtcal storage room at different"

times. The dashed ltnes represent the outltne of the deformed shape of

the storage room.

: Immediately after excavation, deformatlon starts around the openlng.

After I year of creep, the halite roof beam deforms noticeably at Its

12-3o
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, centerllne and the predicted wall deformation ts nearly as large.

However, the floor heave ts st111 very small. Also, some slippage has

occurred along the clay seams. Thts ts graphically deptcted as a

sltght horizontal disjointing of the 11nem that form the element

boundaries along a clay seam.

At 6.5 years after excavation, the predicted deformed shape of the

storage room shows much downward deformation tn the roof beam at 1ts

centerltne. The floor has heaved sltghtly upward, wtth the upward

displacement betng somewhat more noticeable tn the center of the room.

The analysts shows very 11ttle defomatton Jn the anhydrite bed even

after 10 years, Based on the small amount of floor heave, Jt appears

that the sttff anhydrite bed diminishes the amount of floor creep by

supporting a large amount of lateral pressure. However, because there

ts a potential for the anhydrite bed to fat1 locally at about 8.5 years

after excavation, lt may not be able to support thts large amount of

lateral pressure. Thts may result tn a htgher creep rate tn the floor

than predicted by the model.
i

As discussed tn Chapter 11, laboratory derived creep constants

underpredtcted actual closure tn the test rooms. Thus, back calculation

of average creep parameters was made ustng etther measured roof-to-floor

or wall-to-_a11 closure data. The effectiveness of the model simulation

techn!ques used to dertve the creep parameters and extrapolate closure

behavior were discussed Jn detail tn Chapter 11, subsection 11.3.2.5.

Because HB-139 was assumed to be 11nearly elasttc wtth tnfJnlte

strength, the numerical modellng underpredtcted floor heave but

overpredlcted roof sag. However, the overall roof-to-floor closure Is

reas_onably well predicted by the model.

In order to show the effect of geometry and extraction on the closure

rate, extrapolations of the Jn situ closure histories for the test rooms

and varlous slze drlfts, as well as the calculated roof-to-floor and

wall-to-wall closures for the storage rooms were plotted for comparison

(Figures 12-21 and 12-22). $tmtlar calculations were made using the
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average creep parameters for the two interior 13 x 33-foot test rooms

and using an infinite array of rooms to indicate the sensitivityof the

value of the parameters. The same parameters were also used in the

calculations of a single 13 x 33-foot room model to determine the

effects of extraction on the number of rooms in an array. The

descriptions of the closure curves plotted on Figures 12-21 and 12-22

are as follows:

(A) Analytical closure prediction of a 13 x 33-foot storage room

in an infinite number of 13 x 33-foot rooms using creep

parameters averaged from all four test rooms.

(B) Identical to curve A, except that it is plotted with a

decreasing secondary creep rate derived from in situ test

room data.

(C) Identical to curve A, except that the creep parameters used

are the average of the constants from Test Rooms 2 and 3.

(D) Test Room l closure using mathematically extrapolated in

situ closure data.

(E) Test Room 2 closure using mathematically extrapolated in

situ closure data.

(F) Test Room 4 closure using mathematically extrapolated in

situ closure data.

(6) Test Room 3 closure using mathematically extrapolated in

situ closure data.

(H) Analytical closure predicted for a 13 x 25-foot storage area

drift using creep parameters from an 8 x 25-foot drift.
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(I) Projected closure using in situ data from the 12 x 25-foot

EO drift at N940 (includes effects of nearby parallel and

cross drifts).

(3) Projected closure using in sttu data from the 12 x 25-foot

E140 drift a_ $1450 (Includes effects of nearby parallel and

cross drifts).

(K) Analytical closure prediction for a stngle 13 x 33-foot room

using creep parameters averaged from Test Rooms2 and 3.

(L) Projected closure using in situ data from the 8 x 25-foot

E140 drift at $2350 (no effects from nearby excavation).

(M) Projected closure using tn situ data from the 8 x 14-foot

E140 drift at N626 (effects of small cross section

dimensions).

As expected, the two interior test rooms (Test Rooms2 and 3) had more

closure and higher closure rates during the first year than the outer

rooms (Test Rooms1 and 4). This is due to the fact that Test Rooms2 ,

and 3 were excavated before Test Rooms1 and 4. However, Test Rooms1

and 4 exhibit higher closure rates during the secondary creep stage.

This is consistent with the stress arch principle.

An evaluation of these 13 closure curves indicates that geometry and

extraction ratio strongly impact the total closure in a seven-room

panel within an eight-panel storage area and that the rate of closure

will be faster than the extrapolated curves for a test room withlrLthe

four-room test panel. For conservatism, Curve A (Figures 12-21 and

12-22) is used for storage room analysis, prediction and validation.

Curve A on Figure 12-21 represents the roof-to-floorclosure prediction

using the average creep parameter values for Test Rooms I through 4.

These values were previously presented in Chapter II, Table If-12. In
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the first year following excavation,the roof-to-floorclosure curve is

non-linear. The primary creep closure rate is very fast, as shown by

the steeply sloped region in the first 3 months. Two and one half

inches were added to the measured closure values to compensate for the

lack of early closure data (Chapter ll). During secondary creep, the

curve flattens and becomes approximately linear with a closure rate of

approximately 3 inches per year. This closure prediction shows a

closure of approximately 22 inches at 5 years after excavation and 54

inches at 15 years after excavation.

Curve A on Figure 12-22 represents the wall-to-wall closure prediction

using the average creep parameter values for Test Rooms l through 4.

These values were previously presented in Chapter 11, Table II-13. As

with the roof-to-floor closure, the wall-to-wall closure is non-linear

in the first year followingexcavation. Again, the closure rate due to

primary creep is i'nitiallyvery fast in the first 3 months as shown by

the steep slope of the curve. Two inches were added to the measured

closure values, as discussed in Chapter II, to compensate for the.lack

of early closure data. The curve eventually flattens during the

secondary creep phase and becomes approximately linear with a closure

rate of about 2 inches per year. The wall-to-wall closure prediction

shows a closure of approximately 15 inches at 5 years after excavation

and 36 inches at 15 years after excavation.

When the storage rooms are fully occupied by waste and backfill

material, the closure of the room will be limited by the ability of the

contents to be compacted. Assuming that the volume of the waste

container can be compactedby 40'percent and the volume of the backfill

material by 15 percent, the roof-to-floorclosure is predicted to have

a maximum value of 66 inches and the wall-to-wall closure a maximum

value of 44 inches. This maximum closure would occur after about IB

years for vertical closure and 19 years for horizontal closure (Figures

12-21 and 12-22). A reduction in the closure rate after the wall and

roof surfaces begin compacting the backfill material and exerting

pressure on the waste containers has not been considered.



i

Curve A on Figures 12-21 and 12-22 represents the most conservatlve

estlmates of storage room closure. Therefore, values from these curves

were used In evaluatlng the reference deslgn agalnst the deslgn

crlterla and deslgn bases requlrements. The deslgn bases a11ow up to

12 Inches of closure In the first 5 years after excavatlon In order to

malntaln a 16-1nch space for ventllatlon and backf111 equlpment and to

malntaln a 12-foot mlnlmum clearance for s'torage equlpment. The

estlmated vertlcal closure In 5 years uslng curve A Is about 22

Inches. Thls 10 Inch Increase over the deslgn basls 11mlt could be

accommodated by Increaslng the reference deslgn room helght from 13

feet to 13 feet 10 Inches, Thls would be satlsfactory for permanent

storage. Another way to accommodate the Increased closure and st111

malntaln the 16-1nch ventllatlon space (Figure 12-3) Is to e11mlnate

the backf111 or reduce Its thlckness covering the CH containers to 6

Inches or less. l)eletlngthe salt backf111 would requlre a change In

the deslgn crlterla.

+

• The solution to the Increased verttcal closure ls not so stmple for

pemanent storage, however. If at the end of the S-year demonstration

perlod, a decision ts made requiring the stored waste to be retrtevE.+,

the destgn crtterta assume that lt wtll take twice as long to retrteve

waste as tt took to store tr. Thts would result tn a room betng an

additional 10 years old before retrieval ts completed. Under these

circumstances, a 15-year old room would have a closure of 54 tnches,

based on Curve A. Assumtng that a storage room was excavated to the

maxtmum allowable hetght of 14 feet; the,closure would be 14 tnches

more than could be accommodated (24 tnches for closure allowance,

Including 12 tnches allowed by the destgn basts and 12 tnches for the

tncrease tn room hetght from 13 feet to 14 feet, and 16 tnches for

ventilation space). Thts would result tn the backftll being compressed

and tn the possible crushlng and breaching of the waste containers.

Because thts scenarto does not comply wtth the design criteria

requirements, other alternatives must be considered.
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These alternatives, including modification of the design criteria, are

presented in subsection 12.6.2. Two considerations must be addressed

here, however, to support the recommendations. First, the lO year

maximum retrieval period assumed by the design criteria is very

conservative. Should retrieval be conducted on a three shifts per day

basis, rather than the assumed one shift per day, no room would be

older than 7 years by the time its waste was retrieved. Based on Curve

A, a 7 year old room, from the time of initial excavation,would have a

'closure of about 28 inches. Assuming a room was excavated to the

14-foot high maximum and allowing 24 inches for closure, the waste

containers will not be crushed or breached. However, the ventilation

space wlll be reduced to 12 inches. Thls could be tolerated because

the maximum 2B-inch closure will be at the room centerline; additional

ventilation space will be gained closer to the room walls.

Alternatively, the thickness of the salt backfill over the containers

could be reducedor eliminated to maintain the ventilation.

The second consideration supporting the recommendations is that a

reduction in roomclosure can be gained by modifying the excavation

technique. A panel of rooms could be excavated to the referencedesign

dimension of 13 to 14 feet high. After a year of closure, these

openings will be closing at the rate determined by secondarycreep. At

this time the rooms could be trimmed to 14 feet high. Trimming will

remove the salt that has moved into the room during the year and

provide a full dimensioned room that will close at the rate determined

by secondary creep. Based on an averaje secondary creep closure rate

of 3 inches per year, the rooms would have the following predicted

closures after trimming:

5 years '15 l_mches

7 years 21 inches

I0 years 30 inches

15 years 45 inches

Should the retrieval be effected within 7 years after trimming, a
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trtmmed 14-foot htgh room wtth 21 tnches of closure would meet all of

the retrteva} requirements w4thout further modification.

In order to gatn the reduced closure beneftts of secondary creep, the

amount of trlmmtng must be kept to a mtntmum, The rooms should

initially be excavated as close to the 14-foot htgh maxtmumdimension

as possible. The trlmmtng operatt6n a year later should remove no more

salt from the floor than necessary to enlarge the room hetght to

14 feet. Thts small amount of trtmmtng wtll mtntmtze the tncrease tn

closure that typically follows major re-excavation, as has already been

experienced at the NIPP durtng floor lowertng tn somedrtfts (Chapter

10, Ftgure 10-6, and thts chapter, F_gure 12-21, Curve O). Thts ts
discussed tn detatl tn the next subsection.

The w4dth of the storage .rooms presents s4mllar problems. The

reference des4gn specifies a m4ntmumroom w4dth of 33 feet and a

max4mumw4dth of 34 feet. Aga4n, Curve A on Ftgure 12-22 represents

the most conservative estimate of horizontal closure_ The destgn basis

allows 9 4nches of horizontal closure tn the ftrst 5 years (4 1/2

Inches for each wall). The space between the wall and the waste

containers (1tem ]0, Ftgure 12-3), for the storage area reference

design, w111 be backfllled w4th loose salt.

The predicted wall-to-wall closure In 5 years, ustng Curve A, Is about

15 Inches. This closure wtl1 result tn compaction of the salt backftll

and possibly tn the crushing and breaching of somecontainers. Thts

condition ls suttable for permanent storage. Should retrieval be

required, the predicted closure for a 15-year old room would be 36
Inches. If lt Is assumedthat the room ts excavated "co 1ts ma×tmum

dimensions, as discussed earlier, the room would be 34 feet wide with

the waste containers 15 Inches from each wall. This 30 tnches of

horizontal clearance ts not adequate to meet the destgn crtterta

requirements for the crushing and breaching of containers, even If

backfill'were not required. In order to meet the tntent of the destgn

criteria, the reference destgn must be modified. The five alternatives

presented tn subsection 12.6.2 lnclude modifications to accommodate
thts horizontal closure.
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As is the, case with vertical closure in the storage rooms, timing of

retrieval operations and two-stage excavation can be used to reduce the

wall-to-wall closure. Should three shifts per day be used during

retrieval and if .the rooms are a maximum of 7 years old, then

wall-to-wall closure would be about 20 inches. If the storage

operation is conducted on a first emplaced/first retrieved basis and

retrieval is effected before a room exceeds an age of 6 years,

horizontal closure would be further reduced to IB inches. Both of

these operational changes would decrease the possiblity of crushing or

breachingthe waste containers.

Two-stage excavation gains additional closure benefits. If a room is

initially excavated to the maximum design width of 34 feet and after a

year of closure trimmed to 34 feet, closure would be controlled by

secondary creep. Based on a wall-to-wall secondary creep closure rate

of 2 inches per year, the rooms would have the following predicted

closures after trimming:

5 years I0 inches

7 years 14 inches

IO years 20 inches

15 years 30 inches

This will further minimize crushing or breaching of the waste

containers.

lt is expected that increasing the distance between the waste canisters

and the wall by increasing the room to the maximum design width of 34

feet, thereby increasing the amount of loose salt backfill in this

space, will increase the time it takes for horizontal closure to

consolidate the backfill and transfer sufficient load to crush the

waste canisters. This, coupled with the faster retrieval schedules

discussed previously and the fact that the backfill will not be

completely confined, will minimize crushing and breaching of the

b canisters as required by the criteria. How much it will be minimized
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cannot be determined unttl the results from tn sttu experiments dealtng

wlth backfillconsoldlatlonand containerstabilitybecomeavailable.

12.3.3.2 Storage Area Drifts

The results of the analysis of the storage area drifts wtth dimensions

of e x 25 feet were plotted at various integration ttme steps. These

integration steps correspond to real times immediately after floor

lowering and 5 years after initial excavation. The effective stress

and effective creep strain, principal stresses, and deformed shape were

plotted at these times based on the roof-to-floor creep parameters for

a representative station (Chapter 10).

t

[ffecttve Stresses _d Effective Creep Strains. Figures 12-23 and 12-24
showthe calculation for effective stress distribution tn those elements

of the finite element model near the drift opening. As wtth similar

plots for the 8 x 25-footdriftsdiscussedIn ChapterlO, each contour

incrementrepresentsan effectivestressintervalof I00 ksf.

The plot of effectivestressimmediatelyafterfloor loweringshowsthe

impact on the stress distributionas a result of the drift height

modification. Thls change In effective stress precipitates a

concomitantincreaseIn the creep rate. Thls appearsas a sharp but

shortincreaseIn slopeon the roof-to-floorclosureversustime curve

(ChapterIO, FigureI0-6,and thls chapter,Figure12-21,CurveJ).

At the end of 5 years, the anhydrite bed showsa very large effective

stress gradientfrom top to bottom In the vicinityof the drift floor

due to the stiffnessof the bed. Maximum effectivestressesare In

excessof l,O00ksf.

The effectivecreep strainshave concentratedIn the regionaroundthe

drlftopenlngand Intenslfywith time. A roughllnearextrapolatlonof

effectlve creep straln beyond 5 years indicates that the maximum
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STORAGEAREADRIFTS
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average effective creep strain may reach 16 percent at about 20 years

after excavation. Based on failure criteria for halite obtained from

laboratory test data (Chapter 6), failure in halite may start ai,about

15 percent. However, the numerical modeling indicates that the

effective creep strain drops off sharply away from the opening, lt is

therefore expected that high effective strain would not result in a

large scale failure in halite.

PrlnciDalStresses. The plots of principal stresses (Figures 12-25 and

12-26) consistently show the 'arch" pattern which develops around the

drift In order to transfer loads past the drift opening. The arch is

shown to migrate away from the opening with time. As expected, the

magnitude of major principal stress Is greater in the corners of the

drift and in the underlying anhydrite bed. The anhydrite in particular

is subjected to large stresses because it is the only material that has

been assumed in the model to not creep; it therefore "stores" a large

amount of energy in the form of elastic strain.

Deformation and Closure. Figure 12-27 shows the deformed shape 5 years

after drift excavation, or approximately 3 years after floor lowering.

lt should be noted that, while both th_ roof and wa.llsare creeping

inward, the upward floor heave 'issmall by comparison. This phenomenon

is due to the stiffening effect of the underlyinganhydrite bed.

The stress redistribution that occurs as a result of modifying the

drift height is the driving force behind the large roof and wall

deflections that are the most prominent features of the plot at 5

years. A close examination of the 5-year deformed plot shows that clay

seam slippage has occurred. The most noticeable slippage has occurred

in the clay seam located about B feet above the existing roof. Here,

the maximum horizontal relative displacement across the seam is

approximately 3 I/2 inches. Actual relative displacementwill be lower

because the clay seams have a finite friction coefficient.

0
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Figure 12-28 demonstrates the effect of increasing the vertical

dimension of a storage area drift at some point after initial
6

excavation. The finite element model is calibrated with in situ data.

lt models an 8 x 25-foot drift that has its height increasedto 13 feet

by excavating an additional 5 feet from the floor. The 8 x 25-foot

drift exhibits typical closure; that is, the curve shows .high rate of

closure during primary creep and a nearly constant closure rate during

secondary creep. When the floor is lowered (in this case 2.3 years

after excavation), primary creep is temporarily reinitiated. The

secondary creep phase is eventually re-established, but with some

difference. The slope of the curve during secondary creep after floor

lowering is slightly steeper than the secondary creep prior to floor

lowering. The rate of closure does not return to the initial rate, but

rathcr reflects the new, larger dimension of the drift. In this model,

the modified drift has II inches of vertical closure 5 years after

initial excavation.

The same computation included wall-to-wall closure. The effects of

floor lowering were the same as for roof-to-floorclosure. After floor

lowering, primary creep was reinitiated and followed by a new secondary

creep phase with a slightly higher closure rate. Five years after

initial excavation,the predicted horizontal closure is about B inches.

A rough extrapolation of the predicted roof-to-floorand wall-to-wall

closures based on model simulation and resulting secondary creep
_

closure indicatesthe following:

- Roof-to-FloorClosure Wall-to-WallClosure
Time at 2.0 inches/year at 1.6 inches/year
(Years) (inches) (inches)

lO 20 16
15 30 24
20 40 32
25 50 40

The maximum effective strain around the drift opening reaches 6 percent

-- about 8 years after excavation. Based on in situ observations and the
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results of modeling the test rooms, this effective strain of 6 percent

may not result in instability of the drifts. However, in 15 years the

' effective strain 'at the excavation surface will exceed I0 percent

locally and the roof-to-floor closure will be nearly 30 inches.

According to the' failure criterion, based on laboratory tests on

samples of halite (Chapter 6), the halite is supposed to fail at about
0

16 percent effective strain. Therefore, minor surface deterioration

can be expected and some trimming will be requiredto permit operation

of the waste storage equipment. Becausethe effective strain decreases

rapidly within the salt, trimming on the order of only a few feet may

be needed after 20 years.

The storage drifts, as with the storage rooms, must accommodategreater

than predicted closure. The reference design provides for waste

storage in the storage area drifts only after all of the main storage

rooms are filled. Since this would occur toward the end of the

operating phase, waste in these drifts would not be subject to

retrieval under the provisions governing the 5-year demonstration

period. Waste stored inthe drifts would be on a permanentbasis.

Increased closure does impact waste emplacement and emplacement

machinery. In the reference design, the greatest age a drift would

reach before waste was emplaced would be about 15 years. At this age,

based on the calculated closure for a 13 x 2S-foot drift, the predicted

roof-to-floor closure would be about 25 inches and the predicted

wall-to-wall closure would be about 20 inches. The storage drifts

would have to be trimmed to permit proper storage and equipment

clearance. Similarly, the storage drifts and crosscuts less than 25

feet wide would also require trimming.

12.3.3.3 Intersections

The modeling of intersections is an expensive, three-dimensional

analysis. However, to estimate closures at a storage room

intersection, a simplified method can be utilized in place of a
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three-<llmenstonal analysis. The following discussion develops the

mathematical relationship for computing the roof-to-floor closure at

the intersections.

When normalized time is sufficiently large, analytical results have

consistently shown that room closure in the normalized time domain can

be estimated by the following equation:

t* when: t* > lxlO -11 ksf-4.9
u = u*o + u*f (12-3)

where: t* = C[t + A(1 - e-Zt)] is the normalized time;

u* is a constant; and0

AU
u*f = lim &t*&t_O

Closure for the storage room intersections, in normalized time, was

calculated using the creep parameters discussed in Chapter II and in

situ data collected near the intersections of the N1420 drifts with

Rooms LI and L2. As expected, the closure history follows equation

12-3 when the normalized time is greater than B.()xlO-12 ksf-4"9.

The average values of u*o and _*f for Rooms LI and L2 were

calculated to be 0.0450 feet and 1.967xi012 ksf-4-9, respectively.

After determining the values of u*o and u'f, equation 12-3 can be
utilized for computing the closure at a storage room intersection.

Figure 12-29 shows the roof-to-floor closure prediction at a storage

room intersection.

12.4 STORAGE AREA PLUGS

The design criteria require that the storage area reference design

contain provisions for the isolation of the waste storage panels from

each other. The reference design contains recommended locations for

plugs which would provide this isolation, lt does not, however,

..................................................................... l|nllrml .................................... ]mid................................................



provide a spectftc destgn for the plugs. The destgn of the plugs ts

currently under investigation by SNL (ref. 12-8).

The recommendedlocations for the plugs are shown on Ftgure 12-30. The

plugs wtll be constructed tn the entry drtfts to each panel. The four

main access drtfts to the storage area w111 also contatn plugs. The

sectton of the entry drifts leadtng from the access drtfts to the first

storage room ts 200 feet long. The reference design contatns

provisions for the construction of approximately lO0-foot long plugs

centered tn thts 200-foot section of each entry drift.

Originally, the reference design contained entry drift cross sectton

dimensions of 13 feet htgh and 33 feet wide. These dimensions are the

same as those for the storage room reference destgn and were chosen

based on waste container stacking considerations. Thls destgn was

modtfled as the result of a meettng between the DOE and all project

participants (ref. 3-2). The reference design modification was based

on the necessity to mlntmtze the cross section area of the plugs whtle

mlntatnlng sufficient room for the excavation and waste storage

equipment.

The reference design modification for the entry drifts ts shown on

Ftgure 12-31. The 100-foot long sectton containing the plug has been

reduced tn cross section to 13 feet high and 14 feet wide for the

exhaust drift and 20 feet wide for the intake drift. However, the

operating contractor may further modify these dimensions to accommodate

equipment. The four main access drifts w111 retain their original

cross section dimensions In the areas of the planned plugs,

The plug shown on Ftgure 12-31 would consist of multtple components as

described in reference 12-8. These components include a central core of

bentonite or bentonite-based mix, salt-brick bulkheads, and cement-based

bulkheads. Prtor to constructing the multiple-component plug In an

entry drtft, the operating contractor must Investigate the disturbed

zone surrounding the drift. In particular, the occurrence of any

fractures wtthtn and above HB-139, beneath the floor, and any
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separations at clay seamsabove the roof will need to be evaluated. If

zones of unacceptable permeability are detected in the floor, the plug

area should be lowered to remove the fractured zone and MB-139.

Similarly, should any separations be found at clay seams above the

entry drift, the roof should be excavated up through the highest seam

exhibiting separation.
+

tf the disturbed zone effects are not substantial, low-pressure

grouting may be considered as an alternative remedial action. This

would permit retention of the minimum cross section for the plug area.

In addition, pressure grouting could be used in conjunction with

excavation to treat deeper'fractures, if present.

12.5 STORAGEROOMBACKFILL

In accordance with the design criteria, the storage room reference

design includes backfilling the rooms with crushed salt after waste

emplacement. The storage area drift and room dimensional requirements

are shown on Figures 12-2 and 12-3. The thickness of the salt backfill

covering the waste packages shown on those figures is 1 to 2 feet.

This is to be the thickness of the salt after placement and does not

take into account backfill consolidation during room closure.
p

The only purpose for backfilling presented in the criteria is to

provide fire protection in the storage rooms based on an accident

scenario in which spontaneous ignition of the contents of a CH TRU

waste container results in fire propagation to adjacent containers.

Recent studies concerning the potential for spontaneous ignition in CH

TRU waste containers have indicated that this is not a credible

scenario. Although backfill is a design criteria requirement and

therefore must be incorporated into the reference design, the results

of these studies indicate that backfill will not be necessary for fire

protection.
+
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12,6 CONCLUSIONSAND RECOMMENDATIONS

The following subsections present conclusions pertaining to validation

of the WIPP storage area reference design and recommendations for

design modifications to achieve validation of the reference design.

These are based on a comparison of the design criteria, design bases

and reference design configurations with the results of the analysis

and evaluation of data collected during the design validation process.

12.6.1 Cor_clqstons

The most significant finding of the design validation program is the

difference between closure predicted from laboratory test data and the

closure actually occurring in the underground facility. The storage

area reference design configurations were designed before long-term in

situ data were available. Closure rates were estimated using creep

constants derlved from the laboratory analyses of salt cores from

borehole ERDA-9. These estimates resulted in the establishment of a

closure ltmtt of 12 inches in the first _ 5 years following excavation.

Evaluation of the in situ data demonstrates that this closure limit is

insufficient. The predicted closure based on laboratory analyses

underestimatesthe actual closure at 3 years by about a factor of three

(Figure II-35). Establishing the causes for'this underprediction of

closure requires additional study and research and is beyond the scope

of thls report.

Vertical and horizontal closure demonstrated by the in situ data will

not allow the reference design to meet the design criteria

requirements. The waste containers will most likely be crushed and

breached. Furthermore, because of the in situ closure the waste

container stacking configurations and transport vehicle would not be

compatible with the reference design room and drift configurations. In

order for the reference design to comply with the design criteria, the

storage area design configurationsor the design criteria will .haveto

be modified. Five alternative modifications are presented in the next

subsection.
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The analytical results for the storage area show the redistribution of

stresses around the openings due to the effects of creep, Based on the

compqted vertical, horizontal.and effective stresses, the magnitude of

. stresses Immediately adjacent to the openings decreases and the stress

arch around the openings migrates away wtth time. The maximum stress

occurs immediately after excavation and ts followed by relaxation due

to creep behavior. Therefore, the stresses wtl1 not cause a future

stability problem tn the storage area except in HB-139, where a gradual

butldup of stress may cause local failure of the anhydrite. Thts

fatlure ts expected to be tn the form of floor slabbing and should not

affect the structural performance of the opentr_gs nor hinder the waste

storage operations. Investigations of the test room f]oovs indicate

that major fracturing has occurred only tn the south half of Test

Room3 (RoomT). All other floor fracturing has been minor.

The ana]ysls shows the locations of effective creep strain

concentrations at different ttmes around the openings. Based on the

pred!cted values of efr'active creep strain and the stratn ltmlt

discussed tn Chapter 6, effective creep strain may locally exceed the

crtttcal strain whtch Is based on laboratory test data. However, thts

ts not expected to disturb the overall structural stability within the

1traits required for safety during the 5-year demonstration period and

permanent storage. Minor spalls and failures on the wall surfaces,

stmllar to the ones discussed tn Chapter 11, are expected to occur and

can be easily Identified and monitored. Scaling of these minor

failures, when necessary, ts considered a normal maintenance operation.

The facility stratigraphy is continuous and uniform, No anomalous

conditions have been encountered that would jeopardize factltty

operations or waste storage integrity, The fracturing that is

occurring beneath the test room floors may develop to some degree

beneath the storage rooms. These fractures are not considered to be

deletertous to storage room performance. There have been no

occurrences of gas or brine tn quantities that would adversely affect

waste storage operations,
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The storage area has been destgned to accommodate panel plugs as

required by the criteria. The reference design for the panel entry

drifts contains a reduced cross section in the plug area. The minimum

dimensions for the plug area wtll be dictated by operating

requirements. The dimensions may also require alteration if disturbed

zone effects are present that necessitate additional excavation.

An independent study has concluded that spontaneous combustion in the

waste containers is not a credible event. In this case, crushed salt

backftll will not be required for fire protection. Because it has been

detemtned that the storage rooms will close at a rate faster than

originally anticipated, deletton of the backfill requirement, will

provide additional allowance for vertical closure. This has favorable

Implications in terms of recommended modifications discussed in th_

next subsection.

12.6.2 Recommendations

The reference design will be validated when any of the following

alternative modifications or combinations thereof are incorporated:

(1) Maintain the reference design ruom dimensions (13 to 14 feet

high and 33 to 34 feet wide), retain the salt backfill but

reduce the volume of waste to be stored and modify thewaste

stacking configuration in each room and entry drift

(Figure 12-32). These changes would be required only during

the 5-year demonstration period. Revise the criteria to

require that retrieval operatlons be accomplished within ?

years of excavating each room. This will assure that the

waste containers will not be crushed or breached. However,

it will require a significant number of additional rooms

during and after the demonstration period.

(2) Maintain the reference design room dimensions and the waste

storage volume. Revise the criteria to delete the

requirement for salt backfill and to require that if the
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waste is to be retrieved it shall be done before the age of

any room in which waste is bein.a retrieved reaches 7 years.

This wtll preclude the posstollity of crushing and/or

breaching any waste containers and will make retrieval

easier and more rapid. No additional rooms will be required.

, (3) Maintain the reference design room dimensions, the waste

storage volume, and the salt backfill. Revise the storage

operations during the 5-year demonstration period so that

the waste stored first can be retrieved first. Excavate the

rooms to 14 x 34 feet initially and then triml them to

14 x 34 feet a year later. Rooms having waste retrieved

will not be older than 6 years and the wall-to-wall closure

w111 be approximately 12 inches. This would minimize the

crushing and breaching of the waste containers. The

criteria are to be revised as stated under (5) of these

recommendations. However, due to the first-in/first-out

recommendation, more rooms will be required during the

5-year demonstration period to accommodate the expected

volume of waste. Trimming to the final dimensions will also

increase operating costs. The total number of rooms

required will be the same as provided by the reference

design.

(4) For the S-year demonstration period, reduce the storage room

width from 33 feet to 28 feet, maintain the 13 to 14-foot

height, and reduce the pillar width to 84 feet. Maintain

the first room for RH emplacement at 33 feet to 34 feet wide

and 13 feet to 14 feet high as provided in the reference

design. Reduce the volume of waste to be stored in each

room and maintain the salt backfill. Excavate the rooms to

14 x 28 feet then, after approximately l year, trim them to

14 x 28 feet again. Provide for first-in/first-out

emplacement and retrieval during the 5-year demonstration

• _,-4^el Thee u411 r_dlJr.p, thp_rate of creed tO approximately_,u_ I _ v_ t • ,m • .w .. , . , .........
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the rate for the 13 x 2S-foot drifts. The potential for

crushing and breaching of the waste containers will be

minimized and the stability should be better than that for a

33-foot wide room. The total volume of excavation will be

approximately the same. If this alternative is selected,

additional engineering evaluation wtll be required.

(S) Maintain all of the features of the reference design, That

is, maintain the storage room configuration of 13 feet high

and 33 feet wide, matntat_ the salt backfill, maintain the

planned volume of waste to be stored in each room and drift,

and maintain the same optimized excavation plan for the

S-year demonstration period and permanent storage. Revise

the deslgncrtterta to allow crushing and breaching of the

CH waste containers during the S-year demonstration period

as well as during permanent storage. Also, revise the

criteria requiring a demonstration of waste package handling

to include a demonstration of the retrieval of crushed and

breached containers prior to rece;)ving waste. This

alternative will not only demonstrate the safe retrieval of

waste if required during the S-year demonstration period but

also at any time during permanent storage.

In addition to these recommended alternative modifications, the

following modificationsare recommended:

(6) The drifts used for storage will have to be maintained and

trimmed to provide the required equipment and storage

clearances. The closure rates are not critical for storage

because these drifts will be used only for permanent storage

near the end of the permanent Storage period.
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(7) Add additional rooms to compensate for the space occupted by

the plugs tn the entry drifts.
6

(8) IT tall Instrumentation in the storage rooms to obtain in

sttu data to monitor storage room behavior.
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GLOSSARY

6.1 TERMINOLOGY

Bac____kk-The roof of underground horizontalopenings.

BUnton - Horizontal, tubular steel section installed in the C & SH

shaft to support the wood guide rails which center the shaft conveyance

as they travel in the shaft.

CH TRU waste -Contact-handled transuranic waste that is packaged so

that the dose rate at the surface of the waste package is not greater

than 200 miIIirem/h.

Closure - The gradual decrease in distance between two opposing points

in an undergroundopening as a result of rock or salt movement.

Converqence - See "closureW.

Datalogqer - Computer system that collects and records the output of

geomechanicalinstrumentation.

Desiqn bases - Detailed requirements established from the design

criteria to provide additional direction in development of the

engineeringdesign of the WIPP undergroundfacilities.

Desiqn confiquration - Engineered design dimensions of underground

facility openings based on requirementsof design criteria and design

bases.

Des___!_Dcriteria - General requirements established to govern the

engineeringdesign of the WIPP undergroundfacilities.
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GLOSSARY(continued)

Deslqn vallda_lon - The process of confirming the WIPP underground
o

opening reference design by determining the compatibility of the design

criteria, design bases and reference design configurations using site

specific information. Validation is achieved through an assessment of

the condition and behavior of the underground openings, and on

predictions of their future behavior, based on in situ observations and

measurements.

Orummv - Term used to describe rock that sounds hollow or loose when

tapped with a solid object; used especially in relation to a mine roof.

Fa¢lll¢v level - The underground horizontal portion of the WIPP

facility developed for waste storage purposes.

Floor/roof beam - The rock thickness between the floor or roof of an

excavated opening and the first underlying or overlying clay seam.

Galloway - A multi-decked steel platform suspended in a shaft and

raised or lowered by means of a cable hoist, lt is used to transport

material and personnel in the shaft, particularly during shaft

outfitting.

Guide - Vertical shaft member of steel or wood which is used to center

the conveyance equipment as it travels in the.shaft.

Lonq-ter{nmonltorlnq - The extended acquisition and evaluation of data

to determine the geomechanical response of the rock/salt to

excavation. These data will supplement the R & D program.

- The broken rock and other material that is removed during shaft

or horizontal opening excavation.

Penecontemporaneous - Term used to indicate a geologic process that

occurs concurrent with or after sediment deposition but before

iithification.
G-2
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GLOSSARY(continued)

Potash - Any potassium-rich rock mined and refined to produce products

used in agriculture or industry.

Prel.lminarydesign valldatl.on- The process of achieving a preliminary

evaluation of the underground design criteria, design bases and design

configurationsearly in construction, primarily by visual observations

of the underground openings and geomechanical instrumentation

measurements.

R & D Proqram - The WIPP mission designed to provide a technical

understanding of systems design, safety and environmental assessments

for the disposal of radioactivewaste from U.S. defense programs. The

program includes technology development through laboratory testing of

theoretical analysis and in situ testing to evaluate the techniques

used to monitor the responsesof materials and facility systems.

RH TRU waste - Remote-handled transuranic waste that is packaged so

that the dose rate at the surface of the package is greater than 200

millirem/h but less than lO0 rem/h.

Rl___b-The vertical wall of undergroundhorizontal openings.

Sca]inq - The removal of loose rock from undergroundopening surfaces.

Shaft gutflttinq - The process of installing shaft furnishings

(utilities, buntons, guides, conveyance equipment, etc.), as well as

stabilizing the wall by means of rock bolts, wire mesh or lining.

Short-term monltorinq - The acquisition and evaluation of data to

determine the initial geomechanical response of the rock/salt to

excavation.
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GLOSSARY(continued)

Stte and Preliminary Oestqn Validation (SPOV) - A WIPP program

consisting of two integrated 'subprograms, Site Validation and

Preliminary Design Validation, that are defined tn their Individual

listings.

SitellChallracterlzat!on- The process of obtaining geotechnlcaldata and

conducting experiments to determine the suitability of the WIPP site
!

for a research and development facility to demonstrate the safe

disposal of defense-relatednuclear waste.
i

Slte valldat!lOn- The process of achieving the highest practicable

level of confidence In the slte's suitability and overall qualification

through subsurface investigations.

Slabbing - The weakening of rock fragments or segments along fractures

parallel to the excavation surface.

- To_begin drilling a well, hole or shaft.

- The breaking loose of chips, thin slabs, or fragments from
the outer surface of a rock mass.

o

Telltale pipe - A ptpe used to monitor the effectiveness of the

chemical water seals tn the shaft keys. The ptpe provides a pathway

for water to flow through the concrete beneath the seals from the

salt/concrete interface to the inside face of the .concrete key.

Transuranlc (TRU)waste - Radioactive waste containing transuranlc

elements created by the absorption of neutrons Into uranium atoms.

Underground development level- See "facility level".
t
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GLOSSARY(,continued)

Underqround f.acllltvhorl,zon- The stratlgraphlc interval within the

Salado formation, from a depth of approximately 2,100 to 2,170 feet

(elev. 1240 to 1310 feet), which was selected for testing and storage

of low-levelnuclear waste.

G.2 ACRONYMS

ACI American Concrete Institute

AEC Atomic Energy Commission

BNI Bechtel National, Incorporated

BTP BrineTesting Program

C.& SH Constructionand salt handling

CH TRU Contact-handledtransuranic

DOE U.S. Departmentof Energy

FEIS Final EnvironlnentalImpact Statement

GFDR GeotechnicalField Data Report

GSA GeologicalSociety of America

GTP Gas Testing Program

LTC Local termination cabinet

MIIT Material Interface-InteractionsTest

MOC Managementand Operating Contractor

MSHA Mine Safety and Health Administration

NAS National Academy of Sciences

R & D Research and development .

RH TRU Remotely-handledtransuranic

RMC-IIA Revised Mission Concept IIA

SAR Safety Analysis Report

SME Society of Mining Engineering

SNL Sandia National Laboratories

SPDV Site and Preliminary Design Validation

TRU Transuranic

TSC TechnicalSupport Contractor

USGS United States Geological Survey

WIPP Waste Isolation Pilot Plant
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APPENDIX A

5TIPUL_.T...EDAGREEMENT (pARTIAL)
r

I

The Department of Energy (DOE) and the State of New Mexico on _uly 1,

1981, entered into a Stipulated Agreement to perform certain work to

validate the design of the WIPP underground facilities. Proposals for

performing this work were identified in two parts: 1) tasks necessary

to detail plans and rationale for the proposed design validation

assessment, and 2) tasks necessary to prepare a report providing data,

analysis and interpret_.+4onof the results of design validation

assessment. The scope of work associated with these two DOE proposals

included tn the Stipulated Agreement are given below:

DOE Proposal to Prepare the.Plan for l)estqn Vali,.dation

I. Assumptions'

The following assumption was made to define'the tasks necessary to

fulfill the requirements ofthis request.

a) The plan will primarily focus on the development of test panels

for observing rock mechanics behavior.

2. .ProposedWor_

The tasks to be completed to provide the required plan include:

a) Review of the current test plans.

b) Establishment of objectives and needs of the test plan, based

on past analysis, material property uata, uncertainty in design

assumptions, the behavior, time period for test, etc.

c) Establishmentof the rationalbehind the test plan.

i A-l



d) Establishment of priorities for vartous components of the test.

e) Preparation of the steps tn design, analysts, monitoring and

revtew of the test program.

f) Revtew of the consistency of the proposed plan wtth the

objectives and rationale for the test.

g) DOE_wtll provtde an Individual to coordinate communications on

test planntng and experiment progress wtth the state.

3. [XDected_Resu]ts

The anticipated results tnclude a more detatled test plan wtth

appropriate technical rationale, and Justification to perform to

construct a test panel wtthtn the non-waste experimental area. The

test panel may constst of four rooms separated by ptllars. The

dimensions of each wtll be stmtlar to those to be used tn the klZPP

waste storage area. The results from the test should valtdate key

assumptions fo_ destgn regarding rock mass behavior. The test results

w111 be of particular tnterest for predicting long term behavtor of

room closures.

4. Hertts of the ProDosed Plan

The proposed plan w111 provtde a defensible, rattonal plan for the

destgn test panel. The actual tests should significantly enhance the

level of confidence and credibility tn the resulting destgn.

5.

The draft of the proposed plan w111 be submitted to the State of New

Mextco by the end of November 1981. [Revtsed to the end of Octobero

1982 at a Jotnt meet:lng on September 21, 1982, between DOE, EEG, et al]

t
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.DOEProoosal for the. Propo._edR_p_or_t.

1, gssumpt_ons_

The followlng as_umptlon was made wlth regard to the proposal to

provide the sub,ect report:
, I

a) The Impact of SPOV Oeslgn Valldatlon Experiment results on

, bastc destgn assumptions.wt11 beLthe focus of thts report, and

valldtty of the actual destgns tn all 1ts aspects wtll not be

emphastzed,

b) If all the tests can not be completed wtthtn the present
t

schedule, an interim report summarizing the status of

experiments may be provided.

Q

2. ProposedlWork

The following tasks wtll be undertaken =as a part of the proposed work.

a) The expertmen'Lal data wt11 be obtained and deciphered.

b) A basic data package will be prepared.

c) Anaylsts of data for the rock mechanics parametors wt11 be made.

d) The results wtll be evaluated against the basic destgn

assumptions.

e) An overall evaluation of the impact of any differences between

the assumedan,_ observed design parameters wtl1 be made.

f) A report summarizing the above steps wlll be p_epared.
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3. Work Not Proposed

The proposed work w_11 not Include valldatlon/verlflcatlon of the

deslgns, slnce the verlflcatlon/valldatlon would requlre further steps

belng carrled out separately such as check Ing of the deslgn

calculatlons and drawings.

4. Expected Results

Results of the experiments wtll 11kely demonstrate the valldtty of the

bastc destgn assumptions regarding rock mechanics parameters, lt could

also posstbly suggest a revtew of these assumptions and thetr overall

iwact on the destgn developmnt.

5. Schedule

A draft of the proposed toptcal report wtll be provtded by the end of

Narch 1983". If stgntftcanX expertmontal results are not available

prtor to that ttmo, an tnter_m status report wtll be provided, and a

draft of the enttre report w_11 follow As soon as reasonably possible.q

*Revtsed to the end of March 1983 at a Jotnt moettng on September 21,

1982, between DOE, EEG, et al.
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Ft_ure No. TitleDescription . .

B-i 6eologtc Correlation
. IdIPP-12 to DOE-1

(5 Sheets)
B-2 6eologtc Correlation

WIPP-12 to DOE-1
Fac111ty Horizon Area

B-3 Geologtc .,Corre 1art on
C & SH Shaft to ERDA-9
Factltty Level Area

B-4 Eeologtc Correlation
North-South Sectton. E140 Ortft
Statton H254 to 53656

B-5 Geologlc Correlatlon
North-South Section, EO Drift
Station N146 to N1410 '

B-6 Geologtc Correlation
East-Hest Section, Nl100 Drtft
Statton E206 to E1698

B-7 6eologtc Correlation
East-klest Section, N1420 Drift
Station E178 to E1698

B-8 6eologlc Correlatlon
East-West Section, N1270+_
Station EO to W630

B-9 Geologtc Correlation
East-Hest Sectton. Nl100 Drtft
Station W682 to W2782
(2 Sheets)
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The following dbscrtptlons pertain to the geologic map untts shown in

e the drtfts on Ftgures B-4, B-5 and B-8:
UNIT DESCRIPTIONS

UNIT 6(1) ULltte: colorless wtth grayish orange-pink (1 OR 8/2) (2)

tent; transparent to translucent; coarsely crystalline;

trice of dtspersed polyhalite; unit extends into the roof;

Ipcr contact with Untt 5 ts gradottonal and/or diffuse,

UNIT S _: colorless; transparent to translucent; coarseiy

crystall$ne; trace of bluish-white (S8 g/l) to ltght

bluish-gray (SO 7/1) argillaceous materlli occurring as

pods (1/2-Inch dtameter) and discontinuous laminations or

fllllng Interstices; lower contact wtth Unit 4 iS generally

Sharp and based off prmtnent color change in argillaceous

mltertal (gray to red-brow) from Untt S to Untt 4.

UNIT 4 Argillaceous haltte: colorless to moderate reddtsh-bro_

(1 OR 4/6), less frequently Itght bluish-gray (58 7/1);

transparent; coarsely crystalline; trace of dispersed

polyhalite; trice to abundant anqtllaceous mmtert41

(decreasing downwlrcl) consisting of clay containing a trace

of silt and ftne crystals of haltte, occurring as

41scoflttnuous laminations tn upper half of unit and

Interstitially tfl lower half; lower contact wtth Unit 3 is

gradattonal and based (n absence of argillaceous maSer'la1

e in Untt 3.UN[T 3 Halite: colorless to mod6rate reddish-orange (1 OR 6/6):

transparent to translucent; coarsely crystalline; trace of

dispersed polyhalite; polyhalite content commnly increases

downward; lower contact wtth Ufltt 2 ts sharp.

UNIT 2 Argillaceous hallte: moderate reddish-brotm (1 OR 5/5),

less frequently 11ght bluish-gray (56 7/1); medium to

coarsely crysta115ne; argillaceous material primarily

occurs Interstitially or as discontinuous laminations;

lower contact vtth Untt 1 is generally sharp, less

, frequently gredattonal.

UNIT 1 Halite: Ilght reddish-orange (1 OR 816) to modera_te

reddish-orange (1 OR 6/6), tess frequently colorless;
translucent to transparent; n_dtum to coarsely crystalline;

trace of dispersed polyhalite; lower contact with Unit 0 is

sharp.

UN|T 0 Argillaceous halite: colorless to moderate reddish-orange

(1 OR 616) and mo4erate reddtsh-brc, dn (1 OR 416); medium to

coarsely crystalline; trace of dispersed polyhalite; some

argillaceous Nterlal occurs as discontinuous laminations

and blebs or ftlls Interstices (decreasing downward);

contatns flnely crystalline halite; unit extends tnto the
floor.

.T_Q_:
(1) Units 11sted tn descending order from roof to floor.

(2) Alpha-numeric color designations are based on Geologtccl Society

of America Rock Color Chart.
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APPENDIXC

MATHEMATICALS!HULATIONOF UNDERGROUNDIN SIT U BEHAVIOR
+

C.1 INTRODUCTION

The methodology described in the following sections presents analytical

tectmtques for simulating underground behavior t_ salt formations.

Consideration is given to tim-dependent non-linear material behavior

and incorporation of in situ measurements to predtct structural

responses. The theoretical background and procedures presented by this

methodology are explained.

C.2 MATERIALBEHAVIOROF HOSTROCKS

The most significant physical property of halite is that tt creeps.

Its creep behavior is dependent upon the variations of stress and

temperature with respect to time. The creep phenomenon+is also

affected by the physical properties of the geologic strata adjacent to +

the halite and by discontinuities in the geologic layers. Therefore,

non-haltttc tnterbeds and clay seams should also be considered when

modeling and simulating the structural behavior of salt formations.

The following subsections summarize the material behavior of various

host rocks (ref. C-l).

C.2.1 Halltlc Materials

The cor_stltutlveequation for halltlc materials can be expressed as:

. l+v .c

_lJ = - E °kk 61j + T _lj + =li (c.2-1)

+

where: _I] are the componentsOf the strain tensor;

is Polsson's ratio;

E is Young's modulus;

_I"j is the Kroneckerdelta;, I

_lj are the componentsof the stress tensor; and

+
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the creep stratn rate, 'tj' ts given by:

"t_ = I'kl I la_nl (C.2-2)

where: _j are the components of the devtatortc stress tensor,

The m_gnttude of the creep stratn rate can be expressed tn terms of the

effective creep stratn rate. ,, or the effective stress, e. Thus,

'til " /1.5 c , (C.2-3)

where the effective stratn rate c ts deftned as:

( 2 c .c 1/2" g _tJ ¢tj ) 1C.2-4)

whtch Is the sum of the prtmary and secondary creep stratn rates, namely

" _p + _s (C.2-5)

where the prtmary creep stratn rate ts deftned as:

. , > _*
_p (A- B _p) _s for _ s-

and : (C. 2-6)

- <._*
'p (A- B _:'p) £s for ' s

I

where ;s can be deftned by an exponential law

-n -Q/Re
_s " O o e (C.2-?)

and ; - ( _ o(j o;j )1/2 is the effective stress;

_*. A and B are primary creep constants;

D and n are secondary creep constants;

e is temperature in Kelvtn;

O ts the effective activation energy tn cal/mole; and

R Is the untversai gas constant, 1.987 cal/mole-K.

q
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C.2,2 Non-hal!tic Materials

In the underground facility,horizon at the WIPP site, certain portions

of the rock are non-halitic. The stress-strain relationship for

non-halttic materials ts assumed to follow the Prandtl-Reuss

constitutiveequation:
i

l+v . .P_lJ "" &kk 61j +-E'-ali + =li (c.2-e)

Tho plastic behavior is defined by the two-dimensional Mohr-Coulomb

criterion:

o3 - o1 = 2eoCOSB- (a 3 + el)stnB (C.2-9)

and the Drucker-Prager criterion, which tS the generalized form of the

Mohr-Coulombcriterion:

/_J7" c - aJl ,(C.2-10)

where: 03 and oI are the two principal stresses,which are positive in
tension;

eo, B, c and a are the p'lasticconstants;

/JT Is the second deviatoric stress invariant;and
, J Is the first stress invariant.

l

The numerical modeling does not include failure criterion,for the

non-hallticmaterials. Anhydrite is assumed to be linearly elastic.

C-3
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C.2.3 _laY Seams

Th_n seams of clay are present between some of the rock layers. These

clay seams can allow relattve s11ppage and separation of the layers

across the clay seams, The slippage of the clay seams follows a dry

frtctton law:

°12 = _ JOllJ (C.2-11)

where: . ts the frictional coefficient; direction 1 of the stress ts
i

• nomal to the plan of the seam; and d_rect_on 2 of the stress

ts tn the direction of motion or _ncJptent morton. ,

f
i
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C.3 FORMULATIONOF GOVERNIN@ EQUATIONS

The underground behavior of salt can be deter_m_a_,_dby solving the

following governing equations:

(1) Equation of equilibrium:

_iJ,J + xi" 0 (c.3-I)

where: otJ is the stress__tensor; and

Xt is the body force vector.

(2) Strain-ratevelocity relation:

2;li " (ll,j+ uj,i (C.3-2)

where: ;tj is the strain rate tensor;

ut ts the velocity vector; and

(') represents the derivative of ( ) with respect to
time t.

(3) Stress strain relations:

ha!Itic,,,,,,materials

__ 1___. .c
_lJ = - E &kk6iJ + E °li + mlJ (C.3-3)

.C

where: ¢ is defined in subsection C.2.1.

no.n-halIt!c mater,,iq,1s

, . I*_ . .P
_lJ " - E °kk &li + T ali + ¢lJ (C.3-4)

C-5
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(4) Boundary conditions: 'r

Ul " Ul over Su (C.3-5)

_tjnj = Tt over Sa (C.3-6)

where: Su is the surface on which ut is specified as
U and S is the surface on which the traction.

t a

, vectorolinj is specifiedas TI Wherenj is
the componentof the outward-pointing unit normal
vector.

4



C.4 NORMALIZATIONOF 60VERNIN6 EOUATIONS

In order to determine the creep properties of hallte, the governing

equations In Section C.3 need to be solved before knowing the values of

the creep constants. Thls can be achieved by normallzlngthe governing

equations to the creep function and solvlng the normallzed equations.

The creep constants can then be determined by correlatlng the

analytlcal resultswith in situ data.

Consider the creep _havlor of halltlc materlal follows a power law:

-n
- F _ (C.4-1)

wherec F is a creep function.

The governing equations in Section C.2 can be normalized to F by ,

transfomtng ,to a normalized time domain in terms of time t* such that:

dr* ,, Fdt (C.4-2)

By substituting equation (C.4-2) into equations (C.3-]) through

(C.3-6), a system of normalized equations can be formed:

(I) Equationof equllibrlum:

otj,j + xt- 0 (c.4-3)
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e

(2) Strain-rate velocity relation:

2_TI" _T,I . _,t 1c.4-4)

where: ('*) represents the derivative of ( ) with respect to
the normlt zed time t w.

(3) Stress strain relations:

halittc materi,als

,,., l+, .,c
;Ii = - E akk &tj + T &_j + ¢t:} (c.4-5)

-n
where: ;_ = u (C.4-6)

non,-halitlcmterlals

" - °kk J T _;J + ; (C.4-7)

• (4) Boundary conditions:

aT G; ,- over Su (C. 4-8)

"where: is computed as U_ - Ui/F

otjn)- Tt over $o (C.4-9)

The above normalized governing-equations are similar to the governing

equations before normalization, except that the time derivatives in .the

normalized equations are taken with respect to normalized time t*, and

the creep function F has been eliminated. Since the normalized

governing equations have the Same form as the governing equations

before normalization, a conventional method such as the finite element

technique can be used to solve the normalized governing equations for

the analytical results in terms of normalized time t*, without knowing

the creep function F.

C-8
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After obtalnlng the normallzed analytlcal result, the creep function F

can be determined for establishingthe relationship between the real

and the normalized time domains. From Equatlons (C.2-5) through

(C.2-7), the function F can be expressedas:

F - [?(¢p,es) + l]C (C.4-10)

-O/Re (where: C = 0 e A is defined,in equation C.2-6); D, O, R and e

are defined in equation (C.2-7); and f(tp,ts) represents
the portion inside the parenthesesof equation (C.2-6), which

is expressed as:

f(Cp,_ s) = A - B ep for ;s _ _*

and (C.4-11)

f(=p,_s ) - A - B _Csep for _s < _*

From equation (C.4-11), it can be found that at time t = O, c - O,
P

which provides an inttial condition:

f(¢p,¢s ) = A for t = 0 (C.4-12)

When the time t approaches the steady state stage ts, primary creep
is no longer active• Therefore:

f(=p' S=s) _ 0 for t _ t (C.4-13)

since the primary creep decreases exponentially with time (ref• C.-1).

Based on the auxiliary conditions (C.4-12) and (C.4-13), the function f

can be expressed as an exponential function:

-zt
f - A e (C.4-14)

C-9
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By substituting equation (C.4-14) tnto equatton (C.4-1), functton F can

be written as:
J

-Zt
F" [A e + 1]C (C.4-15)

where: the constants C, A and z can be determined from in situ data.

The relationship between the real time domain and the normalized time

domain can then be obtained by integrating equation (C.4-2):

t* F dt (C.4-16)

SubStituting equation (C.4-15) into equation "(C.4-16) and using the

initial condition t* - O, wnen t - O, equation (C.4-16) becomes:

-zt
• t* - C It + A/z (1 - e )] (C.4-17)

After determining the creep constants, :the analytical results can then

be mapped from the normalized time domain to the real time domain using

equation (C.4-17).

C-10 ,



C.5 DETERMINATIONOF CREEPCONSTANTS

The computational method can also be considered as a two-phased process

which allows structural responses to be determined for any time in

question. The flrst phase is a transformation from the real to the

normalized time domain by use of parametric equations containing creep

constants. The second phase is relating a structural response to that

the normalized time by performing a structural analysis. The

fundamental relationship can be represented graphically as shown on

Figure C-1. The upper curve indicates the expression relating the two

time domains which depends on the creep constants C, A and z. The

double vertical axes represent the relationshipbetween the normalized

. time t* and response as indicated by the results of the structural

analysis.

The terms A and z represent primary creep constants that can be viewed

in a number of ways. By themselves, 'A' relates the ratio of initial

to steady-state creep ra)es and 'z' corresponds to the primary creep

decay constant. A simplified relationship can be used utilizing only

the ratio of A to z when the term inside the parentheses in equation

(C.4-15) approaches unity in the steady-state period. As Figure C-2

indicates, the value of A/z (also identified as to) represents a real
time offset such that the following equation can be used:

t* = C (t + A/z) (C.5-1)

A Salt Creep Constant Evaluation computer program (SCCE, Bechtel

computer program CE 465) was developed for the purpose of evaluating

the creep constants from in situ data.

C-ll
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t*

I

' t* = f(A,z,C,t)I

per equation 12-2
i
I

s t* --f(A,z,C,t)
CAIz --- ,/.

/ , per equation 12-3

/ '
I In (%,,primary complete/lO0)

/ . , /t-- -/ 'I
/ ' I

• i REAL TIME

FIGURE C-2

GRAPHICAL REPRESENTA'FIONOF

CREEPCONSTANTS RELATING TIME DOMAINS

. C-13
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The l tnk between real time and response 4s completed by relating the

nomallzed time to the response determined from the structural

analysis. [n brief, if the creep constants are known, the normalized

time associated with any real time can be determined from equatton

(C.4-17) and the response corresponding to this time is found from the

analysis results. Conversely, if in situ data which relates real tlme

to "response is available, this two-phased process can be Workedq

backwards to evaluate the creep constants.
i

Because the response in both the in situ measurements and the

structural analysis must be consistent, the displacements caused by

creep are related.

Zn the analysis, the total response is an accumulation of elastic and

creep responses,

Rt(t*) - Rc(t*) + Re(t*) (C.5-2)

where: Rt is the total response;
R is the creep response; andc
R is the elastic response.

e

In as much as the total response at time t* = 0 consists of elastic

response only, and the elastic response Re(t*) is always

approximately equal to Rt(O), the following equation can be used in
lleu of equation (C.5-2):

Rc(t*) - Rt(t*) - Rt(O) (C. 5-3)

C-!4
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The tn sttu readtngs represent the response relattve to the ttme when

the Instrument was Installed. In order for an actual creep response to

be determined, the creep response whtch takes place between the time
k

the excavation was made and the ttme when the instrument was Installed

must be found. Theoretically, tf an instrument had been Installed very

shortly after excavation, thts difference between measured and actual

creep responses would be negligible. In reality, the excavation of all

matertal contributing to the support of a specific locatton tn an

openlng cannot be completed within a few days. As a result, the

measured response from an 4nstrument Installed 4mmedtately after

excavation would be a combination of tntttal creep and elasttc

responses. The term "instrument offset" 4s introduced to tdent4fy the

difference between the actual creep response and the measured response

st_rttng at time t 1 when nearby excavations no longer Introduce
tnttlal creep and elasttc responses. Th4s relationship ts shown below:

Ri(t) . RM(t) + Ri(tl) (C.5-4)

where: RI ts the actual tn sttu response;

RH ts the measured response; and

RI(tl) Is the Instrumentoffset.

Oetermlnatlon of the constant C, which represents the steady state

creep rate, requlres that the In sltu readlngs are well Into the steady

state range. If thls Is the case, the relatlonshlp

dr* = F dt (C.5-5)

can be used to determine the value of C stnce C equals F at very large

values of t. The expression for C Is:

C - (t* - t* ) / (t - t ) (C.S-6)n m n m

C-15 '



If t and t represent the ttmes at which instrument readings arem n

taken and Ri(t m) and Ri(tn) are the actual creep responses at
these times, then the values of t* and t* can be found bym n
relating these actual in situ creep responses with the analytical creep

responses.

Assuming for the moment that the true value of instrument offset is

known; equation (C.4-15) can be written for two time-response

situations to produce two simultaneous equations which contain only the

two remaining creep constants, A and z. By car,ceiling out the A term,

the solution of the following equation provides the value of z.

1- e"ztn t*n/C - tn• _ ii llm

1 - e- ztm 't*,/C - t m " 0 (C.5-7)

Once• the value of z is found to satisfy the expression, A can be found

from the followingequation:

-zt)A- z (tm*/C - tm) / (I -• (C.5-8)

Graphically this method determines constants which force the analytical

curve to match the in situ data at the two time-response situations

used in calculating the constants. Each different set of data points

yields different values of A and z. Figure C-3 compares analytical and

in situ responses for a few different sets of data points. Whereas

creep behavior is history dependent, matching the last available data

point is advantageous in predicting future responses. The

determinatloo of best values of A and z is done by minimizing the area
4

between in situ and analytic response histories. The least area yields

the best values. The SCCE program can be set up to search for this

optimal condition.

C-16
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The point which must be kept in perspective is that the determination

of the constants A and z are dependent on both the instrument offset

and the steady-state creep constant C. The effects of uncertainty in C

can he minimized by assuring th£c no extraneous data are usud in the

solutton of equation (C.5-6). The appropriate value of the instrument
/

offset can only be found from minimizing the response deviation as was

described in the previous paragraph. Ftgu_e C-4 shows how analytical
+

and in situ responses compare for a few different values of the

instrument offset. The curves in Figures C-3 and C-4 were generated

through use of the SCCEprogram.

The SCC[ computerprogramprovldesan effectivemeans of determining

salt creep Propertiesby belng able to processthe laroe volumeof in

situdata and analytlcalresultsfor deslgnvalldatlon.

C.6 PREDICTIONOF STRUCTURALBEHAVIOR

After the creep constantsC, A and z are determined,the structural

responsehistory can then be mapped from the normallzedtime domain

into the real time domain using equatlon(c.q-15). Utlllzlngthe In

sltu creep constants,addltlonalmathematicalmodels can also be used

to predictthe+futurestructuralresponsesfor variousfacilities.

C.7 CONCLUSIONS

By normallzlngthe time in the governing equations to the creep

function,the structuralresponsescan be computed as functionsof

normalizedtime. This computationis performedwithout knowing the

creep constants. After correlatingthe responsehistoryobtainedfrom

the analysisto the correspondingone measuredfrom the site,the creep +

constants can be determined. Consequently, the relationship between

the 'normalized and real time can be established, and the analytical

responses can be mapped from the normalized time domain to the real

time domain. Predicted results can therefore be provided for

validating the adequacy of the underground behavior in the salt
formation.

C-I8
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_ I DEWEYLAI_ YOit_T_Otl SJ.ltatoue and 8_aton,,qm m*, 0

I _,_--'_ reddLaJh brmm, _LtLsh _ o| IpJ_m,mtut:ar-
: ._ 8pernd throujhou t

i

!
m

80 " I

L _ I

",_0_._

u
I

i
-i

90" i

-i

i '_ i i

i

_ " ._ .

j_ - 4"-- Itor_sontaZ dis-
- placement a_

I •-_,._ 99 _C. vu 0.01

: --..-- 110 _ 1 SLltmtoue0 dark _eddlah brmm, nodermtaly vemk, ft. 827*06'VI
• thinly bedded

i , Cut t:lLnJ8 samples
" collected frou dt8-

' . CMrla and of bloo1•-
, 1_ unZemu atria•

tndtcal:ad. Sm2•

'_'.':,_. drop•baneh•vn sre

_.:*",:,',:_,..:,:,.. i mpproz:lLmJta
]120 ::._,;_._.,'_:_2 hud|tent, hrk reddlaJh brae, f_ua 8rained,

-_ i ' V•Jl aerl:•d, sub-rounded 8r8_:8, veakly
' I ,,Aentad

ll.'_"::"}'_
_i _ 130 I:'::'!_*t,_LS_ndstona, •12aT, _mr? f:Lnt IPratued, 8rsdtn8 I)r_.114_I rata frm• 12_

i _ . lnl:o atltatone _n pis•as " Co 148 tr. vail _._ t_t,

i .
_ o , .

i "_.-.-:_._
"_ _,o-:":_::_';_' _ a_,, '

-
' . _KT.S ,...0 S lt••enea aand_, dark reddtsh br•vn ....

Ii o IP_iV IP_ON| _ e _I_V YVil| _fl " NeLl NO

Idjl ii i in i i ii ii i ii i i L)4 ¢V II-I
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_ : o :,_ _ I:._
_ : 3,67.s 1_ ....

............ - ,qLZCstoae, sandy, dark reddLsh brmm. 14orlzoncaZ dLsplace-
• _arat:al 7 yank, cb:La bedded, sradLn8 _nto umne ec 143 tC. vu
• 18Ddlt:O11e /11 plJlOil 0.02 |C. S04oO7oW

m

I)rLIELn8 rzt:e from
1150. 6 Clay, dirt_ reddLah brM, some s/Iter.na (dark 148 Co 158 lC. vmi

• re--_Lsh brmm and Ire.arab 8ray, ro.direr:ely 3.3fc./hr.
• v_lk), clay probably occurs ml cZeyecona 1near-

bedded vtCh s/lt:aC,na

i

N DrLlltnl tat:e from

170- 7 .SLltstmul' sandy, dirk reddish brave, noderat:ely 158 co 194 tC. vmi........... 12 tta./hr.
• wak. l£Ct:ll clay

I

I :180..,:_"_. & As above ,
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3107;l 3!0 ....................
I

" 13 90 23 taken from drillbi.t: - no form_tl dea-
. cripCion

,320£ 2_ Sandmtone, mLIty, dark redd/mh brmm, modsrately._...... Horizontal dIs-
wmk, very flue 8raLued, veil sorted, and plac_nt ac 313

. B£1t:J_onm,dark rmddiJh brmm, _dmrsCmly'tmak fr., vim 0,04 rC,
8 0* 03*E

" DI:£111nll rat:. |rom 309
" to 322 ft, val t,9 lt.,
"t_,_'_ hr.;_,_ .

330. _::'..._.,_....... U Sand|tone, |£1_y, dark redd_Jh bl_mm, umderscely
. _k, wry flue Iprataed, subrounded, v_11 8or_ed,Dr£111n8 ra_e free 322
. oom_ l_pmm ftalp_mCm to 336 ft, yam 1,6 frj
- hr.

I - rack, sad
- Sandstone, dark reddish brouu, aodsrat:ely reek, Dr£1l_n8 rate frou 336
- _ Stained, erect of clay _o 375 f:. vas 2.1 rC..
- h_.
en

N350. 2_] I£1_lCons, sandy, dark reddllh brouu and
. 8reon_sh Iriy. moderately weak

m

.m

"_._

360 I_'{_._:2_ SIlt:|t:one, isnd_ dark tedd:tsh brown, uwderacely
. we_$radea tnt:o
. 8sndst:one,dark cedd£sh brovu, aioderal:ely yank,
. very fine |raJ_md
. ._---,HortsonCal dta-
. placm_n_ aC
• 357 rc. ras 0.06

lc. 843I' lO°|

370- te_;_'_iT'_ Sandstone, s£I_y, dark rm_dXsh brovn, aodmrscel)
- weak, very _Lne |rsLued, mubrotmded, tmZZ ilOCte¢

ms

i • :
3_0- D_ As above, v£_h lypsms fragrance

Dt'£111ns rate Zrou 37_
H - Co 433 f_, yam 2.0

I :
_ - 'N.

3027.5 390 -_,--._I_ SandaCons, as .a.bovmland SLl_a_one-_r-*_="P-_' ....... , ,, , , , ,.. t .... , ,, ,-,

I I'"n. _a_,.o_a a,. m_'c_a_l ,o mn WIPP - ZDDY_., N. H, I[_LOILATORTSHJLI_
I iiiii i i i I li i i iii ii _ II II III
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_, vh_e eo li|ht br_Lih |rsy, hard,
" ,T_-aryl_alltne, el _rplum fraglnCs

, - Drtllin| races8 '
$48-554 lC, -0.5

• _ er.,/ht,

554-561 ec. -0.7

I

,570. .5. Aa abo_, 1Lilhc lira)' ea 1/ilht: brmmloh Ilray

m

m

N ,580. _ CI_._, dark brmm, hilh plnst:tcil:y, some .11C

" _'-"Hortsoncsl dis- l
" plscmnc ac 1771
" fr.. vu 0,24 lC.

"_ _;g(l'12*N$90- 'X3 BLlts_one,, medium |ray, uoderar.aly veak, coma
. very f_ne saud and mLnor clay
m

m

m

am

as

N' ' 0; _, very lC. |ray co md. dk. liray,2817.5 ,6 51 amaaraca_y hard

" 593 - 6281 HAOL_qTADOLOH_T_HI_4B_I_
m

610 _ Sllt:!.}.o_e , _alcsreou_, mad. ol£ve |fly COotlve
. |Irsy, ltrouS, mod. hard, sod. Co will cemented,
. spm_sm ty_num cr_mcalm

N
620_, _ At above

m

- . 27a7.s... 6_oY s_uo_._,, o.X_v,ir,._............ ' .......
HO L, II NII,iIII m llPLOV lIPOON| I11' • BNIIILmV YUilllll| ll_rll

O " nSNN,*OS! p . POT©,mn! O - OVSE, WT'PP - _ CO,. H.H. IG(PLORATO_Y SHAFT
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ii.,,ili i'*'"'".' " "'"'"""'"'*'"""'"'"| 2787.S eZ0 ......................
..... • DolmLtCe. olive trey, nod, Itronll, nodl hard,

eulmr7 texture v/rural1 silver blebe (m£as?),
evidence of lmlXa, povdered sample reacts

2782,$ llilhtl 7 V/UG1 lQ:J.d

_0: 58 Anhydrite, very ltlht tray to brmmiah Stay,
mod_ scroll, sod. hard, _11 ees|anted, poaJibly
tKyPmiterous

I '

610" ss Am above

m

N
I

) •
m

_ ,670- _ Ai above, oontsLn8 minor auc, o! anal1 black
" grains v/resinous 1ulcer, pulverized itreins
" have earchl co sandy appearance & a.,-ll reaction

v/U(: 1 ac:Ld
m

680" - _ above (sample No. 58), lishtmr in overall
" oolor and Isr|tr frapmncs

m

N690' -- As.shove, li|brat in overall color, miler
- trassanca _han above

= 704) Anh.7.drite, sot. pale 7allov brn. over411, iosa

- pals reddish btu. frees. (polyilaltt,). mtronsel

- and harder than previous samples, trace trans-
r. - lt_ent co white, fibrous eaclnsper _peum,

" trace lP'mYclay frees,.
i

j

, .... 2707.5 710 _ 61 ' knhydrlCe, sli_hC.ly soc, sad. co,!t. StaY ,.

i ,. ,., , .. __

Sl m IIPL, IT liPOON| 1IV m lll4eLIllV 3'UIIlii' lllVii HOt, li NrJ,

O . amNNttlON| tW . PIT,NaN| O e. eTHaN WIPP - I_)DY' t_O.. N.H. I[XPLORATORY SHAFT
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" P/qOJSIGT JOin NO. 'OMIIIMT ND, _O&ll NO,
.... EXPLOI_TORYGEOLOGICDRILLLOG ,,..,' "":" ,*°o." .._,,,,.,o_,

i ' Ei!,i..........................
PNEIIU IqE _oTllm oN!

_ Tm_jTmm _vmn LeveL_,

u ......... 1707,5 '710 .. . .... .... , ..., , ,.

..... , I iv _, |XLIIhI:Xymot:, mtd. Co :LC. Stay over-
- n].Zo trnoe Iffpstm

ems

2699,5 ..........

_, arg,a0calltu,, lC. olive lit'Y, u,od.
stress, yell omuntmd,sulary texture0 povdered
sanp],o reacts iXLjhtly v/HO_ aG/d, trace
transparent Bypass crysCaXs

_7

' :Z)SM

._ -- ,ks above

=N
2670.5 ,%_ ........

6_ _knhydricem aryacaXILna, vmrtelatsd _oXor
-- (ptt-Ar£1y |tsy£mh ptnk, pale red,and XLjht

lrsy), ml:toni, hard, SUllSry text:nra, blebs of

i 8-y£sh rod (poXyh4ml£c_)

2658,5 71 Ral£Ce, pile reddish brn., strong, hard, _ HorLzontsI d:Ls-
.d_Lss-oivemsIovLy in hoc va_er, fay transparent pLaceNnC aC

|taBS. exhihl_:Ln| cXosvsse faces, trace 753 _c, van

" srl/_Xaoeous susterisl _ 0,_9 lC,- 851" L_*W
.,m

_ As above, more abundant cryscaXs, some uudsCone
- (oXmy to _iue sand particles, grayish red, pool_
_ to nod. _mncsC:Lon, crumbles ustJy)

i . -.
i '78_ _ ks above, trace anhydzIce (yeXlov 8ray, stress,

- nod. hard)

° : I
_ -

2627..q I ?o_" _'1 _,dsrnne, m_derat* hrmm
I - .o_'k .o,' ......

IJg m gIPIm|'l_ MPOON_ M'r am M(MIImI_ _(k_lm_| |Ilji_m

m - mmx.oso_! _ - _avc_mm; o - ov_a,q ] WXPP- EDD_ CO., H.H. EXFLORATORYSHAFT, ,, ii m ................
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EXPLANATION

" ROCK TYPE

SILTSTON( HALITE ANHYDRITE

S,, ow.o 4

REMARKS
CONTACTS

SHARP GR ADAT IO NAL OIFFUS(

o NUIIEROUS FRACTUNES, SOi_[ FNACTLMES SEEPING __ _
(Identifiobkl ( ld,ni;Ii,Mw

., NO HALITE, S_VENAL SPALLED MEASJ SPAt.Li SHALLOV 10.1' KDF), VlTN witkln G OS feaII wl_OOSioGZiee0J wlehlnGZteO_feefl
KACK OXlDIIEO FNACTUNE SUNFACE

[.GIIAy [Q__HITE, UNDULATOIIY LOITER COqTACT

/TO I 1/2 THICK, SOFT, WRY NOISY IY [X$'S
., IRACE TO SOI_E 14SU.ITR, LOCALLY ROTTLED VlTN LIGHT (_.IVE-ARAY, F FRACTURE • ROCK _UIJAPt.l[ U)CATION AND NUidBEfl

_-L[O, SEVERAL S_EPS
., NITN ABUNDANTHALITE, NASHED OUT IPPRORIRATELY 1e INTO SHAFT HALL

9 SEEP Imo CLAY LAYER
f So, noto S

" MGILLACEOUS MATEDIAL, VENY CDNqSELY CI|YSTALLIN(, .MIIIVE

T. IDlE_*_iTE,.].o*SEEPSN.O_LowRCONTACT

SWqH[POLY_AL|TE, VERY COARSELY CRYSTALLINE, CO#CAIN| DROtW CLAY LENS
_0_.. LO_ GEOLOGIC UNIT SYMBOLS AND DESCRIPTIONS _

II, tRIY COARSELY CNYSTALLINE A AIEII.L4_EOUS R_,TERIALo I(NEIALLY FCK_O AS AN INTIIC_IANUI.#UI
ACCESSONY CONSTITU|NT, LIGHT GRAY (li_) TO NO(RATE REDDISH-

:l I_AY TO _I1E, FINE-GRAINED, POROUS, MASSIVE AT TOP, UPPER CONY&CT
OVERLAIN DY THIN (41") lEAN OF SOFT, SAT_IqATED GAY " IROVN (|0_ q/E); /A.IGHTLY NOISY TO NOISY, TRACE TO SON[

-" SE.Uq. SATURATED, VERY SOFT SILT.
AM AIIH'fl)ltlIE, LICd_T CdtAY (HT) TO |I'HITE (_), NOD(hATE _ANGE-

PINK (10_ 7Iii) TO PALE REDDIIH-¢NOVN (1Oa r_/ii), FINELY
CDYSTALL INE•

EDS, CONTAINS BANDS (2 1/_7" THIC¢) Of COLONL[SS I_lTi N.TEDNATING vglrH AC AIIHYI)IIIIE, LIGHT CAIAY (117) TO SRAYISH-O41A/tSE (}0TII 71ii)
1/2" THICk)OF OARKnooisN-Imo_ _ITE_ |ANDS_E KlSm_v mouLATCmY_ I"o t_lT[ (/_), NITH $|VEDAL lOFT _/2- TO I V2-1N(_H CLAY

STRINGERS VlTH TRACE OF SILT.

CB C.t.AY, OUR IIEDOISNtROSnl (101t _/ii) TO _ONMATE REDDIIH-RliOIm
(I0_ Ii/E) VITH TRACE To sn,_ SILT, TRACE TO SGHE HALITE.

UNDA/IT MGILLACEOUS IMT|RIAA., HALITE ¢O_TENT VRIES fain Kill OF PUn[ HAee HALITE, eARl IEOOISNIIOtl (|0it _/ii) TO NOD(tAT( REOOISH-
=--_INUlILY IILTSTONE, LOCALLY _0| DANK IH[NISH-OROtNq CLAYEY SILT. DRO_H (10it Ii/E) TO NOO(IAT_ IEDDIIN-_A/HIE (10a E/E),

LOCALLY HEDDUR LI6HT (HqAY (117), REDIUi_ TO CONISELY
CK':LSIONAL ItIEGULAR KiEl ,4t0 LAYERS OF /dltlYONIT! CRYSTALLINE, ARGILLACEOUS.

HB HALITE, DARK IEDOIINIROn El011 Yii) TO NOD(RATE NEOUISN-
DRO_ (1041 q/S), SLIGHTLY TRAI_ILUCERT, mDIU_ TO COMIELY: ASUNDANT I_U.ITE, SILTS +*+_ CLAYEY, DAJIN RED, o_qPETENT; NALITE MEDIUM

in IOREHOL[ _-2_ THIS Ns. _ Nq MGILLACIOUI HALITE) CRYSTALLINE.

MGILLACEOAU$ PtATERIAL AS SILTY a.AY H H_J.|TI[, CO¢ONLESS (TRARSPAliENT TO TDANS4.UCfNT) TO f_ATISN-
ONANGE-PIN_ (SYl_ _/'2), _H[DIUR TO COADSELY CNVSTALLIffi[, RAY

: 111P£E IMLITEo LIGHT PINKISH-4111AY, M.RtEROUS FNACTURE_t, mST IrRACTUNES IttLIT! DE nANO(D.

SB SILTSIOIIE, OANl( REDDISH-INDan (|01_ _/ii), TRACE TO NO RALLY[,
.-Y, NEDIUR REI_ISH'CNANGE, MERY FIN_-GRA|NED, G_ANS _ MD MLOV TO TRACE FINE"_RAINED SMIO,
IONS, NUN[ROUS FNACTUNES CO_ITINU]NG Ir_GH AJIOVlEUNIT

: TRACE N_LITE, _RO_*S irRACTUNEI (:[MTINUING FNWq Nl_'Yl[ UNIT 56 SILTST011£,LIGHT OLIVE-GRAY (SY E/I), TRACE FID(-ltNMINEO
SAND, TRACE TO NO HALITE.

SO_[ I_IT[, HALITE IN LJUmGi (I/211 ") CuIES AND GEOS SH** SILTSTOiI[, DAN( R[OOISN-mNo_m (1041)/ii) TO MODIRAT| Di[DOION-
IROVN (T0_ ii/G), NALITIC, TRACE TO SORE CLAY, LOCALLY
CONTAinS VERY FINE TO FINE"_IAIND SAND,

_.qE MGILLACEOAJS MATEIIAL, HALITE IS WRY C0ANSELY CDTSTALLID( (1" TO
_TAINS IMmEQULAS FRAGn(NTS OF SlLTITm_[ Le TO 1.5' LOnG SSH SILTSTOIR, NOD(RATE REDOIIN-OItA/NiE (10_ rb/E), NIT14 VERY

FINE-GRAINED IANO, TRACE HALITE| LOCALLY GNAO(S TO dt VERY
,_ Io_ HALITE° NALIITR FINELY TO R[DlUN ¢]ITS1ALLIN| FINE TO FIN[-ARAINED SAROSTONI, NOD(RATE REDDISH-tRONA (lOll

li/_) TO NEDIUN LIGHT C_IAY (li_), TRACE TO SH SILT.

CONTAINS 1/ii" THICK DISCONTINUOUS LAYERS OF CLAYEY SILTSTONE, CO_ON OF D_D
En TOVARD lASS

1"10 ]" _[kq, SILTY, CONTAINS _141N LAMINAE OF CNYITALINE N_lTi[, MIN_li HIPS • SLIGHT VUlATIONS FROII THESE GENERAL 04[ICNIPTIONS MAY EXIST.

-N _ I_LIT(, Slate (].ATe NAI. lTE ODNTENT INCIIEASES _OVWMO TO TNANSITIOgAL ee THE EXCEPTIONS ARE NOTED IN THE REMAIIKS COLIRIN,ESTINATED CONTENT OF ACCESSOIqY CONSTITUENTS IS INDICATED BY A
UNOA[RLYING NALITR MODIFIER: T " TRACE

S "SORE

SOiqE MGILLACEOUS _AT|RIALo IR#EGULAN li.EDS (1" TO 2" DIAR_TER) OF CLAYEY w " VlTH ON AIUqOANT

., CONTAINS LESS MGILLACEOAJS RATERIAL THAN A.qA)VEHALITE, Iq0NE MAIDIWE NI_
_:..ON 1NAD AiIOV[

SORE _GILLACEOUS NATEfllAL Sl_qlL0dl TO NqGILLACEOUS HN ITR AT _Oq' TO _i0_._;',
;AIMS ARGILLACEOUS R4TERIAL IN THIN OIICONT[PKPOUS BAR*IS

VN ADUIIOANT *_I.IT[

iN _ NALIT|, COMTAIMS COARSELY CIqYSTALLID( HALITE (U TO | 1/'2 e CllYSTK$)

/IIGILLACEOITS NATERIAL, VERY COARSELY ClIYST_LIMI

-,,,. ,,.,, .,,., ,.., FIGURE D-2
"O AT O(_THS I_ TO IHlO FEET.

0.1. i r/_ FRACTURE P.TIALLY FILLED ,iT, N_U.ITE, SIRIE, C & SHSHAFT
RO_ lUlll'[J NATCNlS vITH F17.

,¢,,,c,,,,. KEYAREAGEOLOGY
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EXPLANATION
., ., , ' , , ,,., ,. _,. f . ....

ROCK TYPE,

GEOLOGIC UNIT SYMBOLS AND DESCRIPT ONS _ SILTSTONE HALITE ANHYDRITE POi..YNALITE

A MGiLLN_0US.ATI(NIAL, SI(NEnAL_VFOUmOAS_ INTEN-
GRA/_Uq.AR ACCI(SIHY CONSTITUENT, LIGHT G4AY (!l_) TO i - _ n
_0OERATI( REDOISH'INOVN (10_ 4/6), SLIGHTLY N)IST I0 See note 4
MOIST, TRACI( TO SWqE SILT.

AC AJIHYNI_, LIGHT GRAY (R_) TO HNITI((_) T0 IRAYISH-

Once (10YRI/q). FINELY CRYSTALLINE TO N|CIO- ACCESSORYCONSTITUENTSCRYSTALLINE,SI(VENALSOFT1/2- TO1 1/2-1_c_ CLAY
STRINGIER° VlTN TNACI( SILT. I(STIMATIro PERCENTAGE OF /_SSOAY

AN MHY_IU_e fll(OlUIq DARK GRAY (Nii) TO Ll_r GN*Y (MT) CONSTITUENT| INDICATED AS FOU.O_,
TO 1_41TI((NS), NOOI(RATI( ORANGI(-PIM (|011 7/ii) TO PALl(
IIEEOOISH-INOVN '(1OR _/ll), F INELY CRYSTALLINE TO NICRO- TRACE SOME ABUNDANT
CIqYSTALL lH(.

TO LIGH¥ OLIVEE-GMAY (SY _1), TRACE TO swqE SILT, I_liti¢
TRACETOSOMI(NAIls'le.

H tf'q_"I TE" COLO_ILI(S' (*IIANSPJUliNT TO TMANKUCENY) TO _ _ _
6RAYISH'ORANGI(-PlflX (SYR 7/2,1, Nl(OlUn TO COARSEELY An_dfit_:
CRYSTALLIMI(, RAY SI( iARD_D.

HA°" _l_, DANK NI(DDISH-RNOVN (1OR Yq) TO NOD(RATE"

REDOISH-SMONN (1OA 4/6), NEDIU_ ,O COARSELY CRYSTAL- _ _ _
Lint, ARGILLACEOUS. Pol yhalolk

HB HALITE. DARK RI(OOISH-IIRONN (10_ _/q) TO RODERATE

REOOI,H-SRO,._,.4/.. ,,.,GHTL,,,=.,_l(N,.
Seedy t_

"""_I_ ,,.NSL_,,,,o.OO(RR,I(.I(OOI,,-ON,--,(,0,,Nooi(.AT,.,ooI,,-.oNN,,0,,V,).,.=.Y.AL,-
' 1'lC.

HPA°" HALITE, Hon[RATI( REEOISH-'OMANGI((10_ 6/6) TO NODI(flATE

iiOOISH-lIRoVfl (|0i_ It/G), POLYHNL,.IT|¢ kqo ARGILLACEEOUS. LAMINAR FEATURES

P PO_Y_I_, NO(RATE REEDOIS#-|NOVX (tOR 4/6) TO hORN-

ATE MEDOISH-OmANGI( (|0_ UN/6), FINELY C_YSTALLINI( TO SEAM PART,SO BREAK DISCONTINUOUS
NICNOCNYSTALL|NE. >1/4" Oetmm_ t/di'- <i/ill" PARTINGS

Vi°" tt_tthick ikitk AND BREAKS
PA** FgLYIVU lTE, nOO(RATI( RI(DOISN"DNOn (10il 4/6), FINI(LY

PH"" P01.YHALIIE,nOO(RAT!RI(OOIS#-ONOW(10a 4/6) TO NOO(R-
ATEENI(OOISH'-ONANG[ (|0_ _/6), FINELY CJIYSTALLINE TO
NICROCRYSTALL INE, NAL ISle.

SB SILTST0_o DARK REEDOISNIIIM (|OR 5/li), TNhCI( HALITE, STRINGERS ',
TRACE F INS SAND. HelIle d_klto P_MbelIIo

I 1
s_ ,,A.S't_ST°'',',.'RAIN/.LIGHTOLIVE-.AYSARO.(_VW)..ACI(,AL.,. I''" "" "l_

SH*" SILTST011E. DARK NI(DOISHtlIOVN (101_ yli) TO _O(RATI(
REOOISH_IROVN (|0_ 4/6), NN.ITIC, TRACE TO _lOAqECLAY,
LOCALLY CONTAINS vint FINE'-/r_qAINl(° SA_D.

SSH SlLTST041E. HODI(RATI( REDOISH*QNMHI4 (101_ _6), M|TH CONTACTS
VERY FINE'GNAINI(D SAHD, TNACI( HALITES; LOCALI Y GHAD(S
TO VI(NY FINl( TO FINE-t;NAINED SAND°TONI(, ROD_NATE
REDDISH-IRONN (10_ 4/6) TO REDItNq LIGNT _AAV (RG) SHARP Gt_AOATIONAL DIFFUSE

TRACE 1'0 ,ONE SILT. i --I I_ _ _ _.'_

* SLIGH1' VARIATIONS FlON THESE gi(NI(RAL OESCR|PTIOHU RAY Ildontlfteble (14oniiflaldo (ldenflfiekle
EXIST. THf( EXCI(PT|OMS ANl( NOTE° IN THE REMARI(S COLURM, w_lt_k_O.OS f4Qfl wo_lal O.O_ M O.S _) wtik4_ O.splo O.Sfe_l

*eESTINATED CONTENT OF ACC[SSOI_Y CONSTITUENTS IS IHDICATED BY
A NODIFER •

T • 1'RACE; FRACTURES
S - SO_qE

V • VlTH (Ni ABUNDANT

EXS-6

O ROCK SAMPLE, LOCATION AND NUMBER

& IN_TRUMIrNT LOCATION

FIGURED-3

C & SHSHAFT
LITHOLOGICLOGSHOWING

SAMPLEANDINSTRUMENTLOCATIONS i
BOTTOMOF CASINGTO 2200FEET

SHEETIOF3
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REMARKS /

Ai_Oo_| PO_H_"IT,,tR_,,oIo_,'MG'ILLAC,OUS'HATE,IAL ......... EXPL,_,NATIONSl_q, VlTH SOl_l NALITI

AIUNDANTAR01LLACEOUlHATIRIAL, CLAYCO41TINTDICRIAI,N+ TOVNIOS IAI( ROCK TYP_

HALl le ANHYDRII[

i I=IlLESS
.l INUOUSIRIAK

SoP .oI_ 4

_LISl

LAMINAR FEATURES

_NO THIN 1(_4| ,UDPROMI#ATILY6" APARt MISCELLANEOUS CLAY
_LI'SI
iiv'llll, NIOIUH DHIK UAY+ HICROCRYITALLIHI,.F,+|NIL_ liND(I), kllTH I/I TO 1/_" tHICK IAS " "S_A_4 PARTING BNEAI_ DISCONTINUOUS
s OF CNYITAI.LINI HALITll BROWNCLAYSEMI+ 1/3 TO 1 112" THICK+ At 1ASI LABELED) _//4 Ikl_4ml_l' 41116 PARTINGS
'TRACEPOLYHALITEANDNIGILLACIOUSNATIRIAL thick I/IG+lhlck Ih/k AND BNl&KS

,oo,,....o..o,,c+,,_,.,,.,,,,.,,,.IRAC! ARGILLACEOUSHATIRIALI LOCALLYAIWIOANI IN DISCONTINU<)UIP_qTIiiS

+:_-IRO_N, 1/li'TO 1/2" tHICK
ABUNDANTAAGILLACIOUIHATIRIAL lM NEGUS MAY CLAYSLEDS CONTACTS

SHARP ORADATIONAL DIFF USE

TRACEARGILLACEOUSRATIRIAL ANDA THIN OlICONI I--S IVPIUM/ANHYOIIVI IEAR, _ _

:TO GNAYIIH-flEDTO LIW_T IHOVN, JeTO + _f+" THICK, VlTN IRN|IULAN LINIII O' |IdGmIIfllill |lll,1OIllbll | 14l+lllNlkl.
u.OHkLlll ALONGUPPERSURFACE REIN+mOO5 feet) withe 005 too + to_41 with|mO I teO.Slmll

tRACE POLYHALITE,SO_I MGILLACIOUI HATINIAL
• E XS- 56 ROCK SAMPLE LOCATION AN(} NUMBER

jalmmmCLAY LAYER

: SOME INTtIO+IANUL_qPO_YHALITI IN IRREGULMELONGATEDSEllS, 1/£1"To 1 1/2" LONG
1/8" THICK

._ GEOLOGICUNIT SYMBOLS AND DESCRIPTIONS _lte TO VERYLIGHT GRAY+_J* THI£Ki NITH 1/|I" THICK SOFTGRAYCLAYPARTING AT = , ,T,,, ..... , ....... _ ...... , ,

hALESS, MOTfLID VlTH 1/8i" THICK, GENERALLYOIICONVINUOGJIANHYDGITI PARTINGSJ Ae* AAGILLACE0_SHATIRIAL+ GENERALLYFOUI+OAS AN
,qABTING$SHOI_N INTSAGRANULARACCESSORYCONSTITUENT+LIGHT GRAY(HT)

TO HODtRATEREDDIIH-IRONN (+0R _/51+ SLIGHTLYMIST
TO HOIST, tRACE lO 1014[ |'LT,

AH MHYNIIE. HIOlUM OAnROKAY(H_) TO LIGHT _AY (NI)lte TO VERYLIGHT _qAY, ld" THICk, CCHNTAINSInRIGULA_ILIIS OF HALITII WITH TO VHITI (Ngl+ MONRAII O_AHGI-PINK IlOfl l/q) TO e_l
-_.LY THICKiNS TO I') SOFT TO NIOILV4C_IAYCLAYPkqtlmG AT SAlt eIODIIH-IROVN (10! S/NS, FINELY CNYSTALLINITO I_+[RO-
_TTLIOVlTN SO_[ _GILLACIO_I NAIImlAL, OCCASIONALLYVlTH KIDDISH-SHOWNCLAY CRYSTALLINE,

CB (LAY,DAnNEOOISH-SROn(10! _/_), TRACETOsm+(
SILT, TRACETO lO_E HALITE,

_, tRACE POLYHALITE,TRACEAmilLLACIOUI HATIRIAL AS AIDOIIH-OROVNCLAY; C6 CLAY, HIDIU_ LIGHT MAY _ TOHIDIU+4DARKGRAY (I(14)
_S CONTENT(ILEIS) IKREASEI IN LOUlN TWOFlit TO LIGH10LIYI-UAY (ST k/lJ, tRACE TO lO_t SILl,

TRACe TO IO_ HALIII,

HA'" NKIIE, OAR_nlOOlm-lmOV_11015114)TOnOD<mAli
IIOOIIH-IROVN (!OR 411_)., HIDIUN TO COARSELY(RYITAL-

IGttTLY iPJGD(D, VlTH SO_( _JqGILLA£EOUIAAIIRIAL Llnl, AJqGILLAC|OGJS.
H HALITE, CO_O_Llll (TRANSPARENTTO TRAHSL_ENT) TO

GRAYISH-ORANG|-PINK(5YR 7t2)+ REDIU_ Io cokqIELY
+LO#EllS, TRACEPOLYHALIIE'ANDTNACl MGILLACIOGJ| RATIRIAL CRYSTALLINE,MAYle RANOID+

HP'" HALITE, TRPJGSL_INT TOHOD(HAlf NIOOlIH-ORAPlGI (lOP
5/5) TO _ODIRAll RIOOIIH-IROVN (1OII II/5},
POI.VHALI l lC,

Tri TRACEPOLYHALITE, AIUtiOANTAtlOILLACIOUSHATIRIAL ASG_q&YCLAYOLIOS, HPAI* HALIIE, NOO(NATIItIDD/IH-ORA_M;I (10_ 6/5) TO I_OI)(RAT(I ANGILLACIOUSMATERIALTOMAJ_DSlASl
R[DOIIH-|ROvH (|01t li/_), POLYHALITIC AND
ANGILLAC|OUS,

P POL_ITE, _IODIRAT[ R[OO/SH-IRO_ (1011 li/GS TO _OD(-
RATE NIOOISH-ORAP_;i(1OR 5/5), FINELY CRYSTALLINETO
NICROCNYSTALLlnG,

lH $o441POLYHALITE+POLYHALITECONTENtINCJIIAIING lOIN.HDSIAi|

l+t'_lTE, LIGHT GRAY, HICROC_qYIIALLIN_;VlTH OISCONTINUO4JIl/q TO +/_" THICN POI.YHALIT[
_/_ AT TOPI ANHYONITECONTAINSFLOV STRUCTUIt|SVlTH HN Irl PI(UDOflORPHCRYSTALSAND DEllS • SLIGHT VARIATIONS FROMTHESEGENERALDISCtlIPTIONI RAY

POLYHALITENEAR lOP, LOCALLYRASSIVI TO LAY|RIO POLYHALITEIILOV FLON STl_.CTt_qlS; IXlSt. THE EXCIPTIONS AJIl NOTEDlH THE RINARKI COLUMN.

+NTINU_USli|t" (LOCALLYTHICKENSTO 1/_'AND _/11") SOFTGIIAYCLAYSEM Al 1ASi .•* lSTIHATIO CONTENTWr ACCESSORYCONSTITUINTSli INDICATED
-Til SOMEPOLYHALITEIN DISCONTINUOUSI/q'TO |" THICk l+tNOSAND IN IRNIGULNI DLSISl BY A ROOIFIIRI I = TRACES " 10+41
(,RAYCLAY IN THIN IRmIGUL_I PARTING II- VITH O_ AIUNOANT

.,

?H AIIUNDANTPOLYHALITE/_"TO 6" THICKLAY|II Of CLIAJI HALITE AT THE TOe!
POLYHALITt CONTENT_lTH DEPTH

HT.GtlAV, 1/I°TO 1/2" THICK SEA/q, SOP1

YH TRACETO lONe POLYHALIIE, TRAC! /_IGILLACEQ4JIRATERIAL

lVR SO_E TO AIU_oANt IlflIIIMkNULM POLYHALITI

Fx [)-4

',_LemLEIS, VITH TRACt POL_ALIT,, IN*el Wr =GILLACIO_I mAtERIAL IN I/1°,O I/2" C & SH SHAFT
IL,GIJLANDISCONTINUOUSPANTINII

FACILITYLEVELAREAGEOLOGY
.A,,,IL,C.,,'ALLINE',,. ,="AL,,''"''" .,,.,R,'.'.""OUT 2080 TO2192 FEET
..... Lr,;;, " _.,_,_,,., .';,.-. p+-',j+_..m_'_".tvl lANDS I/ll'TO )" THICl IJ'ACIB AT _'TO |" II'TIIVALI

..... _- All• LIGHT rdlAY, FINELY CRYITALLINI, VlTN ilIAT (_._v trove,-, ._T :--.

tTH TRACEPOLYHALITE i
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c_o

,.Fiqur_eNo. T.itle/Oescrtptton

E-I Ltthologtc Log
97 to 2285 feet
(25 Sheets)

E-2 Magenta Dolomtte
597 to 620 feet

E-3 Culebra Dolomite
705 to 727 feet

E-4 Rustler Formation Fracture Zone
779 to 843 feet

E-5 Rustler/Salado Formation Contact
840 to 930 feet
(2 Sheets)

E-6 Facility Level Area
2100 to 2170 feet
(2 Sheets)

t



EXPLANATION
l _ i _ j. _F_ilLL,u, ,- ,,,,

...... Roc_'tYpE ,
SANDSTONE MUDBTONE/ BILTBTONE

CLAYSTON E

........ , --:'-"_'_' __" _ ". I
,,::,,,,::,,:o;:."
,,;,,::,:, ', ,,',,

HALITE ANHYDRITE / POLYHA L lTE DOLOMI TE
GYPSUM

ACCESSORY cONSTITUENTS
EBTIMATED PERCENTAGE OF ACCESSORY
CONSTITUENTS INDICATED AS FOLLOWS

.... TRACE SOME ABUNDANT

'_°"'°°.-.I,:-1 _ D
i' ;-,]

_,..1. _Gypsiferous I\_'1

, LAMfNAIRFEATURES
Seam PartinQ

(Between(Between 6" I/4"

Anhydrlte/Gypsum Polyhalite

CONTACTS
SHARP GRADATIONAL DIFFUSE

(identifiable within (Identifiable within (identifiable within
0,05 feet) 0,05 to 0,2 feet ) 0,2 to 0,5 feet)

' i.....
Queries on Inferred or uncertoln contoct_,
"Obscured" where tttholoQlcand stralioraphlc details ore uncertuln inthe
inter,_al between contacts sh_m,

' See remarks for complete descriptionof units,
REFERENCE:

Geotechntcal Activities tn the Waste t¢!nd]tn(j Shaft, October

lo.84, HSTI_-THE-038,
FIGURE E.1

, PREPAREDBY_ DATE_.# WASTE HANDLING SHAFT
CHECKEDBY DATE.____._ LITHOLOGIC LOG

SHEET 1 OF 26
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lPr =sLI 1_'I',1 ' '
__ i ill i i ii ii illll li I I llll I _ ,,millI I I IIIIIII , i

11 iii - el m i i i II llnl i iii i i
++++++- +qo'4,+'+ol++'#+'l , +el

3310- -,i00 _ D__ltwiVLoke _Redblds
:+,'L,l!,'fi',+'+,,;i'.;,;,?/,t;,_ Siliy,flne sandstone 0sd siltltOne i reddllh-brown t ihlnly bedded

.... " " (<4) to lamlnoted _ contains local Interblds of flne londltonei tlll-tl l-l,i l_i il]i 1111 i-l._l+
iitlilil i i q $ i i i" i - *

...... ii _ i1 li .i .ii Ill,' -- ..... arid silt stone
$ _ i _IL9 '1' i iii i%li+li_+i +lee'i+_o!i_i_)ij,
+ +_/-+ ' *, (.'_, _', i _ 1+'_', +I.' ;.+It+i ill ill i1. i + i ++i i _ • I_-Ii,A

'
3300 - i , ' i i

" I10 -;+'.;.;,;,;,,0;,;,_,;,,';.'1'7 Silty fine ,landltont and slltstone t reddish.brown I green- gray reduced
'I,o ',',' .... ' So,di o_,cur as discontinuous bonds (< Z*+)t nodules, and tenses,

'+,S'' "+'++"_;t;'-;+,'_'.'I*. "-I. .J ...... -- _ .. + __.. .... ....
,',+,,'/k,',+,_:'_,,,+,_:_':,',;m,..,,.,._..... _._, As above, without 9re°nil h..groy edur ced zones,

_',.,';:,'_., ;:_. ..................
i.7.+.o++,t;._n;. _r,',i'+'el.',.x

3290-_ 120 +:_,::,':,T.+.','+,'a,,+E+.._°,.,._,,,_;, ,_°. As above t with greenish-gray reduced zones,
°0 -#° 0 +- .i-ilrl, ;+ + "++lm.+ 0 ".+' ill
,,.... ,. j ':-'. +.,+".,' ++ ...... -- ......... _ .......
.... ,<s,.,& .... _S,., As,--;:.'.. ',,:.'. v:.',.: ,',, ebor°, vuggy, particularly 12'2.6'- lSZ.7'; rugs 1"-2" diameter,T;;=,Lt,7;,._'-,':, _;.'+_:, i

,,+;_..:".'.;+',_:,_:._ up to 5'*deep ; local sandy zonls t especially in greenish-gray

t L,li { . I • i 7- reduced zone, .... ,

z _)i+;7 ?ii - _+_ _ -:t ''Stills°nn' reddish-brown, iomlnoted;........ , ....
iL32B0- ---- '. , . - _ e

__: :_,,.';:_::;.1;: _ slitslon , greenlsh-gray ...........

-130 "J ' _': '_ .... t_.... ,_._ ' Silts'tone rt edd_sh-brown, '........ ' ", , ,,.,+*+,ii*,, ll4,1_ll+dl.
II I I 41 Ill Iii Ii* I I _-.---..... ...... , ..... ...

,,,.-:...,_..':m,.:.,:.L;:, Alternallng layers of fine sandstone and slltstono, 2 -18 each;

,7.;'T''L"/_'"""T'V:i"'"I"'"-_',.-;,;°,.:;, ,:._-.+, , / soft sediment deformation structures ; rugs,
l_ ','_" '_..'_ .... _h 4"-_ r**, _%+ +-, + +%_ +, • -+ - _

_,.',_.,,., .... ,: ..... -#',. Silly fine sandslone and slllltono, reddleh-brown, thin bedded(( ) lo
I'- "_,:,' ."_:"_,; . .z. .', ,,-?,..,;,, .,._¢.._._,_7.,.L. 1,,. laminated local tnt°rb°di of fine landilorNI Ind stltstor_,

• +,.+0,t ,°'-.- ,++_+.+. •

32;'0- m .,...5.+,,.-'t,_,.'.'._+,,,,;_ i
..,. _'.+IG + *- Z.I'o.'+ ,i.+.,_ -+ir-

t40 ii: .'.,,/_*AL::.. • •_ ,'. -, b: .:
_-'l i • i I l ," ] Ii + Iii7
• el e I+. m ii io ° l '

iii_,, i_ . l I +

0 - _ l,,,l _ +

I..l__ Silly fln, sandstone and sllistan., qreenlsh-gray.
T,f,' ,:#,,y .'.. ,.-ct,". _+,
"_'- "" _'.+I +_ '+'-' 1' ++Jr-ii ' ,= , ..... , ....

?;!_+ -"=+-2'."J- i._,, • ,j_r
31260- .'. ,li,.,..#.., ,,.I .,. silty flne sandstone and ,lltslonl; ;eddlik'brown ,thin ll;+ded to- ._ii 3.:,;: -...;.,,. ,;...--.- ,mo LI .l-0_l_, e-o_l, o, 11-I**-+i-° ° t ° i ,l *l *ii°I I I I 41 1 i i I I i i Iii

ii I llllll • liil !I i 111411
i ii 111 iI 11 II sill I I I

t .....,'_,,...._ 511iy fine sandstone and slltstone;greee-groy reduced zones In I/8""ii lilies I ttil el i still I

...,ii,...'" ,,.,,,,iiii,ii,,,ii, I/4 'Lfhlckt approximately horizontal bands ;closed fracfurei, < 1/8", *

......:+ ....,,:_.ii..... ..ii.:.;. ..:.. calcite flllecl, random ollentotlon, low Irltersilct.
.:_:.:'.":.°ii'."":."

i--_l'00•0'+_i" l'e *e.*o'li rl ii I o I • li'li i t
• +++t+ + +.iii..+ ii + + lllii+, .e ii **** I ii,, ,1 iii, 0

+ S''+ ....'_ l_o * •* ii•ii*ii • •le**
• Iii iii I /fill Al tI I I i silt

-- io ,,• 01 *,iii+ ii,,• .lll*iiii

3250 160 .,..,:,ii..,..,.,',.,.ii.,..+,,m i o t4+11 • Ii li loll li Oi

• +'*ii, ii, ii'--"° ii**+, **..el _',*Ii _I I i iiiii p iI ii ° i° _ tlrl I iI (
+* +,11.* * '_+ ii*'* +ii+oi*+

,I*•ol el+it.l°*, * , oi_.*¶°* *
.,,, _. ,: ..... :,,1._.:._._,: ............. .---__ .
......... ' ...... "-"1Sandstone, light gray , approximately horizontal'_ some dark

' [_ _ _¢al reduoed Zones 1" iiiL =,,,...mm., t
Stltstone, reddlsh- brown ;

3240- diameter ) ; calcareous cern°ni,

--,,,, .... , , , .-
F+_ . .o ! i, i,-.. i °.o i._ i ° ii i- - +

:"+"::";:':'"i'_ii;'ii'"';'::''"_. '" '"" ''_'_:..'ii,,.'.. " Sandstone, reddisl}- brown , ,lily '""very flno groir_d, p0n-col=oriou=;' , ii" ii'ii,.... ";ii'.'ii:ii'"'.' upper contact (4) ii light gray ; }olnti/fraclure_ (I/B'-- 1/2") filled. '**._,,1:. .'.',. '.,::..• o°*.1 . .o+ .Iii 11**+.o, **ii ° , 1* ii,,,.* °,ii. , t.,.'...' ii,."_.... ,..ii with. gypsum , moll.ore subhodzonloi_dtscontlnuous,trregulor_
.... "'"" ...... '"." I"-r ,paclnq and offset by high ongte froclures._,_, o*** *0+** I , o **°**
i I+ll 01 #ql I iolO0to o i to i.....g....

3230-. 180 ' ",',:.:,:.: ._::"..,,:',.::.':
-- * ',;._ * * ---' ***i _ _+'I°, ' - ,,. ,, , 1 --
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_ 111. , _._x_ , ........... +.....

PRELIMINARY_ STSATIGRAPHIC REMARKS
Ei._EV, DEPTH COLUMN ,

( fT. usl.l (l't.t
' t ii I . I II I I : +-'iIH. i I I iii i i.iiii ii i i t i I iiii I iii illlj ii

180 L_,PjVJ,.,%,',+;:r,':_ ,; ,: AI abo_e,
4 +t ,teJJe.4

-i J ! "*f 0 6 - -" J ILl e . * e j lift l I .... i llll l l l____ ,, ,, ,11,, ,.,

,:,:.:,;e,,:://i,,:_:e:_,:;,,,' ..... . eQndltona t light g'roy, hard, non-©alaareoul, llnl-groined; Irregular+
e,,_%_.,_'e,:,,,,,, , ":'.:'*'"t =-_"" " ""_hh°rllontoI' dtloonttnuous gypsum toy°rs (l/8 '*- l/2 *' .,,. ...*hickt, 2 "':.;__v','JL,., ....I,l"Oeee, + elm

',',e.:,,;"' ",,',2,',',' .'.,°,' ,e;
'.'.;,V.::::::',',.: 11';,',':,'.' 6 spoalng
lte - "'1".I,_-M,_'_"- ., ,e,:+0, ................. _........,.,,,: ...... ,.
.: .1' ..... • So_dstonet reddlsh-urown , silty, very fine groined, non'.©otoareous_

, ,:...,:,,,,,:.,,e,.': :_':"1"_Z..'".,,i,..grodatlonol contact,,gypsum !ayers ;intermittent laminae and
',:,,.',:,:::,y::: h'%"_:: oro_s-beddtnge i

e _, {0 i, . di-. A e ttrellIA_ i i i llm

ef,,,:_,.'.%, _r,,-._.,',i As above, wlthou; gy sum lays, + laminated, cross-bedded near' ,, ..... _"::_,'"_ bale
ee_tJJtJ_ . -- ,,, i

e ,., ,'er::',, gand_tole, reddt;h-.brown, |iity, mIpori/,, ;'; ,,_,,,,e cross:beddlng Ond iomi'n-
ee eels

.'. ,, ._"_,,o aSians;gypsum layers ocour 196.9 t downward ,.gre enlsh-grayt ,
3210-- .20( '+ "

,',,, .,_,.,1, .5! e
•,. ,,,..,,,,,,;' ...... trregu ar,,, su or,tzontpt Ioye_ 1,96,7 -19619 ; 203,9 ':'204,1 ;-2tl.8;

eJ e e 'JIg-le (

.... e ",,,:,.,, 230 _ 243,6 243,B-; 249,3'; 253e1"253,2_ 253,,8'' 255,1"; "
:"'/: '':. ,;'.,.;''''+'' 265J1"" 26_,2'| g_sum lay°re less abundant below 221, overageeeile.ejeI

,:,i ,:', ,:,;,.': spoolng >tj
eel _¢I
el, I_P e eteeee el,

.... : .. ',,'."
,+ee+tqv,' ,i :,,:./.:',,,

 2oo-. mo e'.'',...:....',
, J e Je q Fee ee los

Jell e eeljJq etl
%°ce+++ +JJ' ' °<e

C_ "° e eli
• _14j e .._ le I le

le e ecel ' It+el j Jt!,.._. ,.,,.
e j • eel _

e I 1 e _i e

,1' :: ,e .,:
+°.°sj l e el, jj+

,,..., +leel'J

.,:::: _. , _:,[ e'eee e _'e,.J li el

5190- - 220 , .,., ,,.... .)IIiii I I

:_...; .:ce ., I I e e 11 ,

,::.: NJ.,..• e_11e. _ i J

++o_e q ,e e

e.e,. , e++o*.
ilelle l j Ilo li 4e el ej

uJ "'.'.', ", ;" :.
e_ll i I ,e

lle I I Jpe+q e e

I.- .'I_,, ... :e ,:,

eee_eee lee e e • e
w .:: "e _'"': ":I + eeee )_j

3180- ._ ,,.,.,.' ..:
,.... ;_: ,::,
e e l e e ) l''_l "e e-230 (j ,,...,

"'" ':"_i'" ;"
loci,

Z _Jlee i. l u•e
llllle )eel | li l

II I ie I el' ell

0 './. ,:...' e:
eole I flee¿ 4 lj l

II 11 filet I I e
_I_ lleell I

le_le Idl 14+I IIIF eel 1 / 4

' .';:: , ,.... pe.
ilO¿ j
4 Ill I lllJ+ I ool

)olll I ° I o

3170-- ;. ,:De ......

°Jlei_ aeg

4eleo' _lel li i- 240 "...,
'ee e Jt. etej 'o e

, ee'le e ' el_l'o ' eee'.I lel_4 i
lllle . ii I I I l

._,, :o:o., ,,e
++ee:::_ ' '" ':'Jetlll e e t

Lo":: ,,.,oO.........'" .4'"
l;:.o,. ,:oa: e:: DisconttnuoUs_ reddts_'.brown silts,one lenses oi 245.3', 249)i_°.i Iea

,o,., ....... 249.9, 251,5-253,0
,;:;. ........::.o :.'.
eteo' tel e leOl
I e I n L-,I e ljl i I .3160-- + 250 ,. '. ..' e. e'.
:..'.o :. :e: ,':., lose e

eole li¿leo e o° ,

,,,1.,.'I..,, lee::_ ,.S¢.

+ le' 11 j llll( +e e
jllll elll I lleo

llJl I rI ¿le +ill
l.lel . le I e I l

:11:', p:. : 1,o: .
.+1 ,...1"..:ilo I

J Ii' e ee I '

,,',, ..:,1..1-',"elite

,, ,.:11 ,.;,3150 .... °.:.e :,.1:+1 ."
"260

eole. e .... ...

.... " : Gypsum layer I I/2 "maxlmum thickness , crenulated with local_lle l lile ii I_ I
lee e

Ooe..""" '.':,e':_'. bifurcations! subhorizontol,
: ;: e':+, .-...oo .............

Je'°_ eel

.... •:.:_:.1.. e_e" Sandstone as above, gypsum,,loyenl increase in frequency downward,mostly
,11..," ,..,.._, .... .'1,,.

•.e:_;..."_. lubhortzontol, up to I thick ; high angle layers ore thinnerel le Iea

'l 1 Q¿.1. e.' +_'e'?:J'i'?'e'/;e__ .... _.,

3140-- ,Oe'...e... 1.°'_+""' e""' ;';''.e,''.' ",.''.'eJ.,...... LSiltst one , reddish-brown , hard . ' ....'O.Oe.."e": ....t-270 _ ;e _ _', Son_t"_"ne',,:; '6_:_"w'n, silty, ct•sl-bedded,and lamlnot;d}:,;:oi,....,e°::,e",:e.e:'. ............... , ....
FIGURE E.1
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__ , , j ..................

P_C.,._NARv' ST.AT,a.AP.tC
ELEV. OEPT_ COt.UMN ,ZMAAKS

(FT. USL) tFT.t

...... 360 ';_:;:':';":_':':'_'";:;" Asabo;,....

, ,;,.:• .:....::......•.•:.:••,.:_ Sonclstone,reddish- brown_as abovet except hnely Io_h,_<_d, l},llty' 4: vnumerous thin gypsum layers along bsddln,, plone,_ ( _/8 I some

3040- eubvert_cal ; at 416. I, lommas ( I- lOmm ) grade to,mort. ,,;_,osllvs bedd _ng,

370 _'":i! soft. ssq;hmentdeformation structures at 391.1-393.1 and 401.t-
.: .... :........::........::.:.: 409. 1 '

_:_!.:..,:._.:.:.i.:i.:::.!.i......•:.:!!!ii

_':'.---'i!!.':•:.:.:.:":";':i.'..?"
.:::.:::.:..... -"::..•_ ..:._

::-!ii

2990- 420 Sandstone, occasionally cross laminated; gray-green reduced zone in,: ...'-.•.,.:.:::':..::.:'..:.;_
;'::.'.."'.'. .... •"::••.'., irregular bonds, nodules, and swirls; some beds of reddish-brown

i mudstone; lens of white sand at 420'.:::::-::'.::!iii::i:!':.!:':
:.::::':i:":::."/:'•::.:i:':!l
'.-': ;'..•:.-. ;..'q:---. :::.._

i_ . " 1_' ." ! , ( : Siltshone, reddish-brown, s" me very fine sand, hard ,n_ossive, occasional
2980- 430 _ (_ _ ( - _ _ thin subhortzontal gypsum partings; spotty clroy-green reduced zones

, . '_. [ (I/8"-I"diam);Iocolly gypsiferous,:( )

I _ ,, ( ' ( "

__ . (,. :,: :.'l..(: } _: i
; , ,., . _ , f

2970- 44C : -, _ Sandstone _ liltltone interbeddsd; numerous greenish-gray reduced
zones

• Sandstone, reddish-brown _ silty, thin, discontinuous gypsum layer_,
subhorizontal to subvertlcal,maslwe,hard,very fine grained; contains
sdtstone bed, redd_sh-brown_moderately hard, somewhat friable
(4 4 7. 4 L- 44;_. 7_);reduced zone ,greenish-gray silty _discontinuousI t '

, btebs in hori'zontol bond (458..5 -459.5 )
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,,, ,, ,, i __

PRELIMINARY STRATIGRAPHIC
ELEV, DI_PTH COLUMN , REMARKS

540 \ Anhydrite, light gray, hard, finelycryst_lline; massive in upper part,
\ grodlng to..I?,ande_l, llght-dark on a I/2-scale;upper contact undulates up

to 8"; I/2 ,1o I wide gypsum filled fracturee..o_cur t hr,pugh out,
spacing of 9 to 18 ; gypsum filled fracturtll '1/8 to I/2 wide occur

\ through out, spacing of I to 6 ;basal 6 ii dark brown, coarse '

crystalline gypsum,

2860 - _ 550 ____\ \

\ As abnve,wlth 3"-4"vugs filled with well developed gypsum crystals, at
\ 557.5.

\
\

2850-
-_60 _. '

\

\

, i , L I, ' ' ' Hl

.... :.=_-_ Claystonl, silty. ,
2e4o-. s7o

. _: :--_-_-_-_--_-_--_'-_----_--

Z

..., -__-..-_-
2850-

--580 ___ AnhyOrlte.grQYorgray'.h-whlte.hnrd, finelycrystal,n, gypsum-f,l.eduJ fracture= and gypsum stringers i banded near 588.0"

w

2820 - ¢..,
-590 z

• _ " S ' '_,,,,_,_, MAGENTA DOLOMITE MEMBER ........
"T---'T--" 7

2"810-, / / Dolomite, with disseminated gypsum (FigureE-Z)

-- 600 " / IX * / _ /

//,,/1 /,. ,

• / /

2800- /
- 6_o / / /

• J
/ /

/ _, / ,, /
[ /

/ / ............
. / x/ / '" TAMARISK MEMBER

/' ' " / Anhydrlfe,groy_coarsely crystalline igypsum occurs in upper port;

2790- -620 _ ''_'_ _ .__ ,oleae gypsiferou, anhydrite
Anhydrite,gray,finely 'crystalline,hard'; w,th gypsum stringers, most _b"

_ horizontal,("-2 'thick;bonding appears !ight and dark gray, below 651.1'

banding replaced by mottled gray coloration; becomes slightly
,_ orgillaceous t_ward the bose.

2780-

FIGURE E-1
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PRELIMINARY STRATIGRAPHiC REMARKS
ELEV. DEPTH , COLUMN

(fT, USt.) IRT.)
As above

' ,

t

' li

Continuous gypsum layer (3/8) with b_ck clay parting (I/8") above and
seam (I/4') belowat 657.3'-658.0'; white gypsum ; soft cloy; locally
displaced by small fractures wltha thrust component of movement.

,

As above, excep' unmottied, sugary, hard ,uniformed

1

-.-J Anhydrit_c claystone,_ \\ \\,_\ \" ......
,_'_._'_X_.x_.X Anhydrl',e i

.......... Claystone t silty

lm ! ! i m m i ! - , ,'

' 2720 ..........
mn_ m m..L. mm.

' Anhydrite, light gray, finely crystalline;bonded; local block clay
laminae; upper I'gypsiferous, whitish-gray.

i _ ! ClOy seom ' dark 'rOy ' soft ' up to 6'' i includes thin'dlscOntinuOusgypeumseam

i ---
2710 Anhydrite t Os above.

. ,L Ldr,

/ / / CULEBRA DOLOMITE MEMBER
2700 / ,., /

/ / / Dolomite, contains abundant gypsum filled rugs. (See Figure E-3)
I / /

/ • /
/ /

/ / /
/ /

/ I ,,
L. ..J '%" I ' • { " - "' , ....

FIGURE E-1
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i ii i ,,J_ j ....... ]L ,] ..........

PREL,.JNA VST ATIOPAP.lC RE.ARKS LEV'.' UC TH COLU"" ',
(IrT MSL) (FT,)

II I I I til lr. ! m _II m ld li IIIi _ i I IIIlllll I , I ] I Illl I I I I1 I li

........... AI above j
--_: - --- - - _.,-.-.- I
._-.......... _._
_._:_-.._-._...... ,
_._ m 1 ,,.., ._,. ! ,. e

2590-
" 820 ----_ .........

. ,m .J, J, .,, eJ ,._ I ,.i,, ,,,. _. e.

_, i.. lJ.I

qp,,m.J. l i

ml_lp m _ _ i _ elm *l e m eiI) m

....... ---I-"--:-:-
2580-

- 850 -.. _ _,
II ! II ! I i I III

i

.,,. m _.,...,D ml._i m mi

2570- ":........... Argillaceous stltstono
- 94C ---.----'- -.

\ : I I III I li , I iii -- _

¢: .--_----'_.-.--J'_.-_-_-_ Silty claystone, anhy'drlte,.and._nhlt.drltt_:..siltstofle , ,.... _.= ............ SALADO ORMAT'ON
" I _ I ! i i 1 I i i t

z ............. CIoystone. holitic _Se_. _iGure 8-_) ..............

Halite
2560 - "J Oontact

- 850 "-- -- Obscured .....

.... Halite, argillaceous .
m

_J .........• i , ii J i i

uJ Halite

-860 cj _. Armydrtte, nalttlc
z
o
¢J Hcdite

1,

"87C -- -- Halite, argillaceous

Ii....... ,, HiO_,_Q L I I " ' II I............ -- ] 2

II

-- _ Halite, argillaceous

2530- -"
' -88C

i:

, ,,,

Halite

2520-_ ] Halite, aruilloce0us

89,0 ' -- _ r-Halite, some Or(_II/iOC_OUS _latl_lr'joJ; tlran's;tion to clear halite with trace
polyhalite, trace argillaceous material, underlain by I"seam gray
green clayey silt.

I _ _ i-- i I I I I I I

Halite, with abundant argillaclmul material.
i

....... rHalite, clear; polyhalite and arqillic content increase downward;
2510- argillaceous zone (898.2'- 898 3') -

• , with reddish brown clay did
I900 X i I ,b,lebs and Itrln_erl. , II I

P_P_;._ _;"_ :_T: _ FIGURE E-1
C.eCKeev' ____--'-- WASTE HANDLING SHAFT
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PRELIMINARY STRATIORAPHIC
[LEV." DE PTH" COLUMN . . REM&RKS

(_T, '4St. ) tVT.}
,. ,. l , , , 1| , , 11 | ''"" ,, ,1

900 - x Asa=_,,;
I .... x -1___

X Halite, clear, mosstvt, moderately soft; trace polyhalite

-- .--- X -l__,te_ argillaceous; trace polyhalite. _,. , ,

' -1 Hollte,clear; trace polyhalite '

...... | Hoiiie, orgi llaceous; Includes clay seam at ""906.1' dlPplng few2500-
"" 9t0 -.. -.. "- | degrees NK- ' .......... ...........

..... Halite, olear.

-- X Flalite, reddlsh-browhl argtlloc'lous and silty;taft oray-g'reen band
X' ----

r "-- X near upper contact,
:( -- Hpl'lte; tess arqtllacqious than above_ ir ac_, to some polyhalite;

X "-- X blobs of gray-green slltslone; layers (,_1) of clepr hali,tq with
trace argilta_ceRul material and polyhalite (914.0-915.0,

2490- ,.=_.._ X =_...._..._ (919.8"" 921.6").
"920 916.7'- 917, T )t clear halite with white claystoneparting (I/8")

;' Poiyhallte, red" orange; .h'olitJ_: ( 9'21.,6'. 921,9'); halltei"'orgtllaceous,
trace polyhalite, soft (9;_1.9-9;_2.2)'; polyhalite, llght-orange,

- medium soft to hard (_922.2'-9,22.8"); h,allte_ c_eart and polyhalite In

'-" X alternating layers (I/4- I )(922.6".924.7').X , | . i., ,, . , ,.. , , ,

2_80- .X'- -- Halite; argillaceous content Increases downword_ trace polyhalltei
- 9:50 --' - gray- green itltstane blobs or layers, reduced zones,

,, ,,,m ,,,,,.,,.i

- :_ - Halite, clear; trace argillaceous material and siltstone; argllllc
--- content increases downward between 936.3"-940.4.

2470- _. ._. Halite, clear, very argillaceous, brown-red; gray-green siltstone at
_ lower contact _ undulatory upper contact.

.=

940 .,-
.... Halite, brown-red; trace polyhatlie, iower oroilt_ceous content than

v)__ -- -- above; gradatlonal contacts.
"' _.r_.-- _ _. ....
_: --X _ Halite, brown-red_ vgry argillaceous; many thin (<l /4 ") polyha llie

X -- strlr_ers. _ j

X "" _ i_ red-brown,'-very argillaceous, soft.

- - _ "'_ Ipolyho'lite increases aownword; layer of polyhalite
9so _=_ _ _ '(9_;_.o'.9s3.z'_.X

' -_- -J'Holtte, red to brown reds abundant polyhalite; argillaceous content
X _ X--'-_ X---- increases downward, especially 955.6;955.9.

:.::___::.:-:__:- Mudstone, silty or siltstone,brown-red, trace halite; massive, medium

2450- _--_:__---_ softinsidetOwalljI°ft'harderfractures.,at UVl:)ercontact 'and very hard 2"-3"

_--._-_-:_.......--960 ......... -..: As above, except light gray.
"--X X--

Halite, clear to red -.browq, Some tn abundant a_q;ltaceous material;" some
, -- X "-- X _ polvhdlfte, oron_le 1o rea-orown.

-'X -- -- X _J'Poiyhalite, reddish-orange, massive, medium soft to medium

hard.Interbeddedpolyhalite and halite, hard; mos-;ive Poiyhailte; lower
2440- _,_ ._. '_ _ _' _" _" _ portion contains 2"- 3" bed of anhydrite.

970 _ _

Halite, red-brown, argillaceous; orgillic content decreases witht

X depth and is largely absent below 972.1; trace polyhalite,
increases downward; clear halite alternates with polyhalite and

X ha|;tiC polyhalite in 12"-14" beds near lower contoctl'hard where
2430- argllllc content Is low,

980
X

X I A'nh'yclri,e, with hallle;"'finrgralned,"gray, ho'r'd, " ' '

X X -][Halite, clear, high argilllc content, red- brown; some discontinous
•"_'_K,_k-_'_x .-Jorgilloceous stringers and disseminated along crystal boundaries

-- X "-" _ and in crystals; medium to large halite crystals; trace
2420- _ _ -- disseminated polyhalite; polyhalltlc in lower I ; some gray-green

-990 -- -- -- clay ..Str ing e._=......................... ' , ,
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PRELIMINARY
$TRATIGRAPHIC REMARKS

ELEV, DEPTH COLUMN

:)Vl ,'

×

Halites cleori trace polyhalite and argillaceous material in 0,
X X bands alternating, with dlscoqttnuous argillaceous, polyhp,Iltlc

halite bands_O, Ol; at egg,6, halite bands thicken to-I _
-'X argillaceous content Increases downward in halite bonds; polyhalite

X- X--" occurs In layers (up to l ) downward.
! li

'-" X Polyhalite reddish-.Qronge, thlcknese ranges 9_19 _ unde rl,_In p).yX---- X--- gray ctoy_seom (I/4") and gray anhydrite and polyhalite (I "4'

Halite, some ore!Ilo,eli.us material; orglllic con_ent decreases
downward! thln (I/4)clay partings at 1010.6. (gray,)and at

"" --" 1012-.1' (reddish brown); argillaoeoul bed (1010.5'-1011.3).

Halite, lame argillaceous material; argillaceous material evenly

"- -- dls_e,_inlo,_, , decreases slightly below ,016.1' .wavy, irregular-- reddish-brown Cloy. seam at I016.1".
m Anhydrite, dark gray, or bonded light and dark gray;, hollte-rich

lenses near upper contact; several subvertlcal, open(I/, "1/2 ).
or tight fractures; some-halite fracture filling (1031.6-1033,6'),

Clay, m.oderote gray and reddish-brown,soft} halite-filled fractures.

Halite, some argllloceo_
disseminated trace polyhalite; decreasing argillaceous material
be_v about 1038.1'; occasional gray blebs In lower portion

Anhydrite, light gray, hard; vuggy and dissolved near upper
contact.

Holit clear, coarsely crystalline; trace ol'_pceous moterial;thin ed'lscontinuous anhydrite bonds up to thlck t trace
polyhalite at bose.

"- --X ,halite, reddish-orange, medlum soft_some anhydrite.

Halite, clear, coarsely crystalline; trace argillaceous material
wX _ and pal halite.

X _ some or Ilaceous material.
Halite , clear; trace argillaceous material; thin discontinuous
po_yhollte stringers.,.,.,..

\ \ "- \\ Halite; some argillo_eous material, dissemlnoted;,groy clay
X -- nartlnn(un to I/4°'). soft, discontinuous (lOSZ.4 ); gray and .

;"eddls'h- b_rown c'lay l)ortlng (up to 1/8"),..discontinuous(lO.54.3");
--- X gray clay stringers and blebs (up _o _/8"') (1057.8 -1058.9');
"- _ disseminated ,halite below 1055.1-.

X --_ Polyhalite, up to IB"i underlaln by gray anhydrite (t") and
-- __ ray and reddlsh'brown clay (2).

X_ Halite, some disseminated argillaceous material and trace
polyhalite.

"" X -" oltte; some argillaceous material; some polyhalite in discontinuous
2550 Is,ringers; gray clay blebs(up to I") at1062...._..,_._8'. '

_ Halite, coarse crystotllne ; trace argillaceous material and
'halite

xxxxxxx _ -- Halite, trace to some argillaceous moterlall trace polyhalite;
_- "-X polyhalite both disseminated and In discontinuous ltringersl

X -- polyhalite increases 1074.3' to 1075.1'.
X Polyhalite; continuous, irregular layer ("3n-:4"thlck) underlain by

2340 --X clay at lower contact.
Halite; some to abundant argillaceous _a1Rr_al , decre'oses

-- X downward; few red-brown clay bleb| (3-4 diam.); trL, ce-- X _ xxxx_
•--- X _ polyhalite

halite; continuous, irregular contacts, 4_;
edta,ely overlain by gray clay b*ebs and underlain

_ X -" by red-brown and gray clay learn {J'"2")."" X '-"

X -" ire; some to abundant argillaceous material; trace polyhalite.

FIGURE E-1
PREPAREDBY/_I_ DATE_/_l'/IJ_4
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PRELIMINARY STRATIGRAPHtC
ELE_/. DEPTH COLUMN REMARKS

( F't, 04SL) IFT.J

± I ' I0001 ,11 I _uellll m _ I X _ I ASI I above|ll --- -- --- iii iii I iii _ .I iii I iiii II ii |11 i • ii

- Hallte,orgilloceou.-;arglliOonte.t do.nwordiroya.dred-
,.-, brown clay blobs at 1085,6. 1087.9'; dkl'contlnuoul polyhalltQ Itrlnger at

-- . lower contact (1087,9),
! xx_Bxctt

I ' ..- 'Haltte tmedium to oOorl;'arYstalitne, trace io lame argillaceous material {
21_20"-_1090 _ " _. .... occasional gray clay blsbe; argllllo content decreases toward 1091.8 t,

-- tn.preases toward basel contains polyhal,t.e strlngprs,btebs,ond beds (I -
; .... .- 5'-thick)at 1095.9'-1096.0* and 1098,0'-1098,3',
i

,,.....,
I

i ---- XXX,_oo_

-x_7,o ......
2310- .. Hallie,clear i'troce arglliaceous material and po'iYhallts, ...........

- I100 -'- X
X'--

- Ha,teia. ont;,gillo'ou.mater*alO;;-gra;o,oyblot,;atoastesto"d
"-" 'X "- "- inupper l'itrace tp some argillaceous material at bottom,i trace poly-

-" "-" X -" hal#le below 1104,1, increases tolome downward to III1.1"; poly,hallte
" "" "" bed and strlngers,reddleh-oranget moderately loft (1113.8".1114,2').

2300- --. X .-. ---
- IllO .... I

.-- X -- X -'i_ .._ _X

--X "Pialite',alear, trol:e arglllaoe;Us motirta'l and po-lyhaiJts. "
--X

--X
22:90- ---X

" 1120 :Z: ---'X --v J HaJtte'i ii'ace argi'llace'ous moterlal ; polyhalltel ....cn -- ---X
Uj_,_ ": "_'¢_ ,;_- " .-:'lHalitelaraillaceous mote'flail trace polyhailte In c0tltlnuous itringers

= _ _ _ J (u_to,/2"),
UJ _ "--' --' Polyhali.tetreddteh-orange to 'pale- orange'i underlain by 'reddilh-brown"

22B0" a:: .... --._, clay seam (3'-rs")llOft,

-1130 ; _¢ -- Halite; argtilaceous, with red-brown and gray ilav"btebi; orglllaceouI,i "-" content decreaeee to trace amount by 1129. ;hallfetcleor,at 1133.1"
b and below.

i ....Halite _some orglllaceous mo'Serial willie-few'cloy'" blebs_ aolyt_allte'ri(:h--
zone with trace argillaceous material at 11_8.7.

I -- X-- x'-' x --i' .....HallS; isome argillaceous material and Polyholltei potyhalli'e decreases --
i

2270- _ to trace amount below 1142.9 °.

-1140 i "" ,',,[ Halit'e! abundant argillaceous mat'erlallwlfh anhydrite bio'bi and-- -- _X _ stringer_,i "-'-Xx_.. X "-- _ - ,
-- .-- Anhydrite, gray..,dense. '.... ......... _

."--X "-- I:_ytla|lte, orange-r'e'd, me"dium,lard,

_ "--- %'-- AnhydrileigroY'cloy bed i3") derlles'anh,yd,rlte' ..... ' , :
2260- F Hallteisome (IC)%)interstl'ttal polyhailte

-I150 Halite i Wlth-oqhydrlte and ;ope poly,h'cllile in s;ringer'l(l'/4"-l") at
1156.8',1157.2,1157.9,1159.1",1159.3', and several discontinuous ,

_'_-_ \_'_ _ "_ "_ "_ _, stringers .... ' ....................
X . X Anhydri_,e. , _
__X _ X_ ,.. Hallte_clear;trace polyhalite.

2250- I - (I/4)at 1161.Z-II61.3"; underlain by anhydrite layer (_. I.-,6oi - - - -- I " ii ' "

•, _.\_ % ",_ \ \ _ - Halite_¢lear_two anhydrite layers at 1162.6 (I/qtdiscontlnuous) an'd of
-- - " 1165.0"(I/2, continuous);

_'_\_\_'_?_: "" Anhyd#fe ,gray, dlnse i lower 0.2' Ii polyhalite ; clay-rich seam (li64.6'.

:J-Holite i some(;'-20%) Polyh'ollte .....

i Xr- X - ................
2240 -

1170 ,,, . ......

FIGURE E-1
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.- PRELIMfNARY _ $TRATIGRAPHIC REMARKS
ELEV. DEPTH COLUMN

' ( r'{0 MeLt. (F 'r,t _ .......................... __ _ _

...... .,,0 ,.o--
- --"X Halite& trace 1o some a;_liialie0u; mo tirioltdark' gray clay& tr©oa poly-

--_( -" ....... haltte
X [ , , ..,,, , , ,, . ,, ,,, , ,,, , ,

X X Halite, argtttaeeouLi ,_l.eersaslng,tow,ard bose; tro©, to some'

2230- '_ X __ i)otyhaltt_t layers (I/2) at tl76,1 an_! 1176,6' continuous+ gray-reddish-brown clay seam (,-5) at 1178,2" 1178,6',

"1180 X X _rHotit e , .------.--_" X . trace polyhalite, disseminatgd argillaceous material,
,miX _ _ ,

X
X

-X

Z220- -- ..... -..X .... Hollts, crglila¢sous, reddish--brown; trace polyhalite; orgilia,sou' .....
-tl90 Lcontsnt deorsasel toward the base,

- x Ho,t., .oo.,o.o.;. ,,oo.,oly,o;;,."- X
X--

"-- " X

-- x . ' Po,vho",,;i,a,i;"uior ,ndert;,Inbyt".:;"
2210-

-1200 X ]thick gray clay seam. , li

X Halite; trace polyhalite, ................
X

x
X

X I Polyhallte_ irregular anhydrite ,layers with halite c rystall_
X II Halite; trace to some polyhalite.

2200 ......... _
-1210 = _" Hoiite;,oms argilla©eOus material; _'olYl'_allte _nd, c.1/4"thick

_x_ x ..-- , .....................
, IJJ • _' = "_'_

-x [ Polyhaait,.
'_ ---,X Hallte,clear; tracearglllaceous'-"'--"'"-'i"_lterialana'__tyhallt, ,
uJ "-'X ' -
= . -,Y I Halite,clear,

2190- Hallte,some argillaceous materi_ll ...............i- ............

....... -" .'""," v ;l ""l";'4r' ie,g'ay ,-- I Z Z 0 _ TT ,I I " " l " .... ,den_..,
X X Halite ,clear, thin ;dlsconiinuous polyhalite bands, 0.2'-0.4' aport ....

,. --

"_" X . X I1Halite ;'some polyhalite. ' • ....

-- _' -- HaJlte;'_roc,.. argillaceous mate'rial,';lth q.r0y clay stringers.
_ Halltet abundant orgllloce'ou, moterialt nodules 11/2"1 of reddish-brown

2lBO- L..1230 .--. .-. ' clay ; argillaceous content decreases to some (1227.8'- 12:54.7'}.
....:.-

,., ,, ,..,

....... "Halite ,cia0';'.

X .... x rHo'Htei Somil poiyholite l ........
IPol_alits;u,dulotory upper contact, Oi7'relle'i"; _r"o_ cioy slam(l":2"..2170 li

thick )underlies polyhalite.-1240 ! ..........
X X Halite ;trace to some ( t iO o/_ poi ytl0iite.

X X
_' .... Hr'_e, soml (,'10-15°/o) argillaceous material, discontinuous strlngerl"---_ _ X .

land disseminated gray clay ; trace polyhalite.X xxxxxx
X X Halite t some (IO-20°/o) polyhalite in thin ,discontinuous itringerl_ and

2160- X interst Ii laity.

-1250 ........... Haili's,trace poTyhollt,i" thiylre'kltlvelycontlnurwss'trinqar'si'polyhalllte
, .,I ii t &, IX blabs and irregular mallei (2-3 diam.) h250.9 - 12,7.5 ).

xxxx,
Potyhallte, thlckness vorlwl

-- - ' _ lr ..i.. = . _ ts " ' " '"" ' ' '

2-6 ,undsrloen by gray clay seam (i/4"-
ill l-1i

II

X x.xxx.xx I/2. ); toni'acts undulatory. .
2150- Hutite ,clear ; _race polyhoiite.

,,, ,, , ,. , i H i, ,

FIGUREE-1
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PRELIMINARY STRATIGRAPHIC
[LEV-_ _-_- DEPTH COLUMN REMARKS '
(rT, Mlt.t (fT,) _ __

260-- X ....A,oi;ova .............
X

' X _6_k t thin halite layers at 1265,4 t underlain oy gray
_..J clay seam (I/2"),

2140- _ " X - _ _ Halite 0clear !traoe polyhalite
- 1270 -'-" ......--

X X
blebs_ continuous ban 1272,4. 1272,B'),

X XXXXXX Halltetolear i Stage to some polyhalite,

, ..... .....JHerin i trace argiiioOeoui material, Oray Olayl..,.,m

" -- Ha/It_aom polyhalite,2130 -1280 xr ....

--' -.- -.-_ _.... Hallte,some io abundani orgi'llaoeRu= moterl;i, r,eddi'h-*,bro_L=1oy
- reddish-brown oloy seam up to _ thlok (1282,4.1282,5 ),

Hai i'te,olear_ ;;'Opepolyhalite in di=e-'o'-nilnuoul layer=.... (,2;;) at 21137,5' and

Xx 2187,8', .

2120- L_X,_¢_XX* X X*Y._'_

-1290 "-^.-.X -- Halite, c:learitraci'e argilla©eous mate;ial o?d polyhalite; bonded hollte
-'X and polyhalite near upper eontoot (1289,6-1290,1),

• ................ Ha atc eor i ulcc ,

2110 - XXXXXXXXXXXXX-=XX)
m _0 0

.... ,._L.

_n X Holtte ,aloof l'trace polyhalite.
--- j, ,=,,

w1 X "-Ha'(,te_t.raceto lamepolyhollteT,several,po_Y.hallte layerl 'at 1304,1' (up
;_ X X lo-I/4"),1304,6'(.,'l/4')_and 1305,1" (2),

X XuJ

a: ...... Halite i c:teoi'; grodoti'onal 'upper'contoot,zloo ....
-1310 _: __="_. Halltel;roee to ,omearqtlioceous materlai,'reddlsh-brown

.., , = H

X Halltetclear i trace polyhalite.

-" lie, .........= . _ vr _----_Polyhalite l some hal
_ _ ,, .. =,H _

_ailtic clay,gray.
2090- Halite ,clear ;polyhalite blebs.

-1320 X

g
$

--_" " _1' 0 ' '" t --" "

Polyhal|te;anhydrlte in lower :5 (1327,4.1_27.8).

-- x - Hallte_ocepolyhallt_. _-_

ob.nontpo!yh,,2080- ' x F _- life
--1:530

X Hallte,clear i polyhaJlts lt.r.ingers and blobs ( 1333.6'. I 3_6,6') i distinct
xxXXX X polyhalite layers (I/4"-t") at 1336,9',11337.1'.
XXXXX

_..JPotyholiteiclear halite layer _,-,q /at 1339,0.1339,b t unaerlaln oy gray
clay seam (I/4")._.._.___.__._ ._

2070-_ -1340 _oce polyhalite.

X [ M_ Nut t Polosh Zm'=Halite!trace to some polyhalite,/

X FHalltei some argill;'c_us motqlrlol o_d polyhalite,

X X _ abu_ont or ilace'--'ou"="mote"'"r;a_'_;ro"'c_'t-o"so'mepol-"---yho"-'__ Ior_

_ _ _ polyhalite blobs.

I__.. --- Halite; some to' abundant orgill'oceou= moieriai, reddi;h-brOwn ;includtng-_060_ 7 _ _ irregular clay moss_s and clayey silt" 1350 ....

FIGUFIE E-1
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' "PRELIMINARY .............
..... STRATIORAPHIC REMARKS

-ELEV,.... DEPTH COLUMN
[(FT,MS,L,)_(_T,! _ , ........ _ ,,-.......,,,,, ,I ,,, _1

" 1550 ....... As above

................ '"-"Halite i treat arg tlte"X X
2o.o- _ __X%.... X

.15so _xx_x-x :1
X Hdlltel.troae to some polyhalite ,wllh etr!nOerl In upper 4 -

X 1560,O')Itrooe polyhallte below 1360.0').
.. ..... i m.i ii i L__ ii i ii ii

XXXXXXXXXXX)O Halite, i_leorl trooe to some polyhalite in stringers,

2040-
.1570 XXXXXXXXXXXXX

XXXXX XXXXXXXX

-- -- , ., ,,, ,i ,,, _ --

2030- - -- -. .... .L. " HotlII f monteorgtl IOalO4Jl''mot|¢lo'l,red- browtl, etrhlger and btebe of
.1380 X --- polyhalite.

--. XXXXXX

. X;- ---" ..... X, , Hallieipolyholli'ia;wtth dark gray olLayltrlng-_rs,- - '*"X'-" -" X
--.L -- -- .... '_ Polyhalite i r:-5"'thlok ,-'-X

2020- X ' X Halite l troee to some polyhal.lte _,traoe ar,_tllaceou8 material to 1588_
_ )<_ x _ onty, polyhalite parting (_/8") a_ 1:389,9.

- 1390 _ =!._, _ _!__:_-_ .--q._..._..__ _ -- _ -- ..... -- _
u) _-; _- .... 1 .clay..._red,brown , grey, 'hatl'ilo,lllt-y..
uJ X ' ' Halltelsome argillaceous materi'cll,tr_ooe polyhaliite ._

X ' Hallte.oleart trace polyhalite .'......
uJ X -,_
,: X

2010- - X
.1400 _ X

X

----.-X --'X' , ', Cloy_gray_reddleh-bmwnto groyleh-brown.
......?.,..._,_....__...._ _clrglllooeoul, 'polyholltlo ,

2000- X ?Holltevcleoritrooe poly.holttet I- dlam, claY b_ebsi argillaceousX and polyhalite Iclyer (I/2")at 1415.5',
.1410 X

' ,X"--X_ . -- _ ,,,

----X Hollte,cleor )trace to some polyhc;llite':,polyhallie Iclyers (i/i6 '_Z")ot

x ...... "_X ..1t4t4,1.1414.3 and ot 1415.5 (t/8),I , 1 ,,,,,, , ,, .....

X ' i Polyhalite; clay eeam(I t/2"-3"thick}_groy,wtth halite airlnger underlying.
1990- X X

.1420 X X Hollte,cleori'trooe to some polyholite,_
X X

-,. X or( '-- 1.
X Hollte,cleor( trace to soro.epolyhollte; of about1425.6 troOe,grayclay

X and polyhallle Ioyerl l"orgllloceoue hollte layer at 1458.0',
X X

1980- X X
-1430 X X0

X X
X X

X X
X X

X _.X
X X

1970- -- .... - -
-,44o t,;,/z Qray ....... _ _

.SPARED BY,_ OATE_ FIGURE E-1
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PRELIMINARY STRATWRAPHIC
- ELEV, DEPTH COLUMN , REMARKS
(FT,.sL) ' (fT,)

- 1440 ' _'_""J"I_'A _ _ • ..........As,above ............ '................... ', , J ii i,,,,, ,, ,,, ,

X HaIlte,.olearitraae Sesame polyhalite; polyhalite layere of t444,9'.
X t445,0" and144_,2'-1442,4tt locally btfuruote and plnoh and ewel6X X

X X
,_.,.._,Lv_.___'.,'-___ "V- Polyhalite,

1960- -" " Halite, argiltaaeous, red brown,
-1450 --- --

.......... °ih ...................... .....Hallte, ¢lldrl some polyh e.
X X

X XiX X ,
X X

1950- X X
X X

-146d X X
X X

X X
X X

X X

' _ X X

_o. - - Hoilt.,argitla.o.,_;r_i1'i'ac.o."=oni'e,tdecr;a."toJb'_,..,
•"1470 -" --

, ***m

_ iii i i i iii ii

X -" . H'oiite, clear ; trace to some poiyholite, slightly orgll;;ceoul.

1930- X -
-1480 =: ' X ,..-

m X -- X
w X "- X
= X-- X

X-..' X

X X Halita, =iear; some polyhalite.
1920- =: X ' X ' '

-1490 _ X X
¢ X X , ,

X X
X X

X X
X X

X X19_o- ,.......
-1500 _ Polyhalite; undulatory upper oonia'ct (> 6'/relief ); clay, gray, 'underlying' -'

, ':__x _y_<_x_..__(,-2"1•
___--'--'"""" p_X X Halite, clear to whltel trace to some

X X

X X

-i510 X Halite, cteor; trooe .p.olyl'_'lIl'_. '-- -- ,,', _ , ,m ,,

"" -- Halite, argillaceous, reddish, brown,

o'y " ' ' ' .......'-- -- Haiite, gr *locally argillaceous.

• _ _ -- J ' ....... ,, ....... --. ,, _ , ,,,, ,, , L

1890" -- --" Halite*argillaceous, ,ed(_ilh.brown-1520 ...... ' ............
--" "- Halite, locally argillaceous.

,,.,.
-- -- "', -- , ,,m ,,,,, , , , ,,,,, _ ,,,,,, ,

' " "-" Halite, argillaceouS; arglllaceous content decreases to base.

1880- .._
__ -1530 ---- ..........

FIGURE E-1
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' CHECKEDBY .-----.,,DATE ......_......_ WASTE HANDLING SHAFT
LITHOLOGIC LOG
SHEET 17 OF 26



,i,, , . ......... 11

" PRELIMINARY
........ ST RATIGRAPHIC REMARKS

ELEV. DEPTH COLUMN
(FT. MSL) (FT.) ' ......

/ ,S30 .... _ _, hD,,._.o,.,h,. 6"obo.°o.,o=,. ----_--d
X X X Polyhalite; with localized halite lenses. " --II

' _ Anhydrite,graY, Ot_nd'ont polyhollie ; several hor},zontol froctures (?);
cloy-filled lenses p,oroliel be_d_Ingpions (s 1_1/'2,,); halite-filled vertical

18 fractures oi 1537.3 and 15;_8.0 ; cloy seam (I/2),gray, underlying;

,'j540 undulatory lower contact, I relief.
'J_olite,troce to lame 110-25%1 polyhalite. .......

; ×
b

1550l

_(-. 10%) orgl lloc_ue moterlOl, gray.
m

"_O,t., tracelO,o.;; poiyho.t.. ..................
_A, ;b_;,ro=,g,oy.lay ......... _ "

Asobo.';noGay.' ............
' (3")t hollte. ' "• -tsso [Cla;,g;a,..am

Halite, orgJlloceoust some polyhollte; local mosses of clear halite.

Halite; some polyhalite,
x X -- X Halite ,' slightly argillaceous ; some polyholile. "--'-'-- ....cn X -- X
uJ X -- X

IZ X -- X
- 1570 : X -- X

i,_ X -- X
x.X :' X=: ,% ._ • _ I

- -- -- Hali,i; orgi'llaceous zones por'ollel to:beddlng. ........ 4

JI .-.,,

vr'-,

...,.,,,

Ho'lile, clear to white; trace 'polyhalite: Ioco'lly'argillaceous. '
X

--. X

X

X
X

• "" X

X

) X

X

-- X

; X
mm

X

•-- X

- \\\ \\ \ _ \'_, Anhydrlteand_hD.t----;':bonds'-'--'-_;i-":7 o.hyd_it------_hD.as'--"--.a , , ,., , , i , ,, | ,.al

Anh.vdrlte, gray, hard. I

FIGURE E-1
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pRELIMINARY ................................

ELEV.' DEPTH STRATIGRAPHIC REMARKSCOLUMN
!FT. MSL) (FT.)

/////////' Polyhalite, underlain by I gray clay seam.

, X Halite, clear; trace polyhalite.X
X

1780-

-1630

' Anhydrlie,,.Qray_ finely cry_talline; ctay partings and learns, gray at
1635.6"(I/4'_,1636.0:!636.7 (,with o_hydrite and polyhalite

.... ._ : . . stringer and ,bonds), 1637.3-1637.4 (soft); polyhalite at
_X_\Xx_ \',,x%\ 1636.7-Is37.s.
[ X X X X._. X 31LJ_J"

1770- X Ha;lte ; troci polyhallt'e i P;lY halli'te bond ,1639.9'j clay seam;groy, O*-is4o x is4.o'.
X

X

X Halite ,clear i i_'lyhalite increases io trace amounts below i646.1'; clay
X porting, gray, discontinuous, and blebs (I/8"-I/4") at 1650.1',

X

• X
X ); tracepoly,a.t,and

1760-_ 1650 ' --' _ argillaceous ma . -1651.9 ) ; arglllaceoustwlth gray clay
"" X blebs (1651.9"..1652.1').

X X Hatite,,cteor; trace to some potyhal!te ; polyhalite decreases downward to
X 1675.1. before increusing at 1678.1 i possible clay zones between 1652.1'-

X ---. X 1675.1.
X X

1750- X
- 1660 -r. X X

(n X
tu X

X
:i X

"" X

W .._ X

1740- o: X
- t670 -- X , ,

¢ X
X "-

X
x.

X
X X

X X1750 -
-1680 X X

;---?----?----- v- , ,,.......
-- --X', Halitk, argillaceou;; trace polyhalite; clay'l)lebs; groy,upper,I ; red-

-- X "-- brown clay blebl below ; contacts uncertain,
"" X "'

"-'_XT-'--" ?'--'-'_ -- Hallte_¢leor ;'"race' to some' poly hoitte t,x

1720-_ _ 1690 X
X X

X X
x X

"" "" ;:, - Halite, with red-brown clay blebs i (?) clay seam (I/4"-I/Z") wtt _1"l--"
- m . _

"" Halite,clear i trace to eome argillaceous material. •
1710- m -"

-t700 "" -"
i _ 1,1 , ' ,

.....""X Halitetciearl ,trace polyhallie' and argillaceous mote'rlal.
• --X

"--X
X--

X--
1700- X "--

" 1710 -'-X....... ,

" PREPAREDllY_ DATE_ FIGURE E-1
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"PeE_m._.Am; STeATIO_APHIC REMARKS
E:LEV. ' DEPTH COLUMN

(FT. MSL_) (FT.) _ - i....
1710 x" A'a=,,.--- - - --

--" X
--- X

X ---
""X

X'--"

1690- X --
-1720 -" X

--'X
X-

e

x x x Ho,ie.coore,(r') cr"tolll.e;a_.da"t'-_0%)polyho,6.....
X X X I ""'tyho"te, h_"ttP'o ii ali .............

" ' -_:iClOy seom, groy,(4"); u_klrloi'n by halite,clear ;trace poiYhollte in
-- .---X thatite _ '

1680- -1730 X--- I
X Halite; dtscontlnuou; clo'; strlngerll and b/epll, reddish-brown (1721_.7%

X-- 1729.1');trace polyhalite (1729.1"-173<3.1').
X

---X
X

mta- ----? x_i'"-- _ ............
-1740 Halite clear.

(Shaft walls obscured by -I/2" crust ).
___?_._?--..-.

Halite, clear ; trace polyhalite.
X

X
X

X
1660-

:= X

-1750 !(n ..__ ___._ ?...__.X?._.....r Halite; polyhalite strinQers, "-

;![XXXXXXX)_XXXX'XX " Polyhalite, red'dish'-oronile, un'iform. ' '

iwg_ I Halite c, tear;tracepotyhatite. ' i").-_"-'_
I Polyhalite,reddish-orange [ _n'nd_n b'_ clay seam (I/']6 < ,,

!¢ X
Halite,clear ; trace polyholitJ.1650" I_ X

-1760 3= X
X

-----? ? "--'- ?'X'X_t e, clear; poly h01_8".2" 1.
_ __ Polyhallte,pal'-e-o'oro-'n'_'geT'oreddlsh:brown,o.nhydrltlc., halite layers oi

x I,T6_.4'-,Te_.6'(,hl,,i.gtoi/Fl.1766.o'-,Tss.r..........
i640- X Halite,clear i trace polyhalite

-1770 X
X

X
X

X
X

X
1630- X

-1780 X

_, X _.._...__ ? Halite, argillaceous

;' * ' pOX X ? Halite, lyhaliie.
X X

X X

1620- -1790 _ ........
'Polyhalite, reddish-orange ; 1 gr.._,, cloy_. . .,( _( x :. x --

X J Halite,clear; trace polyhalite and argillaceous ,'_,_teriol.
--" X

X
X

--X
1610- ---- X

r--_l-_e,o,_ ....... -x ......................... , ,,
FIGURE E.1
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PRELIMINARY STRATIGRAPHIC . REMARKS
ELEV. DEPTH COLUMN

(FT,)
X Hollte, clear ; grad ing downward to polyhel|tl: halite; polyhalite layer

-_ 1801,6'- I8OI.7' ; halite ,cl_or ; troc_ .polyhalite ( 180h7'. 1802.1'); underlain

e X by gray clay seam (1802.1-1802.3 ).
X

X X Halite ,clear ! trocheto some polyhalite.

X _"J
Halite, clear _coarsely crystalllne; stringers or blabs of polyhalite.

XX)OOC

Halite,clear ; gray clay stringers.

,,,,..,

,mm,.

i

...,.

1580

?--.? ---?
X Halite; trace polyhalite..

X
X

X
1570" X

X
X

X
X

• X
X

X
Polyhalite reddish-orange. ' '

mm m mmql __m_s_

Halite;tracepolyhalite;gray clay seam (--2iat 1852.2',containshalite
_' crystals, grading downward to, argillaceous halite.

X
X Hallte,clear; trace polyhalite.

x
X

X

?.---?---._
Hailte,clear; trace to some polyhalite in stringers.

XXXX
XXXXX

?--"?-)_---- Halite,clear; polyhalite bands, pale orange to light orange.
X

Polyhalite.

-- X --" Clay,gray,very stiff ,with halite crystals.
-- X "--" Halite; abundant argillaceous material i trace polyhalite.

X ,,,,,,,,- m,,

"mm X ,.me

X
Polyhalite ; clear halite above and below polyhalite.

15:50" Halite, clear, slightly argillaceous.

(Obscured)

._?------'_ Italite,clear ; trace polyhalite.
X

X
I X

X

"_ PREPAREDBY_ff._DATE _ FIGURE E-1
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PRELIMINARY
ST RATI GRAPHlC R EMAR KS

ELEV. DEPTH COLUMN '
{FT,)

X As above
X

Hall,e, polyhatltlc , argillaceous.
X "- X---

---X "--X
X -"X
--X ---X

'---' Halite .

Polyhalite t slightly undulatory lower contact ; with clay seam
X bose,

X
X Halite, clear ; trace polyhalite.

X
X

X
X

X
X

X
X Halite ,clear; polyhalite increasing downward .

X .oolyholitic halite, and poiyho its,in olternotln bands.

1490. XXXXXXXXXXXX Polyhalite,reddish-orange ;with discontinuous halite layers 0tl920.3'-1920.4'

Anhydrite ,gray, finely crystalline; trace polyhalite ; underlain bygray clay
--X --X and reddish-orange polyhalite layer (1921.4'-1921.6') •

"" X

"JX "--X Halite; some polyhalile; slightly argillaceous.
--'X --'X

-"X -"X Halite; argillaceous; some polyhalite,

, --X "-"X Halile, slightly argillaceous; some polyhalite.
---X --X

........ --S.,L----

-X -'-X Halite; argillaceous (gr4y); slightly polyhalitlc.---X -'X
---X --×

--X --X
--X --X

-X Halite; argillaceous (gray), content decreases to base.
...wa.X--..

"-K --X halite.
---X ---X Anhydv-lts,l|ght orange to gray, polyhalHlc ; grades downward to gray, with

trace po1_()lit e.
Halite ,clear.

-- .-- Anhydrite,gray ,hard.

-- --- Clay, gray (O._,hord.

.._ Halite, argillaceous in bonds and stringers.
...m, .-....

,,mw. . m.,

.me

Halite, clear ; trace polyhalite; at lower contact becomes polyhalltlc and
X anhydrltlc.

X
X

Anhydrite, gray, hard; weathered anhydrite or anhydrltic clay {-_n) at lower
contact •

q

-.- -- Halite ; locally argillaceous in bonds, content decreases 10 bose.

.,.....

e_eeaneo sY_ 0ATE_ FIGURE E-1
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,-.,= . .,,;---L.Mr.-Ry........ .............
r _£_V' ' II DEPTH STRATiGRAPHIC , REMARKS (COLUMN ' • i
[(FT._SL) (FT.) , ...............i . "' ' 'm" . , i ., .i i i , i

1980 -" As above +m m

IIIm,ll

.mim, m

m,.m,

m m

__ _ , , ............

' Hoiile, clear to white; local argillaceous str;hairs.

1420,- -1990 % _'- C _-'-_,--....iHalite,anhydrltio; olt_l.rnatlng beads, .............

____ Anhydportlngrfit ,gray, hard i*II(..i/8 ) Ightly undlJlotory IowIi_ (_onloct i under lo lh by cl o-"-"-'"--_,, i ,, i , i l ,,,l L ,

-" -- Halite, clear to whlte, argillaceous in stringers and bonds;1410- - --
some polyhalite near the bose.,- 2000 -- --

--'-- ,, --'?" i , i i , , . ,, ,l i , , t, ,, i

-- "- H.alile, clear, trace oi g'roy orglllaceous stringers becoming
more argillaceous +toward the bose.

i

mm,,

1400- I __ ._
- ZOIO .- _

1390- -- --

,. ,_" _

,oi,,; °o°,==, ........ _ ,xs,X,* ,x, .x, ,._)_.X .,_., ,
_i,,x,)<..x,.X X.x. X ,x,X,

_ %_i "Anhydrite, groy,hard;unduloiory Upl_ercont_ct. ..............

13T0-_204.(__ i Polyholitlco.hydrit.,fine c'y;tolli_e! AnhydrHe:ot2045.1'.graY'204'5.3fine'crys'tollin++;-c+oy-+seom, gray, ......
.

X '" "_ " "-: ..... Halite,clear; trace tO some polyhalite; locally argillaceous in-stringers.
1360 - X

- 2050 X
X

X X
X X

Xl,__? x..L. ..........
.... 14o1111,'clear.

1350-
-206L_ +

"--"? --'_--'?------_--- Hallte,clear; trace argillaceous material ; trace polyhalite.

1340-
-2070,] ,_ -- ................

PflEPAREDlIY,_ OATE_.4" FIGURE E-1
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'_PRIELIMINAR'q ........
STRATIGRAPHIC REMARKS""--'-_v'.OEPTH COLU.N

,,F..n,r MSL) (FT.) ........ , .

_j2070 - _ A;;'boy,'
==.=

.,umm

1330" __
- 2080 _.

- .Halite, clear; some polyhalite. .X X
X X "'Anhydrlte,hali';e, gray, flnely'"crystailine i 2" t'hick ; "

X -." ""X bath contacts undulatory.i _ • , i ni i _ inuli . ii I n i

X -- X Holttee, clear; some polyhalite; slightly argi_llOceous.li ..,.., i

'13_0-.2090 X X Halite, white to clear, coarse crystalline; some polyhalite;
X X argillaceous ai top.

X X
X X

, ,, u ,-, ,, , n i , , ,,l in , i

"" X -" --" Halite, argillaceous; trace polyholilo; clear halite occurs in pods;
--' "--X -'- argillaceous content decreases toward the bose.

.m.m x emml emma,

1310- -- -- -.-X
-2100 "---X --

X"-- .slm

---. X
learn, i i.i ......

-X .... Halitet clear; trace po'iyhai'it;.
X

X
X

cn= "_X ?T"_'_?'_', --- AnhYdrite,very light gray', hord,densei grcly anu brown clay at 2110.1''
1500-

2110
--" _ "-- _ ] 2110.2".MJ

:l n Halite, al ,]lllaceoue, medium loft to medium hard. .

_,--.,---_--,.,.-_, Halite, Jlear i trace to some argillaceous material.

o: Halite ,clear.

I,_90"
- 2120

1280"
- 2130

.._.. ?_.-- ?--..--9

X" ,) ' X .p ' Halite.clear ; eomepolyhallte; anhydrite ilayer(I/2';) oi 2131.6"

-- X -- .Anhydrite_ltght gray, hard ,donee ; underlain by clay seam (I/4).
•- X ,.--

Halite, argillaceous i trace polyhalite.
i iii

._.,_._'"_...,_X ?"----'_-" Haiito,cOeorl poiyl1'Oiite tncrea|es downward tq trac;"amounts i1270
- 2140 _ -- X --- -., orgllloce_s material.increases downward to trace to some; anhydrite

X layer (I/.4")at 2140.4' _ anhydrite I light gray ,dense,hard ( 2140.6" ".
X 2140.8 )_,underlain by clay parting (I/8':1/4").X

X Halttoi trace polyhalite.X
X

1260- X
-2150 ..-- _ End of reconngteeance mapping. ' ........

" FACILITY LEVEL (See FigureE-S)

1250- -2160
-- ,

I_EPARED llY_ DATE_ FIGURE E-I
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PRELIMINARY STRATIGRAPHIC REMARKS(LEV. DEPTH COLUMN ' ,
_T. MSL) (FT.)

As above Start of lump mapping.-------------
Halite, while to reddish orange, coarse to very coarsely crystolilne,
poiyholitlc undulatory basal contact.

Anhydrite, potyholile, medium gray tO very light pink, finely
crystalline to sugary texture; thinly laminated to bonded (horizonta
to subhorlzontol);.onhydrite color bonded white to medium gray in
lower 2 basal 4-ii d,grkgray cloyetone; basal contact undulates
4" - S" th 3-

, white to clear with thin seams or gray clay/anhydrlte and'
irregular seams Iu clots of orange potyholltic hati'te,medlum to
coarse crystoitlne, structureless; polyhotite and cloy/anhydrlte

X '% --- seams content decreases t.o_ basal contact grodotionol.
-- x _-_1_;_ _ T_o_-;;_._e',mediumto c;'_'_*ycryst;,_;_ ;_'T;-

holilic; thin (1"-" I.S") polyhalite seam of bose, polyhalite dark
1 Orange and contains large halite crystals; 1.5" wide shallow

dissolution at bose basal contact shor .

--- --''-' Halite, white toltght gray with local orange areas, coarse to very
coarse crystalline, faintly bedded to structureless; irregular gray

X clay seams at top and through-out i basal contact gradatlonal.
some ; orange to wh top, orange

..... and medium brown near bose, cgorsely to very coarsely crystalline, '

X faint bedding, polyhaltticl ctay/onhydrit_ becomes more abundant12 near boseibasal contact irregular (2"-.. vertical variations)
................. and grodationol.

X e to orange _ some _ mosses, coarsely to
X very coarsely crystalline, broadly bonde,_ (2"- 4'*), trace polyhalite;

basal contact irregular over 2*and diffuse.
e, orange masses, coors

X coarsely crystalline, trace polyhalite; crudely color bonded; poorly
1210 _"...._ %... % defined subhortzontal bedding; basal contact based on color and ii

%.--. \--... \--- grodational.

%'--' \"" "_" e to _ to coarsely crystoll_"l', trace
polyhalite; gray 2"'.- 4" onhydr!.te bed wtth underlying gray clay seam

\ \ _ (I/8") near top;3"deep,G"-1G"wide dissolution pit into the under-\ \
lying unit Occurs at the basal contact; over dissolueion plt tanhydrltets

\ _ bed is downwarped4 6 ; basal contact grodottonal.

I _ Halite, onhydritlc and argillaceous; tight gray wi_h white and clear
"% zones, crudely bedded; becomes less onhydrlttc and argillaceous

with depth: basal contact qrodotionol.
H"_'ite-'_-w-_'te to li_w_,','_nel-'_'o-medlum c.'yst.giliq*., s.gory
texture_ contains I/8"beds of anhydrite spaced 2 -4 , content

X \ _ decreases toward the bose; basal contact gradottonal.
X Halite, w'h-_to very light orange, medium lo coarsely crystalline,

X structureless, sugary texture; basal contact grodationol.
X X Halite, orange and white, finely to medium crystalline at top grades

1190- -2220 X X to medium to coarse crystalline at bose, indistinct-bedding,poly-X X
' holitlc; horizontal to su_horizontal light gray bonds of anhydrite

X X X near top; lower 2.0 -40"" cnntolns mosses of coarsely crystalline
X X X hotite; polyhalite content increases toward bose; basal Contact

X X X sharp.

J" Anhydrite, gray, very finely crystalline, crudely bedded cit top,

'_'ueo o_base.
I180- _ 2230 Polyhalite, pi_t r--'_cturns _ To'p Qr"_i'n_" _'C'_U'_'_" _eedd'ed_" I_ose.

Clay/anhydrite,gray; basal contact sharp.
_;'o" _'o';_;,_'m"e-u'_'m--i'_"Tooreelcrystal... ; _asal
contact slightly irreQulOr; sharp.
_d_r,

light gray to white, microlaminated to thinly bedded; occasionally,
white bands ore closely spaced and lenttculor; l"- 6'* thick bed of

1170- -2240 "---- \-"-- \"- \" "_ gray clay occurs at bose; basal conloct Irregular (erosional _')_sharp.
• Halite, white to slightly plnk;,upp_r 12"- 16'*contains gray cloy.-rich

onhydrlte in large clots (8 -12 diameter), smaller cl.ots ((2"dia-
meter), and in thin interbeds; remainder is halite,medium to coarselyte t! .

__...._. crystalline, weakly bedded; lower I - 2 is reddish-brown to gray
.... | c_o.,y;basal contact sharp, undulatory (2"-4"), slightly periodic

Hal;ta, argillaceous poly_
1160-_2250 thin to medium bedded in upper port; bedding truncated at upper

contact.
FIGURE E-1
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__ , .,,,,,,. ., , .... i' ,i I ..... , i , ml, , ,.

PRELIMINARY STR ATIGRAPHtC REMARKSELEVI'' DEPTH" COL.UMN
IF'r, iisk) (irT.) __• ,. i ii i,. i

.... 2z5o xxxx_<xxxxxXx.... A,o;0,, ' '
....... - .... Ha,t'i.=_"Otl."o©.eu,and6_hyeritlc,"ora"'_.to'reddishbrownl ......

"--%"" % " \ medium tocoarsely crystallinai boddedlupper 1%6"reddlsh-brown
_-.-_--_--_---_-% =.-----1_o gray ha lltic claystone; basal cc_ntoct grodatlonal.

X .,

..... Halite, white to verY tight orange with _uous orange bedding; trace

1150 -' ----i polyhallt.ei basal contact undulatory ( 8")..and .gradation a!.
-2260 Halite, light pink to orange to light br,own; upper part, irregular

alteration of pink and brown; lower 3, massive and brown; basal
XXXXXXXXXX.X..X..._z contact groaationol to diffuse.

Hal itle, ligh_ orange to"o'rang.9 to.light brown, coarsely to very coo'rsely
crystalline; discontinuous I"-2 subhorizontot polyhalite tayers at and

" " 1 near bose; basal contact slightly _lrregular, sharp.
"Ant_ydrlte, with some polyhalite', grc_Yfo Orange; 'occossionaily .....

1140- continuous with overlying polyhalite d very thln gray clay bed at base;
-2270 '"- - -'_ .... _- - basal contact slightly undulatory(4 ), sharp.

-- \ --" -" - Ho'l'ite, similar to halite overlylng the above untti includes if'regular zones...% -.-% -.
__ % ._. of clear halite i basal contact sharp.
\ -. Halite, argillaceous and anhydrltic, white to very ligh,torange"to reddis h

-.. \ brown; clay content decreases toward bose; upper 2"'--3" contolns
-"='-- "::'=-'='- -"_" "-"". "-- discontinuous reddlsh-brown mudstone that is disrupted by dissolution

"_..'___-_ _.-- pits filled with clear halite; clay rich zones are tabular clots occassionatiy
1130- -2280 _ \ arrange d in crude la)mrs; basalcontoct grodattonal t,o diffuse. .

"" %.. , Ho.l!te, similar to above.

"_-_-_.- _ _ "%- - Halite, similar to obovel ............
' ---. % -Bottom of waste shaft sump_

% ---

I120-
-2290

,mm

|

m

,, , , I I ' " ' "

FIGURE E-1
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E E s . .90o 180o 2"I0° 360°
z

emlm=mmmeatom _mm qlmm t

eLa / | t |.e ft Dolomite, light o.nd.dark gray,layered or
'_ "_ %'_ | t,,r8 laminated (i/32--6"), onhydritio,rs' moderately hard, fine grolned, vuggy ;

laminae/layers ilo nearly horizontal, or
600 / lr7 dip slightly north; clay seam at 599.7 '_.

600.5".

((

(, ,

o, £ /
t "i

610 =

lh1. ,

6'/5 "_ _ Deism,tc, as above, except laminae ore
•,-- "_ distorted and undulatory,and lenses of

"" dolomite ore outlined by fine-groined black
material t larger lenses pinch and swell;.

_,U2 muny gypsum strlngersttrregular,
' undulatory, short, near horizontal.

620

i,cl LE,pE. ' "CON
------,----- GRAOATIONAt.CONTACT( DEFINEDWITH_IN"

I I --_--"T ''eND(FINITE C_IIINFERREDCONT&CT
I I -.:- .-_--cbav _nTl_ IT91t4" T_cx)
I I -----.--¢1._ sz,u (,V,'TmCX)

625 '-' I ........
F_,AcTURENOTES.

fl Open. _'6 Open .(I/3_o,') 'n_r upper terminus ; filled near 604' i
open | 1/16 -I/2 ) toward lower terminus; composed

f2 Open. of several small fractures.

f3 Gypsum filled near the north extent, open (I/2") or f7 Open_1/16").
accompanied by gypsum dissolution on west wall.

f8 Fracture connects vuggy or leached zone to the west,

f4 Open (I/32"). f9 Open(up to I/4"),eome gypsum fill has been leached.
" ' f5 Open (I/32") ; gypsum filled at depth, appears to

offset laminae in dolomite. /r/i) As f9

f// Open (I/16")_small amount of gypsum fill,

OTHER NOTES

Oi Iron oxide (red)stain. 0.._ Solution feature in underlying Rustler Formation
(onhydrlte)

02 Large dolomite close embedded in laminated
dolomite; laminae distorted downward around close.

REFERENCE* FigureE-2
Geotechnical Field Data Report WASTE SHAFT

No.4, t983, GeologicMopping _ MAGENTADOLOMITE
Water Inflow Testing in SPDV
Ventitotmn Sltaft. 597TO620FEET
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i

N _ S W N
_:_. 0° Iea° 270° _so•

_ _hydrite,groy,bonded,_ndyorsilty,
' CalCareoustlonvnatlatwlth laminae fln_r down-

'_ word8near lowercanto©t,Iomlnosare dlsto
G.O

705 -

_F....__ _ .__.__. ....._ i...... "- '

* ,/C ey,blor_mm (I), softwher,exposed,ittf'f
_\tO hard,dr_tIns.IUs!haft wall _ _

Dolomite,lightgrey, hard,f'ine'_lrolnod,vu(l,gy;
cloy,block-gray porting(I/16)at "___O0
di.pp_.n9slightly nor.rh;forgerugs(I -2 deep) in

7/0 -- If/ . 1"-2"zone at 712,0'; lerles of clay lain,Ines, ,black, dip slightly to north at ,. 714.5'.'/'14.8.

ft_

/Clay laminae

7/5 -

rl

Iff_ zm .

rea -I r, ) I_ ,i f_ _l# =-_0
t

\
t

- / / /"/ / /-/ / / / / / / / / / f/ / j REFERENC._.._......._E,
GeotechnicalFieldData ReportNo.4,1983,

LINER PLATE Geologic.Mol_plnQandWater I.nfiowTestln9
_',.TO; ....._ ._ , ......... _ _ _ in spnv_ve_tilatlon Shaft.

FRACTURI_NOT..ES

Irl Closed_tight, clay fill.

f2 Closed, tight.

f3 Series of short, hoirilne fmcturesi ot 716.0' hoirllne fracture density increases.

f4 Open,up to I/8", filled with soft erodablematerlal (clay ?).

f,F Sporry calciteor dolomite,may be fracture fill.

• LEGEND
....... CONTACT
----------GRADATIONAL CONTACT(DEFINED WITHIN 2" )
; ..... ..--DIFFUSE CONTACT(DEFINED WITHIN 6 )
---_-.---_)---INDEFINITE OR INFERRED CONTACT
----- -----CLAY PARTING (TO I/4" THICK) Figure E-3
Im"m"_CLAY SEAM (>1/4" THICK) WASTE SHAFT

CULEBRADOLOMITE
705 TO727FEET

....................... _i ............................................ II II .... I llf.....................................................
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• REFERENCE_

QEOTECHNICALFIll..ODATAREPORT

a_5 WATERINFLOWTESTINQIN SPDV
VENTILATIONItHAFT,

• [I
• imllltetl _

. F!GUREE-4

WASTESHAFT
RUSTLERFoRr_TIOI_FRACTUREZONE
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LUG.
n,
a._N E S W N

CP 90 ° 180 ° 270 ° 36O° Halite t clear; trace to lame polyhollte in
2/00 ...... I J* ! ..... ImMI beds and strlngere i trace argillaceous

HP,.L,,t°._Ps -._rlnQers.
HPt to HPs .... 0' -.... HA s Holllto; some or llloceoul material.

e--'--HAs
_ ii , i, ,J i i iii i iml

Halite,clear _ trace polyhalite increasing

HPt to HPs HPt to HPs downwardto some.

_'/05 - Hp__.=._j_mr_:fA N HP_ AN -_ Noi!,te__iyhali'_Icanhydriteband(liB"- '

_m_""C B "CB IIHalite; trace polyhalite ; _ome anhydrite

_etrlngere. , ,ii ml ,., tl --

21/0 -- HA a to HAs HA o to HA s _Anhydrite, oroYl brown clay parting (I/4) at
_..joT.s'.

ii (

Hallte't argiliaceoue to 2108.3 ; orglllaclo_, s
--.....- ._.motoriat decreases to soma below 2108.3: ...

HAt HA t .__Halite._ clear ; trace argllluceous material.. _ iu

' HC CB'_C Halites.clear ; clay seam ,brown at ?J15.5'-
2115 - ,,,_r..--CB _ 211S.O'.

HA s Halite, some argillaceous material,HA S
_ Hl

--...1-- Hallte,clear; Ont_ydrite ban;:l (I/4"-i/2")
HC HC at 2120.0'.

2120 - __.._=.._ AN _ANHC

Hallte,clearltwo anhydrite bands (I/4 % 0
HC.I.__o._AN ------e--AN l_ I/2" at 2121.1- 212.1.4 i,,underlaln by

' -'-"='_CB "''e_CB _brow.n.ll clay seam 11/2 1.
Halite itrace argillaceous materlol and

HPt A t HPt A t occasional gray clay beds ; trace

.-------- --%polyhalite.

2125 - Halite, clear ; some argillaceous motarlal_
some Ix)lyhalite.

HPs As HPsAs
q

2/,,,'T#.................

LEGEND
i J

' - CONTACT
- - - --"GRADATIONAL CONTACT (DEFINED WITHIN 2 " )
******',***DIFFUSE CONTACT (DEFINED WITHIN 6 ")
--'_)--'_---INDEFINITE OR INFERRED CONTACT
.... CLAY PARTING (I/4" TO .1"1/16" THICK)

REFERENCE:

GEOTECHNICAL FIELD DATA REPORT
NO.4, 1903, GEOLOGIC MAPPING AND
WATER INFLOW TESTING IN SPDV

VENTILATION SHAFT. F|GUREE-6

WASTESHAFT (I
FACILITYLEVELAREA
2100TO2170FEET

euL'trr_ rlI:9



z u-m_mo +

I:¢ °

E S w N_LU -"
a, _ .0 ° 90 °. 180° 270 ° 360 °

I I ! __2130 ...............
:::::::=:IE_ANC _ANC Anhydrite seams(I/4")at 2130.3'and 2130.6';

x_r,......AN/C _thin(l/8")¢lay seams underlie each,
_AN/C I \Anhydrite 'a",gra;i,hard',dtnse i"polyhaltt'e '

I _ llam 11/4") 9t upper contact ; clay parting
HPtA t HPt At I \11/8"- I/4") at lowerseam.+

Halite,clear ; trace polyhalite ; trace argll-

2/35 - ' ..d,...AN/C laceous material and a few clay blobs ;,,--- several anhydrite and clay partings (I/8).

"--" ._r_ A "_ Anhydrite "'b'"ka_hydrffe1'-1")'underlain by gray

AN"'_iL_C G CG N \clay seam(I/2 1,
214(; l Halite, clear ; trace argillaceous material.

__?__?__ HAt _?.?_ __ ....
Halite _clear; trace polyhalite.

2/4.5 - H Pt

.ORIG!NAL DR!FT ROOF
NEAR WASTE SHAFT

-- , ,, , , , ,

2/50- HAs Ha'lets i, some red-brown arglllaceous material.

Halite,clear ) trace polyhalite; trace argillaceous
" material.

ORIGINAL DRIFT SILL
NEAR WASTE SHAFT

2155 - HA $_ "_Halite ', some gray 9rgillaceous m,aterlal.

Hp t ..---".-..-..._
Halite,clear ; trace disseminated polyhalite

HA t-s __,,o
Jl "'_ Halite t clearl trace to some gray,clay blebe_

\increase in clay content in upper I .
HP s A t Halite i some polyhalite (5-10%);trace gray

2160 - clay in blabs. ,

Halite; some to abundant polyhalite in
blobs and interstitially ( IO- :500/0) ; trace

HPs. a A t argillaceous material, '

_. 2165 ___ ....... Anhydrite i I'-ighi gray,,banded ; abundant
AN polyhalite in upper 6 ; underlain by gray

(MB-139) _.ICG clay seam(I/4" - I/2").

i_-- '11 I I - "_Hallte ,. polyhatltlc.I /
J HP MUCK LEVEL1

21701 ...................
Ft CURE E-6

LEGEND

• CONTACT WASTE SHAFT" - .... GRADATIONAL CONTACT (DEFINED WITHIN 2") FACILITY LEVEL AREA• .........DIFFUSE CONTACT (DEFINED WITHIN 6")
= --_--'_--INDEFINITE OR INFERRED CONTACT 2_00 TO 2170 FEET"

-'-'-- ------CLAY PARTING (TO I/4" THICK)
- - --CLAY SEAM (>I/4"THICK) ,.
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EXPLANATION.....

_C)CK TYPE

SAND/SANDSTONE MUDSTON( / SILTSTON(CLAYSTON(

' ANHYDRIYE / POLYHALITE DOLOM iTE
HALITE GYPSUM

,,

SILTY
MUDSTONE / SILTY CALICH(
CLAYSTON( SANOSTONE

" _---_--I llii!!!iiiii:i?ii! i,i:,!1
,_CCESSORY CONSTITUENTS

ESTIMATED PF.RCENTAGi_ OF ACCESSORY
CONSTITUENTS INDIC,:_TED AS FOLLOWS

TR AC =.. SOM E A BUNDANT

Anhydrtttc / \ IN '% \ I
Gyps, ferous i\ \ \ I

LAMtNAR _'"ATURES

Seam _aftIB_
{Between 6" (BiltWllen i/4"

ond l/4" thlCN ) Dna 1/16" thick)

Anhydrite/G yD'lum Polyhalite

 oo.. t:,,,,:,,,l
CONTACTS

SHARP GR ADATION AL DI FFUSE
( Idlntifioble within (Identifiol_e within ( Idllflttfioble wifhiri

O.05feet) 0,05 to 0.2" feet ) 0 2 to 0.5 feet )

SALADO MARKER BEDS ARE IDENTIFtED BY

NUMBER IN THE STRATIGRAPHIC COLUMN

EXHAUSTSHAFT
L[THOLOGIC LOG

SHEET 1 OF 4g
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ni i ....................

PRELIMINARY
_,,LL STRATIGRAPHIC RE M A RK S
ELEV, DEPTH COLUMN r t

( fT, MS.,L) ( v'r,} ,, ,

, SlLTSTON[I CONTAINSC|OSS-LA.WIXHkTIONS,FI/,J,,[D DESICCATION CLACKS! SU8V[I[T%C,41.CLAY-

........ _I_.J[_ FMCZ'_fltE| OCC',.q[_[,UL TOPI SPACED3" TO 4"; LOCALLY, iJEDDING._,Y 8E GP,[F.._ISH-

........ GIt_Y £N COLOttl OCCASIONALGXE_£Sif-_ib_Y REDUCTIONSPOTS(1/16" TO 1" DXA,_tETFJt.)!

........ SUBHOItXZOWTALGYPSIN-FTLLED FP.ACTUKES,SPACED3'* TO 6"I SU8VEitTZC_ PP.AC'TUR[SSPACE1)

3274 - -135
OCCUR£N GROUPS,%h'DXVtDUALZONESSPACED 3./2", G;tOUPSSPACED0.8* TO L.$*I BASAL

CONTACTSHARP..*.L_,''n. SY 2" aKD OF WHZTZSH--GR.AYSXL,TSTONEWlTli k (;;tKEN[SB'-G;L,tY

3269----140 ----" ..... ' ".'tUOSTONE,'0kCK'SLrDOZSH'nROVN,I._T_a[_D[D Uil"lt"SILI'Y HUOS'rONE,'LICH'T"'_£UDISH-3RO!,N, '

[.,_£NATL"D, 8EDDZMG._t,4YTER.HXNATI[[ROSZDNALLY, ST;(UCT_ES BECOH[SL[SS FI_E :LELOM

........ L48.O*; iLAR[ SUBVE|T£CAJ,TO ti£GIJh.qCLEF_hCCIJI_KSWITtl G_ (_YPSUHF£LL_._G (<LI8**

T_IZCIC)I _'ROH132,$* TO 147.5', ABUndANT SUBHOIL£ZONTAL".u_C'I_FS, SPACEDL'_ _BIJ_DJLHT



PRELIMINARY STRATIGRAPHIC --- :--.-- 'REMARKS
ELEV. DEPTH COLUMN

(IRT. MSL| (_T,_
ii i i iii ii i i i i i iiii i ii i ii i ii i i i ii ii , ii i ii i ii i i

:3234 175 _'L_ ' ! ASAIOVI[

J J
i iii

r

i J

3aaf-- .... " ......
5

i

)
I

i _, i i

r

.... ,,L , ,,l , , ,, , ,, ,

_224---- 18._ -- _UDSTONE, il_rODIiU-lllOt_, TIIZ_Y LAHItiAT[D TO lIE:DOll:)(]./]2" TO I./Z" TI|ZCi{), |O_'TI

•- BI[DDZNGZIfDISTXHCT; I.AJLEGIt[LrIIZSH-GI.A¥ltEDUCTZONSPOTS TO 1" DZA,*'I[TER,_EDUC':'.]_OH

SPOTS COtlCI[;_'iL4T[OAJLOU_l.[OU¢[D, .HZSU-GKAY, 1" _ZOl[ HOiI2ZOIr_JU,B,t_D AT [9[,7',

VrJt¥ PL',/ [qLACTUI[I[S;Ski,U, 1.$ ° ;II[CO_E$ SZLTY! BASAl, COIrr,_¢'['SI_JLP, SLZGHTLY
Lm

........ U_UT.ATOIY, OVIrJU.YZ_ SEOS DII,4JP[OV[I COJr_ACT,E3.OSZOHAL,

3219-- -- i90 ........

• , ,, _*** , , ,i,..'.'..'. ' ...... ','... _._DS_,E. VUY rz_ _t,x,_,. _._XSH-_HZ_Z._.U_D_ sort; _ouc, 'CROSS-SEOD_._
r'...... .. •.... ,'' . iSECOM[SAI'P/J.[EI' ii[AI IIASl[8 CoirrAl_$ _'_IIlIOUS(;YPSL_-F[LL[O 'FIL4CTU_[S WI.'_I.V_I,_IL[

3214-- _95 .......... " '-- ..:,,::..,......, ..*,'.,
r_::. .::. :, , ,,-....,..., Ol_ZBrrAT_Olt,1/_" "m._" T_tZcx;s_s,u.COle'ACTSlL_P.

'.':'::.'.'.'.',-.:-.:;:'.','.• ****%**** *, **,***** ,,

_.... ... _:...::.. .,,.,".'" ',.".".'.. SZOWAL[,Y¢IOSS-[.A,*IINAT£O, KAIrJ)8COLOIt81[COI_I[SVH_T_SS-._iOOW '_O_Aii.DBA$[t LOW[I _.:3'

_"' f %"" f :" "t;" SI[,TSTONI[; ,US_'.,'I_MITII1U,C'Z'UI[S, HOST I:[Oit_ZOIrt'A1,TO SUISHOItZZOIITAI,AJ_DS[.ZGHTLYLr_lOU-
'y \' \

3209- -:_00 :- _ J • _ LATO;IY, FILLED W;.'111rZlilOUS GI_?SU,_I,Tl|ZCIOl[SS L/L6** TO 2'*_ SPACI_DI/IS** TO 6"! _AS_*_.
[ ¢OI_TAC_SliAJLP, SI.Z(;I[TL¥ UIIOULATOE(.

......... CLAYSTOWI[,t-rDOZSU-llllO4flf, T_IZ_LY LA._ZHAT£D;CItOSS-LA.qZ)IATLrD,SETS LI2" AC'4OSS,

BIDDING EJU)SZOlikIJ.YTDb(ZW&T£D, CoIrrAIHS 501_1" SG)1HF.tr_D[FOFJ_ATZONF[ATUR[5; ][COH[S

SZI,TY TOWA/I_BASE; O¢CUZOWALCI[.r_ISH-GILAY llE:DUCTZOH5;K)TS TO _/2 _ DIA._IL_'E:I,SPOTS

OCCASZONALLYBItOKE3iBY GI_PSU_-FZLL[DFILACTUR[$I S[_ FZGUilE6 FOE FILACT_'ItI[_OT_.S;

' 3204- -205 _:.-....... l_,sALco_Ac¢_.A_ATZO_AL.

. _ .,,..m_ _ _ _

'-__ CI.O.qS-[.JI,_IINATZONS!IILrI:)DZWCOf'T1_ T.II,_IINAT_:DEltOSIOll/14.L¥;ASU_Oklr1'SUBHO_ZZONTA],3199- -210 CYPSUII-FILL£1) FllACTUI_ES,SPACED6"o LI8" TO 3" T_ZCK; YEilTZCJU.AI_ID5UBVE]ITICAL

........ PILACTUlt£SII_Jl[; OCCASIONALG;tE:F.J(ISH-CitAYEEDUCTZONSPOTS! BASALCONTACTGILADATZOMAL,

-

• (

-.. 2.-...-- .--- ,--: .-..,. ..........
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PRELIMINARY STRATIGRAPHIC ' REMARKS
ELEV DEPTH COLUMN

(IrT. MS.) (¢'T.)
.... . .,. . |,i i

_054 35_ ........... .......
_=_o_,_cuoz_;TosZL:S_Ez.vErrzc_.GUO,ION_.sE_J_CCS1.0'TO_.o._ZC=.

_.._._ ..._ _---
.... OF STRUCTURELE_ HUD.TrOHEAT TOP GRADII_ TO THIKLY I.AHINATEOTO BEDDEDSILTSTONE AT

S __ eASE; _0UNT Or SEDI_diTARY STRUCTURESINCnEASETO BASEOF EACHSF._U[NCE, THeE

3049 '--360 "-i -- ( STRUCL'URESINCLUDE: CRtI_-LAMINATIONS,TRtXIGHCROSS-LANIHATIOI_, EROSIONAL -qUR--- _ ' , . ) - FACES, OCCASIONId,SOFT SEDIHENTD£FORHATZONFEA'rURES; UPPERCONTACTOF EACHSE(_JEUCE

( -- _ -- IS ERO,SIOHAL;OCCASIONALGREEHISH-GHA¥REDUCTION5PQT_ (1116" TO 1'_ DIAMETER); ALL_ .I.,. FRACTURL5GYPSUH-FILIED; VERTICAL AND HIGH _ FRACTURLSAPPEARYOUNGERTHANHORI-

--".--'7 --""---_"" ZONTAL ANDSUBHORIZONTALFRACTURES;SUBHORIZOI/TALFRACTUREFILLING OCCASIONALLY .

) ) -- SICHOIDAL AND/ORTILTED; FILLING IN VERTICALANDHIGH ANGLEFRACTURESHiVE A. COHPO-

( "( NE_ITOF THRUST; THREETYPES OF HORIZONTALANDSUBHORIZONTALFRACTURES;THICK - 1/2"

3044--,-365 ) J - TO 1", SPACED1.0' TO 2.0'; HODERATELYTHIN - I/8" TO 1/2:, SPACED1" TO 1.5'; THIN_ , ,
m

,,__1, ".(..-- - <1/8", SPACED1/II" TO 1"; BASALCONTACTSHARP., ,

,) )
,,

._---- T"--
), )

___-- "_--3039-- -370 i
L

-__-----_.-

- 7-- Z--
__f-- - ,................ •

3029---580 F'--'.--- S_.LTSTO.[. _[DDISU-S_O_-, WITH INT'L"-_EDD[OCL_YSTO.[, O_lt _OOZSU-Bi_O_, Z" :'0 _,"

:_ THICK FINING U_AED SEQUENCES,THINLY LAMINATED TO T_INL¥ BEDDED (_/_6'* TO 2"
I 0 _ _' THICK) , I:IAItD; SEDIMENTAItYSTEUCTURZS;,'_CLUDE:CI:tOSS-LA,'_INATIONS,SOFT SEOZHE,_*r_,OA_

STt_UCTU_ES,E_OSIONAL CONTACTSAT ,TOPOF EACH _'ININC UPWARDSEQUENCE;LOCALLY
mm..... ABUNDANTCREENISH-GRAY REDUCTION SPOTS(II_6" TO 1" DIA,_ETE_L),SOME OCCUI[IN ALIGNED

I ZONES; OVERALLCEAIM SIZE rMC_[EASESTO EASE; ABUNDANTHORIZONTAL, GYPSUM-
i F_BROUS

30_4----_85 t - ( FELLED FRACTURES OCCUILZN TWO SIZE G_OUPS: 0" TO L/4" THICK, SPACED L/4" TO I"; I/A"
_ _ TO I/2'*THICK, SPACED 0.5' TO 2.0'; VErTiCAL AHD XZGH AHGL_ FIBROUS GYPSU_I-FILLED

'_-- .... F.q.ACTURESARE MODERATELY ABUNDAwr, 1/16" TO I/2" THICK, SPACED Z.5' TO 5'; 3ASAL

CONTACTSEAEP, U1_DUI,ATOKY,POSSIBLY Z_OSIONAL.

• 3019-'390 i

(
} /. '_

_o,.--_ -------__"

3009 400 _- , ................

EXHAUSTSHAFT
I. i I nUI.U_I i_.. I._u
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PRELIMINARY STRATIGRAPHIC REMARKS
ELEV. DEPTH COLUMN

(FT. MSLI I _'T,)

zss4....... 44_ f ¢ ,s ,_[ ...........................
) ,, ) i

)

2959- -450

2954- --455 .........

294g----460 I[DOI'SU-9|0t_, 1" I"_IICZl'INZ_g U]PV,_IJ)SSEQUL_CZS,TtitN1.Y1[OO[O(l"); XINOI _0-
--- SIONAZ.¢0l¢1"A¢11AT TOPOF'[_CU FII_I)t_;Ut_Jl,O Sl[qUl_Ct; iIORIZOI¢TAt-ANDsuaHoazzo)rrAL

'i . , _). , rZBROU$GYPSU_I-FILL[DFIJtC'TlJt[$<l/_" THIC¢, $?ACI_)O" I1) 6"; SUBVEETZC_Z,N

,6qDSUilIIOilZZONI'A/.,FIJ_C'I'I_ES;BASAI,CO_a_ SUXU.
• ('." '_, "

, ,, , ,, , . , L , ,

2944- --465
, ,. SILt'STONEAI' 11)PG2,_.NO11)CL.I¥STOlt[AT IIAS[, I[ODISH-SLOS_I11)DARKg.EDD[SH-BROWN,

t

_j _ "F4dU;[OF'BIDDINGAT ,'OFGRJLDI)iGTOSTRUCTUIU[LE:SSAT 8AS[, I_ILD; AaUNDAXTGaEq1"_ISl:l-
GiUkY._[DUC'I"IOWSPOTS( 1/16" I1) 2'* O%_lE_[lt) ; l:lOitIZOtrL',__O SUBHOIIZONTXl.F'Iaaous

t

} CYPSU_-FILI.J[DF3.ACTURES1)./8" THICI(; SUBVEETICALN VEETICALGYPSUH-FILI..Lr9
FILACTIJI[[S,U[J[L[SS ABUI_AN'rAHOCg.OSS-CUTgOIl.1ZOICt'/¢_ SUllHOitIZONTALTg.ACTURg5;. ,,,

( _ " _,ts._, co.Act s_e.
293_-- --470 )

. , ,_

I) , ,.

I I
.(.

..... L______

29_4-- --475 ___--._--_T"---- ----"
_---.-.-) ---- -.%_--.

2929- --480 --"

" ,, .. ,

2924-- --48.5 __

....
z_t9 a_o d.........

_
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.... ,,

PRELIMINARY ,.,STRATIGRAPH!C REMARKS
ELE_/. DEPTH COLUMN

_(FT, MSL) (IRT,)
i ii ii i [ J] iii ii iii Ii ii i li iii ii iii i '1 ii i , ....

2874 535 / t i-)
|l i , i

i
-- -[ __ i li

t

,,, 5:1 ,, ......._

¢,

a869--_4o ( **),/ '
i L _
A

ii

i

-_...... _,,i
_--_-_- __, ,,, ,, ,,, ,,,, , , ,, L , , l ,,, , J _

FOII.TY-!fTNER N_,Ill[I

A_UYOitZTE,_'i);[I.'f C;LYS'_ALLZN[,G_¥ TO CtLAYISM-OILOkld_V'dlTE ,tr" Lft'P_ coral"ACT,SMtD[t)

• TO OCCASZO)IALI.YL,kNI._ATL_,SPAcLrDl/li" _0 |**l |,UtOSAMOL_NI)_AJ_UIIO(J_TCIEYUP N

28_9"" '-550 1/_ _ _ OCr._IOl_A_.1.YT_.X.HI]HA;'sr,UIkUPTLY, C'dLAY_AA1)SUSUALLYTIiiZCX_T, II[C_[ STaUC-

TQItLrt_SSVI_! D[Y_d. L_CAX.L¥liOOtZL,Ut;UPP[lt .1,0' C_Irt'AINSllmUtJFJ)t)[I) Ct.AYt.A._lI)_,

COl¢_Lr_I:)[CIt_,SI)IC WI'_! [3[FI"H1LQC,U.L¥CY1'SIF_JtOUSIX L/PP[rR6"; 3ff._l TOP, l_O|IZOl_',l_.

SUllHOElZOIrr_.CYPS_._I-trlLI.L_rl_CTIJerS _£1[ ldlUt_.Ul_, l/a" TQ 112" II11C1¢, SPAC[D

L" TO 3"; lJEI:)DINGTI_L._II_I&TLrDL'IOSIOHAI,t.YAI' LI1PP_CONTACT|HOILIZOHTAJL.A.H1)StJl_tlOItI-

' ZOk"L',U.GYPSI._I"FILI._DFIU_CT_[S SPACEDL" TO 2.0*, 1/15" TO II&" THICX; _ VLrltTILkI,

2854--- 555 A_O SUIIVZZTZC_f.c'rz,suH-rzL_t) FI_CZ'U1LZS,1IS" m 11_" _ZC_, srxcz= z.o' 1'o _.o';
iIA3ALCOi_L'AC'L'SltAXY,

\

2849 - -- 560

2844 ---565

2839 -- 570

,,, , ............ ,L , ,,, , ,, ,,

;_IHYDR]_T[

2 834 -- - 575

ae_, __o --T)T-------:_--
.....

EXHAUSTSHAFT
LZTHOLOGlC LOG
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PRELIMINARY STRATIGRAPHIC
REMARKS

E LE _/, DEPTH COLUMN
i(rT, MSLI ,(_T') . ,/ ................. ' .........
2784 | 625 • _ •

I 1 __,,
/ ,.\ / ........................

T_"IAIIISiCHL_nE!

A.qHYDIZTEoFIHEI.Y,_tYSTAI,I,iN£f GIAYTOLIGHT6IO_'HISH-CKAYTOTAJ_til'li OEPTE_L,IU'tI-

14ATEDTONODb'LAIto I',iAltDlLOCALLYGYPSIFF.JI.OUSAl UPPe.ICOk"TAC'I"ICOk"TAIMSI]_'TIISEDIOIr
630 L_._I_qATEDCJUI,BONAT_:L_CAI.LYA_/DHF._RBASElLL_IXNAE,%4YLOCALI,Y BET_*tXHATI_I_iO-

sIONM.I,YI 1" TO2" _IcK OItGA,,_IC;(?) SLACKCLAYS'I'OHEAT 665.9e, COMTAIMSFIIEOUI
G'YPBL_-F1_LI._PILAG'7_._IU!:S,FIt!,[RSOSI_1£t_ VEXTICM.LY',11:]2" TO 1" THIC1C,I}IS_H-

TI,qIJOUS, LOCJU.LY II%_'_CATItJc;; HOELIZONTALFIBROUS GYPSUII-FILLED FB.ACT'URESTHROUCIIOUT

'JITlt SFACIHG 0.._ ° TO, I.S i 1/32" TO 1/16" "I'llIClCI P.A_E 5UIWEi.TZCAI, Flt,ACTURESI BASAL,i

CONTACT b'lt,,ADATI O_A'1,.o

635

640

645

650

655

= 660

. %

665

670
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PRELIMINARY _ STRATIGRAPHIC , REMARKS '
ELEV, DEPTH COLUMN ' '

(IRT, MILLI ..(_T,) , , - - --.......... , , , ,,1 I I IIII IIIlU

2604 B05 :e ;._ ItL_iZ _D _OZ_oUI SXLTI_A_ t_IBDB _i_ NYI_ME, MY _ O_ G_Y,3
.... THIM1,Yt,,_IIHAI"I_D(L/32" 1'0 i/li_)_, ,UlUND_CrleZWIITIUCCUU| I)_CLUglN(IUOltI2olcr_IJ,

........ _IMATIOMI, _-_ _OII-_ZHA_IOM lETS Of VAILYII4i3 SIZE (2 N TO ),0')! _U_

•_ ('3 - DZllECTIONI iii SHA,LI,EI Sl_'ll V_IY, C1J1LII_¢I' OZiLEC'I'IOHI lM L,_(31_ I_'| HOS'_,Y HOIT1JF._IT|

_uL.Lo_I_uc'rut., ¢loszc_N_seoulAimrzu.;u.mz,xca-_o_ _U.ZTE-rZ_Za_
2599--.--810 "--''-'(--'----(_"--" F_CTU_eSt _¢kGCd1_.OCClRJ_'_CEi}tO=lL_l,qiWiI_I ,e:el_, Mr._ ,ASE call: HORZZoI_1V¢... J a

--:='- IUIIVERTIC:AJ, I_kL.ITZ'F'_LJ.ZI_ FlI,ACI1JILI_$ L/li" TO .1" I1JICKt _?AClrD 3,0 i TO 8,01! _,IOHE

LAi(]erll SUBHORIZONTM, FII_.CTUV,III IZ:ILHZB.IT,LN ZAST (TOe) _l_$T (BOTI"OH) SHE/_! COHTAI._S

% _ DN _Y SNTS _D IIl,_liS (6IO_6ATZON)t CONTENT INCI_,TAIZN_ _ZTI:I D_-PT_I BECOH£$

/_P,OZLLACEOUS SlI, TSTONE t_I_H DEPClJI OIlY _/t'_ LOC,_J, U;DDISU-610_ A_,F..A_I,_ZHt, Y

'L •

2 594- - BI5 "-.----""_------" ItOLIHOED A_I_ OCCAIIIONkLLY fL,_TTENED P/LKAJ,LEL TO liEDDZN_I _LAST$ IL,4J_DOHI,y $CATT_ZD

r. .... _----" THI_OUGIJOUTi tLAEZ LOI,/-AHOLF, C_OSS-LA,HINATiON IETSl BASAL, CONTACT G_ADATIONAI, OVE:I

-- L/2", ZlUl_OUL._, _PEO AS DIFFUSZ DUE TO _H[ CONTACT _OU_TIONS,
= _ .i' _ "

2589-- 820 ._ '. '

..

r "--L
-_,, ,I , -..

2584- - 825

.:. ...... --'

_-- --..--..."-_--...--....--_

. ..,, .m,.

2579--- 830 _ ,, ,
,,, ,,, ,

, _,

T,. .... "" 1

"( \'

25, 74-- - 835 J '-__
_l__

,. ,_. _ _ _ ,,,,,,.' ',..,_ '_ '-

2569 -- - 84 0 ."._--_-',_.--..--."- -- --

_
., , ,,

(

2564"-- 845 _,--"

rr-, ._m:'-..--- _ .--, ...........................

' _".'_x'..... _'""''" SAJ_DY'SZLTSTOI_E
':._. ':, '.', ,, , ;,, ,', ' ,............

.... c_ <, si_TsTo._
...........
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PREL,M,NARST AT, RAPH,C .EMARKS
E L E V', DEPTH COLUIM atrT.,sLJ= (,'r._

2379 10:50 _ " _RZTZ;'"_'XZlZZ,V czYSTXLz.zi'i,_'rE_ATI,C EZCal'.UrnDXRK¢L_Y,"L._ZNATZDTO';I_'Y '

¢l_114T.Y BEDDED; BEDDING U1CDU1.AZ'[S'SL;_¥, BEDS OF'I'_ CONTAZN E3CT1LOL.rTHZCST_UC-

T13Zt][S;LOC,tJ.¢1/A" CI¥ST_J OF'IL41.ZT[;L[Ch'TB|OWWC_BONATZ(?) INTERBEDS;SAS_

CONTACTGEJ,DATZONAI..

2574 --- IO35 __r_'_'_ ,
--_a0,ATZ (Dour,zEsT):F'z_z,.yc=_s'T_.Lz,Z"oRcu:.ED',_zc_rrBRO_.'wI_ ¢_TZsH=_._

LA,HZNAE, TI_INLY LAMINATED, LAHZNAJ_OCCUII ,kS CONCAVE DOWHI_IAIIDSETS AVERAGING _" TO 7"

ACROSS; PROBABLE ALCAL SI'_,OHATOLZTES; D,_KER LAHI,_A_ ORCAHIC (?); BASAL, CONTACT

.._._ .'_kKK£D BY SUBEOIIZZONTXL CP.,4YZSH-BRO_'N LAHIH_J,, CP,._ATZONAL,
L.z , ,, , ,,, , , ,,,

" : DOLOHZ_,_'Z._ELYCRYST,U.Z.Z,[,LZC,T SROW_,,ZNT or aBODE,C;BASA,-coNT,tc'rs_,_P,, 2_569 -- 1040 ........ \ .........

...... .'_Z_LY L_.HLNATZD IN UPPEK 0.9', .:L--r_LHDF.R STrUCTUrELESS; BASAL CON'TACT SLURP, rZO-

.... S[ONAL.

_ _ SIL'I'_ CLt¥STON£,' _'d.AY, LOCALLY TI_I_iI, Y LA._INATE:D; CONTAZNS DISPL,_CIVE EALZ.'E

2_64--- 1045 X _ C_ZYST,_.S;_iASM.,COt/TA¢'Z'sluu_P.

X _ X UPPEi 1.0', I_LLI'I"[ OCC',J_S AS DZSPLACIVE C[YSTA_, CT.AY CONTENT DECltEASES W_'TI_ DE,TEl;

_ CLOT HOitPE[OLOGTC_IA_ICES F'ROH ._TRZX TOLDSUR_IOitZZONTAL ST_tI_GF._S SPACED 1" _ 2'*,

X BELOW IOt*7.0* A&CILLACEOUS S'['_I._CF._S BECOH£ DISCONTI._IJOUS AJ_ OKIENTED t_DO.TLT;

X -- n.scEDZSco_Z,uOUSSUB_ORZZONT_S_Z._CnS_ _DS.OF'_OL_q_ALZ:EoCO_'.,T
z_se--Ioso _\M"B\\I,_\ _,c_z,uEs_ _Em;AT;o_o.o'A0._' _ZC_U_ZN^_EDBEDor_.YORZTEocc_s. '

X \
;d,IB1rl)i_ZT[OCCUR IllDISCONTIHUOUS STR-rNCERS; Z" TEI'CI_ BED OF ,L_/HYDRITE OCCURS AlE"

10_.0'; /.OWE;; 1.0' IS VERY _K)LYHALITIC; 5ASAL CONTACT SHARP.

x \

?..554----1055 _'\\ \\ \\\\\\

X X

X X

X X X

2:549---1060 _ ' _czLuczous u_u.z'rE,._EDZ_ TD'CO_SELTCRYST,U.'LZ.E,U_Z:'ETO CZ.Z_,CL,WOccurs I,_
, --- B_DOHLT-OEIL_4"['L_'9 ST111HC,=_.S; STIIIHCERS AND BLEBS OF POL.V_J_LZTI'; BASM., CONTACT SHJ_P,

X
_X _ U_DUI.3TORT UP TO 1.0'.

X

X

2544---- 1065 _ "----
X

POL_, rE,ELY "_,YST_.LZ_E,O_CE, SZ_UC'_U_ELESSF.XCE_,T,_'BASE; LOC.U.LT - -• U.ZTZC;_Z_ _ _m_XZTZ SZ_occ.'_s_: SASE;BAS.U.coNT._ su_._P,._._Z._ZD_Y A- --I.____ ______ "13Zl _ED OF' Ca.A¥ CLATSTONE.

_ALITI_., ._L_IUN TO COA]IS_LT CIYSTALLINE, _HIT_ TO CLE.A&; A_GILLACEOUS AT _OP,
-'-X

2_39- 1070 itEDDISlt-BROt,ll, COIfTE_ DECKEJ_£S W_I"_[ DEPTB, CLOT OCCURS IN STrINGErS; T'_CE POLY-

X _ EI_L.ZT_ AS IULNOOMLY-ORIENTED ST_IHGERS WlllC_lGRADE TO SUBHOIIZONTAL _IT'd l)El_'E,

XXXXXXXXXX)()_ CoN'rID_ IHCIE.4SES I_ITH DEFI_; AT I071.6° I" 2"dZC_ BED OF' POLY16tLIT1[ OCCURS L_DERLAII_

BY 1" TMIC]: CEAT CLATSTONE BED; C/AT COk'T[_ IWC]I.F..ASESSLICIITLY BELOW 1071.6' COLOltI

X
__ ILEDOISU-BIO_ TO C11_¥| BECOl'[ES VL_Y POLYI_J.ZTIC IN LO_F.JL _.0'; BASAL COk'[ACT SHJ_F'.

X_ X

2534 1075 X -- X ........
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i | .... (,
,i

PRELIMINARY STRATIGRAPHIC REMARKS
ELEV. DEPTH COLUMN

(FT, MSL) (IRT,) .... ............................. [i,.i i i

23'34 IO75 X ASAI0V_

X

X X

2529- 1080 X X
i

---- -1. ,s,L =,T,=s,_r
.._. _ IIALI_,HEDIUHTO CO,UISEL¥CI.YSTaJ.I.I_g,CLF.._TOW_ITE;UP_Elf._..01 A_,GZLLJ_C_OU$

STRINGEIS,COHTLrNTDECR£ASESWII"HDEPTLJ;POLY1U.LITESTI_I_GERS,COk'rEt_"I._C;_EASES
X X

2 3 24 I 0 8 5 X uI_ DErTH; ,XS,_L.co_,_c¢ suJu_p,

X.,_X .,,X

........ IL_ITg, .HOI:Lri_TLrLy_,GzLL_c£OUSMID POL_",_LIT%C,,_.D[_ TO CO/_SELYCRYST_LI.IHE,

........ _ilTgTO CLF..kI_TOT%.q'I_ZD0_UL_GE:;L0C.U.IF.DOISU-81t0SNC/.,t¥.%ATP.I:[,_.41.IT[ 0CCUISAS

23i9 IO90 -- -- DISPL_CIVEC]iYST,tLSoLOCK.CItEI.qISI4-G_ULYE_rDUCTIOWZONES;;LECILLJ_CIOUSSTitI,_CEIS

ABU_JU_"IN UPPE!i 3.0', CO_r_'_r_" :)EC_,F._SESWI'I_ DEPTH,JdJSE2_'BELO_1103.0';

.... POLY_4JU.ZTEOCCUXSAS 0[SSL'HINATEDtL._35 /d41)STKI_CERS,COI¢_E_T_HCItEASING_[TU

X DEPTE,1" TEICtC_OLYIUU.IT[aEDAT 1105.2'; BASALCOtrTACTSiJJ_P. ,

X
2314 1095 --

X

X

...I.. "-"

X

X

X

XXXXXXXXXXXX_

X X

X X

X X X
,_u._. _c_U._C,DUS_0 _L_L_T:C.COUS,_.YC,S'L,_._.',_::_,,_ TOC_.U._C_
OCCURSkS STEINCE;$;POLYHAJ.IT_OCCURS_S DISS_III4ATED8LEBSMID STRII4GE_tS,6'* .'I_IC_

Ii_[¢UI._ BEDOFI_)L'_J_ITE AT 1120.5', LO_ER6" VEIY POLYtMJ.ZTIC;I_SAi. CONTAC'Z'

SE/J_.
"-" X ""

X "--
1115 "-

---X
=mm

X
,,,,m.

X _X
II20
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r PRELIMINARY STRATIGRAPHIC , REM_.RKS
'ELE V'I DEP"H COLUMN
:cr_.M=_.! c,'r, , .

×

--X-- X ' '

--" -- -- CL,_YOCC1_SW[Tli ItJU.ZT¢_ H,tTIZX0 BELOW1260,7' CL_Y OCCURSAS ST_It_GZttS, CONTE)rT

DECIZ.k_ESMtTtl DElft D[SSD(IN&TED POI,YIJ_ZTE BLEIISi SASALCONTACTSHkAP,

X X F POLYIL4J.ZT[,FZNE/,Y CEYSTALLZNE,OKAJ_GZSH-REDtSTEUCTURELESSlUNDERLAINBY 1" THICIC '

X ___._j GP,AY CLAYSll:_MEBII21I BAIl,Lt,COKTACT$_.

2144-- 1265 -" X _r..z=, krllzlil_C'Lt..AZ,GO_SEI.Y'_YST,_LL.I_E,'S'LZGI_TI.Y'_GZLL,kCEOUSl C_V OCGURS Z_

STILINGERS,cotcl"E_rTDECILEJ_E$VITH DEPTH, ,kBSE.NTBELOW1268,0'I Tt_tCE POLYHALIT_

-'- "" aLEIiSI S,_,tJ, CONTACT5IL_/LP.

X

2139---1270 X

THIC¢ CLT._ IL_L.ITE'BEO, OGCIJ1t$1" BELOWUPPE_ CONTACT)BASALCONTACTSIL_LP, .H._LKED------1

X xxxxx/ BY 2" TI_IC_ Gl£f CL,tYrrONE'BED,
H_ITE, HEI)ILIHTO CO/dtSEt.YC_.YSTAI_ZNE, WBITE TO Olt_GV. TO CLF.J_; TILACEPOLYI_J.Z,'E_

ZI34--1275 OCCUeSAJ DZSCONTINOU_PJ_NOOKLY-OitZ£_D STEINCER$ _ AS DISSE.HIHATEOBLEBS;

K_XXX X SLZCHTLYA/tGZLLACEOUS,Gg.AYCLAY STStINGER$TO L276,0 _, AJSE,q'FBETWEENL276.0 _

1280.0' CL_¥ STRINC_.S I)J _.0' THICI: B_ SEI_:)_ }.280.0_ 8ELOW[284.0' CLAY COk'TZ'h'Tf

INC_LASr..q&S SU1R(OEZZONTALST_[ZNGEi.SIBASAL CONTACTSKAJZP,SLZGi:[TL_L_DULATOKY,XXXXZO

X
2129---1280

21Z4---(285

X 2.0' /d&GILLACEOUSBJJ.XTE_X'X'l_CIJk¥_ lla_LlTE,HATEXI,UJ_L,XTE OCCI,_B,SAS ZONES A..ql)

PODS OF C,_YSTAL.qANDDISPLAGIVE Cg,¥STALS TO ]/2" AC]tOSS, CLAYCOHTE'HTDECItEASESWIT_-- X

2]19 ----1290 DEPTIJI POLYIL4,L_TI[OCC'LI_SA.5 SUBHO_ZZONTALST11.IHCEI$ k._D DISSE,HIHAT_;DBLEBS_CONT__TT
INCIZ.4SES WITII DF.4eI1J$BASAL CONTACTSIL_P, UWDULATOE¥.

xxxxx X

X x,xxxx_

F POLYHALZTE,[rxNI[L_CitY._STA/.LXNE,OiULNGIS_-RED_STI[UCTUitEL[SS [XGEPT FOB I" TI:[ZCKX _.__J [wrI_BLrDS OF RALZT_I BASAL CONTACTSKA_, SLIGHTLYUNTJULATOitY,

Z I I 4 -- - 1295 _,vj__._.._...j _'Z'Z, co_u_e_,Y C]tYST.U.LIUE, _xTE To CLe._, CO_AZNS susuoazzom'kl. _rrz_Jous

X s'rl,I_GEJLSOF POLYIfALZTI[ZM UPP[I 0._', I:N THE ilZl'tAZl(DZ]tOF TEfEUNIT POLYILALZTE
OCCUESAS EAIJ[ I)ISS[Z'IINATEDIILEISSI BASAL CONTACTSKA/_.

, ,, , , , , , .... , ,

---' --" HALITE, COA/Lql[LYCIYSTA/.LXNE, Wi:fXTETO CL,e.JkI$AJ_GXLL,tCEOUS_,T TOP, CL,_Y OCCUltS AS

---- ILAN_HLY'-OiLIEXTLr9'STV.INGGLSi,COI(TEI(TDEC_F.J_ESwl'r1_DEPTtl; BAS,,L COHTACT

2109 1300 .-- --- EeX_o_................ , ,, ,,
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J

ELEV, DEPTH COLUMN REMARKS, ,
(K.T. MBL) (VT,) .........ii ii ii J ii i i i Hlli

............Ai'ova'................2109 1300 _. .._.

2104-- -1305 ---'3 ,

X [ or li_J,ZTY,l B._l.44,CONTACTIIL4J_, EXTitL'_ELYIaJt_(_ULA=,

H_ZT[, .HEOZIJHTO COAJlIILY CIYSTAJ,LX_IE, ;/EXTE TO CLZ,U, 1'0 TINTED ORAHGZI POLYH_ZT_

X occURS AS IKZ_ _HLY-OEII!3ITKD ANDSUBHOEZZoNTAL5T1t[NQERSAND AS
rJISIIEHIHATL_ ILEBS, CONTENTZ_CIIEASESWIT_I DEI_Ttll It&T',/EL_L207.0' A,qD i.lO8.O*

HOiI[ZOKTA.LAH9 SUBI_OEIZONT,!J_ST$tZNGE_SOF CLAYOCCU&I iASAL CONTACTDIFFUSL,

2099'--_" 1310 X X , ,

X X

.................................................................................................................................ii:................................/1_



   LSMINARY-ST ATIO.A HC n MA.KSELEV,OEPT. COLUMN
( FT, MIlL ) I I'T,) ,..... i =jl i = i= i i J i

x
_ItlZO_AL _1) IUal/O|ZzolrrAL STILI_[II kJtO kS IU£GU6U_Y-SlILCPED ll_aft, CO_

INCIJL4S[S t_I_ DEPT'd! llksAL COICTACTSILk/,IP,
x

x x

2059--1_0 X X X lTIr, Flay TO COAISEL¥ C]ILYSTALJ,I_[, REDDISH-BOO,rH KA_I_IC CLJ,YSTOHE
....... _ ,_TtIX, _T_ _ TO k'UXTEIEAX4_ OCCUltSks £UEOU1.J_L,Y'.,SI_U=ED/d;GREOATZSOF

CIYSTAL_Ii CONTAINS_/t*** TO 2** T_ICK SUBUOIIIZONTALBAL_TE-F[LLED FCACTURESl DASAL

Ct}Ht'ACTUI_I.q_TO&Y UP TO 2,0', G]UIJ}ATZON.4J,I'0 SIL'_Pt DISCONWO&,HABL,Lr,
. ,, , ,,,, , ,,,,, , ,, , , ,, ,,, ,,

.................. ,o,u_-r_OT^,,zo'_
2054---1355

.... _ ..... e_zTzc S=LTSTON¢,X[ODXSH-nOU_, TeXNt.'t t._=NATED TO snuc'nntr-u_ss= _zT[ occults

_.--._._-.--_.._...-..--:_.- kS [SOU,TEl:)OlSPL.AcIV[ C_YSTALSUP TO }.=L/2" kCROSS_LOC_ CIL_KNELFILL STRUCTUXWS
-_ __.---_--_'-_:--- eRmSe:_rlcoNT^_Hs so'ru suav[e_zc_ _o su_Hoxzzo_ tL_.Z_-rtU.ZO _CTURES Ilo" 'ro

" ------- I" ,'_IC1¢t CH,U_HEL_k*TOUNDERLYINOUNIT 3,0' DEEP([AST SIDE OF SHA.rT); WHEROUS

FILLED CIL_J_ELSTU_OUG_OUT(/NIT;OCCASIONALC_OSS-LAItlNATIONS;SkSALCONTACTGiU_-

'--" X "-" DkTIONAL TO LOCALLYSlt,titl|, UNDULATORYUP TO ].0'.
2049--'-1360 ..........

_LI_ HED_Lr_TO ¢OAR|EL¥ CRYSTALLIM[, t/HS'LETO CL£_; AJtGZLLAC_-OU$TO 1363,0',

C1..AYOCCU&S,iS P,[DDISH-BIOt,P__tATItlX, COKTEHTDECR[.ksE$_ITH DEPTH,EALITE OCC13RSAS,,..,, ,,mm

_I[EGUt.,_LY-SHMED C_YSTAJ,HASSESlTi_C[ POLYIL_ITE, ¢0_'![_ [NCEFJ,SES _tITU _[i_1_ AS

---- SUBHOKIZONTALCONT_HUOUS_ DISCOI£1"ZglJOUSSTI_INGEItSAHD114XllBEOS, ALSO AS DZSS_-

X IHATJ[D_LESS; _[LO_ L_63.0' &RGZLLAC[OUSH,A1"ZRIALOCCLfltSAS LOCALSUBHOK/ZONT_L
?..044----1365 ---- XXXXXX STRINGERS) 1" TI_ICX_[D OF POLY!J_U,ITE OCCUISAT 1365,6'.; F_OI'I137].& _ TO t]73,9'

' AJt;ILLACEOUSHALITEOCCUEStBASALCONTACTSl/A/tP_ DISCONFO&HJUSL£.

xxxxxxxxx X

2039---1370
X

Xxxxxx_o

X
........

X IL'U_TE, _tEDIUN TO COk&SEL¥ C&YSTAL.LIH[, t_flTE TO CLr.,_t TO TINTED ORANGE, C'_Lr_L'_¥

1375 X TtJ,ll_TO I_rDII/HB[gDEDt POLYE/LLIT_ OCcl,rllsAS SUBtlOEIZOI_AI. PABJU.LL_S'1"dlHGEJtSGllOUPED
IN U1PP[I Z.0', ILAJ_DOHLY"OEIENTEDSTlZZNGE_qBELOW 1380,_, DISSL'qlNATED SL_BS, CON"

TENT DEC3LEA._ESWI'I"IID[I_'IJ; LOCALLYSLIGH'L_YARGILLACEOUS,COLOItk_ITISI_-_;_Y, SUS-mm,.

HOILXZOMT.J_,ST]LT.NGEIL_AJ_'OLOCAL,[R_EGLrL_LY-SIJADEDZONESOF CLAY, CONTEHTDECREASE!

... WITB DEPTU; l/a" TO t/Z*' THICI_ CLAYS'LONEBED &T 1383.8'I BASALCONTACTSli/dlP,

SLIGHTLYL/N'DL/_TOB¥,DISCONFOLHJd|LE.

1380 X

1 F,ALITIC CL&¥STOMEk_ A.I[GILJ,.ACEOUSILLITE, CL,AY EEDDZSH=BRO_'rh,HALITE kqJzTETO CL_,Ut

A.q_ FI_LrLy C_YSTALLIHI[; KALITE COH'Z"LrI_INCREASESt_IT_ DEPTH, OCCURSAS D[SPLACIVE

X C=IYST_ALS(1/8" TO 1/2 _ ACROSS)A/a) PODS OF RELATIVELY PURE ltALITE; LOCAL PODSOte

POLYELALITEtilA.%'Lf.,CO)__ACTC3.._ATIONAJ.,.

HALITE, ._roIUH TO COA/[SG.¥ CZYSTALLINE, _HITE TO CLEA_ LOCALLYAJ[GILLACEOUS,

138_ REgDZSH-BI[01_IICLAY OCCt_S AS _Y-OitZ[NTED SllXBGE&S IN SUBHORrZONTM,,ZONES,

CONTEZrl'DECllP._ES WITH DEPTH, DECREASESkBRUPTLYBELOW1390.1_; TII.AC[ POLYHALITI[AS
-- X

IUUtE DISSIDIIMATL_D_.WDOHLY"ORIENTEDST1tINGE&SANOSLEDS, CONT£3_ INCREASES MITtl,

DEPTH, POLTt[_ITE ltED O(:_U]IS 8E'_EEla 1390.9' A_D L)gL.I', COWTGItTINCREASESAJ_iLUFFL_

14EAgSASE; LOCALZONES A/(D STitlNCERS OF AitCILLACEOUS tL_LITE CONTAINIHGGII_Y CLAY;

13 9 0 SksAL COm'ACTStUUte, o[ SCONFOeJ,=,U_LZ, I
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PRE I';M'iNARY STRATIGRAPHIC' REMARKS
ELEV, DEPTH COLUMN

RT. MilL) ( FT, I ............. i i 'Iii ii iii i i ii i iiii ii i i I i ii i i i i

2o19 139o ..... AsAiov

2014-_ 1395 X X X _ I_L%1'1c C/_YSTONE, I_PU 2" GP-_Y, aL"HAZNOUSEDt)%SH-SP.O_, STRUC'rUZELESSeXCEPT FOK
........ D%SPLACZVgCIYSTA/J (l/8" T_I 1/2")| LOCALGItELI_ISU-O_AYItEDU_I'ION SPOTS; U%_tI'OF

......... R_LICT ISEDDINOlBASALCOMTACTGN._T:ON_L, L_DULATORY,
__..,,m,_i , , i. ,, _, . , , ' ' '" '

X X X KM,lTE, HEOXUHTO COAJ,IlZLY CB.YSTALLZ_E,_/_I%TETO CLZA3.TO TXt_I'EDORAJ_CZIVEltY POLY-

HALIT%L:TO 1600.OJt OCClJ_XNOAS ABLrHDAJ_T;U_IDOHLY-OKIEHTEDTO SUBHORXZONTJLL

X X X STRIHCELt AHD ZONE;SlIELOW 1/400,0 j ._AE POLYli_%TE _ID SUBHOg,%ZONTAL(;_LA_'ST'/,l,qOElt$

2009---1400 oF cLAY; BASALCONTAGTSELAB.P,DISCONFOR.HAJ_LEo

X

2004"---1405 _aILLACEOUS t_LIT_t ClI_Y CL_Y IN UPPU 1,0', _tL'HAINI)E"I_EDDISH-SStOk'N;HALZTE OCCUltS

I AS _ELL'_O_ _DS OI CO B S LZ _ ( T ) _ '' _ 4 _ DIAHETEEt FIHE C_%UE;D OE. CE.YSTALL_[NE

X q l COAS,SEHIHCTOGAED'¢/DrI'EII,, g_iITE TO CLZAg glTa P.J_E O;t.ANCZTitre, PODS SRr._ %,_SPUElt-
_C,U. PATTLqBI Lt.C,U_¥ ilALITE OCCV£SAS CLEA_ TO _ITE I_ECUT,AELY SK/U'EDZONES,

ELALITEALSOOccLqt5AS SHALLOISPLACIVE CltYSTAL$ <1/32" TO 1/8" ACg.OS$; LOCAL1/8" TO

1999 -- -- I 410 _ L/4" DISCOMI"_UOUS_tJ.Z_-FILLED (PZBltOUS) FIi_CTI_S ; CONT,_IH_]LOCkL POLYI_J.%_
ZONES; IIA_A_ CORTACT SBAILP.

. . , ,_ . ,, ,,

"-" "-" _ EALZTE, HEDIUH TO COAS.SZLYG'_YSTALLINE, VUITE TO CLEANTO TXNTEDORAHGE; ,U_,CZLLA-

_ CEOUSAT TOP, COlrrEgT DEC_.EASES_ITa DEPTa,' LOCALDISCONTIHUOUS%IP..qEGq.rL,_.RLY-SNXPE1)

X X ZONESOP CLAYSTONE, CLAY_LL,SO OCCURS AS ;ULNDOML,Y-ORIBI4TZD AJ_ SUBHOEIZONTAL

STRZHCZltSI HOOERATELY,_U_4DANTPOLYIL_LZTE,OCC'U_5,kS OlSSEHIHATED BLZIIS ,_lO

1994---1415 XXXXXXXXX SUB_OaIZO_AL DISCONTI.qlJOUSST3.INGZRS; CLAY_SE.qT BELO_ 1_15.0'; BAS_I. CONTACT

Si_._, SLIC_ITLYUNgU'LATOlt¥UP TO _".

x ×
POLYtL_LITE, FINELY CltYSTALLINE, REDDISI_-OKA,qCE_T_Z.q SUBHOltIZONTM.,ItALIT.r-FILLZD

XXXXXXX: FKACT1J_ES<t/16" TI/I_K; CONTAZgSP.J_E CI_¥STAI.SOF KALITE 1/_6" TO t/_" AC;tOSS;

X LOgEE,_" CONTAINSBLACKLAHINAZ ?A.q.M.LZLTO LOWEECONTACT;BASALCONTACTSE,_P,
1989---- 1420 w UI_ULATORY014_ SC_ES: HAJOa - 0._', HI}lOlt = 0.1', .HJ_KEDSY 1" TI_%Cl{G_EE_ISH=

CI:_AYCLAYSTONEBED,............ ,

B.ALITE, HEDIUHTO COARSELYCRYSTALLIHE_gHITE TO CL_..A3; ._.qE %I_EGUI.,_ D/SCOHTZN-

UOUSSTRINGERSAH9 8LEBS OF POLYI£qLZTE;LOCALTS.ACE,_'IOU_i"L'SOF GEA¥ SUBHORZZONTA_.

X STItIHGEESOF CLAY; EASA.LCONTACTSl])./IP, SLICtITLY t.rHDULATORY,DISCONFOR.HASLZ.

1984 -_'- 1425

x

1979- -1430 * "--'---'J ffA.LZTE, .qEDIUtl TO COAJ.SELYC_.YSTALLIH[, kl:lZTE TO C'L_; HODE_J_TELYAgG%LLACI::OUS,

CLA_(_EDDISa-BItO_NTO CRAY _ITa DEPTI:{, OCCUP,S AS INTER-CRYSTALLINE.H.AT_&[ALM_D
.,..,.,

SUSHOEIZOk'TALTO lt.AJ4/_HLY-.OltlENTEI)STEIHGE_{S, CONTE.VTOECRE_SESwiTS DEPTH; ,';'3J_CE

POL_E.4_._TEII/,_SS, CONTEHT%MCIt,EASES glTa DEPTH, AT 1437._' A 0.I' TalC}( _ED OF

ltEDOlSff_CZ POLY_J_LITEOCCUltS; Sl[lOg POLY_U.ITE BED CLAY colrl'E)rl" %I_CREASES

1974 1435 5L%GHTLYTaLrNDEC_EJ_.qE5_%Ta DEPT}I; BASILLCONTACTO[F'FUSE, CONFOliLH.q._tLE....... . • _ . _ i_ H
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PRELIMINARY $TRATIORAPHIC REMARKS
COLUMN

AS AIOV[ i



I PRELIMINARY STRATIGRAPHIC
= REMARKS

ELEV, DEPTH COLUMN

-"-'=""'-..... '......,. AsA':_E ............. " ; ...................

e 9 e • _ ,

uc=n,M¢_ti_'_"¢o,=srLvc=vsT_.u.z=z,_z_ _ _ 70ZtNTEDo_aE_sLZa_Y
AJI,CltL_CEOUII ZW UPPEIL2,0 t Al DtSCONT%H1JOUllILAHOOHLY-OILZENTL'DSTIAZNUEILSITIAACl:

X POLYltALZ1_AT TOIP, COIrt'F.NTtNCg,EJ_EII WITI=IOEF1"tl, OCClJ1LI&i DtlIgL'HINATED BLI_BII,UCD
1924-'--1485 STII_OEXS_ B_ CONTkC'tSlUdLP, ,

X

I pOLYI_T_., FINZLY C_YS_LIN[, _EDOISH-OF._aZ, ST_UCT_ELZSSl S^S_J.CONTACt,,
SH_AP,

1919-'-1490 _ HA.qXEDBY L/2" TO t" _ICS: atl_%' ELAYSTONEBED,

....... _ITIIIHGERSOF B_CKZStI-G_Y...C_Y..SP^C¢O 2" 1'0 _,"t S^_ COt,Tr^CT SIL_P_ .. .........

X _U.IT_ COtL_SELYC_YST_.LZNEt _,NZTE70 CL£_J_TO T_.HTEDOK,_GE, BAJ_DED_HITE AND
OB._J_GE_SPACED[" TO 2"_ TILACEPOLYIt_ZT_I DAEAJ,CONTACTGILADATZONA£.

X
1914-'-1495

. , ,, , , , ,, .,. , , ,. ..,

--- .-. .. _CIIL_CEOUS _J'_, FZ:WEL,f TO COA_Sf,'LYClLYETALL,ZN[_ WI_ITE TO CL_UtI HALZTEOCCUltS

.-- ..- AS PODS_ID EKREGIJLAJL_¥-9tULPEDZONESOF CXYST/L_ SUII_OLII_OEOBY EEDDISH-BROk'NCLAY

,_ATEZX;CLAYCORTF._ DECRF.ASESg_TIJ _DElf_l UIPPEE4" COi_AZHS SUBNOU.IZONTAL

Sl"_ZNOE_SOP BLAC_ZSa'.C_Y CL,W SPACEDV'l BAS,U.CONTACTDCFFUSE.

• • • • • _ • • • • ,.,, , . ...... _ ,, ,

1909- -1500 "' X ILU.ITE, COA_,SLrL¥C_¥S'tALLINE, t_lI_'_ TO CLF.AR,70 01_(;[; TRACE POLYl/ALZT_, coNT.=.N'r

INCI_.J_ES _ITI_DE_'I_t OCCb'RSAS DISSL'HINATEDBLEIIS AJ19RJ_IDOHLY-OLt,IENT'ED ST_,.'._G_.ItSt

X X' BASALCONTACTSIdAJLPt_J_EGUI._, U_DUL_7ORYUP 1'0 1", DI $COI41_OP..%ABLE, ,
........ , , ,., ,, . , , ,, , ,, , , ,. ,

POL'/11ALIT_,F_NELY CltYSTAIJ,Z_IE. _EDDISH-OP,AHGE; KA4,ZTIC. CONTAIHS [g,AEGUL,_LY-

SE{_ED PODSOF HALZ'I"ETO i" AC'AOSS;CONTAINSLOC,_ ZONESRZ_I IH _U_YDRITE OR

1904--1505 _Bz_z_ (1); BAS,U,CONTACTSU,U(e, _OULk_'O=Y. SLZCa_'Z.YZ_tZ_"UL_.
.... ,, , ,

X _U_LIT_,._EDILM70 CO.UL_ELYC=¥5TAI.LINE,_d_T_ 70 CT_ TO TIN't'LrDOILA_GE;TILACE

POL¥1£ALZI"_,CO_ INCREASESgIT_ DEPTH, OCCURSAS DISS_INATED BLESSAJID

X _¥-OEIENTLrD STILIMG['IL$;BASAl.CONTACTS/d_P, SLIGHTLY I,q4DULATOBY.

1899- -1510 X

X
X

...... -- ,. , --

POLY1JJI4JTE,FINELY ClYST_LLI_E, BROI_ 70 TA_, STI_UCTUX_L_SS!BASALCON'TACTSEUULF. _
,:=,_EL'Y

, ,

KXXXXXX
...... ----n POLYHJU_ITE_'D GRAY CLAYSPACEDI" 70 2"; BAS_J,CONTACT$11A_P.

1894--1515 L_
BAJ.IT_, H_[UH TO COAJ_SELYCRYSTAJ.LI}tE,WHITE TO TI_'TZD OLAJ4CE|UPPE_.0._' AJIGIL-

LACZOUS, ILEDDISIt-BILO_, COk"L_NTDECItEASESWITH DEPTH; _ ]" TIdICI_ BEDSOF REDDI$1d-
X -- SllOWWAJLGILLACI[OUSHALITE OCCURAT 1519.8' AJ_O1520.2'$ SASAJ,0._' CONTAIHS SUB-

HO|IZONTA,_.GLAYCI.A¥ STEINCEItS, SPACEDl** TO ]*'1 TIl.ACEPOLYILALITE,OCCURSAS D[S-

SEHIIIA'_E9 SL_BS AJ_CIiLAJIOOHLY-ORZENT[DTO SUBHORIZONTALSTILIWGERS;BASAL,CONTAC'_

1889----1520 SlL_Lr, ELIG'4Tt.Y I.RfDLI_TOILY,DISCONFOII2U_LE.

X

1884 1525• , , , . . . ,.. , ,, ,.. ,.. ,,. _= _,,,,,,

EXHAUSTSHAFT
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' P*.¢LJMONA_VST.AT,QRAPH,C
ELEV, DEPTHI COLUMN REMARKS

(v:r, M.SL.L cv'r,I .................................................................

1884 1525 X "" AS kJOV( ........ : .............

............. _x_us *l_'z'=,M_u.'_co_,=__s_L;NE,_Z="'ro_ ITOTZ'_E'D....
"" --" OiL.4_Ol_tf,'I.AYIL_DI:|H-IIROI_t UPPEI _,0 ° TO 3,0 ° GIAY /IJ.Gs_._CEOUSHA/,ZTI_W[TI_ _llE

-i SHALL OtSeL,kCIVE IL4J,ITE CItYST_J < LII6" kCuOSSt I_J,ZT¢ O(:_1JU kS k_l_itEO_TE$or

CIY_TAZJ |N PODSOil ZOHE$_ C_Y OCCUeSkS _IX IN gpl'u p_I', occtm.s ks DZSSL_Z-

1879- "" [5_O --. .,.,,, _ATED £UECULAILY-DIL/LPEDZONESAHO P.AMOOHLY'-OitZEI_TEDSTR£NOEU W£T14DEPT_ftCOI¢1'Z}tT

DECilKAIESWZTIf DEPTH| BASAJ,COtTTACTBi:JJ_P,

1654- - 1555

1570

EXHAUSTSHAFT
LI THOLOGl C LOG
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ii , ........

PRELIMINARY I
STRATIGRAPHIC R EMARKS

ELEV. I "DEPTH COLUMN
I(FT. MSL| |FT.} i ii i lm i ii

1839 _1570 AS AIOV[ ....
X

1834----1575 ,
X

KAI.ITE, MEgIt_ TO COAJ_SELYCR¥ST,tt.LI._E, ',rtET_ TO TIEEI_ OtL_CE, STRU_LF.SS;

_829----1500 -.. tIPPER 0.5' SLICaCl.Y /LitCILLAC[OUS, RwDDIS.-BIIOt_, COlCt_E D[CKF._ES VZTtl :_[P'_,

A_S_ BEI.0W 1582.0', OCCtIll3 /kS DZSCOI(TZ_1JOUSSTRIHGERS_ AS INTERCEY,_TM.LZ_[

X HJkTZZX;T_kCE DISSL_ZYATLm_PO[.YIL4J.ZTE3LEAS; aASkL COliCAC_G;UkgA_IOI(VU.,_[GilLY

ICRJ_CUI.J_,_ 6¥ T'dEOCt'JIBE°JOEOr AJ_GZU.AC_.OUSaXLZT_.

1824---1585 X

---- ----- BJU.ITE, ._Z_( TO COAJlSLrLTCZ¥ST;kI.L_)(I[, "_ITE TO CIZJJt; UPPER0.5' K_ REDt)ISH-

011.0{,_CL_'t ,_tZ1L_, COIIZDI¢ DECILF.ASESSLIGIITL'( ;LITII 3EI'I'B, CLAY BECOH[3 lOT_! G_J_Y

;UfD it__D_rsE-6RO4M,0CC01.5AS LMCl)OHZ.¥-ORI_k'I'EDS,TIINCE2S; TRACE ._LY]A_TE, CO.¢L_T
m

[HCB,F..43F.SV_TH bEFTH, OCCURS,iS DISS'--_NATED 8LEBS _ AS ST_CERS I_Tl_ DEPT'-J;

1819-- - 1590 BAS,U, CONTLr¢ ¢aJ._kTIO_d., _SCONFOILH_JiI.E,

vr-._

o i _ , I " - _ .......]

EXHAUSTSHAFT
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1759- --1650



........ ,, ,, , , ,

PREL4MINARY
STRATIGRAPHIC

.... • REMARKS
ELEV. DEPTH COLUMN
(_?,MSLI' (IRT.)

lm ii i lm ii i i i' ii ii i , iii,

1749 1660 B,_J:T£, _(.,mZU_1"OCO,UISL'.,YCZYSl'M.J,ZN[. UtlZTBTO CLDUt= l'tACl_ R_0ISU-SROtn_ _NO

X CILAYCLAY, OCCUILIIXH¢AS STLII/CEJLSAJ_ .tS LOCA£4.YDZSSEHZHATCD.V_ATRZZ,CLAY COi_T_

ZliCIM._[S AJItUPTT,T |r.LDV 15£2.0' kS iL[DDIStI-8|OVW STitIHGSrlLStCONT[NT DBCiBASESWIT11

DEPTtl, kSCZM..4C_OU|_tAI.ZTI[811) OCCUliSWITH CLAYAS STILIWCEU _D ,*_471ZZBL'TW[[._

--- =--- --- 1673.0' _ 1673.B', _l_ 2.}' CoIrrAxHS DISCOtrI"XICdOUSHOEL[ZONTALAKO SUDHORZZOkrTJu.

1744 ----1665 s'_ZWcTJtSof GrAY ¢t_Y; TL_,C£ POI,_L_.I_, COa'tE_'t ZNCe[,tSES uI_ DE_'H, OCCURS_,S

DISS[HINAT][D SLEBS MI[THSZZ£ INCltF..ASI.NGWITH DEPT_ (1'* DIA.'_ET.t'_); BASALCONTACT

SKt,_JP, ILILECULAR,U14DULATOE¥TO 0.5',

X

1739 _--1670

X

1734 ---1675

X

1729 --- {680 --
1

KM.IT£, HKDIUHTO CO/_ISELY CBYSTALLINE, k_ZTZ TO C'L_ TO ITI}_'ED O_J_NC[;

,taGILLACEOUSKM.IT1[ OCL'U_SBET1/EE_1681._I' Ab'D1682.6' , C?..A¥CLAY; EEDDISH-BROk.'._

_GIU..ACEOUS _ULLIT_OCT,._SBETWE:L_t682.6' A_D 168q. I', CL,_Y OCCURSAS R.,U_,%'£-

ORZENTEDSTI[Z._C_RS&HDAS .%_Ttl_; CLAY CONTL_rrDECREASESABRU?TT.YBE_ 16841.1';

1724 ---- 1685 TRACE [_JL_LLIT[ BELOW1686.q', COh'T_.._tI_C_[_SE$ WI._ DEPT_J,OCCURS,_S

DISSE..'_INAT?DBLEBS_O ,tS EANDOML¥"OllIE!4TEDTO SUBHORIZONT_ STRINGERS; BASAL

COI_ACT SKA4tP.

X

1719 --- 1690

X

X

.............

1714 ---1695 _ _ _ _CIL_CZOUS _Z_ ' _Z_I _ _ CO_SZL_ C_YST_LI_[ ' _ITE T_I CL_ _0 TI _ED

ORAHC£;VF._¥ AJ[GILLACEOUSIN UPPER0._', CLAYP.E:DOIS/d-i_KOWN,CON'TENTDECP,F..ASESWIT_J

X _ DEPTd, OCCt_S .45 [HTLqCs_YSTAL.LZ,_E,_LATR[X,_D KA.R£STRINGERS, COh_'Drt' DECREASES

A_RU_'L¥ BBLJ3_170&.0_; TILAC[ POLYI_J,IZ_, OCCURSAS DISSE.._IH&TEDBLEBS; BASAL

CONTACTSlL4J.P, IEJ[E_Lrt.A£, OISCONFOL_JLB[.[.

1709 -_- 1700
1

X
1704 1705

..........................

EXHAUST SHAFT
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I

, iii, i .................

PRELIMINARY
STRATIGRAPHIC R E M A RK S

ELEV. DEPTH COLUMN
(rr. MSL!_ (fT.) _

i iii , ii i i mim , lm ,, ,,, ,, i,, ii

1704 1705 ......... AS AIOV£

X

..... •u.z=.._,='zu_to cou=u.xc=Ysz_u.z,_,_= Toc_== uPre_o.Y_To'o._'_ '
1699 - - L710 Lou[i[ o.7' et.qL[eU,LI'_o R_.,U_mU S_rtt.Y ,,UiGZLt.ACEOUS,CL,tY &EDDZSU-BROW_,

BECOHIHCGRAYWZ'tll DEI_rtl; IIAS_4. COWTA_"TSitAILP, ZR/;.ECU1.AR,D[SCOBrOL_LE.

w

1694-- 1715

_czu.aczous.cob=rro,,cuaszswzTH_,,vn_=ntacz_LY'_T.ZT_.CO_-.'_:.CR_S_SES
1669 - 1720 _ITIJ DI_I_31, OC_3_IILSAS DZSSL"_M&TE'DBL_3S _ iLAN1)ONLY"OEIL:_D STRINGERS, LO_ER

-- X
1.0' VEltY P'OL_rHAL.ZTIC;BA.SALCOWI'ACTSHARP, [RRE.GUt_R,UNDgt_TORT.

X

i

1684 _ 1725 X
.....

X X X POLY'd.M.._T_,_'ZMET..YCRYSTALLZ_E, OR.ANG_SH-RED_ST_UC'TURrLES5_U'_ZT VERY UN'DUI..ATORY_

- EASAL 0._' COII3ZSTSOLe GgEZHZSiJ-'GEAYCL_YSTONR; BASALCONTACTSHARP, U_U'L._TOBY,

" X DI 5COkFOg,HA.B[J[, e, , ,.........

PAl.ITR, ."tLrDluZtTO COA_SZLYG3tYSTA.LI_NE,WBZTETO C_L._A_;LOCALLYARCILLACEOUS,CItY

1679 _ 17_30 &F.J)DISB-BROt/II,COk'TE:_f_DECREASESWZTHDEP'Tt_;TRACE _L_J.ZTE, OCCURSAS O_SS_='_l_-
X _ _ATLeDELJ[BS; BA5A£,COIr['ACTSJ_A_E',ZBJU[_ W_Ttl DISSOLUTIOH PITS 1.0' DEEP 1_.v'ro

U'NDERLYII4G[._IT.

X IL4J..ZTE,MEDIUHTO COA.ESELYCRYSTALLZNE,krl:llTE TO C_T.._J_;UPPER2.0' SLIGHTLY /_CIL-

--[7_5 _CEOUS, CLAY REDDISH-_ROWN, OCCURS AS RANDOMLY.-ORZENTEDTO SUB_ORIZOh_T_STR.[_,I{;E&S
AND D[SS_[INATED INTF...RCItYSTALLINERATERIAL;TRACE POLY'RALITEAT TOP, COt_T_T

INCRE.ASESWITH DEPTH, OCCURS AS D[SS_r'N_NATE:DBLEBS AND RANIX)HI.Y-ORIENTEDS'I3LINGERS;

X .'7" EI._S_. COliTACTCILADATIOHA.L.

- 1740

-- X

;64- - 1745

X ---

_59 1750 X

EXHAUST SHAFT
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1639 --1770
X X

ORANGE; GILAYCLAYOCCL,_SAS ,%qTILIXAHO INT_J_G'_YSTALLINE,_.rER_AL,CLAY BECOHES

X X X RE'ODISI:I-gP,Ot,'NBE;LOg1773.8 _ , CLAY CO_ DECREASESt/it'd I_EPTH; CLAY-Fg,EE

POLY_L,ZTZC KA,LTTEOCCUiS B_'_lr.E_l 1773.3 _ _ L773.a'; POL_ULLITE CONT.'ST IgC_£ASES

_[TI_ DEPT_; B;LS;_,CONTACTSK&KJP,TIt3._¢UT.J_.
1634---1775 __ __

.......'""............_ 11................Ili111-_



'-P.EL'iMJ.ARST.ATtG.AP.IC
REMARKS

ELEVI DE P'TIt COLUMN
(FT, MSL) (FT,)

i i i i, i i ii i ,lll,. i,. , • iii ii i. , , , ,,,i..,,

16 14 1795 .-.- ASAlOV(

X w

-- X

1609 .--.-- 1800 _x_l_x.x_ _
...... ¢u.z_,,_zu__o'cou's_yclYs_.J.z_E;-_i_zo6z.z_;co_Az,Jsu,'_o=zzo_rxL;mT

CLAY 5TRZ_IGERS TO _80&.3', AlS[IrL' BELOW 1804.3'; Tg.AC£ POSYtL4/.ZTE, COk*TENT

ZNCRF.ASF..SWITII DEPTH, OCC1jl=.SAS DISS_nIIHAT_'D aL£BS _ SUBHOEI'ZOk'TAL STKINGERSt

Bks,_J, CONTACT SKAJLP, .u.AJUCED8Y 3" ZONE OF G_,._T];S_i K,LLI%"E UHDF...RL.(IH li_ t" ,'HICK GKAY

CT.ATS'tONE.

1604----1805
X

X

1599 ----1810 X

_' " uj.z=,'",_zu, 'To cO_S_Z.Y'cmTSTXU.Z'._E,wenz "_"_'Lzx,_; UPez_ _.8' _.CZLLAc_O'_s,

-- I[DDISU-BitO',,'M, CON'tE3rt DF.Cg,EASES WZTB DEPT'=II T/lACE POLT%L/_ZTE, COHTEHT INCRE.ASES

X WITH OE1PTli, OCGUIS _ DISSEHINATED BLEBS, BLESS AI.Z_ED IN ZONES AND STR_NGERS

1594--- 1815 OCC1JRSEZ,O_1017.6'; coin',INs G_t*TCLAYkS ST_IN(:;F.eS_ DISSE.HZNATEDINTEg.-
CltYSTAI.LIlfE,_L4TF..ILIJ_[.,8L'31_ZE_1819.2' M/D 1819,9'; 3kS,,%LCORTACTSKA_P,[P._.ECIZ.J_t,

X ni SCOXFO_LE. ,: '
\

X

X _ _ o

1589---- 1820

• CEOUS, l.L="DOlSld'BitO_rl_, ¢/..,&Y OCCIJ_S AS LqT_CRTSTA.LLZNE HATRIX 'AHD STRINC£_.S, COKTL'N'I"

DEC_J.,&SESWITI_ OEI"L'X, CO_ DECREASES ABRUPTLY BE'LOW 1823.0'; TKACE POLYHJU.IT[,

OCCURS kS DZS$_'_IINA_ lJL_BS; _ASAL CONTACT GI_JLDATZONAI..

1584--- 1825

X

m

1579 ----1830 I_.LZ_, FIUL;L_TO CO_SEL,Y C_'_T^.L'LINE,"_I'rE TO CLE.X_":0'TZXTED'OK.'U_CE;SLZCUl"LY

kJI.GZLI,JkCE(MJS]_N UPPEE &.&' COIfTENT D[_RE.qSES WITH DEPT_, CLAY OCCURS AS STRINGERSt

IIrI'E3,CiI.¥STJUJ.II4E ."I.&TILLZ, COMTA/XS iL_£ SHJLLL, (<//16") D[SPLAC2VE K/LLZTE
,mm

Clt¥STALS; TIL&CE POLYIU_J.ZTE, OCCIJI_SkS DrssEHZNATED 6L£BS; BASAL COWTACT SH_P,

X _ BY DrSSOLU'rzoIf PI.TS 6" TO 8" DEEP INTO UHDEELYING UMIT, [UEGUL_, UNDU"

1574 ----1835 _TOIT.

__.._.J IIALZTE, ._[DZU_ TO COAIISF.LT C.IIYSTAIJ.Z_IE, Wlt_TE I'O CLEAJLI _GILLACEOU5 TO 1839,8',..

OCCURS ,&S _I.4T STII,IXGLrRSI TEACE PoL'rl:[J, LZTE, _l(T[lrr ZHCItE._3ZS WITH DEP31J, OCCU_LS,&S

-- X BLISS /4m iuumx_,n.'P,o|_Eu'R'oTo SUBXORIZONT._S1"_ZXGL"=S;BASAL CONTACTC_U_ATZON_U.,
1569 1840 .......... HXCaLTXUEClJI_, ,,s'..zcb'Tt,,TUl_tn._,tOlT,.........................
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PR ELI
_ STRATIGRAPHIC

ELEV, DEPTH I ' REMARKS '
IrT MSL) (fT) I COLUMN

1569 (840 • As Alov_

X

1564 --1845 X

_ POLYHALITE, FINELY CRYSTA/.LZNE,EEDOZSH-OPo_/_GEIHAL/TZC; aASAL CONTACT Gt_ADAT:ONAL_

X VEIY IP.iLECItL_Jt,U_D_TOZY.

_ALZTEt FINELY TO COARSELY CRYSTALLINE, WHITE TO CLF_ TO TINTED OfLA_GEIA/_GILLA-

CEOUS+ CRAY AT TOP G_ING TO REDDISH-IROWN WXT_ DEFT_, CONTENT DECREASE5 W;TUDEPTH, CLAY OCCURSAS SUlJHOiIZONTA/,ST'_XNGERSA/_D AS ._D_T_ZX."[ATERIAL EN

I 559 -- -- 1850 -- X IKg£GULAJZLY-$1/APEDZONESOF /_qGZLLACEOUSHALITE; POLYHALITIC. CONTENTINCREASES

WITU DEP'I_d,OCCURSAS DISS_.HINATEDaL_SS AND _A_DOHLY-ORIENTED DXSCONTI,qUOUS
X STKINCF.RStCOk'TAINSLAJ_GEIRREGI/I.AJtZONES ($EVEP,J_L SOUA/_EFOOTAAEA) OF PUREWH;"T

HALITE WBICN _ CONTINUOUS INTO UNDEP.LYINGUNIT (DISSOU.tTIONP_T5 ?); IIASAL
X

CONTACTSi:IJ_P, I_JLE_UL_K, OISCONFOP,.HASLE.

--- -- --- II.4J.ITE,MEDIUM TO COARSELY CRYSTALLr.NE,WHITE TO CLE_t _ AT TOP, CON-

.15 4 -- --IE]5_ TElCTDECIE.A.SE.qWIZ'ti DEPTH, OCCIJI_SAS _Jd_130MLY'-OItXLPNTEDSTRINGERS; TIt.ACEPOL'fP,AL-':TE,

X OCCURSAS DX$SD(ZHATEDBLESS! CONTAINSD_S$OLLrI_IONPITS 2,0 ° TO 3.0' DEEP, F'.LLE9

W[TU W_£TE COA/LqELYCRYSTALLINE I/ALITEIBASAL CONTACT 5H_P TO _SENT, ,_ED _'{ ["

X 1_IZCXCP.AY_.AYS_NE _ED.

BA/+ITE_COARSELY CI_YSTALLXNE,WHITE TO _XNTED OP_ANCE&POL'_ITIC+ CONI'E,_

1549 - - 1_60 X _NCI_SES WIT_ OEFT_, OCCURSAS D_SSF_HINATEDBLESSAND SUBHORI_.ONTALI/_,"TH[CX

s'r_zNGERS; NASALCONTACT.51:I_,_P,SL:(;_TV( U_DULATORY.
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PRELIMINARY STRATIGRAPHIC REMARKS
El. E V, DEPTH COLUMN

.lP1' MSL) (FT.)
1. I 11. li l l l II. l I I I I! I |I II III ,!alto .... .= !1 l , , I I I II| II

1524 1885 , iS illOV[

1519 ---1890

1514 ---1895 -"

,..m.

_ POLY1JALZTI_,FI_IEL'_CRYST,tIJ,INZ, D/dlXP.ZDDT.Stl.-O?JmGE,S'L_UCTU1tELr.SSlLrND[RL,_I,_aY i"
1509-- 1900 ¢U.,IT¢, P'Z_'q,YTOco,uts[Lx _YST.U.L,Z_¢,uU_I= ,"o CLr._ 'rOTINT_' oaJ_OE;T"_C'_ .......

AB,GZLLACZOUSHATl_,ItJ, _I[LOW ].903.,0', COtTt'E]¢I'DECB.F..ASESt_ZTHDEPTU, TOTALLYASSLrNT

ilELOtt1904,8', OCCUIS,tS LU_OHLY-Ot_IE'NTZDTO SUSHOltXZONT,_J,STRXNGERSaRCOHZNG
aLIaS Ul"tl DEPTH1 1/_" TIIICX SUIlXO|IZOIf_,tL _T_I.NGERSOF ;_rEtY_&ZTEOCCURBELOW

L9I&,0_; Al. 1916.J ° , A 0.2' THZCK P_.qI(_SH-_E:DPOLYI{ALZTEBED OCCURSI5ASAL,COI¢I'AC'T

SHkttP, SLZGltl"/,¥ ZCIIZ_"JI.,_ kilo UHDUI_TO_Y.
1504--1905

1499 ---- 1910

m

_\\\\\\\\\\\\\\\\k\_
1494---1915

KXXXXXXXXXXxX,XXXXX

AT BASE; KAI,ZTXC, BASALCOb'TACTSKAJ_ TO GILADATIONAL,.HXEXEDBY 0.1' 1"0 0.2' THIC)_

1489----1920 . city CL_Y$1_._ llEg. ,

OCC1JItSAS _I_OHLY-ORIIDrI'_D STIL_XGEIS; ABU14OANTpOLYI_ITE, OCCUltS AS DISSL'HIHATI[D
X X X

BLEBS_ coIrrA/l_s LOCALZOMY.qOWPUIIZHA/_TE; BASALCONTACTCKADATIONAL,IB_LECt.q.A/I..
mm,

.... _t.z=, ,_ozu.'"'_"co_._,_ci_rr.,u._.z___ "rom.'._'__u,m)o_:-o_.'z_'To
1484--- 1925 5UaXOlLXZOlrt.U,5TILIlCLqtl OF ll.kCl_ Ct.Al OCCURBET_E_'],I}.923.$' A,NO1926._';

, POLYlLALITIC, cowrEi/T INCIEASE$ kiutueTLT llEr,.J_ 1926.8', T_E'N DEC_F.ASI[SMITH D[I_'_,

X OCCURS AS DISSE3qINATEDBLEIISt BA_A_ CONTACTDIFFUSE.

1479 1950
................... ,, , ,,. ,|. , , . , .., , . , . . , , ,.
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ELEV, DEPTH COLUMN REMARt_S
J inJnm ii i i i, ii IH LII ilu ii i i i lulul tl i i ii i i , IL I111 I il I i

1479 1930 ..... ".......... lUu.I_, _tW_Y _ c'oges[LY cIYsT_b._IW_,CI.,_ "co wHX+[; M_n[UT[I,Y _OiI.I.,_C[OUS, "

C0tfT[MT D[CI[A|[S WIT1_DI{ICl"li,OCCUILSAS BLA_ OLIN| AWl)STILIHOF.JLSlTRACt[POLY-

HA_,ZTEf CORTE_rr%NClt[AS[I WITU DEPTHt OCCIJll$AS DI|COWTIHIJOLtStiLILEG'LrI.AEitAktDOMLY-

X OitI[I_TEI) TO SLIaHORZZOlft/LI,ITliINGE3LI AJ(DDISSE_IINATEDIH,EBSl ¢OWI_AIHS(.geM., BEDSAJ_D

zo,Es or c_Y-e,=e;[ mu.z'rE= eOLYC_z'r,¢ CON'ZL_ i.ceu_sEs _eue'n.Y ,exe s^s_; s^s,u,

1474 - -- 1935 -- -- CON¢^_ SCUlF,.

1469---1940

X

A_NHYD&IT_,FI._ELY CItYSTAJ_E, LZGUT 70 OAg.KG_Y, T1JINLY L_qINATEI} TO L,_,MINAT_Dt
X "-- X

1JPPER0 TO 0,}' POLYtL_LITIC;LOr..M.LYH._I,ITIC, OCCI/P.$AS OI$COIWTINUOUIS[DS A_II)

1464--- 1945 eoos; SOMELA,_IM ê-OIGA.NIC-IIC}I (1)1 LA_INA£ L/NDL/I.AT_-$I.IG_JTI.YI UHDv-ILI_H 6Y 0,1' .
TO 0,3' TIJIC){ G_LAY_IA/.ITIC CLAYSTONEI_ASAJ,CONTACTSl_P, III3ECUI.AJ_, SI,ICHT1.Y

UI_LIT.ATOiL¥,

5LIC:I'ITI,,¥k,iI,GILLACEOUSZM UPPE| _,0' 0Cb'I/_$ .tS _Y DISCONTINUOUSSUBHORIZOHTAL

ST_IHGF.J{$, HEI.OWL952,3 _ COWT[WTIHCIU_kSISSEA.RPLY++_IC'I I}(CILEASV-$WIT_ DEPTH,

1459 ---- 1950 DISCOttTINUOUSI'_ TO 2" TgIC'X IILi[[&_;_.,U_G_LkYCL,tYSTONEBED OCCLI_5AT 1952,3+; ."2.ACE
POI,YlJ,LI.ITE, 0CCl/1[$ AS LIG_IT OILAJ_GI/H-WHIT[DIS$_-wIINATEDBI._BS; IN BASAZ.1.0'

POLY1LAI,_TEAJTDANUYgRIT_- OCCU]IAS DISCOICIZMUOUSSUBHORIZONTAJ,S'l'ItIHCE_$$ SAS,U.

CONTACT,SHA_°, I_J_.G_31.A_I,

,.,,,...

1454--1955
X

1449---1960 X

_xxx k\%_%

I.OCAJ.I,YCOb'Tk.IllSPODSOr ILLITE ANDHA.t,ITE-ItlCHL.A_IIHA[;BASAL COWTACTSU_ULP,

1444---1965 "--7 COWF'Om,,,US_.
AHIITI)iI'I'Z, FIW£I..YC1_YSTA/_I_, GR.AY;HALITIC, OCCURSAS ,_L/HDAHTH.AJ,ITE ?$[_

HOL_BS/LFT_r_ &'YPSI._ SWAJ.I.0WTAZl.C._YSTA.LSA2.I&'HEDP/dLALLELTO BEDDING, l/8" TO 2"

I_I_, ,w.AJOIITYOgZE_rI[D VEItTIr..ALLT; I.OC,M.LY, ,U_YI_RITE IS FRE! OF PS[LIPO.WIOtI.PtlSAHD

. ABs_rT BETWEE_I1966.6',_ AHD1967.5'; BASA.LCONTACT_ATIONAL TO DIFFU5[.

1439 --- 1970 AWU_ItIT_, FINELY CIIYSTAI_IME, AJ.T[.RIWATINGLIGHT AWDDAJ_ G*ILAY,T]JIWI.YL,A,wIIMATL_TO

_IHATI_I); L.AHINAZOFTID_CDMTAIM IHSIPI[IITl_rt'ItOLITlIlCSTRUt.'TUR[5AND A.WI(TI)ILI'I'[

PS_,'I:W)MOItPH.';AFTER G"T?SUIISW_/.I.-')I,'_AII.CRYSTA.t.S;LIHI)[ItI.M;HBY O,&' TO 0.5' THI{:](BL'I)

OF HICEOLJ_NINATI_DTO TIJINI.YL.A_IHATEDCItAYCI.AYSTOW[CONTAIHINO SUIHOILIZOM'r/LL

III_rUItCATIHG0 TO L" TtIICI:IL_LIT[=FILLEDFILACTUI_$; BASAI, COk'I"ACTSH_,P, IIUt._.Cl/L,MI,,

uwou_TOzv,_scowroL_u_. , ..........................
1.4..34 1975 .... -- .........................
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_ LM, y,,,, ....... _ , ,, ........................

_RE_I....NAR STRATIGRAPHIC: REMARKS
-ELE Vi'''D'i'PTH COLUMN
(fT *dSLI I _'r,)

i i = = ii - IlL= I I

-" AJ_ZM.ACI_U|,OilAY,¢0_ OB¢IF.JUI_IW%TI{D[1YT'd,OCCUISASDZSSI_ZNA71[D=./u_OflLY-

_. OIZI_JL_ OZSCOII1'IilIJOUISl'UI_CF.IS,g,'OIlL[III! 111.ACZi'OLY_A_TI_IIi.EDS;COICt'AZNSZI_|-
UMZT DI_SSOLUTZOMFZTS FZLL_) uz'r'd It[LATZVLrLY FUII_ _,LI_TE! FE[£ OF' GiULYCL_' FRON

X lgns.o' To lgug.o*; _:_ (<_18") suauolzzo_x;, S_ZH(;[RS oF k_m_ZT[ OCCLmncr._

1429-- 1980 2985.0'l Iiu_t,lt,,_t nzo or IL44.ZTZG_nJYOIIZTZIN t.o_u L" 'ro 3" OVEXLIESt{Z_LY tnCOU-
LA'L'OEYDASA/,,COII_ACT, COl(TACt'_ BY GltA¥ CI.AYSTONEIN C_[L I_OUGI_S, CONTACT

[]LOSZOHkLL¥T][IIIZtlAT[S Ui_EEL¥IIi'(_ LISZT AT THE giST SIDE OF Sl£k_l B^S,4_ CotrrACT

Si_.
...m.

x
1424---1985

STRIMGF_,SO_ A/ih'_I]EITI_,<L/M' THTCIC;UNIT TI_ICX31ESSVA1_I£5 FROH0 TO L.J* AS rT ZS

_OSlOHALLY T1U_ZHATLr9AT UPPEil CONTACTISH.tPe-_Y.Y_ICl._.,U_(0 TO 1,_* % 6'); 3AS,U.

__ , , , , _ L_,_ ' ,,_ , ,¢O_T'Ar.qSABUt'-
t4 19 1990

,,, ,,_

I,L_IJ_Osv 11/." To LI2" I'IIIC_¢'4AY_.AYSTONI[BIO.,=.m,

............. "_.:=, _;u__ =_=.,_c=_,rr.,_.,r.=_._:'=To_ ;o"fi:'_:__u,Y,"B_,'D,
I'

-- ×
ST_/GI_ O_ GB.&¥CLA_I SASkL CONTACTSffJLEP,SLIG1/TLTI_DULATORY UP TO &".

1414 --- 199,5 ........
1/2" 1"0 2" SC.&L_, SLIGIJ't_¥ ._GZT.J._GEOUS,OCCt/1L_A_ SUBHORIZOh'TALST_IHGED.SAJfO

X "-
LOCALEA,_HLY-OiI_EHTLrD STILIMGE3LStT'_J_C[POLYIL'U,ZT_, OCCURS AS DISSF-.HIHATEDBL_BS,

COIKE_ IHCP,E_ES _1I'_ OEl_t'tll BkSAL CONTACTSlL_P,

AJ[GILI.AC£OUSIM UPPF.JI.P_ULT,COI_Lr_ D[C"/J'.JI3ESI_ITHDIP'S, OCCUI_5AS REDDISg-BROVH

'1409 --- ?.000 ILAN130HLY-OILI_ S'13LINGEILS;TILACEPOL_ti_Zl"E, CON'TE3_'INC"RF.ASESWITH DEPTtll i_,_S_U_
CONTACTS]UdL_, SLZGtITLY IU.[GUT_, SLIG1JTLYU_ULATOg¥ (3"),

_EDD]'.SH-BROWN,COIfT_ D[L,"R.EASESlaITIJ DEPTH, OccLr_sAS INTERCRYSTALLINE ._,T?.TX,
,,mm,,

G_AJ)[STO SUBHOEZZONT.4LSTItINGEII.S_ITH DEEV'L'IJ/,tfALIT_ OCCI_S AS DISCONTZHUOUSREDS

kNU k.L]:GNEOPODS| BASdJ.CONTACTSIJA/[P, fgJ_ECULAJL,LI'H_UI._TOR¥.

1404 ---2005

i

1399 -- 2010 ....-

1394 ---- 2015

m

I:_R_ _(3_0
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1354-- 2055 --

\ __ \ _IT£, HEDIUH TO COAESLrLyCRYSTALLINE, _dITE_ TO CLF._ TO TINTE:DOP.A_GEAHOG_L&¥,
THII_Y SEDDBDTO G'L&YAEGILLACEOUSi£kLITE WIT'd CLAY-FREE_U_ITE, BEDDINGTEL'_INATED

\_ESI__ _T ueeE=co_,u.--r_nacE _L_I_ ^T Toe, coNTeNT_Nc_.e.xs._z_ oEe_., occ_ms_s
- 1349 --- 2060 _ _v, _.r--,-,_,-T--- ---"" DISS_="_INATEDBLZB$_' /UtGZLLACEOUS_C0XTEXT DECREASESWITH DEP_, GP_AYAT TOP GIIADI._G

X TO G_LAYISB-BILO_MWITH DE?I'H, OCCUIES,tS DI$CONTIHIJOUSiUJ_RLY-OEIEHTED STRZ._GERS
AJ_DLOC_ ZOMI[SOF INTEICI[YSTAIJ.INE HATE&IAL, BECOHE$IL_-DDISH-BKO_HBELUW2070,2',

COMTLr_DEC_ES A_IUFT1,Y BELOM2079.0' BASAL2.0' SLIG_JTI,Y k.aGILLACEOUS; 8AS/LL

CONTACTS_JJdI,P,SLIG'dTL¥ UI_Lr_ToE¥, I;U_G1_J_, :'tA/I._D S¥ DISCONTINUOUS[ILEEGUIJ_ Z"
-- X

1544 2065 .. l _ I C_ IIILI_"D 07 I_ITZ, C AJrdY1)EIT_, I I '
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 PR -"LIM"NAR"Y'ST.ATeORAP.,C .¢MA.K.E'LEv','DEPTHcoLuMN
l!.rTMsL_.,C_..,T_!....................... _ ......... i ii|lllll i i iii i i i ii i i i i iii i

_344 ZO6_ *_
X AS AIOV[

1339-- 2070

X

X

1354---- 2075

X

1329--- 2080 X "

o=ssBzN^mn=nsl uOZU._CZousZ. UPpU_.=', occu=s,s =,_oo=s,-a_o_DZSCD_Z.VU-
-- X

DUn suauoLzzotrr_ s_c;Ests _O ,_SES'Ot' UXCZTZC,_UOSTONE,coheir DECa_SES U_

1324 ------ 2085 DEP'ru; S^B,U. CO_AC'r StUUcP. .,

AND _¥-OILZGr2"ED SI"IL_CU, B OF POLY_U,ITI_I A_GZLT.ACEOUIIIH UPP[i[ t,O*, COI(TE_

X DECILE_LSE$',_Tll DEP'_I LOC,_ .4_/YDEIT_ 511tlNG[_.50CCIJ_ NF._ BASAL COI4"TAC'_IBASAL

CONTACTSiLAJLP,SLZGUTLY IIL_C_L.UL A_ L_ULATOEY.

1319 _ 2090
X

__ 'HALITE, H[DIUN TO COA/tSELYC_YSTALL[.qE, WaZ"I'_,TO CI.Z._I ILtllE DISS[H_HATI_D

POLYHALITI[BL_BSI AJ[GILLACEOUBAT TOP, COKTg_I' DECrY.ASES9ITri DEPTH EXCEPTFOE

1314 ---- 2095 [,OC_ _NC_ES, COI_'Lr1_DECREASES_itUPTt, Y BEL_ tlO_.S** OCC_S AS DI:SCO_Z_,JOUS
X SUBaOItIZONTALSTitlHG[ItS; THII_ OI$CO_rl'II_JOUSSTEII_GEI[SOF ANI_DP.]'I'[ ,_J.'DPOLY3ALITE

OCC1JILIN LOUF._2.0'; BASAL.CONTACTSKAJtP, SL_Gt[TLYUN_ULATOItY,

mm,

x
1309---- 2100 ,,

AJWYOILITE,FII4G.Y CItYSTALLZN[, ALT[I/MTZ_ I_G_T AND DA/U¢GILAY_"L'UZNLYI.,UtINAT[OI
13 04 -----. 210 5 tt_tt_u ,

_XXXXX _ UI_IULL_If BY L/2" TltZC]CGLAYISlt-|ItC)Ull CL_YS_HE BEDt BASALCONTACTSI_LKP.

![ ILALZTE, IrINELY TO COAItS[L'_CIYSTALL_IIE, brdlTl[ TO TZlrll[D Otu_GE_ BEDDEDAT TOP WITII
__1_. TM' ! ILLrDDZSU-DItOVNAItGILLACEOUSKkLITE, SPACED L" TO 2" ! AI(:ZLLACEOUS, Cl)t_t_.Jrl'DECILF.4SES

,,,mm *mm

WITH DEMll, OCCI.IIS AS _MTEIRClYSTALLZNi[,_t411_XIN AIGILLACEOUS BALITE BANDS AT TOP

It_DOflLY-OILZE]h'I_DST_INCELq glTH D[Ir_, (_ DECltE.ASEB_BILUPTLYB[LO_

21 lO 2Ill.]'; RA/rE DISB_"IINATED BLEBS OF POLYIL4LZTEIBASALCONTACTDrFF1JSE.
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PRELIMINARY STRATIGRAPHIC........... REMARKS
ELEV, DEPTH COLUMN

k(rr M,sLJ !,,,T_ _.., ............... , .........
1299 21 I0 --. ASAIOV(

X

=_S ................. _LE_¢.._EDZ_:0 CO_giLYC _,LEXNel'_X_ ToCL_, _E s_Z_iaE_sor c_Y_
1294 - -- 2 II 5 uee[i 1.7 _1 11LACEIUBHORZZOICFM.,TO HOitZZoITrALCOI¢TXNUOU$$TA![HGEP.SOF _IHYOitITE

BELO_2117,0'I tiASAL CONTACTSHAJLP.

, 1289- -- 2120 _..._,¢..__._._. _ ...... HAL.ITE, H_-DtuH_ToCO_L_I[LY C_Y_TA.i,I,IWE, WHi_ TO TINTED (_IL,LHGE,P,_E P,JLNDO,_TLY-' .....

oeze_rzEDc_Y mirages To zl_s._'l uee,z co_:,cT ._x_D _Y ,_nwD_mc cL_Ys:o,E

COI¢TM.I/_HGDZSPL,tCZV_tLtLITE C&YSTi_.L3(<L/4")i TIU_.CEPOLYI_T£ 5LEBSI _J_HYOI_ZT_

5TRIHGER_OCGl.rlIIL_I,IE[_ 2128.L* AHO 212S,J*l _/_SAL,COtTTACT_K_P, 5LIGHTLY L'11DU"

LATORY, _U_.

1284-- 2125 .__

X

1279 2130
SL_GaC%YUHOLII_TO_Y.

-" '"_, _zu_:oco_.s_&_s_u_',_m_ toc_ _ :_ mz_.s _o ....
2131.$'1 SUBI_)IILZZOICTAZ.SI"4ZNGEI5Of ,t,NEIYOEZTw-SPACED2" TO 4" OCCURBELOt_2t34.0_l

\
BkSAJ,colrrkc'_ SB_F.

,

\
1274-- 2135

-- BA.qALCOl/TACTSKAILP,_II_IEGUI.A_,SLIGHTLYUt_ULATOIY.

X S=Z_GnS AC Toe, co,re)rr oEc_r.,_JEsw_ _Ee'_a;way _u_ BLess oF eoL_u_,z¢[_
12 69 - --- 2140 _ co_'A_ _ oase_v[o.

X _,

1264-- 2145

,..

- 2146.4 FACILITY' J 1 I

LEVEL

.... ,,, , ,,, ,,,,
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APPENDIX G

' TEST ROOHS,

GEOLOGICHAPSAND SECTIONS



CONTENTS

Figure No. Title/Description

B-I Test Room l - Instrument Array Geologic Strip Map
G-2 Test Room 2 - Instrument Array Geologic Strip Map
6-3 Test Room 3 - Instrument Array Geologic Strip Map
6-4 Test Room 4 - Instrument Array Geologic Strip Map
G-5 Section Through Test Room 1
G-6 Section Through Test Room 2
6-7 Section Through Test Room 3
6-B Section Through Test Room 4
G-9 Room T Large Diameter Drill Hole Location Plan
G-lO Geologic Map of Drill Hole TV-OI
6-11 Geologic Map of Drill Hole TV-02
G-12 Geologic Map of Drill Hole TV-03
6-13 Geologic Map of Drill Hole TV-04
G-14 Geologic Ma) of Drill Hole TV-OS
6-15 Geologic Ma_ of Drill Hole TV-O6
G-16 Geologic Ma) of Drill Hole TV-07
G-17 Geologic Ma) of Drill Hole TV-OB
G-18 Geologic Ma) of Drill Hole TV-O9
G-Ig Geologic Ma_ of Drill Hole TV-IO
6-20 Geologic Ma) of Drill Hole TV-ll
G-21 Geologic Map of Drill Hole TV-12
G-22 Geologic Map of Drill Hole TV-13_,
G-23 Geologic Map of Drill Hole TV-14,
G-24 Geologic Map of Drill Hole TV-15
6-25 Geologic Map of Drill Hole TV-16
6-26 Geologic Map of Drill Hole TV-17 "

. G-27 Geologic Map of Drill Hole TV-IB
G-28 Geologic Map of Drill Hole TV-I9
6-29 Geologic Map of Drill Hole TV-20
G-30 Geologic Map of Drill Hole TV-21
G-31 Geologic Map of Drill Hole TV-22
G-32 Section A Through Room T
6-33 Section B Through Room T
6-34 Geologic Map of Drill Hole P4X-84



The following descriptions pertain to the geologic map units shown on

Figures G-1 through G-4:

UNIT O[_CRIPTIOfi_

UNIT 6(I) Ha11__: colorless wlth grayish orange-plnk (I OR Bl2)(2)

tint; transparent to translucent; coarsely crystalline;

trace of dispersed polyhalite; unlt extends into the roof;

lower contact wtth Untt 5 is gradattonal and/or diffuse,

UNIT 5 Halite: colorless; transparent to translucent; coarsely

crystaillne; trace of blulsh-whlte (58 9/I) to llght

blulsh-gray (5B ?II) argillaceous material occurring as

Pods (l/2-inch diameter) and discontinuous laminations or

filling interstices; lower contact wlth Unit 4 is generally

sharp and based on prominent color change in argillaceous

material (gray to red-brown) from Unit 5 to Unit 4.

UNIT 4 Arq!llaceous h¢ll_e: colorless to moderate reddish-brown

, (I OR 416). less frequently llght blulsh-gray (SB 7/1);

transparent; coarsely cry_talilne; trace of dlsperseO

polyhalite; trace to abundant argillaceous material

(decreasing downward) consisting of clay containing a trace

of silt and flne crystals of halite, occurring as

di$continuou_ laminations in upper half of unit and

interstitially In lower half; lower contact with Unit 3 is

gradational and based On absence of argillaceous material

in Unlt 3.

UNIT 3 _: colorless to moderate reddlsh-orange (I OR 616);

transparent to translucent; coarsely crystalline; trace of

dispersed polyhallte; polyhallte content commonly increases

downward; lower contact with'Unlt 2 is sharp.

UNIT 2 Arqlllaceous h_11)¢: moderate reddlsh-brown (I OR 5/5),

Ie$$ frequently light bluish-gray (56 ?II); medium to

coarsely crystalline; arglllaceo_$ material primarily

occurs interstlt,:,ly or as discontinuous laminations;

lower contact with Unit l is generally sharp. less

frequently gradatlonal.

UNIT I _: llght reddish-orange (I OR 81b) to moderate

reddlsh-orange (I OR b/E), less frequently colorless;

translucent to transparent; medium to coarsely crystalline;

trace Of OlsperseO polyhalite; lower contact wlth Unit 0 is

sharp. -....

UNIT 0 Argillaceous halite: colorless to moderate reddish-orange

(l OR 6/6) and moderate reddish-brown (I OR 4/6); medium to

coarsely crystalline; trace of dispersed polyhalite; some

• arglllaceou$ material occurs as d'lscontlnuous laminations

and blebs or fills Interstlces (decreasing nownward);

contains finely crystalline halite; unit extends into the

floor.

i korE____S:
: I (I) Units listed tn descending order from roof to floor.

(2) Alpha-numeric color designations are oiled on _eoloilc;l _::!ety

Of America Rock Color Chart.

]



The following legend and notes pertatn to the geologic maps shown on

Figures G-1 through G-q:
q

L__EGEND:

CONTACTS
, ,, ,

....... SHARP (LESS THAN 0,05 FEET)

"----'-- -------- GRADATIONAL (0.05 TO 0.2 FEET)

.............. DIFFUSE (0.2 TO 0.5 FEET)

WEEP
,===,,,===,,=,,==

t t
L J

DAMP AREA WITH 1/4" TO 3/4" DIAMETER

KNOBS AND INCRUSTATIONS OF FINELY-

CRYSTALLINE HALITE.

', 4' 0

BREAKS IN
BED CONTINUITY

SYN- OR IMMEDIATELY POST.

, _'_ _ DEPOSITIONAL DISSOLUTION
OR SCOUR' CHANNELS FILLED

UNIT1 ._ L WITH SEDIMENT FROM OVERLYING
Ul_ll U

NOTES:

1. VERTICAL CONTROL FOR MAPPING IS MEAN

• SEA LEVEL (MSL) REFERENCED TO

UNDERGROUND SURVEY POINTS ESTABLISHED

BY CEMENTATION WEST, INC.

2. HORIZONTAL CONTROL FOR MAPPING

REFERENCED TO ZERO POINT AT CENTER-

LINE OF C&SH SHAFT.
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APPENOIXH

ORIFT CROSSSECTIONS



CONTENTS

Ftgure ,No_ Tit! ,elOescrtption

H-1 East-West Cross Sectton - EO Drift at N1410
H-2 East-West Cross Sectton - EO Drtft at Nl llO
H-3 East-West Cross Sectton - EO Drift at N621
H-4 East-_est Cross Sectton - EO Drift at N146
H-5 East-Nest Cross Section -W30 Drift at $406

•H-6 East-k/est Cross Sectton - El40 Drift at $1320
H-7 East-Nest Cross Section - El40 Drift, at S1960
H-8 East-West Cross Section - El40 Drift at $2421
H-9 East-West Cross Sectton- El40 Drift at' $3079
H-lO East-Nest Cross Sectton - El40 Drift at 53656
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APPENDIX I

FACILITY LEVEL

GEOLOGICCOREHOLE LOGS



CONTENTS

Table No. Title/Description '
/

I-1 Summaryof Core Hole Data

Core Hole Loqs

See Table I-1 for listing of enclosed logs.,

I



Table I-I

SUMMARYOF COREHOLE DATA

.... P,aqe 1,of 2
Collar Approximate Fac111ty Depth/

Core Hole E1evatlon Statlon Coordinates Penetration Instrument

No, Olre,,_t!oq (Ft-HSL) , ' ,(Ft) ., {..Ft) (Ft) ._ Oeslqnatlo,n

HB-139-1 Down 1264,1 N79 WE N9766 E6868 10,0 None
MB-139-2 Down 1251,2 $410 E150 N9277 E7044 15,7 None
MB-139-3 Down 1260,5 S101 E15"7 N9586 E7051 16,0 None
MB-139-4 Down 1258,7 S99 W17 N9588 E6877 16.2 None

DH-01 Up 13.18,2 N1424 E439,5 Nl1110,9 E7335,5 50,8 None
DH-02(1) Down N1424 E440 Nl1110.9 E7336.06 50.2 None
DH-O2A(I) Down N1424 E435 N11110.9 E7331.29 49.2 None
DH-02B Down 1306.3 N1424 E442 Nl1110.9 E7331,29 53.0 None
DH-03 Up 1318.1 Nl112 E444 N10799.2 E7335.4 48.8 None
DH-O3A Up 1317,4 Nl112 E450,5 N10"179,2 E7341,92 49,9 None
DH-04 Down 1309,6 Nl112,5 E444 N10799,2 E7335,4 45.8 None
DH-O4A(1 ) Down 1309,6 N1113 E446 ' 11,2 None
DH-O4B Down 1309.7 Nl112 E450.5 N10799.70 E7341.85 51.4 None
DH-05 Up 1329.9 N1463 E972 Nl1149.6 E7865.0 51.0 None
DH-06 Down 1317.9 N1463 E972 Nl1149.7 E7864.9 49.75 None
DH-07 Up 1326.7 Nl112 E976.5 N10799.3 E7870.8 49.8 None
DH-OB Down 1318,8 Nl112 E976,5 N10799,4 E7870,9 38,3 None
DH-O8A(1) Down 1318.7 Nll12 E9"75 50.7 None
DH-OBB Down 1318,0 Nl112 E979,5 N10799,47 E7866,66 51,4 None
DH-09 Up 1324.5 N1432 E1332.5 .!'lllOB.71E8227.11 51.I None
DH-lD Down 1312.1 N1432 E1332.5 NlllOB.70 E8227 _09 52.0 None
DH-11 Up 1320.5 Nl112 E1332.5 N10799.8 E8227.3 50.9 None
DH-12 Down 1311.1 Nll12 E1332.5 N10799.4 E8227.2 51.3 None
DH-13 Up 1311.4 N1424 E1690 Nl1112 E8585 13.B None
DH-I 3A Up 1311.5 N1424.5 E1691 N11112 E8586 49.0 None
DH-13B Up 1311.4 N1425 E1695 Nl1112.6 E8590.1 21.0 None
DH-14 Down 1299,5 N1425 E1695 Nl1112.6 E6590.1 49.1 None

OH-I 5 Up 1308.9 ' NI104 El 6BB. 5 NI 0793.26 EBSB9.96 51.0 None
DH-16 Down 1300.3 Nl104 E1688 N10792,89 E8589,39 51,0 None
DH-17 Up 1316.5 N1427 E17B Nl1114.2 ETO71.B 52.0 None
DH-16 Down 1305.1 N1429 El81 Nl1114.2 E7071.8 50,8 None
DH-19 Up 1314.7 Nl107 E206.5 N10794.2 E7101.7 51.6 None
DH-20 Down 1306.2 Nl109 E206 N10794.2 E7101.7 51.1 None
DH-21 Up 1331.0 N1421 ETB6 Nl1109.1 E7680.9 50.4 None
DH-22 Down 1318.8 N1421.5 E785,5 Nl1109.2 E7680,9 51.0 None
DH-23 Up 1328.0 N1112 ETB1 N10799.2 E7679.9 51.0 None
DH-24 Down 1319.5 Nll12 ETB1 N]0799.2 E7679.8 49.4 None
DH-24A Down 1319,5 Nl112 E780 N10799.06 ET&TB,5_ 50.4 None
DH-25 Up 1318.8 N1422 E1510 Nl1109.7 E8403,8 51,8 None
DH-26 Down 1307.2 N1427 E1510 Nl1114.3 E8403.8 53.0 None
DH-27 Up 1300.8 Nl107 W682 N10793.7 E621B.4 50.5 None
DH-28 Down 12B9.9 NII07 W682 NlO793.B E621B.3 50.5 None

DH-29 Up 1298.3 N1099 W982 N10785.4 E5932.4 50.4 None
DH-29A Up 1298.1 N1099 W987 N10786,1 E592"7.3 35.0 None
DH-30 Down 1289.2 N1099 W982 N10785,5 E5932.2 50.1 None
DH-31 Up 1298.5 N1099 W1282 N10764.9 E5632,3 50.5 None
DH-31A Up 1298,5 N1099 W1280 N10784.8 E5630,5 49,2 None
DH-31B Up 1296.5 + N1099 W1261 N10786,7 E5652.2 4.9 None
DH-32 Down 1289.6 N1099 W1262 N10784.9 E5632.2 50.0 None
DH-32A Down 12B9.5 N1099 W1261 N10786.7 E5652.2 5.5 None
DH-33 Up 1298,6 N1099 W1582 N10786,0 E5331,1 50.5 None
DH-33A Up 1297,4 N1099 W1570 N10786,B E5342,0 4.1 None
DH-34 Down 1289.4 N1099 W1582 N10786,5 E5331,7 51.5 None

-- DH-34A Down 1289,2 N1099 W1570 N10786.8 E5341.9 3.6 None
DH-35 Up 1294.4 Nl102 W1882 N10789.4 E5032.2 52.0 None
DH-36 Down 1284,6 Nl102 W1682 N10789,4 E5032,2 51,5 None
DH-37 Up 1297,4 N1101 W2182 N10788,9 E4732,0 51,5 None

DH-38 Down 1287,0 NllO1 W2182 Nl07BB,8 E4731,9 47.5 NoneDH-39 Up 1296,0 NllO1 W2482 N10789,2 E4430,7 50,7 None
DH-4O Down 1286.1 NIIOI W2482 NI0789.2 E4431.0 51.0 None

DH-41 Up 1295.8 NIIOI W2762 NI0789.0 E4132.fi 49.9 None
DH-42 Down 1285.9 Nl101 W2782 NI0789.0 E4132.4 51.2 None
DH-42A uu,,,..... _=_,_.. _. ,ullnl.........WP_BQ NI0789.2 E4125.5 40.5 None

(I) Survey data-not available.



Table I-I (contlnuedl,

SUMMARYOF CORE HOLE DATA P"-'---"P(Ui'_"_-_"_
Collar Approximate Fac111ty Depth/

Core Hole I1evetlon Statlon Coordinates Penetration Instrument
, _N9_ l)!_ect1on (Ft-HSL) ,(Ft),,, '(Ft) ..... (Ft) Oeslqnat!on

DH-207 Up 1259.8 $697 8155 N8989.7 E7049.1 53.0 GE-246
DH-208 Down 1251.6 5696 8150 N8988.8 87044.0 49.2 None
DH-211 Up 1270.5 $1320 8163 N8366.5 E7057.I 50.0 None
DH-212 Down 1261.7 $1320 E163 N8366.5 E7057.I 52.1 None
DH-215 ,Up 1272.0 $1960 8153 N7727.2 E7046.9 52.0 GE-247
DH-216 Down 1262.6 51960 8153 N7727.2 E7046.9 . 54.2 GE-248
DH-219 Up 1266.3 S2422 E162 N7264.9 87056.6 51.0 None
DH-219A Up 1266.1 $2418 E162 N7268.5 87056.2 11.3 None
DH-220 Down 1257.4 52421 8162 N7265.5 87055.9 51.8 None
DH-223 Up 1255.1 $3079 8154 N6607.2 E7048.5 52.6 GE-249
DH-224 Down 1246.6 S3079 8154 N6607.5 87048.5 52.5 None
DH-227 Up 1247.0 S3656 8147 N6030.7 (7041.2 51.7 None
DH-228 Down 1237.8 S3656 8147 N6030.7 E7041.2 50.4 None
DH-301 Up 1276.9 N150 W170 N9830.5 E6724.5 50.75 None
DH-302 Down 1264.9 N150 W170 N9830.5 86724.5 50.6 None
DH-303 Up 1267.2 $400 _170 N9282.3 E6726.1 51.4 None
DH-304 Down 1254.3 S400 W170 N9282,5 86726.1 50.5 None
DH-306 Down 1244.1 $400 E140 N9287.3 87049.9 52.0 None
DH-306A Down 1244.0 5400 8125 N9287.9 87034.6 8.5 None
DH-307 Up 1262.6 S400 8300 N9286.7 E7194.2 52.0 GE-263

'_ Dt1-309 Up 1259.8 5700 8220 N8987.1 87123.0 52.3 &E-265
DH-311 Up 1264.4 SIO00 E30O N8686.3 E7194.9 52.0 &E-264
DH-313 Up 1270.6 51300 8300 N8385.9 E7190.6 19.6 None
DH-313A Up 1270.9 S1300 8299 N8386.6 87189.5 50.2 None
DH-314 Down 1258.3 $1300 8300 N8386.5 87189,5 50.75 None
DH-315 Up 1272.1 S1300 W170 N8387.3 86725.5 50.3 None
DH-316 Down 1259.9 51300 W170 N8387.2 86725.3 50.1 None
DH-317 Up 1271.3 $1600 W33 N8077.4 E6875.9 50.1 None
DH-317A Up 1271.2 $1600 W30 N8077.5 85879.5 5.0 None
DH-3178 Up 1271.2 51597 W30 N8080.3 86881.0 51.0 None
DH-318 Down 1258.5 51500 W30 N8077.3 86876.1 50.0 None
DH-319 Up 1260.0 S700 8300 N8988.1 E7191.6 51.05 None
DH-321 Up 1261.4 $400 EO N9792.0 E6891.8 52.0 GE-268
DH-323 Up 1261.2 S400 855 N9291.7 86952.5 52.5 GE-267

00-45 Up 1285.5 N254 E147 N9941.0 87041.3 _2.4 GE-230
D0-46 Down 1276.5_ N254 E147 N9941.0 E7041.3 51.5 None
00-52 Up 1280.4 N146 W4 N9832.5 86890.5 51.6 GE-226
D0-53 Down 1266.6 N146 W4 H9832.5 Eb890.5 49.2 None
D0-56 Up 1296.8 N621 EO NIO311.B E6892.3 52.1 &E-234
D0-57 Down 1288.1 N621 EO NI0311.8 E6892.4 52.1 None
00-63 Up 1310.6 Nl110 EO N10796.0 86891.9 52.8 GE-243
D0-64 Down 1301.5 N1110 EO N10796.0 E6891.6 52.8 GE-221
D0-67 Down 1296.8 N1265 W231.5 N10952.1 86662.9 51.7 GE-220
00-69 Up 1310.1 N12_5 W231.5 NI0951.9 85662o5 51.4 GE-218

• 00-77 Down 1294.6 N1270 W364.5 N10962.5 E6529.6 53.4 GE-216
D0-79 Up 1307.7 N1270 W364.5 N10962_6 E6529.5 51.8 GE-214
D0-88 Up 1305.9 N1265 W497.5 N10952.8 E6396.5 52.7 GE-212
DO-90 Down 1292.1 N1265 W497.5 N10952.6 86396,4 53.6 GE-210
D0-91 Down 1292.1 N1275 W630.5 N10961.5 (6263.9 51.8 GE-209
D0-93 Up, 1304.9 N1275 W630.5 NI0961 .I 86263.9 52.0 GE-207
D0-201 Up 1262.2 5406 W19 N9280.6 E6874.9 51.7 None
D0-202 Down 1248.6 S406 W19 N9280.6 E6874.9 51.4 None
D0:203 Up 1298.2 N624 El40 N10308.6 E7041.7 52.0 GE-235
D0-204 Down 1290.5 N640 E140 N10308.5 E7041.5 51.6 None
D0-205 Up 1316.5 N1410 EO Nl1095 86892 50.7 None

'D0-206 Down 1308.0 N1410 EO Nl1095 E6892 50.6 None
D0-229 Up 1259.8 $401 8153 N9287 87049 50.6 None

OH-9 Up 1310 N1433 W231.5 Nl1125.6 86662.9 15.4 None
OH-11 Up 1308 N1433 W3"_', 5 N11125.6 86529.6 19.7 None
0H-13 Down 1298 N1433 W231.: Nl1125.6 E6562.9 9.5 None
0H-14 Down 1296 N1433 W364.5 Nl1125.6 86529.6 9.7 None
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WIPP e OLOe,C,DR,LLLOG
WASTE ISOLATION PILOT PLANT

INSTRUMENT HOLE
TYPE & NUMBER - __TYPE/SIZE NXCORE.... BORING NO, DH-el

LOCATION N 1420I)RIFT,IROOF........iu i i i ii ii i ii in ii i ii i i i i i i ii

.......................................................... V'E'I_TICAL-
STATION N1424+-E 459,5 + COLLAR ELEV. 13_8,,;_ DIRECTION OF DRILLING, UP

MINE COORDINATES N 11.110,g E 7_;,_ DEPTH OF BOREHOLE 50._ FT

DRILLING METHOD.,..ROTAR.Y/AIR _ DRILL MAKE/MODEL WATSON........ _ J

DATE STARTED 2/g/B4 (_WING) ....... DATE COMPLETED :_(10/B4 (SW!H,G)SHEET

LOGGED BY' JjE, GAI.LE;_!!I..... DATE:- 3/5/84 , 1__.. OF 2,

.... .... ..................................

Z 0'" _ ' > >_ DESCRIPTION REMARKS

0,0 _ . , ......
01 ii. . o,o;'_ , ,._;' o_.._w,u,.o._t... mi... w..o. _.ilz_ ._.,u

todd|li orlU_ll (10l 616) polyh&lite, ?Ol_llly double tube aere bsceel,
-- - X afTer-lilac vlth line ELno to m,,dLi 10a_11,

1 -- - 3.2 3.2 100 ( t,2 ) Run 1, nrokan zone 2,5'-
•, . 2.8 _ _.

3,2 .........-. " '.... X 4,4t-;f,05 . IUU.,Z'Jrlll _"l,lu to Iilllt lrlY (liT) imdkul ¢o Dt'Lll|oI T|Mt 7 Ilrl t,ml mm
,. ¢oumely OlrTItslllle. _lt Irly oily sad < 1t2"_

" "' polyhLll_e. ( 11 )

2 " " 4.8 4,8 100
m _mo m

" " X " 7,05'-7,2' .MfllYDIU[1[li bt l,[lht Irs/ (117) to ledLIm lraY No Slim; dw hole
" " (NS) lliarO4rlrlt:illLle. 4_ 3/16" lirny =l_y ii; 7.05 _,
" " _ ;un 2. Sroken up luC 15" +

-- m .L._..,..y.... Of run 2,
mm lm

8,0

7.2r-11,1_ _ IUi/.,ZIL'II CIesr, Lille tO ¢osrmely

" " X OrTItl_linl _o 8'_ thin pFedmLnntly oleu_oosrnly Run 3. Broken 1&lC 6%
-- " ar_l_&11tll, Illlht mo4ior&te roddklh orsall oiler to

3 _ . 4,0 4,0 100 I', ( 1,2 )

" 10"1
ml mm

" " 11.8_-13.25 _ IIA_Tll Cleo with mim tilht imderste
" " reddish breve (101 4/6) ud l|lh_ Sr_I (ill) medium to

12,0 .._...,. _ aoueeIy aryetslltne with fine 1oc_111. < 1121_ lrty
. . 1,0 1.0 100 srty sad dispersed polyhalite. ( 9 )

13,0 X

. .
-- -- 4.2 4.2 100 X 13,25_-13.85 ' AIIKtq)ll"¢I &l V1Sitl tie imdtua lily (NS) ion 5, Broken up 16.0 _-

£5 .m lt©rooryltLtlinl, SOltklr_d halite Irowthl ilpe=_111 16,8' _:,
_" from 1305', TrMo of lrtY ally at 13,25_l llama oore

" X lrindinl noted here.
ml mm

ml lm

17,2 .-...-. "- - X
_ .,. 13,15'-17,6' KI_ZTII CIOIJ_ to Iodlrlte redd|sh OrUll
lm ell

(101 6/6) oosrnly ery|tslltno. < 1 _o 21; locally, Run 6. Broken up last
6 " " 4.8 4,8i 100 --" polylssltte blobl. ( 2,3 ) 4" of run.

m me

m

_20 ""
--" 17,6'-22,9 _ HAl.Z211! Cllu, low 1|lhr IrlY (ll;) !

IMId| Ull tie {oezmely OrTStsll_ne. < 17, linty
lntorcr,/lttllLne _l&y. Ilres_ It. 20,1', Gray _lsy

22,0 " " .. bfs -_, i_r_o oR emhydrit:o st 22,9_0 ( _,9 )

lm lm , ,

7 _ .. 5,3 _,9 92,] 22,9'-27,3' _I"Z! Clear, aoir=ely ot'Imt_lline, Jome Run 7. Broken zones from
, _lum, Scattered white snhydrit.e/_u, Sneotce? 25'-27,3' vith/n core,

" " Itr|nllrl, ( [ )
ml ,m

25 ....... . - ,, ., .,, , _.

BORING NO, DH-01



WIPP
WASTE ISOLATION PILOT PLANT ..... 2 ..... OF 2 .........BORING NO. DH-01

, ,,................................................... , , i

!
,H, 2_ i ', I i i illll i i | u ii ii i i

19.3'-M.I' __ IU_Ul ¢leu t_ aodlrste
7 " " 5.3 S. 3 92..' brmm (S11114/4), flue to eeeJrlely er/stsllLse,

-- - < 1 to 3/. als/, predamlmsltl/ brmm wlth trMe et
27,3 - - IRS/, lreldcs lt |1,t* tad 31,31', <_|K b_ alll

--m... " - frm 21,3S* to U,i*, ( 17 )nm am ,am a

lm ,NI mml

8 4,7 A.7 ZOO -- --. _ "--

. . , 32t_,21,6'-3Z,5' II&LZTII Oleu, eoulely crystl_l|ee lug li. Drokan up 30,2*-lib
--" < 1/21, Irelr clair ud pollrk_ttte _oe_tllr, ( I )mm am

i H ii IIH , i ,,, .,H n,

"30" X
" " .-- 31.S*-34,0' _UBg_ Ul.Z'Zlll Olesr to _la
" " ' brown (_)TIL 414) _ darJr, reckitsk bc,oem (101 3t4)

32 0 m • • INdium to oosrlely erylt.S_liee, ¢2 to 41, btmm
_-_ - - -- -- a2l/, _l_ltkere4t breeJu eqr.33,2*-34 °. ( lO )umm=
lm lm

atom n

sm am =mll i i.,, H,,. i,. .

9 . _ 5,0 5.0 100 __ __ 34,0'-35.0; gl Close, council or/ntdllle, I1_ g, llr9ium up discs
-- " < 1/25 brmm elsy, ( I 8 ) 33,8'-35' _-m

lm mn

"3S _" "_%_ 35,0o-35,11S* IIINlmlZTIll Very ligkt 8rsl (mi) to
, " " %_'k&_" ml411 8rJy (NS) , nterotatTmtLl,lime ulnyd4'|tot

- " I_rtllL111 llmlimlted, 8clettored halite llrC_ths, ' j
X eipeeid]y 35,SS*-3S.lS', ¢2t4u bro_ll als1 lt 35,0'.

37,0 " " %%%,_%%%%
!

sn ,mnu X , .. i i, i,,, i -

" - - X .,.,.,,,,,,,=..,=.=,co.,el,..,..lee,_.lo,,r,_,=.'-oo..
-- -- <15L ImlYkslike blobs sad peZekos up to 1t2" w_ito 38-39 5

10 4,3 4.3 L00 X " taildrite leler Jt 36,7', ( t,2 )
f J_4

_. -
- - X X
"*40" L 37 _'-$99' II_LtqtlLX1_C IIILL2_I Closlr ko mod_reto

= = X -- reddish ortale (101 etl), eosrsell csTst&iline < 1
41.3 am -- to 311, IM|lyhtlito blobs tad perches <11311 Irs/

"--'--'m am ClSy. ( 3,4,7 )"X
n am

mn alu

11 4 7 4 7 100 X 39 g,-4;f 3, gAf,ZTI! Clesr to light brmm (5YIt 5/&) Run 11 Small broken zones
am -- sedim to co-,rsell eryst_ltu. _ l& breve _ core _5'-46' *.
-- -- lskercrlrsteULeo clsy. 112' brmm oley tam st
.. _ --- 613 < 11, polyklJitm LwILl2Mooem bslLto st
. -- 41,8' tO 6|,3*. ( 8,10 )

mm4_ X

-- i ... _. 42,3'-4S.4' IUU.Z1rlII¢Lesr, cosrsely cr/sts_line,
.... < 11, polyk_lite tad < 1/71, irey clsl. ( 1,7 )ew.. mm=

mm mm
m

mm am

12 =,, .= /_,8 _.8 100 -'- 45,4'-47,0' AJ_Z_I II_! C_.olur tO modorsto
bl_ ( SYI 4t4 ) ( 5TI 3/4 ) INdium to colursel/

" am "" --" Oryst_lLmo. < 2 t:o 51, h_ _lsy, lltercrlm_sllise
-- " ._ *Jd brel_l, li_*eIJu frm 66,S' I:o 46,t*, ( 12 )

am

- . X X
" 50"_ "-- X
- .,. X X d_;,O'-_t,O' tI_ZTII_ '_Le_ t:o Idim brovu (5'11 *I_)

..--.--, . - , _ to nodorste yellovtsk brM (104R $/4) llod|m _.o
coltrlleZ_ eryitlll|eo, ION _tllIO, 4_1 tO 2'1, breve

-- --_ clef, Up to 41, aley _ral 48,7*-4e,0', lc&reefed
-- -- breadrJ bore 3t11" breve clay sem st: 49 O* ( 12.17 )

_q},0'-$0,8' I_LTI_bZTXC IUU,Z2111Clesr to moderete
" " reddiik or-hie (1OI 6/t) oolLrsoly ery|t&ll|ne < 1

" _ _o&_ _ol,hsLl_. bieb. tad perch.. < IlTIL grey c1,1.
....... m

BORING NO. DH-0,1,
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WIPP
WASTE ISOLATION PILOT PLANT 2 OF ........2 _BORING NO. DH-02B

,, ......... ,,,, i •

i i i i i i ii i iii i i

nn el.

•- -- X 27.9'-33.9' HALZTII: C_elur to ua4Lorsto reddish orule

9 J -- S.O 4.9 98 1101 6/6); ooe_oly cryst_lXlne. <X to 25 polyhm21ko
.. . blobs ud psr©lies.. 8cstter,4 a_l_y_Ite fm 31'.

Prodomilauttly ubydrlko sl: 33.05 to 33.20 vitk d_'lc
lid em ump

27.9 -------. _ Srsy L1Lom8eole bread_ ii ubydrtko. [ 2, 4j

" " X

33._'-34.3' AMHYDLTTJt:White to mod|um Xi|ht Brsymn em

---30--- X (Mt) mtorocrystslXlne. Sasttere4 bslite |t_mrcbs.
10 5.0 I$.0 100 T=sco ot srsy c111 st 34.4'.

mn mm

mP mm

mn , mm

m- -- 34.3'-41.2' IU_JLII: Cleu vlkb IOme medium lllht Irsy
1t6), lllbt bluish IrS/ (Sl 7/1) -sd noderiike raddklb

32.9 ------" " X o+ule 1101 6/61. Jiodium to conznly cryst_lXtne. '
" " ( II IrgLy ilkOt_rylti_Ll|lO till. < 1/K dtlperled
-- - X polybeJ.l_. I 2, 9, 1_

. - _

11 =" 31.._" 5.0 5.0 100 -- 41.2',,44,75' _: Clear to nodortt, brmm

m. ,. X ='= (STR 4/4) sad modor&to todd|lh brM 101 416).
-- -- Medium to coarsely erystsllino. < I to 21_ brovn eIsy,
.. , trace ot Irsy. < 1/2% dispersed polybslite.

.,. .. [ 13, 17 l

lm am

37,9 -.-.__ --
m

•-. .,, • 44.75'-47.9 RALZTII: ¢lo_ur, some medium lllht Irsy
(116) ; coarsely cryoteAXlae, f_ 15t Irty clsy. < 2/25

" " X polyba_llko. [ 2, 11 ]lm, mm

12 S.O $.0 100 _.
mm mm

-0 -- 47.9'-49.6 U: CXo_, comreoly crylt_11|lo.
mn am (1/_L lrl_ c_Lly &t 48.9' I. [ 1 ]

tamm
am mm

-- " X
_2.9

=" "= "0 a9.6'-53.0' IUU.ZTII: Cletr to Xlsht moderate reddlmb
-- -- __ OrUlO (101 6/6); eoo_so, eomo modkttm cryekl.l.line.

< 11L polyblZ|kll. < X/21r. Irlty c11ty to $2.4*, t.holll
-- -- X lacro_es to 1% clsy. I_, 9 +rou 52.4'-53.0']mm .In

---45--- --
13 ., -- S.O 5.0 100

mm ,era

-- "= X

47.9 _

1_ "_ 50" 5.1 5.0 98
.. .. X

m ml X

+ _.o ---_- -. I ' • '

- - i
"'-"' BORING NO. DH-02B
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WIPP
WASTE ISOLATION PlLOT PLANT . 2 OF _ , BORINGNO. DH-,03_

2 _ ................ iii H ,,i i i l

8 =" -- .5.0 3.1 62

9 1.3 87 S_C¢ered ut_gn anhyd_L¢e/nal;neaLcn .c:%nlnr8. 1M¢ 112of run,

mns 12, Im_ed lBL

Tried Lt. on It_ 13.. Corn

0 2 $ LO 40 mach Soccer.

26.00-30,750 BJU_YRI _le_ ko Bedt -m b_lvlt (STR 314),
iodiu t.o noueoly _rlmtdZlu, < 1125, dinpefmed

30.0 0 Imlybctikn <I to 2% brow ¢lny, lm ao_ IrindLnl tun 13, OLknn of aloft
noted, htlLtejJa broke Up.,

.0 .m Iu 14. iovod att.tol, lisnr
11 .. 3.0 1,5 50 _0.750-34.0' llt__ _M.ZTI: Cle_ t.o no_lun tS, fr_ btrro%. Core

Z u brmm (SYlt 3/4), nodium to eonrmoly crymt_L%inn. < b_muHm up In alesz h&likn
3:3.0 _L kO 31, brovl c_nf, ire6d¢ nt 340 . tld Zowor 6 n ©f rl_. Dr:LI].:IJIK

Io/J_ mlw. _ trouble vLcb
rod checker.

• z2 - _ 2.z 2.0 95
m -- 34.0'-35.05' _t Cln_ with II SrnyLsh brr,

33.1 _5--- m_l-m to eonr|oZy eWgt_liu. < Zt b_ cZny, n_m Iu 15. Core bro_-n. _s
_,_ |ml. uMm'sd 48.8'. Hay hsvo=0 -" lOSt cot_ in bert.on of boln.

mm em

13 " "= 4.0 4.0 LO0
.. -- X 35,0_-35.7' Amll_llTIt: bllht stay ko mldii IraY

(NS) Mbyd_ltn with meJttet_d hlLLit.n Iro_hm.
" " XaeroMo of keL|to from 35,$'-35.7: _1t16" b_

. a cZnl mt 35.05'. 8o_ core IrindLmi evident.
lm lm

39.1 -- -- ....

me mm , X

Z ''40='='I . 35,7o-39.9 ° IULI.Z'JrIIt C],onl_, _ogu_llnl, q_L'_p'llt.&11.,,lOO,nnll.X -- to _ 1,'1,mnadnrntn rnclMilh orap,,OlO ipolyhatJ.it, n blobn
-- -" p&t.cbo8, lcnt_nr_t _ike n_rLnloru,

14 =. -. 4.4 4.4 LO0

_ . ×
=" " 311.9'-41.0' IIAL4TE: C2oar to uoderntn reddirh brM
" " (1OR 416) 4o_enlI ¢_8t_lliao _ 1K brM cloy 841d

43.5 polyk_l i to.

_5 41.0'_1.60 ARGZLLdU._OUBNTR: C].nn.r t.O modim

----"'--" brow (STR 314) rntreoXy e_mta12Lme <1 _ 4% brM

41.6'-44.9 ° JUL_TII¢ Clner tO modnrnte roddiak brmm

(lOt 616) non.sn17 rryet_lllno. Bone to 2% polyhalite
/ < 1121, clay.

48.8

,50, _.9'-48.8' AJtGZI_LCI_QU8IULLZTRt Clotlr to IOdi uI NoneurellOOtl Otl Bun 15 ll_dn
bro_ (5YIt 3/4), I_ctium to coarsely ct_r|t.a11_oo. < 1 to from top of r_m,
4_ br_u lnt.nr_r_et_JLlLnn cloy. mrneJrn nt 47.1';
41.6' *.l_odomiontly finn to modium a_|taLline

&_; di/.1'-.411.0' •

_: tO¢llll of poor rncovl_, repl&cmot hole
_3& _111_ 1nicr. refer to 1o| for _-031.

I t I i , • ...... ,,,,

.... '",_=' BORING NO. DH-03



.................... : ............... lit .................... Illll...................................................................
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WIPP  EeLOeODRILLLOG
WASTE 180LATION PILOT PLANT

INSTRUMENT HOLE 4" ,,YPE _ NUMBER ...... ".... . ..TYPE/SIZE, CORE , ,BORING NO, DH45,,,. _

LOCATION N1420DRIFTTNALCOVEATRM,B Tti_RSECTTONell,,,, ,,,, iii i i ii ii ,, , ,, , i,,u ,,n, ._ill II I I I I I I III J

I Iii Illlil I I I III I Ii I I Illl II IIII IIIlil II I I I IIIIIIII III II I I II

' E'_72STATION N_,463 ....... COLLAR ELEV._ DIRECTION OF DRILLINGVE_ " UP

MINE COORDINATES Nll14g.6 ETB6B,0 .... DEPTH OF BOREHOLE _!,o'

DRILLING METHOD ROTARY/AIR DRILL MAKE/MODEL .LONGYEARB5



4+

WIPP SHEET
WASTE ISOLATION PILOT PLANT 2 _,OF 2 BORING NO. DH-05



r_

WIPP " GEOLOGIC DRILL LOG
WASTE ISOLATION PILOT PLANT

INSTRUMENT HOLE
TYPE 81 NUMBER _ TYPE/SIZE 4 [PtCHJ:0RE BORING NO. DH-06

LOCATION I-3 ALCOVE- FLOOR ........



+

! i51i i
i iii i i i " _

BORING NO. _H-_ ,,





WIPP
WASTE ISOLATION PILOT PLANT 2 SHEET, OF 2 BORING NO. DH-07ii:



WIPP GEOLOGIC DRILL LOG ,
WASTE ISOLATION PI.LOT PLANT

INSTRUMENT ' HOLE
TYPE & NUMBER .., - ...... TYPE/SIZE. fix mrr . BORING NO ....DH-0B

LOCATION . Nllnn nRIFT AT RM. B INTFI_qFrTTr_] . I:1 r_r_p ..........

................................. B_ CAL'STATION N1112± Eg76.5 t COLLAR ELEV....1318,80 DIRECTION OF DRILLINGi i i li iii ii i ii

MINE COORDINATES _!._0,..799.,4E 7870,9 , .... DEPTH OF BOREHOLE 38.3 FT,

DRILLING METHOD RnTARY/AIR ....DRILL MAKE/MODEL j_ATSON

DATE STARTED p/??/R_ (RwTNr,) DATE COMPLETED2/23/B4 (SWING) SHEET

LOGGED BY: _ ,J.,E, GALLERANI. - DATE: 3/6/84 ...... _ OF 2..2__.
..................

_--°'_ _ _ 8 _ __ DESCRIPTION

0.0= o ..........,....
mn el mms,

1 .. . 2.2 2.2 Ilo0 o.o,-2.6, RaJ_: Cleear to Ilsht Irly (i7) coarsely Wit•on post mooted e air
crystalline. < 11; intetlruulLr |rt]r till, < I/ZR, drill; JM rodl.

- - X PolybaJLite blobs l¢_ally.

2.2 -------.. m I/X double tube core b_l,.mm
In m

. . 9rtllin| tim: 8 hours --d

2 . ._ 2.4 2.4 100 X 2.6'-}.15' I_L]r_'liC: i_l.otri Inis iio_tlrlte red{ILinh 1} ltOUtSl, liilliOI nLXe

eruse (10l 6/6), coarsely crynt&lxLle. < 11& drillinl;,
" pol/hadLlto blobs ud diIporIN Polyh&lite,

4.6 .---.- -- =_
Care ©ssdL•Los in pretty

3 -- 5-- 1.1 1.0:90.9 X food.Only • few broken up5.7 .----_-- -
- I_OOI8.

" " • 5.85'-10.1' HAL._I" Clelur to lliht, lrlY (i7) nodital
" " --X to coarseZf nryltelline. _; 15; lntorlruUlU @rs7 cloy. Run 4. [,Oil tbroulhout. Core

4 " " 3.3 2.0 60.6 < 11; Polyhalite blobs, steadies bottom of run,
m lm

m
m lm

" " 10.:_-12,8' IIAIJ_J_: Clslar, I_ Imderots reddish
9.0 -,

X or-nii (10l 6/6), coeJ_nlly crynt&lZLnl, some fine to
-- - medi -m. < 11; PolyhaZlte except 12.3'-12,$', _d_sre core

S ..10--= 1.8 1.7 94.4 -_ 1_ polyhalite.c, up co 3Z PolyhalLce. Contact: •t
m _2.8' sppr_te duo Co coco lone.

10.8 ------" X

mm

" " X X 12.1,-19.s, i_: clear to Zl|ht bluish sr_y Ruu 6, Broken up about
. . (Sl 7/1), lilht |til (NT) sad lilht ooderlts reddish 12.4' _n run. Loin

6 - 5.0 4.5 90 orule (10l 6t6). J_Jdi um to notroely crylt_llLoe, possibly here

<_ 11; clel. nrslJ¢ lt 14.1'.Irey

li m

_..15 111.$'-23.00 liAIar¢ll C_ou _ttlod with solas lieder&tslm

._ reddish (101 616) < 11; I_lyh&lLte, < 1121;
oru|e irly

15.8 "mm _ --_ Cley 23.0' COOtlU:t lnles_od frol bottom o_ run 8.mm

WeB

)m .o

7 .. . 4,7 4.7 100 23,0'-26.8' 1_139: Upper 1,S ° o_ Ni-139 nh_ Run 7. Broken top _ run
=. . =m*ejLlmet•|l" I_ttsrn, I mixture of Imhydrits ud and st 18._'-lg,j' -,

-- b-lira. Below tbil ii lllht Stay to white sahydr_te
-- " with ect•toted belies Iruvtho. Iome 1--Lnee wtthLn.

" -- H&irline, tl|htly cloned 1¢_ u|le _rlotures. Trace

20__ X Srsy clelr st z6.6'.
20.5 _

I -8 4.7 3.8 !80.g X Run 8. Some _r_nd_ns,
broken up top of run.

,_ Host lost probebly hero. Soma

Stand,ns st top and bottom
' of H3-139 else.

, , -- , ,,,,,, ,,,,, , , - _

BORING NO. DH_,08

















WIPP
WASTE ISOLATION PILOT PLANT 3 SHEET 3 DH-09........... OF ..... BORINGNO.

PO:: uJ ..I

_ _iciLl O _ DESCRIPTION REMARKS

111 i i ii iiii i i ii ii i i i i iii iii i i i i iii i i i i i

am

= = 45,i,-4il,6 ° IIM_21_ 01eu' llo_.tlecl wLth IlodalPste brosm

.= ., 15YI 4t6), ClOILC'ilOIyclryilt:llllllllb _ _,%brM O_,lly, t.rlLCll
IlrlY, l,ooe._:Ly tip to 2% olsy, tlast, tered bz'esJfJI lUt

" " 1". 110, 121
mu

mm lm

mu mm

_ ., 41.6'-S1,1 _ _0 IIJCZ¢II C!eu' to I)de_&t,e
rodA|mk oru|e (_0| ii6) sad moderate roddinb broml

" " 11101 41618 ClOM'IIIIJ,y clr/mt, e2%Ln,<:L to 31, polyh_it, o, *
" " 13, 4, 71 '
mm

mm 111

mm ,i

mm ,m

i ,ml

i *m

.=

mm., _

n ,mm

,lr, Nn t

m mm

. .
m _

.... .., ,, , . ,,........ , ,, , ,, , ., ,. , i . H i li i i

BORING NO. DH-09.........







WIPP _ GEOLOGIC, DRILL LOG
WASTE ISOLATION PILOT PLANT

INSTRUMENT HOLE
TYPE _ NUMBER,. - TYPE/SIZE._( CORE BORING NO. T}H-]]

LOCATION ,_ PIll00DRIFTAT ROOMA-2CENTE,RLINEjROOF ............



WASTE ISOLATION PILOT PLANT _ 2 OF Z BORING NO. DH-11

2S
i i ii

lm, em

12 . _ 3.4 3.4 100 m 21.2'-24.9' IMJCJZII: CloeJr, some lipt moderato
reddish ormlgo; cosreoly crystalline. _ 1% polyhl_lte.

" " (1.3]
27.2 ,_._._ -. -,,

mm ,m

13 . .. 2.5 2.5 100 24.9'-10.7' _: Clou, someaoderate brouz
X (SYIt 4/4); co&folly cryltl_lino ezcopt Imctilm st" " 25.5' to 26.1'. <1 to 21,, locally, brM clay.

•" -.-- < li;"& dlsi_rled polyhclito. 12, 10]29.7 ,-.,,--- ""

14 2.4 2.4 100
.... 30.7'-33.5 U AII_XM,AClCOUS_: CleLr to aoderato
" " brmm ($YI 4/41; medium to coacsaly crystalline;

32. i ------ " "= .... < 1 to 31L bream clay. Breldcl st 31.$', 32.8'.

- -- --. -.- 112. 141
mB qm i

15 - -= 3.9 3.9! 100 "" "--"

•" " X 33.5t-50.9 , IuU_TIB: Cle&r to Bodarato b£'own
•" " ... (SYll 3lA; 414) ud II_ttlnd with Bochlr&tO reddish
.m35-,= orugolbrmm 110| 616; 4/6). Coarsely crystalline.
. .. < I t.o 3% brmm clay with tr_e of gray. < I to 25

,36.0 -----.. . --. polyhl_lta blabs ud patches. Core vlmios from zones
. _ X containing polyhalite bZebs with no ¢lsy to zona= with

mixed clay ud polyhalite end ¢o_os containinl only
•" "= "--" patches of cZay. [$, 10]

16 " " 4. § 4.5 100 Zouem _¢h polyitll£te blabs and patches and ouly trace
=. .. --- of clay are the follov_g apprcmCnAte _iepths:

33.$ t -33.7't /,0.4' -_1.3 t. 43.1' -_.9'. 49.2' -49.7'.

40.5

" " X
17 2.4 2.4 100un In

mm _m

42.9 .--,--.

18 4 . 7 4 . 7 100 X

sm ,m

- -- X

/.7.6 ...._ _ --'
80 em

Un .lm

Un iU

19 . -- 3.3 3.3 1001 X
,-,'50"-'

50.9
a mm i|

_ -

m I,

BORING NO. DH'lI



WIPP " eEOL.OG,CDRtLLLOG
WASTE ISOLATION PILOT PLANT

INSTRUMENT HOLE
TYPE & NUMBER TYPE/SIZE ,_ cnRr BORING NO .... DH-I:_.....

LOCATION Nl100DRI,FTATR00_A-2 [NTERS,ECT[0N,FLOOR...... _

ii ii i ii, i, ii i| iii i i ii, --

STATION _1112±E1332.5 ¢ COLLAR ELEV._ DIRECTION OF DRILLING VERT-!CAL- DOWN

MINE COORDINATES N10,799.4 E 822712 DEPTH OF BOREHOLE 5L,3'

DRILLING METHOD ROTARY/AIR DRILL MAKE/MODEL WATSON

DATE STARTED_ 3"7"84 (S,WING) ,, DATE COMPLETED3.Z:84_(SwINr_), SHEET

LOGGED BY: J, E, GALLERANI - DATE: 3-24-84 1 OF 22_.._
...........

Q

o.o
0.0 , ' "' ' '

m m

i m . 1.B 1.B 100 X 0.0-4.25, RALI¢|: Cleez to lt|ht |ray (117) and Uibt Vatmoa Drill. W split _ube
bluish Kray (5B 7/1); coarcely crystalline. <11; Stay core barrel,

" -- tntercrystall|oe clay. < 112% polybalit;e. [11]1.8 ......
.- Al/ rods.

•- ml. a m
Drill TLm" 6-1/2 hours !.

-- " 4.0 4.0 100 4.25'-$.$$' liJU.IlI: Clear to ioderate reddish orb-lem m
(10l 6/6); coarsely tryst;allene. < 11; i_l_baltt;e.

2 m .=
- _ - [31

X
/

5.B __ " " . l $.550-10.0' XALITI: Clear to ltlbt; II;ray (NT) and Core quality mbc_m
" " X _|_m lliht Iray (116); ,,,m ,mderato reddtmh otiose mlsait/cant Improv_nt over
" " ud brmm. Coarsely crystalline, s¢_ _dium. < 11G previously drilled core.
" - ira7 ally. PartlB|l at 7.4' ud 11.5_', <11;
.. .. 5,3 5.3 100 polyhalite. [11,2]
m. am --

] m

" " 10.0'-12.65' HALITE: Clear to _derate reddish

•. . -. X orule, (loll 6/6) coarsely crystalline. _ 11; polyhalkte.I
"- 10-- _ Gray clay break at 12.25'. [2]

Xm I

11.1 __ - -,

" " 12.65'-19.8' ILCT_T|: Clear to light bluish stay

" -- X (5B 7/1) and moderat;e reddish oranse (10R 6/6)
.. .. 5.0 5,0 100 . , , mdlcul to coarsely crystalline. _11; |ray clay; trace
.. . -- brown < 1% polyhalite. |11.2]

4 ,. -_ X

" " 19.8'-20.9' H&LITII: Clear. mmN moderate reddish

--15-- __ oran|e (lee 6/6). Coarsely cryst&lline. < 11;
., , polybLlit;e. [1 }

16.1 __ .. --
m

.. .. 5.1 5.1 100 X 20.9'-21.45' H/L[.ZlI: Clear to ltlbt Iray (NY) Idl "m

5 m, = tO coarsely crystalline.._ I% I_rly clay. {11}
ml, iii

m. al, ,, ..... L ,,

" " PI .45'-?_).75 + POI,YHALTTTC HAI.,TTI[: Clear to ,Iodirit;l

-- -- reddish oracle (lOit 6/6); coarsely crystalline <1 _o
._ .-- 20 . X 2'1. PolybalLte blebm _d pitches. [1-]}

21.2 ---- -- .... --

" -- X

-- - 5.1 5.1 100 X,.ml

- k'%,I

BORING NO. DH-12
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WIPP
WASTE ISOLATION PILOT PLANT 2, - OF _BORING NO. DH-12

?_ .................•k\ \'

ml I _ 22.75''2S.9' 18B'1391 rm 22.75' tO 23.15' tj t

26.3 1 mme_Llowt:sil m psttoru ot ht_tto ud eahydrtte. IJolow

--- thio t8 predontnmtly uhlte to lisht I;rey (WT) to
, medium lJlltt |fly (J6) nlcro_rystslllno ubyd_tto wlth

X |©stterod be.ltte Irm_k|. Aahyd_lte t| pe_tta12y
lemilstod. < 1/2" mo_lt. |rmy clsl st lovor ¢outut.

!5.0 S.O 100

--3G"I X X 25,9'-;L_.0' ;MJ,Z_: ¢lelur t, 0to4er,te ro4dtmh

-_ orule (lOlt 6/6) ud ll|h_ Irlt I (Id7). Kod|tm toX i eo_'sel_ orystLlline. < 1_ |rey _lay _d < 1_

31.3 .." "'* X X dlspersod polybsll to. 19.11 ]

I 29.0'-32.2' PO_C _: Clo_" to moderato L

X reddish orule (101 6/6); coarsely crystLlllne. < I toli

i 5.0 5.0 lO0 61Lpolyhalite. None to • 17, I;rsy clay. (4-_1 I
i

mm lm

-- 35--- "" I
-- .m i 33.2'-3S.35' IAAI,Z_; Clo_' 4ro modar&te rodd|m h i •
_ _ X o,.,. (xo,_,6_._1. to o0=,._,,.,,,_t.. <x_

ql

36.3

Stay clay ud dt|porse_ po1711Lltto. (I,2] i

- - X
mm mm

35.35'-39.90 POL21UJ_TIC ILt_Tll: Clear to moderato !
-- "-- X -- reddil k orul_ (10R 6/6); co_r|el/ Crylt&llLne. < I tol
" " S.0 S.0 100 39, polyklJ_lte bleblJ lutd pst(:he8. < 1/29, i;rsl Cliff
-- .., X : lo_=J.ly. [ 2-4 ]

- . x..___
-,o. x-- i 39.9'-64.8' _: Clear. 8ore moderate reddish

_._ - .

X orup (lOll 6/6), coJ, rsoly =rTmta_llae, some nedkum.

-- -- ,_ 11; |ray clay _4 ,_lSL polTbLkite, loca111 up to

_ ,, TIL. (1, 10]
8. .m

" -_ ._.0 .5.0 1001 44.1l'-4_.5 IPOLI[1UU_TIC ILCLZTI: Clele to mo4erato
-- -. re44Lsk oru|e/brmm (t01t 616; 416)$ _osrsely

X cr_staJLline. < i to 4_ polyhalite avers_e _1 to 21[,.45 < lt lirsy c18y. Noderato t'oddlsb oru|otbrown

X X i mlcrocrygtalllne uhydrite/polyhLllte Jt 69.1, to

69.3'. lover mvr_a©o 1J Lrte|ul_r ud slllihtly
46.._ I po_ [ Jkod, ( 2-_6 t 7]

i X v 49.5*-61.1' _tTrl: White to SLIkt I;rSY (NT)|A mtcro_rymtalltne, fstntly l_ntnsed uhydrtte.

X scattered hal/to srmet68. Trsco ot |FairS.0 5.0 1001 X clay at 69._'.

--- 50--

_- X 4g,8,-51.3, IUU_TI[: CleM', some lll;bt blui|h I;ray
51.3 (511 7/1) ud noderste redd||b or_nso (10li 616).

lie<Lira to cot,freely tryst&lithe. (- 1_, &ray ¢l&y.

< li;lR, polyh_lLte. [9, locally 2] d

...... ,,

BORING NO. DH,-12 ..



WIPP . GEOLOGIC DRILL,LiOG
WASTE ISOLATION PILOT PLANT

INSTRUMENT HOLE
TYPE & NUMBER ,,- ...... TYPE/SIZE NX_DRE , BORiNg NO, nH-l_ ....

LOCATION- N1420 pRT_'_ ROOM_ INTERRF_TInN. .............

• ..... ' '1 I I I I I I II I [ I IIII 111 "I l ,II I I'II ' II I

STATION N 1_2_, 'E_1690_ COLLAR ELEV.'#311,,4 .... DIRECTION OF DRILLING'_

MINE COORDINATES NI1 112, E8585 ..... DEPTH OF BOREHOLE 1__.._

DRILLING METHOD_ROTARY/AIR........ DRILL MAKE/MODEL; WATSONMODEL7_Q , __

DATE STARTED _/#R(FIa (RWINr,}' , _DATE COMPLETED x/?B/R_,(,_wTNr.I,,SHEET

LOGGED BY: J, E, 6ALLERANI DATE:- _/,_0(_4 ., _ _._ OF_JL._

i_ ' It_ ...... ' ' ......

0. 0 ' , ,., , , , ,=.,,. ., ,, , Ju_

X O.O'-3.9'tlALITllz Cletr _o modersL= reddish orsnle WaLson drill, _ rods,
"" -- 2.4 2.4 100 (1011 b/l)l medium _o ¢olr|ely erystlll_ne, tr_ spilt-tube barrel.
-- " -- '< l't, dJ.spersid Imlyhalitr;--' < lt'L"lk Ilrl_.'-¢-t.,IW.-,
-- -- 1/2" anhydr/_s st 3.9'¢. (lrly city below. SiC-up f.l=l_ 7 hre.

2 ' 4 -- -- -- ' ....... __ Dr/llLnK L_mll 2-1/2 hre.

X _.9__8.7 , llJ_Z_ll Cllllt-, ¢o_rnly ©ryskslllns. Ilone Be I_11. Dry hole.

i_o< 1% KrIy ¢11y. ' .

t --5 5.5 3.6 _5 _-- 11.7'-9.4' I{_J_llll Clllr to IoderaEe br_ (51Fil 4t4)l
llolla llllh_ Irly (117). Iled_ull _o co&rlely cl_/|Eillllne. 3ontliC_l ipproxlmsEe due

t _ 11; brown lund Stay ¢11y. t _o core loss. }

1.4'-13.8' I_ZTll Clear, lOBe ltllh_ Irly (117)l Rum 2. Core broken-up
__ =o&rltly ¢ryllttlllfle. < 1_ d_lpllrlod |_sy clay. Illch of run.

7.9 .....

8 7 0.8 0.8 100' - " Metal This hole ,l stopped at 1308' due ko core loss.
-- _ llefer _o dr_11 los| for r_ls=mnt holes DlI-13A

•nd DH-_3a.
"10

51 ;.1 80 ;

BORING NO. DH-_,_'.....
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-" WIPP _._ ,,
WASTE ISOLATION PILOT PLANT 2" OF'_BORING NO ....n_-l_A







WIPP ......,......... NO.
_ i ,] ..................

I

&J ,. I ii . ii ii I . I i .._i , ii -- --

" " __ 36,;151-41,1 _ PO_(tlAUri'rO HAr.ITEI Olesr to moders_e6 - -- 5,0 5,0 t00 reddish orsnge (1OR iii)0 eosrnly oryt_tlLLne, < 1 t,o
- - 3t polyhtlil_e, < 1/27. |ray olsy wLt_hup to 1".. clay st
. . 39,5'-40,3 t` ISreak s_. 39,5 t, (3_ t_ 71

.m
,m mm

28,1 _---" -, X' - _1,1'-44,7' HJU.I'Z|I (:llesr _o moders_e reddLlh orsn|e
- -- (tOlt t/t) and ewa lLIht. IRS)' (MT), HedLtm ko
-- -- -- aoarlely er),|l:slline, lose fLne, < 1/25. dllperled
ml mm

''30"--' X polyhslLl:e, <15. Irsy alsy, (9)

.. -. l X X 4_,7'-49,1' POI.VlUU.I_lO HALITEt (]lear t:o moderate7 -- "- J,O 5,0 O0 X reddish orlmlle (101 I/i), (lollr|illf eryll_lsllint, <; 1 _o

" " X X 3q,polyhalLte, (3, 71
mm mm

• m ,m _

33.1 ....--- -- ...... X X t

mm am X

,am mm

,m, mm m

8 "--3t'--" ._.0 5.0 100 X
mm

- - ,- ' Iii
-- - X X

X
38.1 ----'_-- " X X

9 "-40" 5,0 5,0 100
mm am

43,1 ___._-- --. . X
me ,,m

ml, -m 1

mm mac

•--._ 5.._ X
10 -- " 5,0 5.0 tO0 'X X

" "" X

X X

-- ,-- X

_8.1 _-- " X X

11 -- " 1,0 1.0 100 X
49,1 _-- "

t
mm ,,sm

"--'_ 0"" °

. _ _
m ,am

BORING NO,_ N "1-4 .....
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WIPP
WAST[ 18OLATION PILOT PLANT 2 ,SHEET 2..... OF ...--..--_ BORING NO. DH-15

" , ' - _ ,, - ......... , .... ,, .v , , ,

X 0: 0.¢ $_m
_ i I ill,li - [ ........... ii1| ii'_ i iii i i 11111 i iiiiii i

25.4 _ me m

mm m

21io0'-$1o2' IlJ_(TII 01ou to d_k roddtwh brow udlm m mm

mderlte brmm (SlBII4/4), Prod_Mnt.ly oo_r|o _r_h
" " lOU| at t|lie-em4Lva _rcm lI,S*-_6,9' _ tad

8 .. - 4,1 4,1 100 "-- 211,0'-211,9' Z, < 1 to _ brM olsy, 18, 10, 12 ]

. .... .......
, 31,Z*-34,7|* AIKIZ/dL_E(X/IIHJiJ_211gilL* t_OllodeiPs_e

" " brmm (Slrl _14) tad ruder,to redd_mh bro_ (101 4t6)l
29,9 --,.---,,m30,m '..... ' tmd_ttlatO O01UrtI_FOr/Stilbene, < _ tO 5_, bL'Ot_ Q_II

.. ., .--- lnkerory|tctllne ud breoJca, frm 34,4S_ to 34,6S°

. . ----.--- olaf _ zo_, ( 1o,12 )
mm ,IN _

a _ ""_'-- -- '"'" ' '" : .....

9 ... _, 4,9 4,9 100 "=" "=-- 34,75'-43,2' POLTX,iJ[J2'ZOX_TIII Cllsr to moderate

-- "_ .... ,_. veddLch OrlUl|t (10| 6/6)| oo_r|e_y ory|tl2_Bo, < 1 to --Ni ,. .. ._ 3% polybclLte, 1" udlyclrLte l_Ylr st, 37°25', <; 1 to
---- .... 3I bvovn olSy _t: 40,25 _ -_1,&5, (3, _, 7] Vmm *m

ml vm m

" " ' X X 43,;f,-44,le IIM_II! Qlemr Bottled with dlrk r_ldioh |un 10, _loel4dilOlnl o_
.. . ' brotm Mid ImOlerito brM ($YI 414), OOU|OIy ooIro,

' , or/lt._llLle, ._ 11;brmm ols/, '(8, 101lm m

].0 ,,. -- 5,0 5,0 1DO X - - ........ -- "
. . 44,1=_i4,6 * Al_l_ IU_J_III (:lel_' _0 aodeeate ,

- - X bron (SYI 4/411 _n. _o mOLto _ry_t.s11_,., sm,
. . X oouse, < I to 3/, bro_ olslr, laterorYstslllns ud

..... brloJ_, Aabydrlt,s/bsl|t.s st 44,4,-44,6,° (12, ],71

39,8 _ ,."40",,,. ' X ......
.. == 4dI°6'-47,1 _ Iq)LYHA_%_CI_T|I 01liLt' t'.o _oderst;e

X reddL|k oru|e (101 6/6); oo_r_sly orys_sll|ne,
" " X <1 e_. n, _olyh_llt._, (3, _, 71m mm

zl . - 4.e _.. zoo X X ............
ni ,i

. . .... 47,1'-$1,0' _MI:MJu011;OUIIUU_Z_'III (:lest to modsrltm
brM 151'113/41t oedtuat ko ooJm|ml; oryitslllnm°

mm mu
--" -- < 1 kO 3%brM oily, 110, 121

--*- X X ' - -- :
12 . . 1.4 1,4 100 X

. . XXX

13 - -- 3,0 5,0 100 ""
mm me

,..,._0 ..-, ""

51.0 ...... -- --
m m

m m

m m

lm m

m m

m ,m

......................

• BORING NO,_ DH-15 ..... __





WIPP "
WASTF. ISOLATION PILOT PLANT 2 SHEET 2,. OF BORING NO. DH-16• i ii

25---. i ii ii i| i i t i iii illfllU ] i i i

s - - 4.9 4.9 toolX26.0

.. . M.6'-33.05' POL_¢ _: Clear to ooder_te
r_ldllk often (101 6/6); ¢o_¢e17 ¢rystalllno. <1 toml + ml

T& palTIta.Zlke. :112" lslkM |r&]r 11&7, SIIIta Itr l_lmL"
" " ©omtut. ( 3, 4, 71

,el

9 -- -- S. 0 5.0 100
X

! mB lm •
'_,05'-34.9' N; C_IIW motl_l_ Mit k l¢llm IBQ_elrlit*

-- -- reddish orAn|e _ol]rbeJLlte blebt. Coarsely ¢ryntclliae,
m'30" X X iota mld|uo. <1127, ImlTh_lL_e cad Stay clal,

' -- -- (2]
3_.0 .......

- - X X
" _ X 3a.9'-40.35' POL1L'R&I.Z_C HAbXIl¢;Cles_ (:omoderate
" -- X X reddish orule (lOI 6/61; eolmme17 eryltlllLnt ez©cpt ' '
" " mm_ Imed|-_ at 39.65 ° tO 40.35'. < I tO 31; polThl_Ato

10 " " 5.0 5.0 100 X <1121L Iray clay. I 2-$, 9 ]
1 ml 91

-mm

35.., 40.35'-42:1' ltA_: Clone, coareely ©rymtallLle.

" " X hB to lt lr y clay ud<1/21_ dtsl_me4 polyhaltte.

36.0 ---. -- X ( t, 2)'
mm am

-- - X

" " X 42.2'-4_.3' _J.Z2T: CleIF to modeeltl redd|lb orule/

11 " " S.O S.O 100 X brmm (101 616;4/61 vtkb mome llsht Stay (M7).
-,. -- Co_rmel_ ©L'_Ot_l].lmo. _lt Iral |nter©ryottlZLne cl_y.

-- -- X <_ ko 2"K,pol_h_lLte. Lo_11_ polybaAitic. _

L,o- x x
mw ,m

41.0 --.,. ..
46.3'-4_.15' POI.CBLAIJECZC_: Clelur Lr. aoder&te

-- -- X todd|li orulo 1101 6/6); col_rsety cryst_lltn_. <_1 to
" -- 31r, polyb-lLte, hoderame reddlob orule ambydrlke mixed

-- -- X _lth _o_o bsZlte mt. 411.9ff-49.05' _-. [ 2-4, 7]
lid lm .mm

12 -- -- 5.1 5.1 100
mn ,lm

4t.15_.4_ ANlf_IL_21K: WI_|P,,OtO 1|Silk |rl_ (N7),_m

&5... m_©r_cr1_mtmt_lLne. Scsttere, d bmJ.l_e |t.m_b|.._ 1/16"

,.. .. X ..., Ira_ cll_ lt 49,45'.

.._._._._ -- ..

" " X XI 4_.45'-51.0' KAZ.ZTI: CleU, Ilodiul to colrloll
" " crylt_lline. < 1/2_L clay at 50.|' to 51.0'.

- - X X t;_]

_ - - "_ "_ _'°°X Xlm ,ms

51. -- -- -, ,
. I

-S5 "_

BORING NO ...... _H-I_ ,





WIPP

,,=,

=
2_

mm ,NI

6 am " /,.8 4.81100 21.0'-23.6 ' ltaLXZl: Clelw, eodwtoly c,-ysZt4.11nn.
=,, - True < 151,|ray clsy. tino-4J_tium crystsJ,1Lne
•, ,. 22.4'-22.9'. < 1/2_, polyhslLko blobs. Cl&y psrtLn|

st 23.$'. :_t4 u uhydr_te layer above this.
" " (2,9)28.2 - -- i i

+
m mu

-- -- 5.0 5.0 i 100 "--7
.. _ ------- 23.6'-21.3' IU,_I'_: Clout, aosrnly erTJksllLno. Run 7, Cote btok_ up zcme

Snstkered wltlke ubydrtko/sm|nenLto st=lasers frm 32.2'-32.7' -_
"='30m= 23.6'-25.6'. [ 1)
m_ em

mn em

un am

.. am 28,3'-29.6' AJi_G_S HAZ,Z23[: Closz ko I;rsytlh

_.. .. ---- brown, f_Lne ko smdiua crygtsllLne, < 1 ko 2% brown

33.5 L_ = --_ ud lrsY clay. Soskktred brom. [ 12,15 ) '
, i

am creme, auto

8 " -- 4.(] 4.0 100 __""-- :um #. BLt plus|nal off
,. am ---. 29.60-32.0 ' RA[.Z21; CleAr, _OUlell ¢rynkallLna. vent only 4' ud pulled

mm35.m ....... ( 1,8 ) beLrral.
-,,,,,,,am

mm lm
m m

--,,,,. am 32.0'-36.3' HALZ211: Clair to modorlte brovm (SYR 4/41
,mi Irsyisb brown, coarsely crystsllkno, sam nedLum.37.2 ....._ -- --

" ( 1'/, brmm ud Irsy clay to 33.1' 1. Core ta

" - X-- _. _liLllsceou8, I to 3'I. brmm clay, ftcm 32.9-35.2'.
9 5.0 5.0 100 Clear from 35.8'-36.3'. (8,10)

mn m

m m

me me

"'40"" X 36.3,-37.2, JdlllTDlZ21[: Very 1Llht (Ml) to lLlMt IrlY
(117) mict_crystsllLna uhy4rLte. HslLte |rmetb8

" -'--------- vikhin 1" brown clay seem st 36.+2', Slklihtly pls|tLc,
•o .. -- lOW Un1 laSt'e.

-- " 37.2'-40.7' ItLt_Tl: Clo_r _ottlod with nodaesto
10 " -- 4.8 4.8 100 -- reddish _Pulia (101t 6/6), colt|oXy cry|tsllLne. < lt

polyhalite blobs _nhydr|te m_zod v|kb h&ltto frm
.._- .." X 37.2' to 37.6'. [ 2-_ )
me

"-'45=-"

"0 -, t 60.7'-41.5 IUU,]:_'[_ Clear ko modorlke brmm (STR 414)

i ,., X cosrsely crystLllLne.._ 15; bro_u |nkorcryatslline clay
-- -- -- [ 2,8 !

47.0

mn _m

11 am "= 5.0 _5.0 100 -- 41.5'-43.4' IUtGXLLJU;EOUSKJU_: Clear to Imdorata_mm m

m .m __. brow (STR 4t4) co_|oly Crylt&llLne. < 1 to 31_ brovm
-- .-, --- --- Lnkercr_st&lllne clay.
.. ., ---- Tracd of Gray. Bra_k_ at 41.5', 42.2'. (10,16)

-- 50--- <
mn Iu

" -- X' 43.4'-4S._' Itl_Tl: Clear, coarsely cryst&llLne.
-- - 1_ polyh_lLkn at 43.4'-44.Q'. [ 2 )52.0

55
ii ii ..............

BORING NO. _.7
i •
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WIPP
WASTE ISOLATION PILOT PLANT _; OF _; BORING NO. DH-17

i lll i I i A H I I I I .............

-- " 45.4'-47.05' KiCJ:2Z: C!esr, ¢olurlely orTltslline,
< 15 brown lntercry|ta211ne ¢_ay. < 1/25 polyh_lt.e

blebl. [ 8 )

47.05'-50,3' ARGZZJ,&CtOU8IUJ,Z¢|: C%e_r to moderate
brmm (5YR 416) uedium to coarsely cryst_line. < _ to
5% brovu clay, tntererystelline Lhd breaks. 2w brmm
clay mixed with halite crystal| at 50.2'. [ 16 )

50.3'-52.0 POL_I"ZC Jf/J,_|: Cleer I_ttled with

moderste reddish oru|e (IOR 6/6) coarsely tryst-liLac.
(15o, ].oc.e].l- 7 21, polyhLl.itl, _1/_ |:81 e].ey. (4 t 7]

-

m, w,

1

, ]

_ L
i I

BORING NO. DH.I]





WIPP __
WASTE ISOLATION PILOT PLANT ..... 2 ..... OF.. 2 BORING NO. DH-18
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WIPP
WASTE ISOLATION PILOT PLANT , 2 SHEET 2, - OF_BORING NO. DH-23= i i|l

.m.. • .. ..................

== .==

: G.e; _UJ _ _ DESCRIPTION REMARKS
' =¢ I _ =: ="

25 -, , ....25.4 _ i _._>;; ' 'J.__ _nn 24.4'-28.15' R&LZYI: Clolw, lame laxiersta reddish la 11. lintel solos beyosd

.i X orulo, ¢oulsly erTskltJLl|se.<tt polyhalite blab|. 2ib.7',

/

lmm -- 112 e mOltO anbydcLta lsyer st 2S.1'_. Up to 35
;.. . polyhs/lke t_tJI frame Irs7 cls.w st 27,45-27,95'. Sum 15, P_oUI ep lut 12e__

11 -- - 4.3 4.3 100 X--- (21 mt nra.p mn mm

28.15'-31.45' EAf,XTIt: Clesr ta no6orsta broom CookMt st 28.15 li epproz-

_'m "-- X ($3rlt 414) sad modor&ta redd||k orange (101 IbiS), |make dye to brokom aere tseosreell mr/sOs/lille, ma file. BrOOm ©1sl <1 tO ion 11.

- 29.7 ---30"_- " --X _17)l°eslly" < 1 to 25Lpolyhslita bleb¢ sad pooches.
;m .,

" " 31.45'-33.2' IIAI,XTIt: ClSeA', ¢Oarlely erylt&11Lne.
" " < 17, breve olsy bleb|. (li

12 [m -- 4.25 4.25 100 ,
mm am

mn en

., .. 33.2'-36.5' _Z_LACIIO_I ItALZ_: CXeaur to metier&ta

34.0 em -- bt'tl_O (5YIE 4/4) and Iii noderste reddish orup
(1OR tlib). Co|urssly orysts/Zlse. <: I to 31Lbroom cloy,

" . -- Lotarerylks/1LN sld blroeJrdl. 1/4"+_ brown 01oy loam Stmm 35_, 33.8'4P. _ 1116" alOy plJPCiOil st 35.4' slid 36.5'.

i !!" - X (ton, .,
13 ,." "., 4.4 4.4 100 X

" " 3ib,5 -38.1 MALXTIt: (:lee to andersta reddish orule

-- -, (ZGIt 6/6), cosrssly erTstsll|no. _14 polThelLte

38,4 .. ., • 12,

mm lm

mB ml

X ..1 c1.. ta .o..,,.ta
INNIClLIh oranle (101 til), eOUlely ©rystallise. < 1 ta +
311 imlyhsllta blobl ud pstehe8.<Z1211 I;rs]r elsy.

14 im .m 5.0 4.g 98 X '--" T_sce broom eley st 41.65'. (40 Sl

_m ali

43.4 V A brOt_ (5YR 4/4), COSJ_lOl]r cr]rsts/1Lse, soma Iodtam." " <: 1 km $2, brmm cloy. 1 = hretm elsy seam vtth same
" " _ hS/lte lt 42.7'. (12, 17]
mm am

"45" 4.4 4.& 100 X ""

,, .m "" X d_2.9'-44.3' AJill1_l CI.,,OI,L% sale Itodor&te todd|lh

" -- X oranle (101' 6/6). cosrlely crystaJLl|ne. _ 11,m -, pollhs/lte. 12, 5|
_m lm

mm em

47.8 -- ., X
, !64.3 -4ib.2 IlJllA1m: C_lear ta B=4erote re_ldLsh or--|,

" (101 6tib) lid mo4:Jofsto hru (5_g14 4t4). ColUrlOly

cr/mts/Zlso to 44.9', than fine to _di_n. <_ 151 hrovu

1_6 ,- -- 3.2 3.2 100 X sad |roy oily. < 111 diJpornd polyhsl|ta. < 1/4" be'eye

mS0m ¢lsy loam Sl: 46.05'. JUIhyd_lte St 46.05-46.2'.
.. _ (_, 111 ,

51.0 -- -

_' " 41,2'-48.25' JUU,X_ll; Clesr. eoareoly eryeta111o..

,," --_ (_]151 moderate roddLmh oranle polyhalite blobs. 4

m im

" " 48.25'-51.0' RALLY: Cleu ta mmo4ersta reddksk

I " " brovB (1014 4t6) eesl'Sel_ Ct"/lttlliSl. <: I ta 211" 55 " brous clay sad _ It polyhslita blobs. II, 101 ,

BORING NO._ DH-2_;







WIPP GEOLOG,CDRILLLOG
WASTE ISOLATION PILOT PLANT

INSTRUMENT HOLE
TYPE & NUMBER , " TYPE/SIZE NXCORE BORING NO. _H-_4A,

LOCATION _, N1..100DRIE-FL00R ............

i i i ii iii ii i i iiii l i i i ii

VERTICAL-
STATION , Nl112-+ E780± __ COLLAR ELEV. 1319,49 DIRECTION OF DRILLING DOWN

MINE COORDINATES N107gg,08E7678,sg _,........... DEPTH OF BOREHOLE ,sD.4,_

DRILLING METHOD -ROTARY/AIR DRILL MAKE/MODEL. WATSON.







WIPP ,
SHEET

WASTE ISOLATION PILOT PLANT _ 2 --.OF _ _ BORINGNO.

DESCRIPTION REMARKS

..................... ,_, ,,,,

2.5.9 7 ,,, . 5,4 5,4 100 --.. 21,6'-21,4' KM,tCt: Olelr t.o moaerate brown (5YR 4/4),,,..=,=m..._, m= : , -- _]

" ..... fLne t.o coarsely eryot,s].lJ.nm, < I t.e 2% bream elay,
"- I locally arlLllseoous, Bc_e_ at 21,8' ±, 23.6t=,24,002.
-- - --- llr_m clay seam at 21,05'. Ooarsaly cryntallLna .
.. _ :' ' - .24.1'-2').4*. [|, 10, 121
mi in ...,. mm,

8 " -- S,O $.0 lO0 --" "" 21,4'-29.6' AItOIi,LJLCUOU8HjU,I_E: (:lear _o n_dera_e
" -- _='=-- b_ (S_'ll4t41, _4Lua be coarsely e_sgalILne, com
-- -- ...___.. fLne. < I ta 4% b_ city, tnterlrtnule_r sn4 seat.tared
-=,30--,- , X X br_akJ. (ali

mi am _ _ i ,,i - ,r_

30.9 - - t X X 29,6'-34,3' POL_IL_TIC HALZTli: 01esr ko moderlko
"" -- roddL|h creole, eosrsely eryst.slllne. < I t.o 3% poly-
.. . X halle.e, Averl4a <_/., 13, 41 ItUh g. Broken-up aere,

dkmaknK.Vmm i i

9 -- -- 4.4 4.4 100
X 34.3'-35.3' l_tl_1;Tl:(:lear, aosrsely c_etalLLno.

" -- X X _ 1/21; polyhelL_e blobs 12] " _mm mm
i

em

X 35.3'-4B.5' IfALZ¢II (:lear wLt.h pat.ehes of moder_t.s
35,3 _..=_. ""3_" _ bro_ (5Ylt 3/4; 4/41 and traeos of wderate reddLIhmm

orsnso (lOIt 616). (:os_ealy aryet.sllLno, some _].ws Run 10. Broken-up core.
36.2 I0=__.. -- 0.9 0.9 I00 -- t.o 36,4'. < 1 to _, bream clay, 112" brmm elay soma

X wLt.h some halle* st.$6.2S', Bost.ly breve clay mixed

_. -- 'wLt.h halLt.e tfroa 38.9,3S.2'. > 3Oa alay hero, <_1%.. polyhalL_e blobs And pat.ches. Clay breaks ok 46.6'_;,
46.8'+-, 47.2'_, 48.5'. ArlLllseeous tm2Lt.e St.mm vm

46.35'-47,.2'. (1, 8, 10|mo am

me lm

11 -- -- 4.6 ,4.6 100 X 48.5'-4g.7' POL21_,ITZC HAt-_:_I_: Clear to _o4erake
reddLsh ortm|o (1OR 616), coarsely aryst.allLna, < I ta

_" 40"== 3_, polyhslLte 13, 41

40.8 --'----'... _ -- -
mm,,

_2 " i 1.3 1.3 lO0 4g.7'-St.6* H/CL.I'T_: (:lear vLkh some tLsht |ray (li7) Run 12, Broken-up core.
42.1 --" " - snd aodersts roddLsh orlmEe (1OR t/61. Coarsely

crysk&ll_ne. <_lt _rsy _lsy and polyhalLke blobs endmm mm

pot.chos. (g, 111mm i

nl ,m X - -- -- -

m ,i

13 4.7 4.7 100ma ,ms

"--4_--= -"

R m _/

46.8 --. _ -- .... --
, ,

X X
14 $.0 _.0 lO0 Xsm i=

-'SO"

_- -

m ,m

_ _ ii ,, ,,, .........................

' BORING NO.,, DH-25,.......
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WIPP
WASTE ISOLATION PILOT PLANT 2, SHEETOF' 2"_ BORING NO.

+.go p. +.
2J, ":" -"-' "7"::, ......

..... i i %% _lll "_ i li i |- i

-- " __ reddLlh crania (::tORi16), coarsely CryltallLne to 3t.6 +,
7 -- -. S.0 5,0 100 then aed_um to _osrna, < I to 3'1,polyhstlke blabs and

. .. dLIpernd. < 1/21£ |fly ally locally. Scattered
-- -- X anhydr/ke 39.i'-40.0o_, [3, 7}

28.2 -- " "_ "--
"- " 41.0'-44.O' HALC¢|I (:l_ar to llthk bluLlh |Ply (St 7/1)

X and IL|hk Bray (111) find eoemBodaratc r_ddllh oracle, f
_ .. -- medLuato _oarmaly cryakctl_ne, < 1/4" Bray clay .am

lt 36,1 '+ and 41.7':_, < 1t; elay, 191
,---3o-- X
mm

8 " "- 4.8 4.8 100 X ,X 44,0'-a8.8' POr-YH/LITtO HALITE; Clear to moderate
. -. X raddLnh crania (10l Iii), coarcaly crystalline, < 1 ko

-- " X X 3_. polyhalL_a. (7]
mm mm

X
33.0 --'- ---- ' .........

-- "- _ 48.8'-49.6' ANltTDRITE: Moderate reddish create ,
-- -- anhy4rLka to 49', ¢t_n tmllta v/kh eocr anhydrLke
" " X Erou 19'-49,1', Than nmdJ,um lLlhk Stay (M6) to lLl_t

r -- r --m j 35 _ ' Bray (I17)amhydrLte, Trice of stay clay at 4S,6',
9 -- .. 5.0 S.0 100 ii

1¢'6*'S''0' mU'ZTl: a'u"Pk°ledlmlZlthklray (Mi)' IB..-- ".. X medLulltO co&rgaly cryakmllLne, _ 1_. tray clay, < 1t21.
-- -- X X dLopcrned polyhalLka, [1, 91

mB mm X -- -- '

30.0 ---- r_ - X X
ml 11m

-- .. X X

-. 40.,_ X
_0 __ . 50 5,0 100

,j x x
mm ,mm

43.0 ..... '

-- -- X X Run 11. DisoLnt of tort.

5.0 3.6 72" -- X X
.ewe * * X
,mm _m

X X ' Run 22. Broken-up In uppermB ,lm

X ' one _oot. ConJlderable
" " chLppLnKof core surface

48.0 "-----"- Lt--- ' X X b_low the anhydrite.
ml mm X

_ _ _
12 --.50.. 5.0 5.0 I00 --

m

lm mm

Xlm lm

mm gm

53,0 "

BORING NO. DH-26 . _
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wiPP s.E_
WASTE ISOLATION PILOT PLANT 2 OF .... 2 ........BORING NO. pH-:_7
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WIPP GEOLOG,CDRILLLOG
WASTE ISOLATION PILOT PLANT

• INSTRUMENT HOLE
TYPE 8, NUMBER " TYPE/SIZE NC-CORE BORING NO, D,H-29

' LOCATION ROC)MG ACCESSDRIET..-..ROOF ,, ...........

............... .............. VERTICAL
STATION !11099,W982.... COLLAR ELEV., 1298,3.... DIRECTION OF DRILLING =__ ICP

MINE COORDINATES NlnTF__'; _q_? _ DEPTH OF BOREHOLE 50,4'

DRILLING METHOD ROTARYAIR DRILL MAKE/MODEL (;:P-65.......

DATE STARTED , 7-23-8q , DATE COMPLETED 7-25-8q SHEET

LOGGED BY: J. E. GAllERANI DATE:L 7-25-84 _ OF 2

DESCRIPTION REMARKS

24:4

BORING NO. DH-29

f



WIPP

DESCRIPTION REMARKS

-- -- 2t.t'-31,7' IHULLZTII: Clur, coarsely crystall£ne.

btu. .m

8 m __ 4.8 4.87 _100_ 31.7'-32.4 I/ALZTEZ Clair, 8oas 1Lllht modecltl brown,
Cmrnly crywtallino, <ll_L hvo_ clay,

m

mm _' mm.

.. -- 32.4'-37.35' MWZLL_CIIOUS HALZT_: Clear to =odcrste

.... brmm, Ii_Lun to coaraely clrylltallLnl, <111, tO 3_ Ih_ 9: Very bad core
2g.:------ " brim clay, scaktered breaks. 2g.2'-33.0'.

, , , ,, , , ,, ,.,,,,., , , .
-. 30---

-- -- $7,35'-3B.:LS AIDIYDItZTII| LLliht. |ray t.o xmdi tm LLIht

9 -- -- 5,0 5.0 100 |ray, nLerocrystslltne anhycirlta. Scattered hal, its
=. a llrowtU, 1" h81_ bt'o_t ally. laylL" at 37,35",

mm ms .. t, L ' ,,' , , ,,,.,,, ,, L '
.'I I

" " ._. __ 38.2SP-44,4 ' HALZT|; Clear, coarsely cryatallLna. I_o_e
-- -- __ to <15; bretm clay. Scaeteeo_ whLko gkrLn|ors.+ ll],
_ _ (3], l_rmm clay psr_.Ln| ct 44,4'.

-- -- , CLreuLmLlon blocked li 37.3'.

34. -------- . -- __'--._ " ........... Hit ma4Rc-,,.
" " -- 44,4'-44,65 I/4L1_|! CIIClP tO modal'IkO bL_)t_, cOarll_y

...3S... -- -" crylkollLna, ,heme =anal of medLum. <1_ to 3%,
-- -- _.-- locally, brown Clay. llrecka mt 46.35', 46,5'

10 -- -- 5.0 5,,0 100 -- krlLlZacec_a 44.4*-45.0' and 46.35'-46.$'.
lID m. ..=.

-- -- _" _ 41L.1_'-47,4' HALZYII: Clack', coarsely eryltl[llnll.[[]
lm _.1

mn am

.. .. 47.4'-47.t' HA_ZTll; Gloat', low liMbO:lte bl_)_m,

3g.: .. .. Col:lily crystall/nl_ &Y& bro_ clay.: ' _ 11: Sow ALacLn|,
-- -- broken In elect" hsLLta.

"" 4_0"" 47,g'-CO.S* MI_ZLLA_EOU8 t4ALITI_ Clasp to Imderate
-- -- brawl, _Lua crystalline, came coarse, 3% brown CI!Jy,

11 -- -- 3.5 3.5 lO0 1" tmlita mM bc_ clay _a,,, B 47.9'. ,
mm mn

-- "" 41,9'-S0,4' HALI_:II: Clear, mottled w_kh Iodarata bl.-o_m
42, ---- " clay, coarse, am,_e msdLua. <1% ko 2_ brown clay,

-- -- <1/21_ dL_lPerlcd polyh_lLt®. [ lO]

ml .ni m -.-..

i_ i mm
12 4.7 4.7 100

lm lm

.. .. ---- ---- 39_ o_ recovered cart wal
12 inch Lansth.

ms .sm

_7,, -- _ Interval from 20 to 35'

-- -- =:- vmi replaced vtth co_lholc
_ _ DH-29A.

L3 -- -- 3.0 3.0 100 : - :
lm mm

--_o-- --_ X
50.4 ---- --

mm ,ml

ml_ .m

.lm + 11

lm ml

m. .m

lm Ill

...... ', , l'

' ! BORING NO. D_H'29 ..... ',,,





WIPP
WASTE ISOLATION PILOT PLANT 2 OF ;_ BORING NO. DH-29A

, ............ _,,- ,..... ,

z $2525,0 _ _ ............
mm

2 . - 5.0 4.7 _ _ !

' mm

"- X_0.o "---- "-" 3¢"- "'

3 -- " 5.0 4.5 90

Js
m

mm

35.0 --'--- .m 3_.._
mp

up

m

mm

mp _ o

m .lm

_ ,Mm

mE, mm

m _

m ,m_

" - Im ,lm

.............

BORING NO. BH-29A .......





r_ 25
........................... iii IIll L II

25.o .... _
-- -- 43.75'-44.8' IMLI"rltl Clear to no41erllte reddLoh ors_|e Ituna 7, l, 9: lomo brelJul|e
.- -. -- (lOit 6/61, Io_ noderste brmm ,I101 4/61. IlmlLum to Ln tmdLtal ko eosk'.eely
.. . aoarnoly orystallLne, <11, to 29, brown elaF, 8ome aryetstlLne halLto.

Irey. |r_mka Jt 44.35' and 45,10 '+ 114, 17].m al

7 5.1 5.1 IOC X
mm em

" -- --" "--" 44.8'-46,9' IUI_TII: Clur _o 1Lsht. Iodorste veddJLIh
. -- -- 01'81180 (101 6/61, lOlll bLULlh ICily. Ml.us t:o oosruely

aryeksLLLne. <1/;LI, dLoperoed polFhaLit.e. <1% Sri)'
" -- X OlaF.

. - ,30.1 -- 30..__ . ..- mF ............. ,,
-- -- 46._'-50.1' 14dLPJ_:(_llmr, suse moderate reddLoh orsrdle

,.. -- X (101 6/61, oos1.eoly erygts11_. <1% polyhalite.
-- -- X <1/:!% Irl)" c:111'. 1% ira)21LpOl3rhllitl lit 46.1' &o

,- -- ' 47.7'_. [1, 2, 111
8 5.1 5.1i 100mm eta,

- - X X
. _

L -- - X X ! P

_ -- \\\\\
lm, elm .,mm

ml ml

9 5.1 5.1 I00 Xmm mm

40.1 --"" 40--. X
mm mm

mm ell

mu

X
I0 " -- 5.I 5.1 I00

•nj .era .,,m

mm ali

mm

mo Iii mm,

45.1 ---------45.. .--
era

II _ -- $.1 5.1 100 ---
elm •

_ -- X

_" - X

50.1 -"------" 50--"

, BORING NO._ DH-30 ,, ,



 IPP, GEOLOGIC DRILL LOG
WASTE ISOLATION PILOT PLANT

INSTRUMENT HOLE '
TYPE 81 NUMBER TYPE/SIZE. NC-CORE BORING NO, DH-31 _,

LOCATION ROOMG ACCE_;SDRIFT" ,R,OOF ........

, ,, ,,, i ,, , ,, ii i i i ii ii i

........ VERTICAL
STATION_N1099w W1282., COLLAR ELEV. 1,298,5 ,.,DIRECTION OF DRILLING _tp

MINE COORDINATES N10.784,9. E5632,,,3..... DEPTH OF BOREHOLE 50,5' .

DRILLING METHOD ROTARYAIR I_RILL MAKE/MODEL CP-65 .



,: WIPP
WASTE ISOLATION PILOT PLANT 2..... -OF 2 BORING NO.... DH-31

DESCRIPTION REMARKS

0_ 25 °_
, | j iii ii ii i i llll li i i i i i i IL i i i ii iii

•- -- 3).,2'-32,7' _: C2ear, nsdLus to oosroely Ibm 6: CoLe broken up,
26.0 ------- -- - atTsUL2_e. <1/2'/, b_:_ oLey. DLEfLoult to _sm_e

•u . ,.,. rooovelrT,

" " $Z,7'-$3,4' AJWZr,LA_K)Um IMLZ21_ QZa_ to IJodersto
6 " _" 4.$ 4.1 gl bro_ (5YR 3/4, 414), ItodL"m be ooarooly oryskslLLno.

- - <1'/, to 3_. bro_ _Lsy, (10i
am

"" IU_ 7! DLIIGLnS, IJo_ broium
" -- -- 33,6'-34,5' HAZ,%'L'EIOI,esro oosrooly orT'ltsLILne, <l/_ aere,
" " _ brotm oloy,
"" 30." *'

30.5 ........
, . a4.s,-36.ss, UO%LLACIOUI mu_rt: Clear to u_tersto
.. .. " brotm, aedLtm to eos_ely orystsLILne. <1% _o 31,

--" b_ olo7,
ma me

7 -- -- 5.0 4,7l 94
-- " --__" 36,55'-37.$5' AJIHYDItZTBSVery ILlht |ray to JJedium Itun 8: 1td: ©ore Lo broken
. _ -- --- _L|ht |roy, eo6_t._.eredhalLta Iro_hs and Lrre|uLar up,
_ .. Llllnse. iX/l" b_ ally 8t 36.55'.

,, , , , LuB mm

"" 33--" "-- 37.35'-41.5' KOJ.T_ OZoar M modarltta reddish oranle,
35,5 -- -- , "-..._ ooaroaLy oryolu_J.LLna, <11, to, _ poJ.yha]J.t.o. [,ooa].ly

_ . -- --- poLyMLLt.Lo. ._ . ........
"" " ,. __ 41,5'--44,3' AJIOZi,JWLOIIOUJIIULi,ZTlit (_leSt tO Iloderake

8 " -- 5,0 .' .tj 96 --- brovn, nodLus _o ooaroeLy orysts_Lt_N. O0_ to 3%,
-- -- _ Lo.s].Zy0 brotm oLay, oasttMrod brooks,

i - - "- l
mm

--" -- 44,3'-45,5' HALZTIItClear, ooargoLy orystolLLne. <15Lam .es
-- poLyhsLLta, <1/3'& olay,

-- 40--
40.5 ------ - "_

45.5'-47.0' HALZT_: CLear, mottled wL_.huodersta brotmmm mn _

' (5YIt 414), ©OarlJaly Oryl_all_r_a. <1% to 25r,browum .am

9 -- -- 5.0 5.0 100 oLaF.X

-- -- 47.0'-50.5' AIOZ_[,&G|OUI _J.ZTIt! Clear to nodors_.e '
. .. X brovn, nadLtm to _osroaly orys_allLne, <15_ to 31,

bL'.o_moily, lre41rdl troet 47.$' to 50,$',mm .mm

i ii iii inn gm
m

45.5 .....
mm wm

mm _m

mm

I0 -- -- 5,0 5.0 100
-- -- lore: HeLa redr/ll_d due to poor core qusllty. Joe
. _ Lo8 for hela DI(-3Lk.

am

*ao

-- 50"-
50.5 .....

am =_

_ .
,,, ,

BORING NO. DH.31,, _ _







WIPP GEOLOGICDRILLLOG
i,

WASTE ISOLATION PILOT PLANT

INSTRUMENT HOLE
TYPE _ NUMBER - _ TYPE/SIZE 2 3/4" CORE BORING NO ....DHT31B

LOCATION ROOMG ACCESSDRIFI,.-,...ROOF.....................

i i i i i i ii i iiii i i i i iii i ii i ii iii iii i ii

" 'VERTICAL
STATION N10g9, W1261 ,,, COLLAR ELEV. 1298,5' DIRECTION OF DRILLING__ UP

MINE COORDINATES NI0786,7 E5652_2 ......... DEPTH OF BOREHOLE 4,9 FT;_

DRILLING METHOD,_It0TAR,Y/AIR DRILL MAKE/MODEL ,, CP-65........

DATE STARTED g-12-stl............ DATE COMISLETED _-12-_4 .... SHEET

LOGGED BY: , J,_E, GALL,ERANI', DATE:- 9-29-84...... ._j....1 OF l...j_._
.............................. ,

o.(....,= ........................

-- . X 0.0'-2.4' !(M,I21[I (:lest, momemodermge reddLnh orsnBe Sin|le _ube barrel used,
(101 1/61, aosraely =r,/s_all_ne, _1% to 21; poly-

- " )_ hsl£tl. /=ltterld mnhydrL_l It=Lnlerm, |1}ml ii ,

"" ml I.

t 4.9 I;.9 loo
" " -- 2,i'-I,9 ° I{M_ZTI! (:lilt" tO _dll_ltl br'owr1 (SYII 4t4) 0

. . mld_um to ¢osrnly orTmtsLline, i;1T.brown alsy,
trll¢ll of It,ray, Iii, tooe 101.

ml li ,.--.

' ml l/

s ,

mm ill

_*,

- _

lm .m

-- -. _1 hole drlllod t.o _'e-
m .,. p_,IGll notl-GOl?ll IlllGf.J, OlIl Of

_ DX]IJ,.mill aim

m i

ml li

II ml

lm lm

lm lm

ml lm

lm li

,,, I ...............

BORING NO. DH-31B



,," GEOLOGIC DRILL LOGWIPP ,
WASTE ISOLATION PILOT PLANT

INSTRUMENT HOLE
TYPE I_ NUMBER " ..... TYPE/SIZE, NC'CORE.... BORING NO._ DH-32 __

LOCATION . ROOMG ACCESSDRIFT - FLOOR ..... .......

i i i ii i ii i ii i ii

VERTICAL
STATION N1CR9.W1282 COLLAR ELEV.-I?Ji_.J_..-- DIRECTION OF DRILLING

L' MINE COORDINATES N10784,9, E5632_2 DEPTH OF BOREHOLE 50,0'

DRILLING METHOD ROTARYAIR DRILL MAKE/MODEL CP-6S ......

DATE STARTED ,i 7-1g.84 ....... DATE COMPLETED1 7-20"_4 SHEET

LOGGED BY: J, E, GALLERANI DATE: 7-20-84 _..]_ OF_2_-

- I

2""; _ _ 8 8 _O DESCRIPTION REMARKS

" ii ill i i i iili i

-- - 0.0'-$.3' BOI-QOU: Ueed pJ_lKliod bee, lC double tube vC_e-
-- - |.Lee core ber'ce|., lC rods
. . mhd stepped 4£sm_,l b_t.

5.3'-?.4' KALX_JII: Clxr, mott.led vtth 8aec uoderete Total drtllLnl t_ue: 6¢ hrs.
0 -- - Hen- reddLeh o_mle and brown. Coarsely ofFer.mille4. <15; .

- -_ Core polFhalLCe. <._/21r, brmm amd IraF clef 6.?$'-9.05'.

-- " (3| gPl_r 5.5' of hole repLaced
mB 1la

- '....... _th corehole DH-37JL.
mid ii

7.4'-1.$' IPOLYICCLI"I'ICNAJ_TII: ClW M modorete ¢_dldLoh
am In

orenee to ¢oereely cryeLsllLhe. <1% to 25; pQly1_lLte
--- 5--. (3, ,1,.....

5.3 .., .-- -

.-, ,,., X

--- 8.5'-11.3' 1_-%39: (u_er c_tmct, d/pr aO'*),mb au

l X MCxturo Of halite _ l_ydt'IM to 41.6:t; vlth seam
" " 5.0 t.9 98 "m*sllmtCeLl" ltg_lctu¢l. Ft_ll 0.6'_--, pr_demJJ.mtly
. . v L:Llht to l£lht omd£m grey anhydrite vLP,b |cetl_rs_
" " '_X X w.) Lte |ro_hu @ 9.3.5' to 10.75'. Cleer halJLt.e Laye_l
. . _ _ _ _ at. 10.3'-10.4'. K3116" IreF c_ey @ 11.3' Core

-- au _-__ lrt_dLnl evL4ent, here.
eu

--10-- X1.3'-14.2' K_U.ICg: Clear, II_m B_lerlt.e r_ddLlh orsnle
10.3 "-'---. . (X01 ii6), m_dereCe brmm, _ _o coe_t. I;1%

. clay. Iruy to 12.7', tb_n brown cleF. Zr_lUlar
bt_:Lsh IreY break III 14.2'. <1/21; dJJpers_d Si_, of recove¢_d (:ore mm

-- " X _olyl_L_t.e. [I), 17) _ inch lm_eth.

-- " 4.8 4.2 9S

2 -- " -- 14.2'-11.15' FOLIC IUI3J_ll: Clear t.o mmde_te
_ _ r_dd_gh orm_e (10i 616), cou_ly cryst_ellLno. <Zt

-- to 3% polylhalLte. IP.ett.er_d imhy_r£te. Grey claym_ _m

per¢L_ I 11.15'. (3, 5, 7]
mp el

x x
15.1 --'15--

- au 18.85'-20.1' IUL_I"LI: CIIMW tO l£|ht imderat.e reddL|h
. -- X orenle (%O1 i/6), _edLa to co_t'sely cry|t_lLtJ_e. <1¢

X X 4Leed 1_lFl_L£te. <1/2_ I&rSY cleF. [9l I

t . _ X
3 _ . S.0 4.8 96 X

X 20.1'-25.25 ' I_r.tqKM.l_L_C I_LrJ_l: Clear to _lerete
-. -- t'edd_lh olrlale _ klrOll_ (10| l/li, 4/tl), ¢_erlle, mi
-- . X BodLu_. <1% to 31; polyt_l/_e. <: 112:[ brmm

led Irey clay. _et't£c_L freet.ure _ core at. 23.4'-mB au

X 23.1'. i_lul ILlr_ liP.roll fracture. [4, 6, 7|

20.1 ..20---

" " X X 2S.25'-30.4' HJLLZ'_: Ctear t_ m>dlereCe ro44£sh o_m4e
_ , (101 i/t), B_dL_ to ¢o_reelF cryet.allLne. <1% to 2% tun 4: VertLcal frect.ure mt

-- " X polld_JL£t_. <ZS IrsF cJLs]r, locmllF. <2/, brmm 20.X', _.1.$' and 26.0'.
clay mt 21.3*-;tt._'. Vet*t.£e._L frsct_rsl l_ core mt Probebly cau_-ed by over, hot

--, -- _.9 4.9 100 -" 27,35'-27.55' lind 28.6'-29.2'2. II, Ic_ 173 le=oX L_p_t on berz'e/.
mn ii

X Xmm lm

,m i X
em en

" 25" X X
_ _"-_- DH-3_BORING NO.



WIPP _._wASTEISOLATIONPILOTPLANT2 ,, OF 2 BORINGNO.DH-32
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WIPP GF"OL.OG,CDRILLLOG
"' WASTE ISOLATION PILOT PLANT

INSTRUMENT HOLE
TYPE & NUMBER " __TYPE/SIZE NC_-CORE.... BORING NO. DH-33

,.

LOCATION ROOMG ACCESSDRIFT - ROOF.........



WIPP _._._
WASTE ISOLATION PILOT PLANT ......2 OF 2 BORING NO. DH-33

50.5

BORING NO. DH-33







WIPP
WASTE ISOLATION PILOT' PLANT 2 SHEET 2..... OF- ,BORING NO. DH-3q - -B







eN,
+

WIPP
t WASTE,ISOLATION PILOT PLANT , 2! SHEETL _',,,OF 2. BORING NO,-DH:_5 .

i iii i i i ii i i i iii ill I I II I II IIII I II

-- 25 . 14,0S'-27,B'" 'F_U.Z_IB: 0Luv, eosreely e_/mtsLLino, 111
Mm ==

6 -- - 5,0 3,S 70 21.1'-2|.1' HN,ITII Oloar to uodersta brats (SYI 4/41$
-- " =odium to ooat'neLy orFmMlline, &t to 21&brats oLey, Rrot_m oars Ln I_m 9,

27.5 ........--.- . I10]

mm mm _

1B.7°-31.5 ° IU_ZI_liS (:Lear, eoatrilaly Ql:_italtLIte.
-- - to <Lt brmm clay. Bl, ao_ 10)

._ ....... = ,, -

7 -,,,',30,,-= 5,0 3.3 66
.. . 31.5'-$1.5' _ 0.3' AlbgZL_.i_lIOUIHALZYIt: Ole4r to |rok_ Issas thrc_Bhout

ao4erttA tmpn (St1 4/41! mJdLtm t_ aomt_ely Bun 10.
-- " ot-/etmLLLno. <1 to 31&bt_m olay+ trsce bt_:tmish-
-- " -- Bray LoesLly eesttet_d breaks. |lLO,lLS]
ml

32,5 ........ ,
-- -- -- $1,5'-37,1' _IHY0|I_II: Vory li=ht Lo Iisht medium =token =ones, upoeLmlly

' -- Bray, ILLero_t-yitalline anhydrite, Buttered ali last 11l" of _ 11.
-- peLyt_LltLo tullitM srovt,tw. Up to 1/1" hard broom

" -- --" slay mt 3t,5', Hear horL=mmt_L, Core |rLndLn&
-- -- ---- -- evLdanL._______

l,,,-,

8 ,,-.3_-- 5,0 _.3 86 -"

37 ,1'-41,1' ttALI_L_:OLMr, oomt_ly OCl_tmlline,=,= i=

"- <L/_& wcmtto_WlIv:l_dtaLita blobs. 8eattamtqW|

, ,,,, ,, _ , -

37,$. _ ......
- -- X 41,I*-41.1' llALllrll:(:Iear, sow _ndor_t_ brmm
_ .. 15YII 4/4), eomrlaly oIc_st_lll/Ito, _xoolst fino to Iwt4iun

\\N\.\\ fcel 43.7* to 44,5'. _ITL iodaroto t_4dieh orn4e
-- " pel_tv_Lite hers, _L% b_,_=tmclay, lmluLsr bt_ok
-- -- mt 44.55'_,

9 ---40---- 5,0 ).2 6_ ............................
m= In

\\X\\\ 4(;.1'-$O.1' /d_ZLJ_--nlU)UBFLA_Z'LIKI aleltr to ao4erstem li,

broem ($Y_ 414; 3t4); lu_dium to eomroaly cvy|tmLli_o,
-- " X <1 to _ brats ¢_lsy,up to 51_lo_oLIy, _ of
- " eLsy sired _Ltb bailie o_t_Ln from 50.4' to 50.I_'.

42,] --- -_ llO,ll,_]
I,D mn

" " X 50,6'-5;!.0' I=OLYHALI_IOtt/3,Z_rlllCleat" to Iw4eroLe
" -- X t_ddimh ors_Bernrmm 11OI II11 41611 oo_r_ely
- " ¢t-_0t4LLino, <1 to 3_ potyt_lLte. _mrate

I0 ---4_---$,0 ),0 103 ------ t_d4Lob brotm pol_l_sLitelsnhydrLtomt 50.75' to
_ _ 50.e5'±.

mR _1 m ....

lm am *-m

47,:) ....

....mm=.

m. ,.m,

m. mm,

_I --_O-,--_,S I_._ _o0 ----"--_--
mm ,,mu

52.0 ---- ........ (

.......

BORING NO, DH-35









WIPP
WASTE ISOLATION PILOT PLANT L 2 SHEET,OF , 2 BORING NO. DH-37

g
n- 25

i i l III II I I I iii iii i , I

-- == X 26.$'-30.2' KALZTI[: el.Mt', eoct'111y ct-Tlt.lil.L_Lme.
6 -- -- <1121, Itrrovn clay t_ 21l'. 18.11 lirokem cloar hcLtte Ln 1tun 9.

26.5 .........

-- - -- 30.2'-35.1.5' _UiJEiiOUII IUU,ZTB: C¢6,Jr to uaderate
-- -- bt_m (SYI 414)| ImaLum to coarlcl]r cryltAl_e. Sa_
-- -- (brae. ¢JL%tmo_ cl_y to 31.5'; then 1 to 31L.

? -- .. 5.0 5.0 'I00 -- Icattet_d bromic. |10,;3]
,, • i L i ,....m- .m

mm " 35.1.5'--35.1t5' AI/t(YDRZTllI LLIiht _O w_dbal Ira]re

=..30 mLccocrjmtaLILne mdwdeLte vJLth nattMred haLLt.e

.... |rovLha. Up to 1" Iwrd brmm clay lit 35.1S*.

mn81o. _ ........

t ! !

" -- -- -- 35.85'-3t.7' _: 0.7' HALZT8: Clear, coac3Jely
-- -- crygtalttne. <2t21L pol)4wtlte. ,Scattered white
-- -- m_hydlrlte Jt, rNet_,
,m .m , .,i , .

$_.7'-42.6' HAZ.lTE: Clear, 8t Imderlst..e bl

" ($YR 4/41; CCNIrgel.y ct'ySt4Llt.ne. KIIL _ clay, ¢)

8 35=" 5.0 4.5 90 "--- Z_u]Lmr bt',e,mk mt. 4_L.7'_: 4 110| ,

, _ _
m

36.5 .__...._ \\%'_',, 4Z,6'--44.11' HALZTE: Cleat' trlLt.h <1% _ldet_tC l'oddtllh-- -- oranlo polytwl£t_ blobs. Coarnoly crlmtattl_e. III

9 -- -- l.S 1.5 100

38.0 -------"- "Li X 44,9'-47.15' HALITE: Cloar f.o en(lot-cre bl_tm
_ _ N\\\\\ (SYI 4/41; aotrsel]r Ct'yltll£tne. t;1% b¢0_ clmy.
- - X IXO] .
m, mm

10 ' --" 40 =-. 3.5 2.1 60 -- 47.23'-51.$' JdI_ZLIJUClUXII IMI,ZTE_ Clear to w_orat_
-- .. brmm (5'I'R 4/4); lmd_ull to Collrllely clr3qltal].llte, ilolm

' -- -- f£ne. <'1 to 3'L ls_rmm clair, Locally up to 5% fro_
" 4_).8'-50.q1'. Ic8ttered bmkJ s_ 47.6' ; 50,9',_,._ --------- .. 51.2'2. <1/2¢ pol_attt_. 1131

.. mm

_..._
.n mm

nn i,m X

.n mm

II 4.5 4.5 I00

×

_6.0 _. .,_
,_ am

m am

m _

i i

-,o . -__
_- - -_-2 I

51.5 ---- ---- -- --

__ . q)
_5 ......

BORING NO. DH-37
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WIPP
SHEET

WASTE ISOLATION PILOT PLANT 2 OF .... 2 BORING NO. DH-38



WIPP . GEOLOGICDRILLLOG
WASTE ISOLATION PILOT PLANT

INSTRUMENT HOLE
TYPE _ NUMBER_ - ...... TYPE/SIZE NCCORE BORING NO DH-40

LOCATION ROOMG- FLOOR .................

............................. VERTICAL
STATION Nl101, _482 , COLLAR ELEV. 1286,1 FT DIRECTION OF DRILLING_ DOWN

MINE COORDINATES N10789,2.E4431,,;0 ...... DEPTH OF BOREHOLE 51,0 FT _

DRILLING METHODLROTARY A,.IR. , DRILL MAKE/MODEL ....c.P,-65......

DATE STARTED 1-2Lt-85 DATE COMPLETED 1-25-85 SHEET

LOGGED BY: __V,, E, ,G.ALLE_NI DATE:.• 1:25-85 .... 1___ OF 2
j .............

Q

_J" _ _ 8 8 _ DESCRIPTION REMARKS

n-
o . _ _ . ,,. , _.i _ . ,,... _ i i i

" " X 0.0'-2.1' HJU,ZTI" CLear, emil moderate breve (SYI! 414), lC doubLe-tube wLreLLne core
1 " 2,0 1.9 95 coa_laLy cryltALILne, sols iedtul. _L/Z% polyt_LLta, barreL, except for bnl 1 a_

I;1.'/,brow. clay, trace of StaY, 18,10] 2 bt_re IIC stalLs-tube barrel

2.0 _ -- used.

)2.7 _- 0.7 0.7 100 2.1'-5.4' HAZ,ZTt: CLear. soil metier'sre reddLIIh oran&e
(1.0i 61t), coatlely ctTst_lLLLl_e. I;1% polyt_lLte Total drLLLLnl t_lml

• X blots. Trace Stay clay LocaLLy. |2,4] 8 hrs. _:.

S._'-7.05' 1K)I,YIU_ZTZC IUU,%¢II: CLear Lo mederste
3 -- 5 3.8 3.7 97 reddL81_ orel1_e (101 6/6). COerleLy crystaL/Lee,

X X except _Llrtdl td) ll_dLull {roll 5.4' tO 3.80_. _ LO Dry hole. lo lab detected.

6.5

_ _ 7.05'-10.e5' l_-l.3e= Ik_ernte reddLg_ ornnle to LLIht
._X \_ Soy anhydrLta aM poLyt_L_tLc MLLts to 9.S'_+. Tt,m 74% of core recovered eso

4 -- 5.0 5.0 100 __._ Lla_ht to Li.lhr. ,tedttm I¢ly althydrLte vLth II:uttered li-tech LeBlthi.
It_wtIU of halite trLthLn. 3/4" har_, StaY, dr,/ clay Good core.

mL LHr co_tact.
" I0 _'_._ 1L0.95'-1,5.1' HAI,ZTI: CLear vLth sou LIKht ll_lera_e

t_dd_sh ocm_lle (101 616), ltadLtns to coarsely
crystal/the. <1/21, dLepersed, poLyt_LLte. <1/29.

_._ ' " ,-__ sr.,ct.. |_]
I

I
i 13.1'-18.4' POI,YIUU,I_C II&I,ZTII: (:lear Lo IoderltlreddLlh orsnae (ZOE 6/6), coarsely crystaLLine. <%

5.o s0 100i to 31L poLytmLLt_. &voral;e 2_. 1-112"

i poLyl_LLte/anhydrLte al_ 11.23'. Grey CLay

partLnS a_ 18.4'. [73

18.4'-20.2' HALZ_L_I CLear to L_|ht liO_lrltl t_ddLlh
X X X or_nl;e (10R 6/6}. Some LtSht |ray (111). ItedL ,m to

coarsely cryltaLLLlte. <'Lt I&rey clay. <IL125,

16.5 = I X X poLytul LLt_l. 19]

-- -- Xx X Xx

\X_X % 20.2'-24.3' I_L_IALZItZC IUU,ITI: CLear to n_dersto

6 5.0 5.0 100 reddtlh oran&e (101 St6), coarsely CryltaLiLne. 41.

X to 3% poLyh_LLte. 14,7)

_ _.20

X-X XX 24.3'-21.4' POI,NZTIC IL_I_,II Clair to _erat4
reddLsh oranSe (1OR 616), coarsely crystaLLLne, soma
ladLul. <'L to 31LpoLyltalLte. &let Stay slay.

'),_.5 ., X X X

7 _._ _.1 100 # xXx

iii i , ,,,

....







WIPP
WASTE ISOLATION PILOT PLANT 2 SHEET, ---O,_-.... OF _ 2,, ,BORING NO. DH-39.,,,

t

Z _Z _(_ 8 8 _ DESCRIPTION REMARKS

,_1 _ _ . ii iii i ii i i i1 i I i i ii 11, iA

-" -- 30,0_-31,6 _ II&I,I'L'll! atur, to_ mder_te brew_
-- -- ($_11 4/4), eoat'oaLy eryeMLtJkne. None to <21,

6 .. . 4,7 4,7 100 ----- brevn _Llly. li,li
m m,

-- --, 32.6'-34,g0 AIWZI.IJdfl_II III.LZTIII CLur to uodermte
-- . _ (5111 $/41 1141, Iledtum to eOatleLy erlreteLlLn4.

211,4 _._.._.. -- _L to 11;_ ally, _L%'saeof dLopersed poLlrt_lLto,
×mm mu ,,, i ,

7 -- -- 1,8 1.8 100 34.9'-$5,9' HALZTIII OLear t_ Lt&ht am4orlte t-o4dLmh
30,2 ---------30--- ..... -- , orm_lel _dtml to eonrmellr arlrntaLILne. <1/2_.

-- -- dLal?et_eedpeL_LLte and &my _Ln_ 12,11.
6 -- -- ,t.5 L.5 100I

31.7 _ " -- .
35,g'-36,.q ° AlfllYDRI'IL'II LLsht. Illrmy to lodLum Stay

9 .. .. 1,4 1,4 100 mLaroeryek,aLLLne Jmh,ydrLte. 8omo _LLto lrowth,
1_raa, brevu clay at 35.e,. cot_ |rLndLn& ovtdont., .--m.me.,.

_._,l _--. --mm- _ -- 1 X .....................

-- -- ._ _. 36.5'-41.4' IIILTIIII CLear, Ooum LtSht lmOdermtoroddtmh
10 2.8 2.8 100 ...--- oren&e (tOil 6/61 aaxr_eLy atTstaLLLno. <1/21, •

135 -- -- -- X poLytmLLte, II,li
mm I

35,9 _-- -- --" 41.4_-45,7 ' _: 0,6' II&LZ'LI! OI.ear t_th somellOdOrllLO
_ .. _ bt'ovn mr_d_o4etlte L"oddJ,sh or81tliO. Ir_._e k,o ImdLun

II -- -- 2.0 1.7 851 et-Fet4lttLne to 43.5*:1:, tho_ eomrooly et'yntaLLLno.
- -- X <1/21, dlepet_od poLJrtwlLto. <11_brotm _l_y,

37,9 _
mm mm

-- -_ 45.1'-50,,1' AIWILIJIEEOQIIHALITIr.I Clear ta _o4ermte
.. . brmm (STII 3/4), ilo4Ltm to eolr_oly elrTitmll_no,

mourn_n4, <1, to 511,brob_ _Lm_.

.__0
t2 -- -. 5.0 5,0 lO0 X

-- _ X

42.9 .... --mm em

mm i,,

13 i/,5 -- 4.0 2,_1 62 -- X
,mm

mm

mm ,.m, .._ ,__.._,
_m,

1_ m -- 3.8 2.5 66 -" --
,mo .m

m. mu,
*,----mm

l,oZ -Z-S- l
50.7 -- -- ,, . ,

.,m, .mm

,m, ,m

• Iu m,*,

.m I,

-,, -, t

..........

BORING NO, DH-39 ...

.......................................... I_ll.......................... i| IIIIi........................





WIPP .....
WASTE ISOLATION PILOT PLANT 2 OF 2 BORINGNO.

i III, I,I ..................................

!
......... 2_........ .... '........ ' ............. I ......

6 *- -- 5,0 5,0 100 X 27.7'-2_.4' iI_%TI! OLexv, smm _evste brim
(SYIt 4141 amd 18odarstu rMdLlh orange (101 iii),

26.0 _ _ _ _ f.o oomrueLy oWaMLLiJrm, ,ames fLne. &1lr,
7 " " L,$ l._ 100 bc'o,m clay _d <1125, dLSll_rSed poi, yhxLLtl Loos],LT,

" " X I_21
i i

27,5 .................
i _m

-- -- X 29.4t-31.4 j _Z_I GlaMrr, ¢oez'aaL,y o¢711t,.sLLtem. I11

ms Ii, ,m,,

B ---oa -'- 5,0 $,0 100 bcovn (5_/t 4148 3t4), fl.t_ to ooat"lleLy ocyatILLLM,
-- . <1, to 315 beo_ clay, IM.st, t_re4 brulue, Jl0,LSJ
i fm

---- $&.5'-37.25' _ZYII LLILht to IodLum |_ay (17,1IS),
-- --. -" -- ad.ocoarystsLl.L_ anhNrLt_, ld_nae most notLoubLe

_2.5 ........ fecal 3T.O'. 1P_stmtt, hiLLka |rovtlul to 36.75'. UP

-- ', is ,_"--_'_ to 1/4" beovn clay at 36,5' but, oars brokmt hero.
• lm mm ---

ms ,=.,

" '-- 37.25'-42.$$' H&LZ¢I: 0Liar, coarsely acTwLnLLLne.

Ikme to 25 poWtwLLt_. 8Mttered _h_trLt.e. 11,21

9 --" 35-.--_ 4.0 4.0 lO0 ----'-'.-- _r/. poL_LLte from 38.9-41.1', 141

"- 43,,_5t_7,O I _ZTI_I (_1OI1_', ii BlIOdlri_l bE'atM

36,5 "--'--"-- "_: _ (SYIt 4t4), oomrlleLy orystsLLLsle, noaa fLrm to aimdtt_-- *_ LoMLLy. <1.'1[._ clay. I1,101

- .. _ ..................

_ ,.. 47.0'-4q.'P' AJt_l.tJU:_8 H_ZTIt OLMr to xoderatM

lO -- . 4.6 4.6 100 X bc_tm (SYR 3/41 414). Id_dtun to coarsely OL-yat.lLLLne,
sou fLne. <Z to 31, braun _Lmy, loclLly up to 5'1..

-- 40.._._ X Icc_ brM_. JZ0,_)

_1,1 ---- ........ • _ _

II is __ 1.4 1,4 I00

42.5 .......
mm em

mm -m

mm mm

mm ,mm

12 45,_. 4.4 4.4 100 --

46.9 --------- _ ..,

a _

13 3.0 3.0 100
mm ,mm --

mm ai

4 _, _ --.----.. 50-,_, ......
m_ mm

, ,. ,, ,,, ,,, l,S,

BONING NO, _H-,_





WIPP
WASTE ISOLATION PILOT PLANT '2 SHEET 2 , DH-42.... - OF _ BORING NO, _. .
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S. WIPP- PDV ROCKCORINGL,OG
' WASTE ISOLATION PILOTPLANT U P WA R D C O IRIN G _,,,

INSTRUMENT _
BORING NO, DH-211 WTYPE & NUMBER None _ HOLE SIZE NX

LOCATION .East 140 Drift. 930' s of South 400 Drift centerline I neaF E Fib

STATION $1320. EI.63 ......COLLAR ELEV, 1270.5' DIRECTION OFDRILLINGr_ ertical

MINE COORDINATES N8366.5. E7057.1 BOREHOLE PENETRATION_ 0.0'
i

DRILLING METHOD Wet (brine)DRILL MAKE/MODEL .......Joy 12B

PREPARED BY RLB/TSC//DGK/Bechtel .... DATE 1/26/83 SHEET

._L._oF.___2
(see description on next sheet)

DESCRIPTION REMARKS









=

......................................................... lr ......................................................
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WIPP-SPDV ' RockCORINGLOG g_
WASTE ISOLATION Oil.CT PLANT __'/_

BORING NO, DH-216 INSTRUMENT Extensometer-- ,.... TYPE e_ NUMBER.n_-24R _ HOLE SIZE .NX.... :lI LI

LOCATION EaSt 140 Drift t 1960' S of Exploratory Shaft centerline, 13' from E ribL

....... Vflrti=al
STATIONS1960=,,,E153 .... COLLAR ELEV,,,, 1262'6' DIRECTION OF DRILLING uown

MINE COORDINATES H7727.2, E7046.9 , DEPTH OF BOREHOLE 54.2'

DRILLING METHOD Wet (b,_,tne) ,DRILL MAKE/MODEL 3oy !2B ....

PREPARED BY RHl_J?S/BeahteZ DATE l/8-10/B3 SHEET

, 1 OF' 3

DESCRIPTION REMARKS

,, ....... _...... • ...................... isr..........................................................





WIPP-SPDV RockC0R,NGLOGWASTE ISOLATIIDN PILOT PLANT
I N STR U M E NT F_t ensomet er

BORING NO. DH-216 TYPE & NUMBER GE-248 HOLE SIZE NX

LOCATIONEast 140.Drif..t,.1960' S of Exploratory Shaft centerllne, 13' from E rib

"Vertlcal
STATION S1960, E153 COLLAR ELEV. 1262.6' DIRECTION OF DRILLING Down

MINE COORDINATES N7727.2, E7046. 9 , DEPTH OF BOREHOLE 54.2'

DRILLING METHOD Wet; ([brine) DRILL MAKE/MODEL J°Y 12B,

PREPARED BY PdvrBtJl_S/Bechtel DATE 1/8-10/83 SHEET

3 OF 3
,. ,. iii

_ uJ w

Z o.e _ _ _ _ DESCRIPTION REMARKSWw U UJ
t_ laJ E n-

-" _ ,

50 ..................... '
I0 5.1 I00 - --n w

" " -.. -- atp.7' n 5ab.l* IALZTE: clear, ledLum ¢O coarsely
" " crysce|lLne haLLoa, .mderlcaly hard. Trico o{

Irl)' clay chroulhout.m .-.-

11 - - 1.5 10(3 - -"
. _ Hole cm_ptet_d oo

"-----. . '........ 6 January 1981 ac ll:O0

--55-- houra.
" To¢I[ dlpr.h - $&.2:

. w i

1

_. -

m J

i

r -
ii i , ii, , ii i



I I



WIPP-SPDV ROCK CORING LOG
U .PWA R D C O R I N G '%,_"WASTE ISOLATION PILOT PLANT

INSTRUMEN'r
BORING NO DH-219 TYPE & NUMBER None HOLE SIZE NX ,,

LOCATION East 140 Drift r'2422' ....S,of Explorato,,ryShaft centerllne s _t ....from E ;ab

"Vertical
STATION $2422, E162 -COLLAR ELEV. l_266.3' DIRECTION OF DRILLING U_ .

MINE COORDINATES N7264._. E7056.6 - BOREHOLE PENETRATION--_]-_

DRILLING METHOD Wet (5r.ine) DRILL MAKE/MODEL JOY 12,B.,.

PREPARED BY JPS/BechEel , DATE lI1R/R3 SHEET

2_L.OF____
(sae descrtpc_on on aex: sheet)

DESCRIPTION REMARKS

_- u _ _ _
Z Z "" l_J n- _







................. I ".................



' If _1_



WIPP-SPDV RockCORINGLOG
WASTE ISOLATION PIL.OT PLANT ' _-__/

BORING NO, DH-220 INSTRUMENTTYPE E_NUMBER None HOLE SIZE NX

LOCATION Ea.s_,14,,0Dr,lfr,242lt S of Explora_or7 Shaft cet!terllr_, 5 t fro_

............ v;rt_"_.l
STATION:$24;_l, E1.62 COLLAR ELEV._ DIRECTION OF DRILLING_JZEL_

MINE COORDINATESN7265.5, E7055,9 ....... DEPTH OF BOREHOLE..51,8' ....

DRILLING METHOD_Wet; ,(brin_) -DRILL MAKE/MODEL, Joy,liB ,, _

PREPARED BY ,,,JPS/B.e,chtel. DATE !119183 SHEET
3.._L._oF"3_..l.._

ii w_ II .....

_ = uJ

_ _-.' O> tj .. O_' ' DESCRIPTION REMARKS ,'-' (J _ o:
Z _ tJ.I _ (1.

i ii i iii r • i i i m i

50. '...... 1 (Al'-bava) ,, . ,

II . _3,9 IOO - 54}.5"- $l.a' BALXTII clear halloa, moderately Hole completed ac 15:00
- hard, loderat:el_, so coat,ely cryel:allLne, houri on 15 January [983,

, , i . -

-- -- Trice oi iii encounl:ered
. - alger compLacLo_o! hole,

To(al depl:h =' 51.B',
r -

_. -
_. -

: -
_. -
r "

.,, .,u

...... , | i i li



WIPP-SPDV ROCK COR,NG,OG ,
WASTEISOLATIONPILOTPLANT U.P WA R D C O R I N GINSTRUMENT Extensometer
BORING NO _,_9_ TYPE & NUMBER P,_;-2_OL _ HOLE SIZE _v J

LOCATaON, East 140 Drift ,, 3079' S of Exp!oratory,Shaft,,centerline = 1.3' from
E rib

STATION S3079. E154 COLLAR ELEV. 1255.1, DIRECTION OF DRILLING Up

MINE CO,ORDINATES _6607.2_ ._7048._, ' .... BOREHOLE PENETRATION .....52.6'

DRILLING METHOD., Wet (brine) DRILL MAKE/MODEL = '-JOY ]rB ......
i

...... * 1 .PREPARED BYP_B.JPS/Bech_el .... DATE - /26/83 SHEET

OF__:.
,, ..,,. , ,, , ,, , , , ,,, , .. , ,....

8 50 IOO " lg.Z' -tll.g' IM4,tlrlt sr|filets=us and poty-
. . hx2LtL¢ tn i_rt; - citer to rattled IL|ht l[rey (N?)

end moderate bro_ ($Ylt 3/4) heLLas, ioderar.ely
hard, fLnely to ¢oarnely _ryetellLne. Clay con-
tent <2%, telyhslLte <lt fr_ 20.8' ¢o 21.t'.
Clay breaks at |9..1', 2;t,3', 23,1', 23.8', Clay

X pertCnl at 24',3', At 26,3', anhydrLte str_nltr,
1/8" thLck, bluLsh-vkLl:e (51 9/|), hard, dense.

7 - ZO_ , .52 IOO - ....

• - X 15.1" - HI.l" IMU.¢_I slur hslLts, llmdJ.ti ¢o
i c_raely cryetIZILN, m)derecely hard, ¢rs(:e ((lr)li

moderato reddLsh-oranp _IOIL 5/6) polyMILte blobs

X t hrcmlh°tlt"

, .....

14o2" - 15.:1" AEITIIl"¢III (/mhydrLte "e") very
X 1Llht (1(8) to lLlht grey (1¢7) atthydrgte, deleS,

herd, finely =vTstell/ne, faintly Mnded tn PressurLsed ps e¢ iS'

to 15.;'. reserve pond.6 :__ . 4,998 ........
I.. . i

t

mmmmm m ,

- ._

-to"
" _ Trace o_ Ims between 8'

5.3 lO0
0.0 ° - 14.2" IM4J:TIs clear to radium fray (NS) end 9'.
hellas, m,, _n I_o coarsely crysteLItne, mderatsly
hard. tort LmIoderxrsLy fractured and broken
from 1.0' _o 6.$', Trace clay ((1%) frn 5.0' Co

' " " I $.3' =hd from t3.$' to 14.2'. Clay brsetm sl:
- " ' 5.0', 6.7', 6.9', 7.3', 8.1', and 13.4'. ZI4"
-- - ; cla7 seem et 8,2' sM L4,2'. |/2"-thick, hard,
-- - [ dense, sd/us dark Ipray (N_) snhydrLl:e (AnhydtLl:e COREhOSSt

4 --'5- II 158 " "b') Ls.a et 8,2', '"
RUN W14ZIELOST

._ Throughout tun
""-'J" -[ - 4 Throughout run

--" --'1 Core tem P,t vus 1' run

Z : "I i,Ti O_ -- with S b" O.D. corebarrel.

Drtll/n| scerted 09t30
I " 0 - I.O I00 P hours on 22 Jenuer_ 1983

-- i l , i i iii l ii l i II ii i i ,

Z _ _j
MJ O _ ¢ _j
.. p. ., W

m m _. _ O 5 _ DESCRIPTION REMARKSZ P- -- . U ¢[
--_ Z'" _ eZ

uJ

,, ..... ,, , ,, , , , , ,,
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WIPP-SPD,V Rock CORINGLOG, WASTE ISOLATION PILOt PLANT U P WA R D C O R IN G _.
INSTRUMENT V&_

BORING No..D H-227 .TYPE 8, NUMBER None HOLE SIZE NX

LOCATION East 140 Drift, 3656' s of Exploratory.. Shaft centerllne, 5' from W rib

i ii iii i: i , ii li ii lllli i lll i iii

Vertical
STATION S,3,656_E147 COLL'AR ELEV.._J_-_--DIRECTION OF DRILLING Up

MINE cOORDINATES N6030.7, E7041.2_L I I BOREHOLE PENETRA'rlONL,51 7'

DRILLINg METHOD Wet (brine) DRILL MAKE/MODEL Joy 12B i

PREPARED BY JPS/Bechtel. DATE 1/28/83 _ SHEET
1 3

-____OF

(,es _emcrLptlo. on next mheec)





IPP-SPD' Z ROCK CORINGLOGWASTE ISOLATIONPILOTPLANT U P W/- R D C O R IN G
INSTRUMENT ' "_" '"?

BORING NO, DH-227 T','PE 1_ NUMBER None HOLE SIZE NX

LOCATION East 140 Drift, 3656' S of Exploratory Shaft cencerline, 5t from Wi l i,

rib

............................. .v._'rt_c-a1
STATION,S3656,,E147 COLLAR ELEV. 1247.0', DIRECTION OFDRILLING u-._.._

MINE COORDINATES N6030,.7_ ,E7041,.2 ...... BOREHOLE PENETRATION 51"7'

DRILLING METHOD Wet (brine) Jot',12B....... ! , DRILL MAKE/MODEL ................

PREPARED BY JPS/Bechtel,,,,,.., _, DATE : 1/28/83 SHEET

J_oF a
I III I I I I I I I I III I IIII I ' ' Li I _

- , I
i

! ,

i ,

i

°= m ,

i ,

I ,

I ,

I ,

mm ,

, li ,

I i

I I

m ,

i •

m i

-55 -
I• w •

• !

50.6' - .51.7" RAL_I'I_z clear and uodermte• e.

..... rlddllh-Orellle (10l 6/6) halite, moderately %efd Total penecrmtlon - 51.7'
• " X coarsely crystiJJ, Lne, PolyheL/te oCCUFI II '

12 ' -- 4._ 96 " _ Isolated blebl lhd coel!|rtlel 2-31 of core,
• _ Holm completed at l?x30

_0 .T-.-- ras b, lov) houri O"r e__ Jenuery 1983.

'A' O

-- _ W .jm F- _j .

. Ioo f,Z p.= O u ,_ v
_1 U W

Z Z_-: _J' :[

O

I J ! i iii ,_- ii i, .. _ . i - ;





"WIPP-SPDV ROCKCOR,NGLOG __,.,,.,
WASTE ISOLATION PILOT PLANT ' %&_,/_o"

BORING NO DH-228 INSTRUMENT None NX

_l,V,"

TYPE & NUMBER; HOLE SIZE

LOCATION East 140 Drift, 3656' S of Exploratory Shaft centerlin_:, 5' from W
rib

......................................... _ertical
STATION_6_6. E147 COLLAR ELEV• 12_7•8'_ DIRECTION OF DRILLING u°w-.-_L

I

MINE COORD'INATE$ N6030.71 _7041.2 DEPTH OF ;_OREHOLE 50.4'

DRILLING METHOD Wet (brine) DRILL MAKE/MODEL Joy t2B

PREPARED BY JPS/Bechtel ............. DATE 2/2/83 SHEET

2_L..oF_j_.3

DESCRIPTION REMARKS
I





WIPP GEOLOG,CDRILLLOGi

WASTE ISOLATION PILOT PLANT

INSTRUMENT HOLE
TYPE 81 NUMBER, , - ....... TYPE/SIZE. NCCORE,..... BORING .NO,_ DH-301 .....

LOCATION !_TE_E£T!mJ Nl_n. w17n nRTFT._ ROOF ..........

............................................. .
STATION Nl_n.w]Tn COLLAR ELEV._ DIRECTION OF DRILLING, u_

MINE COORDINATES NqR_fl._;.cPR7_t_-_ ..... DEPTH OF BOREHOLE_ 50.75'

DRILLING METHOD ROTARYAIR ,DRILL MAKE/MODEL_,L CP-65 ....

DATE STARTED 8-29-84 ........ DATE COMPLETED 8.,30-84 . SHEET

LOGGED BY' .... J, E, GALLERAN1 DATE: 8-31284 __2_1 OF 2
................... . ,.,

E Q

Z U.I"' _ _ _ _ _ DESCRIPTION REMARKS

.' o t
iii ii li I iii i II li li iii i i i ,.11.11 .

In ii

I 2.0 2_0 |00 X 0.0'5,3' IIALITII(:Leer, mottled wLth blabs of -mderste NC double r.ube _rircline coreroddL.'b orenle polyhalite, Coarsely cry&_llLne, &1¢ barrel, NC rods,
polyMLLte, IX, 21 Total drLll rJJ,el 26 hre ± ,

2.0 -

5.,3'-I1.(:* HJU.ITII Olelr, sole moderate brotm (SY! 3/4,
X 4/4). Coarsely crysta211ne, £15 b̀rotm clay. II, 17]

2 8.(:'-1.9' HJU_TII Clair to moderate reddish orln|e No Iii. Dry hole.

|O0 X (101 I/i), coarsely @rylteJ.L_ni.<li poLy_ullitl S/td--" 5" 5.0 5.0 Irsy clay. 111]

8.9'-l.13'llllffOlLl¢llbl LLlht |ray (117), _cro-

7.0 crystalline, feLatly lmttnated. Halite IrOWt.M withLn.
Trace at |ray clay at 8.9'.

:_. 9._5'-14.3 _ KLIr.ZTI: CLear, sale 1Lsht moderate r_ddLsb-- -- i orsnla (101 6/6), CoarseLy crystelLLne, 8csttare4
-- , smhydrLte. Ill

3 ..--10 _ 5.(: 5.0 100 X , .; .... -- , -- ,-,----_r---_ -,

14.:)'-13.65' _: (sL@at to l/lhr moderate reddish 39Z of core recovered yes
-- -, orm_&e (101 116). HedlJl to coarsely crystalLLne. _ 2 lnch lensch.
- -. <1_ dLspersod polyhalite and IraY clay, trico of

12.0 i brown clay. li]

- " x

i [ 13,65'-16,45' LIIW_iL_2Y it Ll|h_. (17) _o ledLu_ Illht
(116), mLcrocryst_LLLne. FaintLy laminated. Scattered
b_L_Lte Sro_hs, o|rpecL_Ll:_ lt 13,95'-16,45', Trace of

--_ Stay clay lt 13.15'. 1 lP

" i_ i00 X __ '
15 4.6 4.6 i 16.45'-20.4' POLYI(JU_TICHJU.Z211(:lear tC Berate

__ reddLsb orsmle (101 i/6), coarsely crystaLLLne. <1_ to16.61 37. poLy_LLte. [7]

or|rule (lO! 4/6, lte). H_dLua to coarsely CryltlllLlll.

5 _( <15. brown clay. &1t2_ polyt_LLte except at 20.4'-21.%'
vtwr_ poLyhallLte LI ].I{. to 25,. [17]. 3/4" hard lrlyLeh-
bro_ clay sel st 15.15', Trace of assocLa_d
s_ydrLt..

-,o- ,o ,o !ii i

25.7'-29.4' KILbZTll CLear, coarsely c_yst_lLLne.
21.6 Ilcsttor_d _h_t.e anhydrLta strLnla_l, [ 1}

21t.4'-32.1' HALITE: Clear, s¢_e moderate broom
6 5.0 5.0 ($YE 4/4), co_ely crystalline, soma _l_e _o mmdLu_.

I;15, bro,m tilT. Ii, smM 10]

= I l .1,. .....

BORING NO. DH-301
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WIPP __, ,
WASTE ISOLATION PILOT PLANT 2 OF. 2 ,.BORING NO. DHT.391
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WIPP
, SHEET

WASTE ISOLATION PILOT PLANT 2 OF .... 2 jBORINGNO. DH-302 ....



WIPP _Eot.oG,cDR,LLLOG
WASTE ISOLATION PILOT PLANT

INSTRUMENT HOLE C'0R_E BORING NO, DH-303TYPE 81 NUMBER L ,, _ ..... .TYPE/SIZE .. N.C,.......

LOCATION W170 DRIFT , ROOF................................................. -.



WIPP ,
SHEET

WASTE ISOLATION PILOT PLAN_ 2:L oF .... 2 -BORINGNO, DH-303,......



' WIPP eEoLoe,cDRILL.t.Oa
WASTE ISOLATION PILOT PLANT

INSTRUMENT HOLE
TYPE S NUMBER .......... .- - TYPE/SIZE=NI: CORE _. BORING NO,_DH-_04....

LOCATION,, ,S,400,W 17,0,,pR!FT,,INTE,RS,ECTI,0N - FLOORi i i ii iiiiii [irl i i i ii iii i L II I III I I II I ,11 II

--...... '........................................................... ......STATION +S 400,+W+IZ0 .._. COLLAR ELEV, _ DIRECTION OF DRILLING __ CAL+

MINE COORDINATES .Ng282,B,E672B,1. - .. . ..... DEPTH OF BOREHOLE. 50,5'

DRILLING METHOD +_ROT_RYAIR _,DRILL MAKE/MODEL ..... _P.6_ .

DATE STARTED ..... 08/31/84. _ .DATE COMPLETED- 08/31/84 .... SHEET

LOGGED BY: ........J,E, (3ALLERANI ..... DATE=- 08/_;1/B4 1 OF 2'__ [ iiiiii i J .... ] _ _-, ....

, ,

' _ ....... _ , ,,,,, ,, ........ ....... ................. •

>.i .+t,.-(_

z z_ "

=z _,<., .. , ...........................................,,_ _

-- -- ' + 0,0'-4,0+ I_&Z_llt 01ur ko ILlhk aodmrike redd_eh H0 double tube _reline
-- " , oranll= (%0i Iii), aolromty orYotltLLne, <If. lray oo1:e ba_el, HO coda,
.. -- 5._ 4,'9 98 oily+ <1/;1'/, dLIpornd potyMILtl, Ii| Tokai dr_11 k_ll 6 hpl ++
................. 11:1.1{,o_ OOL'O'reaovered LI
. ii Lnah tenlth,

' 4,O°-i,1 ' ]POI.YH_ZIZG H_J_Illl Cltllllr tO IIodlilrllkl reddLgb
" " orSnll (101 i/i) 0 oolrllty o¢-_ltllttLIte, <1_ t.o -'II
- - poLyl_LLt,, IS, 7]
m m :-

x x,lm

5,0 S __ l,t'-l,?5' NI-III! I(Lxturm ot moderlke reddLlh or_nlo No iu, _ry holt,
" ' ..... X (201 611) halLte and 8nhyd_L_e t,o f,].5+..'P.., then pr_ i

-- " _,9 1.9 100 X X douLnen_ly lLItll_ Irsy, nLot_a_/lt_Ll_ _nhyd_l_o wLt.h..... maakkered h_lL_, iro_ha, lo_ nur-horlxonkal

6,9 -- -- ..... __"_ L_8hkor-dsrWer lily tlmLnle, oily Oily lt 1.7+',IBm _m ii _ _mmmmlm_mmmm_m_l_mm i !

lm .lm

1,7_*-12.4* H,IJ..Z'tll Olnr ko LLlht Imderlte reddl+h
-- -- ormnll (%01 1/6), IOlm LLIhk lily (l?). _ldLUl to '
-- " OOlrllLy oPylltlL/lntll, _L/_I, dLIplrlOd pol)fl_lllL_l+
.- -- <1% lily almy, |II]

._,0 _,0 100

_.10 "
II,4'-t6,50 PQYdYHM.ZT%(_HJU.+ICTIII(_Loer to tlodelPiIkm

" -- -- reddLIIh ormnllll (10l 6/6), colrseLy aryltlLLLne,
-- -- I{ltkered JnhFdrLte, <15, to _ polyh_tLte, 15, 7]
-- *- _./4" SPilt I_/ly lIB If. 16,11' 0 dLppinlt 40*:t:,II.9
'4'I lm, "' t X ,,,,,,,

16,5+-11,6' IUkI,XTIIOletr to Li|ht moderake redd/Ih
" -- X X ormni, (%01 6/1), lOle tilh¢ lilY (i_), _dL_l to
" -- =oareety OlPyaklllt_le, lone fino, <111.dimperm_d poly-
" -- X halite _ lrny oLey, Iii

LI_ -- 5,0 5,0 100
X X 'J.1.6+-15,$ ' POB,YH3U.ITIC' I.UU.ZTII Ol_.lr ko I_llrlLl

" -- X roddLJh or_nle (101 616), _oeroe_.y _ryst.s_LLine.

" -- X lait_ered anhydrite, <1_. Lo 31; polyhalite (3, 1],
- . <I"I; It"my lilly, I011_ lld_,lall (:IC'_lkI,I,.LJ.I'141 lt, 23.5'-25,5',16.9
•- -- X

.mW

-., 25,5*-21,05+ IIAI,Z'IIII(_l.elr,loam lilhk loderlt+o
" " , rlddtlh orm'qll (%01 616) snd lilht Irmy (t7), Hedlul

" " to oomrmoly o_/staliine, Io_,= fLne, <1/21; poiyh_iite

. = 5,0 S,O 100 X X md ,<111,IPIF Q,LIF. Icltklrod anhydrite, lg]

_+o"1 ......... ' '
. _ X 1'1,0S'-14,7' I'Ot.YH_zIPIo I_I,.I'E'I! Ot_r +,o _odermtereddish or&hill (tOt 6/1}, aolrlely aryekallin,.
" "4 loaf, tired Illdlydrikll |lrOll li.ii. II, _ 1t

×21,9
" " X

. 34.7'-35.15' AIIHYDIZTII ¥lty iLIht Irly (18) to lilht
. . X Bray (111) anhydrite wikh iClkklrld Miit, i lrovttm,

X orgy ol_]t p_rtinl ,t. 35.I_'.
ml mB

. 5.0 _.0 100 X --

. x .....

BORING NO, DH-_04
,,w,,'

, ,,
M ' '
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'WIPP
WASTE ISOLATION PILOT PLANT 2 SHEETr oF 2 BORING NO,. DH',30q,......





WIPP SHEET
WASTE ISOLATION PILOT PLANT _OF 2 BORING NO. N.3o_
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'WIPP _._
WASTE: ISOLATION PILOT PLANT 2 ....OF ....2 .... BORING NO. I}1-307
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• _ ql '

++WIPP
WASTE ISOLATION PILOT PLANT . 2 ,, OF ..... 2 BORING NO.. DH-311

i , ,, .......

Z _: _(_ Oa Oa _ DESCRIPTION REMARKS

i i ii ii i ii ii i ii ii i i i | i i! i

25 J _ 31.$'-33,8' ITM,Z11: {)llar, aosrsaLy crystalline frithlm vm

<1%brown Q2ay, [_, 8l
26,5 --.-..--.---.--

brmm (SYI 3t4). Coarsely Cryat.slllLoa vLt.h scarf.eyed "
nsdius. <1% to 2_.+ Io_aI17 3%brovn olay. [I0, 15]

10 5.0 5.0 2"00 38.65'-39.3' A/BYDIZ_: Very Ulhk to _[Ihk stay (Jt,
-.-30 .-. I;), Id.m_ocrylt_li_a, kit.tired 2111htar r.o derka=

Stay lmstnse and scal:t:ered hal£ta lrovchs. I" bro_n
' -- hard clay sm at 38.65'.

3t.5 i --- 2g.3'-43.7' P0LYIU_tZC _J_ZCI: Clear to mdersta

L -- reddLsb orsnle (101 i/al), ooarsaly CrylkallLne. <1%
to 3% polytus_Lke wLkh sosttared smhydrLka. (3, 5)

11 S,O 5.0 100 --" "--

,- -- 43.7'-41.6'_ gl KBr t_ l_lht, noderake bro_
.. _ and soma moderake reddLah orsnSe (lOIt al/i). Coarse1 y
i..35 --- crys_allLne. _1_ brmm olay. <_%.poLyMLLke.[10] <_% to 2_ polyhalite blabs ak 46.7'-47.7'. lo d

=ray. III _" !

36.5 -- -- '2 (8 ' '" " 2.8 100 _. 411.6'-51.2' ARGZ_II HALZYI: C_ear to loderat.e
=- .. brotRt (SYI 314, 4/4). lll_dLtlS tO coarsely crysksllLne.

<1% to 3% bream ole7. 110, 15)

39._ . - ._\_ s_,:,-s2o, _=,, m.r to ._.._. b.. (s. 3/,,
.. .. 414), fLna to R, dlun crystlll_oa. <1% to 2_. brown

40--. X X clay. trace of dLspersed polyhalite, (12]
, 2.8 2,8 100 X

X X
42.1

X

X X

5.0 4.0 80 -" X
..AS_.

_._ X X

X "-

4.9 4,5 92 'y- "--

-

, __.,o._ __ _ . I
s2.o _ X --.

....... i i i i i iii

BORING NO. _H-31'_'+_':-I' "_'



WIPP GEoLoG,cDR,LLLOG
WASTE ISOLATION PILOT PLANT

INSTRUMENT ' HOLE
TYPE & NUMBER _ _ - TYPE/SIZE NWC,ORE. BORING NO, DH'_;13,.

LOCATION INTERSECTIONOF E pO, S....1:300 DR!..FTS- ROOF . ..............





WIPP __
WASTE ISOLATION PILOT PLANT 2 OF , '2 ..... BORING NO. DH-]13A







WIPP GEOLOG,C DRILL LOG ..
WASTE ISOLATION PILOT PLANT

INSTRUMENT HOLE
TYPE & NUMBER - _ TYPE/SIZE NCCORE BORING NO.__ilz; __

LOCATION ' INTERSECTIONOF W 170,S 1300DRIFTS '- ROOF , 0
l i ii,ii i = 111 1 ii i i i i iiiii i i iii i i

STATION S 1300, y, 170 COLLAR ELEV._ DIRECTION OF DRt! _ING I_RTICAL

MINE COORDINATES N 8387,3, E 6725,5 ............. DEPTH OF BOREHOLE 50'3'

DRILLING METHOD ROTARYAIR......... _'DRII_E "M'AKE7TVIOOEL CP-65......

DATE STARTED 09/05/8q DATE COMPLETED 0g/06/R4 SHEET

LOGGED BY: J,E, 6ALLERANI DATE: 09/p6/84..... ' 1 OF 2

............
, ,

0.0 tr" 0 . _" ................

. . 0.0'-1.0' HAt,ZTII: CtMr, ooarael7 erylWllLna v_th seem HC double tube v!rLILne core
1 _ . 1.5 1.1 73" X medium. <11_ polytwLLtul. <11_/, Bray clay bn_rel vL=h NC rods.

• locally. 11] fun 1: Broken coco.
1,5 "---- " " -

-- " __ _ 2| Broken I_o_,ee wLthLn
-- - 7.0'-1.4' IIIALITIII@lear, al liodlratl bromt (SYR 4/4) t-de.
_ . mid lilAC ao4orato reddish aria|e, Hodium to coacsaly
. , cwyata_lLne. <1/_/, dLmperae4 polytmLLta. <1¢ brmm

2 - - 5.0 4,5 90 " slay to 7.7'2, Sban 8ray. 19, 17)
lm lm

-- $ -- 8.4'4.6' /JIIIYDRZTIII): Very lllht to modLula lLlht Bray He Ian. Dry haze. dl_
(18, 116) ItLcrocryot_:LlLtto _nh]rdrLt_. Ilcattoz_d halite lip*" " X td_tllbkn, llard, dry, Irey clay at 1.4'mm in

6.5 = ., ..

" " 0.6'-14.3' ll&bZllllClal_, e.oerlely ClCTn(_lllrm.
lJ -- -- X leafleted whLto aabydrtt4 otrklarS, lt]

14.3*-].5.1' H&Z.lTIt: Clear to ltlhtly moderate brM
3 -- -- .5.0 5.0 100! (5YE 414), mama l:Llhtly moderate roddlaJl erases

__10 -- (101 6/6). lrLne ta ue4iun crymtall_e. <t/Z/, dis-persed poLytwlLte. <1% brown clay.
J

m, am

11.5 l.q.t*-t3.911'AIIIYDILITIIsl VoW ILLlht to Imdiua lilht
--. .r ; lraY (Ii, 16), _crocryataliLna. Part.Lilly llu_Lnated.

-- -- lcltterQd tul|Lte I_rOwtha eiIPeclally fl_l L5.$ '+. <1/4"
-- -- Stay clay at 15.1'.

" -- ].5.95'-20.0' I_L,YHAZ,Z_C HAI,Z*_I Clear to Imderate
" -- roddLsh ot_maa (XOIt 6/6). Comrgaly cryetaLILno. <_SL

4 . . 3.0 5.0 100 X ta 3?. polytmlLta, mvarala <t_ to _/,. II, 4, 7|.m.

--'15 "--

-
. _ 20.0'-25.2' |UU.ZTI: (:lear ta Ltlht Itodereta reddish ,

16.5. _k X X oconee (101 6/6), ao_ _odereta brov_ (SYE 4/4). 395L of rosover_ sora _s
ll_dLtm to coarsely cryet4llLne, umm flee. I;1_. brmm _ Lash lensth.

-- -- clay. <112% dLIpera_d patellae, loam scattered
-- -- X b_ks. le, 17) <1/4- bard, dry, brmm clay el 25.0'
.. .. vdLth aallOalated lllhydrJLteltr_nlerll ta U.I'

x xmo

: -- " X 25.1'-21.8' _I (:iear, cot,ely crystalline.
_m

5 _.20 5.0 5.0 100 X Scattered anhydrite aarr.apra. (II

_ . 29.8'-31.5' Ll_l_l KA_.I_._I Clear to nmdLu_ brown j
21.5 _ _ X (SYE 4/4), f_.r_ ta I_L_m c_fotaLILna, sols coarse. !

<2¢ t_' 3% brown clay, [%2]

6 -- - 4.8 4.8 I00 " X

me m

25 ........... ,

-- BORING NO. DH-315

' " ' ' ,lp , , , ,,*,,
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wIPP SHEET
WASTE ISOLATION PILOT PLANT 2 - OF 2-----L---BORING NO. DH,-315 __

..... liT-





• • WIPP '_
WASTE ISOLATION PILOT PLANT 2 SHEET._ OF_: 2 B'ORING NO. DH-31B

...... iI!1_ rl II ' _ '
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WIPP .
WASTE ISOLATION PILOT PLANT 2 SHEET.... OF 2 ,BORING NO. DH-317



WIPP. ' GEOLOG,CDRILLLOG
WASTE ISOLATION PILOT PLANT . .

INSTRUMENT HOLE
TYPE _ NUMBER , " ......... TYPE/SIZE _ CORE BORING NO, DH'3!7,A,........

LOCATION .... INTERSECTION01_ S I600. W:30DRIFTS - ROOFi i i i iiiii iiiiii ii ii i i i ii ii i i ii i ii i i ii iii r_)11m

I

i

............................................ ,_RTICAL
STATION .S,1500; ,W30.... COLLAR ELEV. , ,1271,,2 DIRECTION OF DRILLING ur --.

MINE COORDINATES N _077,5_ E 6879,5 ........ DEPTH OF BOREHOLE S,0'i,, Jl i i

) ,, ,/,,
DRILLING METHOD ROTARy/AIP_ .DRILL MAKE/MODEL CP,65 .........

DATE STARTED ......O.7106184 , . DATE COMPLETED .... 07/06/84, SHEET

LOGGED BY:, J,E, GALLERANI DATE: ,07/06/8q 1 OF 1iiii i ii i i i ii i j - i iiiii ii ii

e: ,,o.
0o0 L ii i ii ii i ii i iii [ i i _ ii _ L__J

" " 0.0'-5,0' IIALZTII Ollil', eoorlel,3r es-Tet.sLLLne, <2/2'/. IN =plt= t:ube aolre

! " " 2,0 2.0 100 ImlylrmlLte end I"Y eley0 |1, 1} berrlZ end IN rode,
-- -- --" DrLll I_,,,-) 45 mkmJt.u.

2.0 - -- ¢hLe hole vii drLZLed to

. . , repLsoe fLrlt run of hole
317,

,mm, lm

2 3.0 2,9 97 Xm li

m

m -m \\
5.0 __ ... 5 ,..,- ' No flare, Dr7 hole.

ii lm

,m mm

,lm ,m

m ,m

m, mm,

;,m m

-
m 'N

m m

m

m _

m a

m ml

m ,li

m ,mm

m ,m

m I

m i

m _

m m

m _

m I,m

m _ j

m _

m _

,lm _

m Iii

,, .....................

" BORING NO, DH-317A





WIPP
WASTE ISOLATION PILOT PLANT 2 OF ....... 2, BORING NO, _'_,17B ....

¢

DESCRIPTION REM ARKS

. .. X -- 16,o*-30.1' lULI.ZCllselmer, emlrmeLF arg'at.aLl,lLM.
........, llaett_ced_Lt_s _bydrLko etrLnset'u.III

26,3 " "
lib ml

"_' - 30,1'-33,11' IuIJrJ¢ll alear _th.scmom of no4er_te brmm,
7 . _ $.0 4,5 go OoarseLy oryn(_i_LLno v£t.lt 8cto nodLmn, i_1% brovn

- - elar. 11, e, o_ t0]
em

" -- 33,11*-$9,6 * MIOZM.kCI_II HALXTllI Gloat t,o _derat4

nodLum, ¢_J, to 35, _ oLmy, <212_. dLnpernd
.. . .- polybxlLte, Iloot.tero4 breolul. (li, 10, LS, 17| Ibm II! llroke_ sono_ of eocr,

___31._ " "

" " -- 31,6_-40,1 ° aXlffD1121! Very Itsht to Lt|ht D4Lun |rny
.m . (lm, 16), =*crooryttaZtLn, anhydrtt., votnt_ ¢
-- -- lmL_ted, Lav emile, Ilomttored very 8mall h_tLt_m
-- -- -- |forths, ILl/O" brotm cloy oem or: 39,6', DLpl
. -- "''_o'_, i

li , , ,. "_l,., i'
IBm

8 . . 5,0 4.6 92 40,2_.,_i4,3 _ POL,YHALn'ZO_Z_I Olear to _n_be _'
--'35--. " " roddLoh or_nllO (lOt 6/6), coarsely oryot.811Lne. <1'/,
_ _ X -- to 3_ IpOlyMILto, nVe_le <21r.. [3, 71
mm

64,3°-.51,0 ' IULIr._L_IC:_lMIr_0004 _odorn_ brow
-- " _ ($YR 4/41, Coorlloly aryntall_no, 1coolly ftne ta
-= -= _%_. _%_,br'otto oily, <t/Zr, polyh_lLte pm&ruben,
-- .. X blobo, looelly up '.o 2T,, hot.Lered brotm oloy breaks
_ _ --" "-- 47,%'-47,7_, CLear halLte, ¢©o(_tero4 polyhaLLt.e

"-- blobll at. 48*_t.Z*_, [t, |, 20] *
9 -- " ._.0 4.6 92 -- --

--40--

x x
41.3 -- "__ _ tO! Broken core beyond

-- -- X ,3 ft_,
-- -= HLt. San pookek at 45,9',

-- "= X X Ilo roodLnK on uethane do-t.ec_.kon ureter, Ilo moundor
-- -- X los l*_.mm mim

-- -- X X 341, of recovered core ts

10 " " 5,0 ._.0 100 X ii2 Lnch lenlkh,,=--45 ---

46.3 - - X

.. ... X

II -- 1 4,7 4,7 I00 .=.

---50--- X

51,0 ---- "_
m lm

ml .m

mm .m

: " 1
....... i i i i iii

BORING NO._ P,H-_7P,

' _ '





i

" WIPP ' "" : '
WASTE ISOLATICkl PILOT PLANT 2 SHEETOF _ BORING NO, N-318

,:___, ................................................

25 ............................................

J " $306S'-33,St' ii,lllt_iLf.1111 Very _|ht Lo tt.llht l_lY (118,
. - X Irl/), BLoroaryst_l:Ltne, kat.t.ered tu_Lt.e |rob.hs,
. . 1/2" hi,Lt4 layer jus(: betov upper aon¢sat, KZI8"
. . lrlY _ly lIME I(; J,oteor ooviMot;, Nrl 8rLndLn8 hsre,
. . 5,2 5,2 100 -" ' .....

" " 35.g5'-40.3' HALZCll 0Ilmr, |one mo,* '_e reddL|h
,.. .. X orsnlie (lOIt 616), <'J,/25,polyt_l/t.v, <l'r, jrli_, GLi_
. . to 34,qlS*_:,than I - _./2_, III, lame I;1
sm _ ,,

30.0 ---30-- '" X I0.3'-44.1' tt_ZTIl Gloat, so_ modLumbc_m (51Ell _141.
" " Oo,rnely ary|tAll_ne, iosm u_t.ua, _IS brovn alny,

• - -. <1/2_. polytmtLi;e, {8, 101
m am

•,- -- X
_4._*-_0,0' lUCItE: Olsir, _o_rsely _rys_lLne, sora

. -- 5,0 5,0 IOC - - 'Md:l.um, Zero t.o <Zt lr_Y all),, <1/2¢ polyhslt,4;e,
X lt, _,I

an ell ,., ,, . ,,., , ,H ,, ,, . ,,,,. I , , I , ,
lm i

lt ell

3.5.0 --35 ........
_ ×

J

" 2

40.0 " 4O'_

in ,mm

5.0 _,0 1oo X
, mim, mm

ii

,mm

,mn In

45.0 ---. _5--- :

.J.
mm elm

mm ,mm

,. .. 5.0 :3.0 60 X
= mm elm

km. mm

ecn elm

mm _J.

,0 _ 50:,= ....
m

._m ,,,,,mm

ml. ,m

: : |
, ,, , ,, ,,

DH-318
BORING NO.

















DESCRI PTION RE MAR KS



_[,[TT'rJ'r),,t_'i::)'l_'t7 ROCK CORING LOG :_"
WASTE_'_'JI.JE JL"; IJJ[ JL.#_'ISOLATIONPILOT PLANT U P WA R D C O R I N G

_NSTRUMENT Extensomete_ _°_
BORING NO.. D0-45 -TYPE & NUMBER 0E-230 HOLE SIZE NX• ,,icl_ ,mm ,m

LOCATION ......,E.aSt ,1,40 D.rift_ 11..4., N of N rib Of_ North 140 .DEi ft _ 'm.idspa.n





.... _i , ,, , ,i



, ,, I



DESCRIPTION REMARKS



36.5' -_.t _ _llYtlZtlt (,_srksr led 138) 1Lehr
lrly (N?), eJ.cro(_rystsLL_,ivl anhydrite, undu].lf.ory,
h_lLctc upper concoct,

31,0' - 36,$* AJI_Zl_I IIM=ZTIII Icl:isled
colorless Co moderate breve {5Y_ 3/6) hello=,
emdtuI IO cosrss_y crystsllLne, _IZ polyhalLte,
2-t0_ btov_ cL&y LoosLly conoontrstod, bro_ _Lsy
psrtLniS St 33,8*, 3_.t', 3_,5', and 36.3', broum
_Liy brusk at 35.6', Irey clay suse s_ 36.$**

2E.$' - 31.0' BJU,ITEt colorless h_Ltts, Drell rode stuck jt ..30'
coerseiy eryscellins, fee blobs o| poLyhslLts, i[_sr bktn| lt_t tn _he
clay LI absent to 30.00, _n_rtssin8 Co 2_ hole overni|ht.
tntsrstLtisi brovn blobs aC 3t.D i,

26.8' - 28,51 AIOI_OOI BALIT_I color_sss _o
Imders_e broum (SY_ 3/4) heLLtt, Hdt_ _o
coarsely cryi_elLlns, <li polyhsLt_e Ln l/8"-L/2"
blIbl, 5-_0% brou_ clay, broom clay breaks mC
ZT,t', 27,7 ¢, 27.8', und 28.& _,

(es belov)

DESCRIPTION REMARKS





WIPP-SPDV RockCOR,NGLOGWASTE ISOLATION PILOT PLANT
INSTRUMENT

BORING NO 90-53 TYPE & NUMBER_ None HOLE SIZE Nx

LOCATION 0 East Drift, 146' N. of Ex01oratory Shafl_ e_P_rl_n_: m_l=_,,• n m

i i in i i i . i lUUlnII i u I I I IU

STATION N146, W4 ,, . COLLAR ELEV.,_.._,_DIRECTION OF DRILLINGV_ 1

MINE COORDINATES N9832.51 E6890,_ ........ DEPTH OF BOREHOLE 49.2'

DRILLIN_ METHOD Wet (brine) DRILL MAKE/MODEL Lonrv_ar _8 .......

PREPARED BY_ DGK,3PS/BechteX DATE--J.L_ SHEET

JL_ OF_J_.
.... ,. ,, ,,, ,i

_ _ _ _ DESCRIPTION REMARKS
Z w =

0¢ ¢L

= N
ii L__ _ '111 i iii ii li ii ii iii i iiii1 ii i i

. O ,. ><
........ r 0.0' -,',4.9' _ BIJIJI:TIs ¢,l.earp O' - i.O _ uee drilled v¢t:h

- - ;X - X coareely ccyeteIltne h41LCe, utah com noderate 6" mini|le-tube core

" " --X- reddteh-orenle (LOll 6/6) to mderace reddtlh-brovn barrel.
.. ... (LOR _/6) polyhalite, end 8oa I/lhC llrey {NT)

= J - - _1 78 "= X- X clay that eccure In e_Ll IN|aches. e=pectally
around }.2'.

m m ,i.m X _
m

x-x
_ ......... 1011 ! core breke-.

- 4o_' 6,,5 ° POlkN= il&,LT,'I"ll rLllro TipOllLbLe ga d4cerlBlno
coarlely cryltllXL m* tlmLl¢(lo vIgh abundant Poly- Locetlo_ of ¢nl_J loeee

2 t0 50 X X X MItce.m lm = , , i

__. _ _!_ 6o$ I -8,6' Mf_IL_I (Hart, lr lied 139) very
II III,1 hc IreY (MO), aJLcrocryetsllLne anhydrite, vLth

" "" _,_ clair, fIne-lpreLned halite, Anhydrite becoems
" " purer rich depth. L/lhC |ray (N7) clay porcine
n a=

;" " "- X 7 (l/O'-l/_') aC base of _hy_frtte. . ..-- Drtllln I vn very 'clay due
3 " - 5.0 lO0 -- to problem vtCh the Lonl-

"-lO" X -- 8.6 t - l=.i m li&I.ZIL_I clear, t_ite0 end mta*ld year drill. The .%rsi 7
. . pale red (lOl 612) cooreely ¢ryetalltrm haltr.e, core runs vere taler/rely
- - -- X u/Cb approximately IX moderal:e, reddllh-orenle easy (tiler.iva t,o the Lilt

{10t 6/6) polyhalite, and trace (<S%) mderete & runs). AI1 later cOrll

X brm ($YIL II&) tnterectttaL clay. are co=ptetld vLth Feet- - "-- dL,'t'tcuLty, The vertical
.,0 .. ' ....... " " control for t:he drill ras

- - X b_oken so there yes no
_utchentcat mane Ot I_II-

X Lnl the core barreL. The
- - drtlltn| brine In no=

4 - - 50 100 - etltered.

--15-- X

== i X
D .=

- -- X

X 12.6 ° - 2.5.2 ° POL1BI&LtTZC IIM,1R1Kt dear tomm _um mmm

•_ --- aoderetl reddIsh-oranp (1011, 616) hatLte, radium
. -- X to coarse1), crystalline, noderstely hard. Poly-
. ._ haLLte reproachers 3-_Z of tort aM occurl li IcIE-

X tered bieb| or Interec£ttilly. Gray clay part/ni
" " (t/8"-l/_') st 17,L'. Ltlht grey (NT) clay Jea_

5 " " 4.9 100 -

--20-" X at 2&.6'-25.2'.

" " X

_" - X

- X

" " X
-- A-, o 50 _ -

m ..

- 2_ ........



WIPP-SPDV ROCKCOR,NGLOG
WASTE ISOLATION PILOT PLANT ' __./_" '

INSTRUMENT
BORING NO. D0-53 TYPE &NUMBER None HOLE SIZE NX

LOCATION 0 East Drift, 146'N of Exploratory Shaft centerline, midspan |,

i, , iii iii, i ii ii i i i '

STATION N146 W4 COLLAR ELEV. 1266 6' V_rtical' --- " DIRECTION OF DRILLING..U °_

MINE COORDINATES N9832.5, E6890.5.... DEPTH OF BOREHOLE 49.2'i

DRILLING METHOD Wet (brine) DRILL MAKE/MODEL LonRvear. _8 ......

PREPARED BY DGK,JPS/Bechtel .... DATE . 1/26,/,83 SHEET

__!_2o_L

DESCRIPTION REMARKS

(ao abe,e)

25.2' - 29.5' RAX,X?I{: cleat, coarsely crystal-
lane haltte, vtth sol (lO-lSg) int.mrettttal med-

stats br,_wn (SYR 4/4) cAay, a LAthe gray (X7) clay lOW 7 cote lost from 26.8'
seam at 26.2', and .some (10-1$t) Polyhalite. - 26.9'
Lamilrmtioml at 26.2' dip about I0".

Total depth = 49.2',-













q , J

WIPP-SPDV' ROCK CORING LOG _"[."

INSTRUMENT
BORING NO, _)-57 -TYPE & NUMBER _Inne ,,, HOLE SIZE _z, ,

LOCATION 0 East Drift, ,621,,.3..,!,N of _ioratory Shaft center, line.

12_,5,'fro,mZ r,ib ...........................

STATION_ _N621, zO _COLLAR ELEV._-2_-_.*.I_.... DIREICTION OF DRILLING_ 1

MINE COORDINATES- N!O311.8 E6892._ ..... DEPTH OF BOREHOLE 52.1'

DRILLING METHOD Rotary w/brlne DRILL MAKE/MODEL Joy 12]_ .......

PREPARED BY_ JPS/Bechtel DATE 2/4j83 . SHEET

--3-_ O F_3---
............................. . ......... L ,.,,

0
W

W >" CI_

I--._ O _ REMARKS

z _" g _ =:_L.. _ ¢: .E_ DESCRIF;TION

ii i|1 i i i ii i " i | i i ii ii

-50 . _" .... (al above) Hole =_ple_ed _ 14_30

IO - 4,l IO0 -- ,, , , hour¢ ovl 3 February 19B3,

" r" " $1.3'-$2.1' L_XTZl (:lilt, co'='rllLy cry,ta't-' ' Total Depth " 52,1'
--'52,1" "t, LLne, =od.r.zaLy. , hard, .,

c.. = J

: ?

". 5 '

..................... ii



'IPP-SPDV ROCK CORING L, G
WASTE ISOLATION PILOT PLANT U P WA R D C O R IN 'G ,

' INSTRUMENT Extensometer
BORING NO._no-6-_ ,,TYPE & NUMBER., 0E.243 HOLE SIZEd._...._

LOCATION.,, 0,g_St;, Drift, lll0'.N of gxDloratorv Shaf_ cen_erZine, 12I_' .........
I

fTom _,r, tb ..........................................
' vertical

STATION NlllO. Eo +COLLAR ELEV.J_DIRECTION OF DRILLING, .,ep __

MINE COORDINATES ...._+NI0796"0',,,., E6B91.9,, •......, ,,, BOREHOLEPENETRATION 52.8'

DRILLING METHOD Rotary w/brineDRiL L MAKE/MODEL ......Joy. ,I,2B ..... , , ,,

PREPARED BY JPS/Bechtel ..... .DATE _ 2/t2/B 3 . SHE/T ,

, ._/_OF_/_
...... ,,

25 _
7 " - 5°0 I00 " { ' (lee dlLsr{ptlon ¢m .e,C lh..¢)

_J•.._*.,m.._,., .,_...,-._ _ ,| ,.. ,, , ,,,, , , _

. . --'_,--,- 17.1'-13,1' IUU.ITII irlLtLaaeoul, Rodir.tely
..... hmrd, tL.ety ce aoareely crystalline, nlenr cot _ ,,m.,, _r,

metered Iraytmh-brovn (_YI 3t3) and palm yollovlmh-

" " " broun (tOY| 613), clliy nontent up ta 20I,ln
. " .... part, Clay breakl del 18,5', 19,2', 19,9 , 3Q 3'
6 . -_5,0 lO0 "- -- ls,r', .na 23,00 , ' '

--20- -,._--.-,
i

t .,u I

.. . , ,... , , ,
- " mo_.ric, radal+h-oranle (101t 6t6), moderately
- - ' X X hard, ©oar...ryecallLne, Polyhalite aontent
- ". ,_(30tWJ¢l rnnlee trolJ . ,,S| with few polyhalite tcrinlerl
. and /solaced blebn,

- .:[- _,_ IOO -- : 13.1'-14.1' AMITOIITII very tllht Irly (HS)
- Co pLnktah-lrlY (5YI S/t) hard, dense i_clroofyl-

"-IS-- ratline rich eome inaeratic/al etear hi,Lte.

-- - ll.0_-t3.1i t IALXTll arl/llaa0oulj ¢lemr to
- - metaled brovntlh-|fly (SYtA 4/1) to [LIh¢ IrlY

"-"". .. m_"T -- (N7), Finely r.o ©oarmaty erymtaLtine, moderately
"-- hard, Clay content up to 15: nnd |fly Glly breaksw el,

4 - -- 2,6 I00 14 -- -- ._ t_,O ° a.d t3,t', rr,e,ct orlnl, pot),hntltl
' 'Itr°m 13,3'-|3.6+, Orly clay parttnl, moderately

" _ IPlHtLc _t 1_.6', , , , ,,, , , ,,

- - ' &.7'-12.0' IUkLITI! clear, moderll¢O|y hard,

--IO-- _l_%_q_ IIIlld[ull tO ¢Ollrtt|y 4_Iryl_:l[tILltI I +IV te_LCll (N9)

. . anhydrite etrlnlere, Lori t.Olll

" " RUn W_erl LOlt

5 " " 4.6 92 +,'+,',_t,'_ "2- 7,o+'-],2+'. . " _,2'-4,5'

_. . _,I''_.$'

t5.$°-I.7 t JUIITDIXTII very Ltlht IraY (NS), 3 6,9°"7,0 '
i _ . . hard, dance, .laroaryatllltn,, Core broken Late 7,_°-7,7 '6,0'-8,I'

' L " -- .... 3.1'-6.$' IUd.ITEI ,rlllta©eou_, medium
S -- -- lLIh¢ cray (N6) to |title brov_tlh-lrlY (_YR 6/1),

2 " " 1,9 68 - -- .... moderately hllrd, _lnely' co _ldt,-- mryltlttL.ll,
-- '- -- Cray content rnnlei fro_ 2-81, uith eXay break, at

4 t,' _,2' and 6,1' Tri©e o! lntermclcLa! poly- *_ - - X X hlllcl ac 6,D** Gray clay plIptln I lt 6,S**

" " I

I -- " _,0, I00 -- 0.0'-3,1' IUU.ZTII poLyhaLlti© in part, Delan corinl lr. 08130
-- . clair: and nodermtl reddLIh-arlnl¢l (|OR 6/6) inter- hours on 10 February

IClCll| polyhalite, Hoderltety hsrd and a_ditm Co L98], Cored Co ._,O'"''"'" " r

O -- 0 " 85 8_ -- X X co,r,ety ery,taltin,, without tnner b,rr,t.i , , , ...... , ,, | .... | ,

0
ee

=" _ 8 O 8 _) DESCRIPTION REMARK,'

:_ tU t,r,







I







WIPP .ocKcORSNGL.O
WASTE ISOLATION PILOT PLANT

INST_ __JM E NT Ext ensomete r
BORING NO._ Do-67 TYPE _ NUMBER __;E-22_ ...... HOLE SiZE ,._ L

LOCATION .....To,,,-_,-,,-,,,,I, _=.r=_.If.= nf Knnm ;trfir_tl_innH]_6_, 'fn F]ocJ,L" , ,
o

16.5' From g and W Kibs.ii i i 11 i 11111 ii i i ii1 i i1 i11i1 11

STATION NI265. W231.5 .....COLLAR ELEV. 1296.8 DIRECTION OF DRILLING Down Vertical

MINE COORDINATE_ ,NI0952.1. E.6662.,9 DEPTH OF BOREHOLE 51.7'

DRILLING METHOD Ro.._ary w/Brrne DRILL MAKE/MODEL 3o..y 12..B.....

PREPARED BY TFG . . DATE 5/51s_ SHEET

__L. OF_.Z--

OESrRI PTION R E MAR KS









,,,,,-,,., ROCKcoRiNG LOG
¥¥ AJE JC UPWARD CORING

WASTE ISOLATION PILOT PLANT
INSTRUMENT Extensometer

BORING NO, D0-69 TYPE & NUMBER GE-218 HOLE SIZE N_

LOCATION Test Room l, Centerl;_ne of Room at Sta_on Nl265_ _n RnnF'

]_1._ .__PPI" l_lr'rtm F nnrl [_,,..Q_I_= .................

STATION .N1265_ w231..5 -COLLAR ELEV... 1310.] DIRECTION OFDRILLINGV=_=] Up

MINE COORDINATES ,,N10951,.9,E6662_5 .... BOREHOLE PENETRATION 5]._'

DRILLING METHOD Rotary w/Brine_DRiLL MAKE/MODEL .... .Tny 1?_i ....

PREPARED BY, , . JEG , - DATE 5/6/83. SHEET

OF]-

DESCRIPTION REMARKS









WIPP , RockCORaNGLOG ',,

WA'STE ISOLATION PILOT PLANT "
I NSTR UM E'NT Ext ensometer

BORING NO, D0-77 TYPE & NUMBER GE-216 HOLE SIZE_NX

LOCATION Te,st ,R,oo,m,,21 Centerline of Room at Station , N_70

..... in Floor 16.5 Eeer. Frnm _..nH_l_ R_h.q.

STATION N1270, W364.5 COLLAR ELEV. I294.6 DIRECTION OF DRILLING vortical Down

MINE COORDINATES N10962.5_ .....E6529,6 DEPTH OF 8OREHOLE 53.4'_

DRILLING METHOD- Rotar_ w/Brine DRILL MAKE/MOOEL Joy 12B ........ ,

PREPARED BY .... JEG ........ DATE 3/31/8_ SHEET

J___ OF__3__
.......................

t--_i_, O> =_ _ _ DESCRIPTION REMARKS
== =- = ===
ii i iii iii i i i i i i i i iiiiiii

' . 50 . 43.5' - 53.4' RIRI clllr tO Irlyilh

.... red (JOR 4/2), medium ro coirHty crylcattl.t, Coiplated drLLlLng 27 Hitch

12 " " 5.1 IOO -- X h=rd. Trsct o{ _rJy clay =nal trmce ot 1983 =t 2100 p,a.
. . .. polyhalite bleb=. 1% to 2% _lra.v clay from 51.0'
.. . Co 52.15' and 52,75' to 53,|_, '

.m m,

-------. -- .......... Tor.si Depth = 53.4',,,= .,

--55--

.j ,

m m

6

m i

m, ,m

m m

=,, ,_

r" "

mm, ml

i iiiii i i , .

,.



................................ iiiiii ........ I .................................................. , ................................... 1...................................... ,..............
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ROCK CORING LOGWIPP,J UP, WARD' CORING
WASTE ISOLATION PILOT PLANT

INSTRUMENT Ext:enBotilet e r '

BORING NO, D0,,-8,_ .... TYPE & NUMBER GE,21'2......... HOLE SIZE ...... u_ _ __

LOCATION .....TP.,q_Rnnm __ C#.n#pr14n# nF..,.,gnr_mnP _q_,e_n, Nl.?.Aq, _n.g_p#.. o,,

.... .__1,6. _ Feet" Fttnm. 1_, _nH |4 ,f_ h,_ .................. - .. ,............ --
,

STATION,,NI265..w_qT.5 .....,COLLAR ELEV, l_nq.q ....... DIRECTION OFDRILLINGVertical Up

MINE COORDINATES N10952,8. E6396,5. _ . BOREHOLE PENETRATION; 52.7_.

DRILLING METHOD-Rotary.w/Brine DRILL MAKE/MODEL .....JoV0...12R..........

PREPARED BY, JEG .. . ..... DATE _,4"-_4-83 SHEET
,2 OF 3

DESCRIPTION REMARKS



WIPP ROCK CORI NG LOGUPWARD. CORING
WASTE ISOLATION PILOT PLANT

' INSTRUMENT Extensometer, '
BORING NO. D0-88 TYPE B NUMBER. .GE-212 HOLE SIZE NX'

LOCATION Test Room 3 I Centerline of Room at S_ation N1265. in Roof

]___ FPP_ Frnm F_ _nrl ,.W R_h_ .....

STATION .....N1265, W497,3 -COLLAR ELEv..1305-9 DIRECTION OF DRILLING-Vert_ca 1 Up

MINE COORDINATESN10952-8, E6396.5 .. BOREHOLE PENETRATIONS.

DRILLING METHOD RQtary w/Brine DRILL MAKE/MODEL Joy I71_

PREPARED BY. JEC DATE 4!!4/83 ....... SHEET

3_3__oF3_Z__

i

DESC RI PTION R E MAR KS









WIPP RockCORINGLOG
WASTE ISOLATION PILOT' PLANT , .

INSTRUMENT ExCensometer
BORING NO,- DO-9! , TYPE & NUMBER_GE-20_q HOLE SIZE

LOCATION Tp._r Rnnm 4_ CPnrPrl_ne of Room at_Stat_on Nl275. in Floor 16_ ----

,, _t't"tm P _nt[ tj Rih__ , .......

STATIONN1275. W630.5 COLLAR ELEV..._._ DIRECTION OF DRILLING V_ertical Down

MINE COORDINATES N10961.5, E6263.9 ...... DEPTH OF BOREHOLE 51.8'

DRILLING METHOD Rotary w/Br_neDRIL L MAKE/MODEL ,lay 12B

PREPARED BY JEC -- DATE 5j5/83. SHEET

_..J_OF--&_

DL $C RI PTION R E MA R KS







d

_ItD'D ROCK CORING LOGp yy JLJL-JLT UPWARD CORING
WASTE ISOLATION PILOT PLANT

INSTRUMENT Extensomecer,
BORING NO, D,0-93 ---TYPE S NUMBER_GE-_O'/ , .HOLE SIZE '__NX ........

LOCATION,Test Room 41 Cence_,li, ne of ,Room.,a_ __ca_.,!oR N[27_. lh, _9,of |6;5 Feet. Fl_opl

Mst and West RiSs ...... . ....... , .... , ,,,

STATION N1275. W530_5__COLLAR ELEV..L_DIRECTION OFORILLING_.J_ Up

MINE COORDINATES N10961.,I. E6263. q . .,, BOREHOLE PENETRATION_5_,O'

DRILLING METHOD Ro_rv w/Brine .DRILL MAKE/MODEL JoY 121_ ......... .

PREPARED BY,_EG .... , - DATE, _/5/_3_ SHEET

_JL OFJL_

t

- DESCRIPTION REMARKS



/ I I i

. , Rock CORINGLOGVV Iii- JE
PI'ANT_. U P WA R D C O R I N GWASTE PILOTISOLATION i

INSTRUMENT Extensometer
BORING NO, DO-93, . .... TYPE _NUMBER GE,_,207 - HOLE SIZE ....NX ......

LOCATION,, Ta-st R°°m 4_ Cen,,teEl_l]e o,,f Roo_.aC Stat_s'N127_, in R,,OOf [,',6._ F_eet.. '

From E ar,d N Ribsi i ilml ii i m ,, i i i ii i , i ,1 -- i , i r,, ,

STATION N]275. _630.5 COLLAR ELEV._]-304.9 , DIRECTION OFDRILLING_..LL_J_ Up

MINE COORDINATES Ht0961.,.1, E6,2,6,,3.9 'BOREHOLE PENETRATION-52"0 '

DRILLING METHOD,Rn_ATy w/B_4n_ DRILL MAKE/ MODEL _ .l_ t2_

PREPARED BY.__ JEG ..... _ ....DATE..5/-5/83 -- , SHEET
i,

__L. OF__L
Am Above

DE SCRI PT ION R E MA RKS





p,

WIPP-SPDV R CK COR,G Lff ....WASTE OLATSONPILOTP NT P WAR v R
INSTRUMENT _

BORING NO,,,_0"20!- , .... TYPE ltNUMBER Nnne .... HOLE SIZE ..... NX_....

LOCATION ..... O.,_,ast _,r_f_,?,,406 t ,S of Exp10,ra,t,ovT,,,,S,ha_,,t_enterltne t m{,dspan ...........

iii i ] _ i ii1|1 _ IIHID I I III1'1 ......... .... * .... II II I III II l I III I -- •

STATION- ,s4q6.,) W19........COLLAR ELEV._,,2,.62,,2', ,DIRECTION OF DRILL.ING_ 1

MINE COORDINATES ,N92Bo;.6.J, E6B.74.9 .......... BOREHOLE PENETRATION ....,5!,7'

DRIL_LING METHOD. Wet Ihrin_)- -DRILL MAKE.. ;ODEL,,. 3oY 12B .........

PREPARED BY,JBHtR_,RLB/TSC//DOK,PJ_/Bech_e!DATE- 1/-25/8, 3, .... SHEET

_.L_ oF_J_
,u , ,,..,. ,,. ........................... ,,., ,,, ,

."'z_'"- _- x
= mm mm=

." _-5(" O0 - 20.3 ° - U.4' la/arlll' aaccliid calories co8 _mm moderate brmm {SYI 3/4) MILCl, tLuely ce
=aeriaL/ oryiiClllLal) -.IX palyhnlLce, 1-5| brains

. ... lid 'lrly (nell:lT breve) Qlly) $-|0I palyhllLCe_ . ........ from 34,3'-3&,5', anhydrite/ally sem 25,3'-25,i',

mm em I I
! j:, ......

"-20" I X
o • •

49 X 15,$ - 20.3 imt,lrli_zTIO IL_IILIil coLorleH to
? " go - moderncii riiddtmh-oriinp (101t 6/6) hiiLLte) medium

X to coiireely =ryetlL1Lne, i-5% polyhalLtii) fiiv
. ' •_ _ _ bLiiM of clay) inhydr_[te iitrLnlerl (<l/16") iii;

=--= =_ _ •' _! 16, L)) 16.3 ) ) 17,8 ) ) and ltol e,
, i , i i. , . i i ,, i ,

- : - : :_ _ _ Ii,1 ° - I$,$ • /gl_l (_JihydrLl:e "i") 1Llhl:- • • _ te very ILIht IrlY (HT-l)0 I$oofOaryl¢lLILlii" i
, ^ --lamhydr_,l=lt 30-301 halite LI upper 0,1', triam

' ..... :J ,, ,, i -

- - I ^..-- 14.O• - 1401' II&LZTI8 Icl:led ilelorlillle ce

6 " " dLG 92 _ _ X,_; mode|rate broq_l (STir 3/4) MILe:mo fLnely cocoarsely nryii¢lllLne) 1-|| potyhslLtm, -.1% icily
allyl l'5|, bfotm =Lily, lrly iiliiy NrcLn I III: 14,1'o

- .2 x

---" " -. - -_ 1.,'-|,.oo _, .o_or.,,,e=diir.,,
" " i riiddlaah-oriinle (101 6/6) halL=ii, modLum=o

S " " _O i IOO -- X CD|if|lily oryii_ellLflo, O"|X polyhelt¢ii, a_iiy Ibilent
ixilov 13._', .-1| friiy ¢lly from 13.5'-1_.0 ' ,i i0 |

! ' _ _ ' iinhydrttii Itr{al|irl (-i/16") at e.5' lind _1.8',- - -- _ _ _%%•%

,
- x

,

" '" ._.,._L ;.;' - 7,_" =m_m. i*=,ydr_ii "_") .fh_
... -._ >, -- "-_

4 _" " 4,_ 06 " i CO very ILlht Briiy (H7-6), eicrocryii¢lllLnl
_" "_ _ X _ anhydrite, 30-40% haL|Lte,

"_ x-

. _, , _ o.0'- _._' ,_., =_iiii,=0=,,_iidooLor-
--- .. " X tie|iU lind Iodariitl riiddLl .....,rCnlee (|0l 6/6) _ILIo,

medLtm tO Coiirlii_y crylt lille, 3%polyhiiLltii, (ii
fray eLi|y, brovn =lay ii,,,;nt Co k,O ) |-31_ from

3 : - 1,5 79 - I X--
--..--.. .. _ _.O)-Y.7 . ) iLIht Iriiy (HT_ clay alil |it 7,7', HoLe|Mlun 23 Hey||nbsr

z - -- ;,). _ - x × *'"'
"T-

. _ _ .Lnlle-cul_ core barreL.,,.,. =o."......................

: ¢ , _ O o u. DESCRIPTION REMARKS
uJ _ uJ

Z Z _" u_ _ n

o: o. o_
..... , ,,, , ,,, , , ........



WIPP-SPDV ROCKCORING LOG
WASTEISOLATIONPILOTPLANT U P WA R D 'C O R IN G ' _,

INSTRUMENT _¢_
BORING NO, Do-201 TYPE _NUMBER None HOLE SIZE NXIllli iL II III L J ..... I I I I [ I JL I - - I_ II III I

.... LOCATION ......0 Eaut Drift, 406' S o_ Ex_!ora_ory Shaft qe_Cer.l..lne, m!dapan ....



................................................................................................................................I,..........I,,_,i,...... -,-,, ..........111i......................til ....._









11.2'-13.1' I_11_: clear, BodLun to coarsely
crTltallLne, aodarataty hard, trace of scattered
blabs of oranle potyhalLts. Fay haLrlLne

_i strLnlsrs o_ _Ltl (IF)) anhydrite,

I

8.0e-|.2 ° £/IllY_ZTI: BodLms |ray (KS),
hard, dense, mlcrocrystatlLne.

$.5°-8.0 ' IULLIlr_T arl|llaceous, clear to
pale yellovLsh-brovn (IOYE 6/2) co bro_nLsh-lrsy
(SYR k/l). Ftnely to medLum crystallLne, Bodar-
arely hard, IntarstL¢ial clay cmmrLses 2-lOZ o_
core Iro_ clay breaks 41:: 6.9' 7 l' 7._'* 1 + e •

_Ln parr.La I of gray clay ac 8.0'.

O.O'-5.S' IUUJ_: clear vith trace of
moderate r_ddLsh-_r_$e (lOI 6/6) polyhalLta.
Coarsely crystallLn_, m)clerataly hard. Fay Lso-
laCv,d blabs o! pol)_4_alLta, x

i=lZ_ DESCRIPTION R EMAR KS

+ I, * _ III ....



WIPP-SPDV R__vAc°R' __ R_O_ __ /
WASTE ISOLATION PILOT PLANT R D __/_o_

INSTRUMENT Extensometer
BORING NO .... "p0-203 TYPE £_NUMBER ,, GE-._35 ,, HOLE SIZE NX .........

LOCATION .....East I..4,0Drlftm ,624''H of Exploracor_ Shaft cencerllne. &..,8' ,, ,

from N rlb
................................. v_-t:±caz

STATION Nrl2&. _140 - COLLAR ELEV._._--.-DIRECTION OF DRILLING, ,,p_

MINE COORDINATES N10308.6. _.70_1.7' BOREHOLE PENETRATION--_

DRILLING METHOD R9; ary w/brtneD_lLL MAKE/MODEL' 3oy 12B _

PREPARED BY JPS/_echtel, .............. DATE 2/23/83 , SHEET

_L__OF_Li
*

DESCRIPTION REMARKS







WIPP-SPDV ROcKCORtNGLOG
,so  o. ,

INSTRUMENT
BORING NO, nn-20& ..... TYPE & NUMBER _Nnnp_ ...... HOLE SIZE _x

LOCATION East 140 Drt£t, 624' N of F_p,loratory Shaft ,centerline- 6,8' _ ,

.... fro,m W,,rib ............ -.....................
vertical

STATION N640t_ El40 COLLAR ELEV, 1290.5 DIRECTION OF DRILLING---d_u_

MINE COORDINATES N10_08.St _70_IT_ ....... DEPTH OF BOREHOLE 5_.6'

DRILLING METHOD. R.otary w/brin_e DRILL MAKE/MODEL_ Joy 12B

PREPARED BY JP.S/B.echtel ..... -- DATE 2/2_/83 SHEET
_L. oF_L_

Z W C¢ O.

=
ii j i ii II I II iii iiiii i i ii ii

6 . . 5.2 [100 -
" = '" -- X

" m_XJ0O00
_.. ,,. ,_,.._._ : ........ , , , , , ; ,,, ,

" " -- 27.9t-3|.3 ° IULLIlltl erl[l|aceous, clear end
7 - " 4_ SO -- X Light IrtY (NY) to tllht brmmteh-grey (_YI 6/|),

.... fine ¢o medium crystalline, moderately hard. CTdly
---30" ..... content up to SZ ulth few {llolated blabs of orange
. . X .. polyheli_ic halite _hroughout. Grey cia), breaks

at 28.3' 30.0' end 3L.['e 0 •

m,....... ,,

X Xm

" " 31.3'-37.2' POLTIALL_¢I¢ IUgkt_Itt clear and

" " X mderete reddish-or=nee (|0lt 6/6), _dium ¢0
8 - - 43 86 - coarsely crystalline, moderately herd. PoLyhelLte

. . occurl al der|es stringers end Lsoleted blabs end
represents 0-10_[ of core. Ac. 35.7 _, 112" thick,

"_" herd, dahlia polyhalite teal.

" " X X
,, , u, , ,, i ,,, , ,

mm

- ...... 37.2'-37._' AJIIIrDI_Tg: _edl Lm t[|ht grey
(N6), very herd, danes =uLcrocrysta[l_ne. Al:

- -" _ 37./_', midiron grey (NS) Clay pert[ag.
9 - 5.2 _tO0 - --

--40-- ....

. . mm

" " --- $7.&'-_9.1' MI_IM.AC_OI lAX.ltir clear and

- --- mottled light |r_y (N7), to Light bro_ish-grey

- j------ (SYIt 6/|) to pais _tllcH_ith-brcH_ (10Yit 6/2).
. . _. Finely to coarleiy crystalline, Bodarately hard.

-- _ 4._ lO0 -- --_ Clay content reesei frm O-?.S_ with trace Of
I0 -_. " .... interstitial orange p_lyha[ite belay &3.9 _.

"-4_Y'- _ X g,merou_ brotm and Iprmy clay btemk= throughout•

Dcmin,nt cl_y breaks etr ,7.6', _•0'._ _.1',
-- _ --- _ /,8.9 ¢ .

"mm'" - m. _ ._

II _ - 5.3 IOOl ....
. . _':.X.._.

.m

50- -""- ' _, ".'..... ' _ ' - , .......





WIPP-SPDV ROCK CORING LOG
WASTE ISOLATION PILOT PLANT , U P WA R D C O R I "

INSTRUMENT t

BORING No,_DO-205 , _'YPE _ NUMBER_ _None ,,, HOLE SlZE_.._.h_L.___

L.OCATION OEast Drift, 141 ' N of Explora_:_ryShaft centerl!nei i iiiiii i. ,, , , , • ii ii i i i

......... _24' _rom E rib ........... - ...... ........ - - i

- ver't'i'cat
STATION.__,.N1410t E0 ..... COLLAR ELEV,.._DIRE"TION OF DRILLING- _P_

MINE COORDINATES Nl1095. £5892 ..... _ _ BOREHOLE PENETRATION_ _n.7,

DRILLING METHOD..R°tary w/brineDRILL MAKE/MODEL _3o_ t2+B..... . . .

PREPARED BY- .... JPS,'hechtel ......... DATE_ 2/19/83 =-- SHEET

..,t,- OF._/._.

" . 2_. " 2z.s,-,l._' ,_,'_, ,l.., 0o.,,,ly .._.l-
lina, uoderil:ely hard, lav teetered stria|ears oi

.. .. %%%%%% %%_
white (M), auhydr[¢e. *¢ 22.7', t/2" ch{a_

" " uedLtal Iray (H_i)uoiat clay sem, 1Prom 37,}'-
6 " " 5,0 lO0 " 11,7'1 aoderal:s bran (}TIl h/h), .1LIhlly atlll-mmmmmlmml

-- -" --,_'I,- Laceoua sane, meal,-, aryglaLllne, J_ 30,7 ° fray
- - .-_-..._. J _Lay pargLs8. ,

• • - e liemmum ilii_ mi m

- - .._.:'= 17.40-2Z.| ' IL4J.3tTI! arlLlla_,eou¢_ clear t,+
"---'- - - - -- -----'_'- sortied dark 8fly (I_) to pile ylLlovLlh-bfovu

....... ,d (|OY1 6t2), F/lily to umdLum aryeca_lLne,

--_O'" m,_.., mOderateLy hard, 0141y coal:eat ranles frma 0 to
. , . _L.. |SZ, Trace at oranl_: pclyhalL£L©'hl|Lze tram

X 19,_'-20.0', _lly breaks lt |8,3 ° 19,70 20,0',
" " __. 20,5++ 31,0 _, _.I.3e, 21.9 _ and 22,3 _, '

5 " " 5,2 100 ...... [_.s'-_7.__ eo_u_n_c=_.t,z_, _,,r,L-'--"
" " __ ._ j eoderlte rtdd_Jh-orlnll ( 10t 6t6), uo<lereteiy
-- -- .-- hard, coerse_y cryetalt/ne. Yew very L/lhr lray

X (NS) hard, anhyo_tce lCr{nlerl throulhout. 1/8"

, o¢¢urg Lncer_cLrLaL_ and Ln lsoLal:ed bLebe tri _-
'-"-"" "----"-----_'--" X 8Z o_ core,

" " X X _
- lm- ,,,,,,,,,, 112.10"13.$' AJml_IZTII nadLua Irl; (I_) _o

_ " " X Iv,ry L_lh¢ Irly (N8); hard, denoe, -,Lcro(:rylta|-
" " X X i Ltne+ eL_lhtly b_nded _n part, HoLst, Iray clay

4 " "4,8 IO0 -- _--_-'+p.rc_.l ._ _2,8',
" " ::_= ...... _r. 12,9 + encountered

.... --"'" 6.3'-l:t,l' iM/,_rl: Ctllr, ¢OIFllly Cryltl|-" lllC, 14<)41ClCtlbLl Ill
- " ._%_._' Line, mxletntely hard, for _hLte (_), ha_rLLne a+cir $ mLnucee,
- " anhydrite stringers throughout, Trace polyhalite

--- - ' ' frm 6.30-7.1'. finely Crystalline above |2,0_0
-- . Traoe ++ |ilh¢ IraY (141) lncerstiCial clay above

--lO--" h_x_%_' 12,0', Gray clay brlllkJ lt 12.5' md 12.7'.

- -3.0 97 -
-- . _%.%%%%%

-- -- 6.1'"6..1' ,UIS_,+',¢._IL'_I very lllhC lr_y (148),
- -- ..IX hard, dense, uL©rocrystllL_nl, brokest _u¢o I/li"

- . _._ chips. Soft, lfay clay partial at 6,1'.
-._.m..,_,.. _,. __ _ _ _..,,,_,_ _ ,, ,, ,,,_

....... 0.0'-6.1' IIAI.ZTICI irliltaceoua told poly-

- _ -- hll_t_c _.fl pitt, CLIIr to mOdlrltl ¢ldd_lh-Otlnll
(IOR 6/k) ¢o ILIh¢ brovm (5 Ylt 6/&) to uedta I_' . "

" " _ 9"}' -- -- .... (HS). FLyleLy to coarsely crystalline, u_dersteL CorLnl bellan aC 09_00
" -- hard, Finely ¢tyltll|_nl above &,6', Fay lrJy houri on |8 February 1983,
" " "" X clay breakl at &.&', 5.h' and _.90. Clay and

..... I - -- po|yhll_ce represent frn,. O-3Z o( core. COred _r_ 0'-I,0' wLrh 6"
' --" -" core barrel. Fro_ i,O'-

I " " 2.0 IOO -- X--" 6,1' cored vtthout use o+
. . Lnner core b_rre_,

0 " - .9 90 -0, . ...... i i , , _ .. ,,, . ,,

--':

_ _ 8 _ _ _O DESCRIPTION REMARKS,.
'_ W n,







' " JJl lr



WIPP- PDV RockCOR,NLOQ
, ' _s

WASTE ISOLATION PILOT PLANT _s' INSTRUMENT
BORING NO, .D.o-206 .... TYPE _ NUMBER_ , None............. HOLE SlZE.,___£._ ._

LOCATION_ 0,Ees t, Priftl ,!410' N o_,Ex_loratory Sh_t cen_erlt_e,iiiiii i i .... i ii ]1 _ -- i .....

_ 12_' _rom E rib ....... - , ,___ J__ _. i i i i i iiii i

e al
STATION-NI4!0, E0.......... COLLAR ELEV,_-1308o0' DIRECTION OF DRILLING_ - do_

MINE COORDINATES NI_0gS, E6_g2 ......DEPTH OF BOREHOLE_

DRILLING METHOD_Ro_arv w/brin_.DRILL MAKE/MODEL .... ,_v 1_ _ ....

PREPARED BY_JPS/Bechtel ................ -_ - DATE ............2/22/ ..... SHEET

-L-
ii __ _ i . i _ iiiiiii ii , 1, ,, ........ -- , -

8

milli II II i i ._ 4_ III I III Ii I .... [ ii Imllmtmil _ '

. . -- |[,1*-17,_ i I[_II_ITIt_ II_ITII! O_llf iltd

I_l _,_ I00 " X X iDdlrll;l lrldd{lh-Olrlnl I _[01_ 6/6), IIdLUll I_O

""--" *_ . X , aoarHty aryll:altLne, moderately hard, PoLyhalite

' , amprtlan up I:o 2SZ o! aor¢ in danoe Icrt.larl and
"" _': b_lbl wi_h eml {nterlc{cLa_ hl_igl, '_flal O{

i ''_*" ¢_*y i¢ IS.3' ,M 15,9 _ v{th Irly _tay partial at

' ..... 25,3',

' '7 5,1 lO0 _X ....................
30--'-- _7.]'-]o.l' _t_, .tLtt_¢.oU,lr.y_.d ptr-"_",.T. ha|lt/ct alelr and mottled mldtum (N_)I:o|{Ih_ lrly (NT) Co lodera¢l rldd{Ih-orinll (|0l

I -- 6/6), F_,nety I:o lid_tm ©ryslr,al|inll_ mOdllrlr.l|y
hard, Gray c|ly represents 3-St of core and

.......-- orlnll polyhalite 1"2=, CLay and polyhalite o_our
[ncerlcttt_l|y chroulhouc, Gray c;ay bre_i_| at;

X X X 27,:l**and30,7_27'_**, 27,8', 28,4'_ 29,5** 29.7* , 30,0', , ,, , ,

J XX X 3o.s'-)S.t' POI,TIUU,ZZI(; IliJ.tTlt _t.lr .,d'
8 -. -..--_5-- 5,2 IOOi _mderace reddish-straits (10_ 0/6), tteditm _rystqi-|Lne_ moderltety hard, PoiyhaLitl occurs [nl;er-

KXXXXXXX ItlLc_,ll|y and li LllOllr.ld bribe arid represents
" " JLULLL_ from O-lOg of _ore, 1/2'* thick polyhalite semi
" " ,,t 3_,4' ,hd )S,I*, '

" " " crystalline, .moderately hard; very chin, hairline
" " acrtnllra ol anhydrite at )6.5'°
. _. ,_ , ,... , , .... ,, .. . --

.'T..--_--
" " -- 36,9'-37,1' J_111r_lxTIt [{lht IraY (NT), hard,

9 40" 5,5 IOO ....... danie I iL¢_ro_Iryll:lLI/ne, rich lid/el llrly (NS)-- __" -- t/S°* thick, sofc, iiOLl¢, oily parcLnl at 37,l',
mm

mmm u.

m ,m

m .m *mm

-"--. .---'-'---_---- -- 37,1'-50,6* II_J,ITI! lriLtlaCIOUl, otaar to
-- _octLed brot_{ih-i_ly (SYI 4/|) t _{IhC Irly (N7)

'" -- -- arid lilhr, blrolm (_YE 6/4), Hldiu_ r.o c_olrlely
" " " crystalline, _daraceLy blrd_ trite poLyhiLL¢[o

" " " ..7--..-- hs[Lte from 45.2* co 46,3', Clay content rlnlll
- - .-- from (}'|_g lad o¢Curl lnClrltt.CLl|ly, Clear

"-- "- h_lil:, frm )7.$'-)11.4' 41.0'-42,0' and _0 3'-
IO "45"- 5,_ IOO -- X 50,6* Gray or brolm c_ly breaks ac 38,9 _, 3g,7',- - _,4.3', &5 7', 46,0' 46,3* 46.4* 46 5' 47.3*

_ t'_. t --.-- and &9,0' ,... ....

,,w,...m.. =..,

.,. ,.,,

,=. =., =.,.=. _=,

II _ _ _,0 100 -- -- ....

- ._0" -- . .... _ _ _ .......

t









WIPP-SPDV ROCK CORICNOGNOGG
. WASTE ISOLATION PILOT PLANT U P W A R D R '%%_ed"INSTRUMENT

BORING NO. DO-229 TYPE a NUMBER );pne HOLE SIZE NX - - O
LOCATION • East 140 Drift:. 401' S of Exeloratorv Rhaft C_nt_rltnp. '13.7 ' from E rib

i " ' ii ii IL II I lllll I I I I I I IJll I I IIIII I

' STATION _" k01, F., 153 COLLAR ELEV.._-_.._=B- DIRECTION OF DRILLINGVerttcal up

MINE COORDINATES ,N,,.,9287E7049' . _ BOREHOLE PENETRATION 50.6'
' _

DRILLING METHOD._ R°tacy w[ Brine DRILL MAKE/MODEL 3oy 12..B _

PREPARED BY l_ ,.P_/gechtel ..... DATE 3/4/83 SHEET
_.L QFJ__

.

_ , _ ,,,,,, , .... ,,, ,, , _ _

.,N .,.

m

m ,m

m .,m t

t

e

i

u.10-_r_.6 , , II_%TIKI predomi_ately clear,

Locally mottled rich moderate bream clay ,and Hole colplel:od at 11:30'
moderate reddLeh-ocan|e poLyhaLLte, medium to hours on 3 Narch 1983.
coareely ¢ryetaLline, moderately hard. ContJLne
cra©e tmlyholite bLebe _",roughout and trace broom

-_0" 4.o m0 - i- =l, _o.,.'-_o.6'. ,o.. • =l, b_-.=., ,a.,'.ii iiii i , , '1 iiii ,,,, , _ ,,,,, ,

==_ = = =
.......





WIPP  EOLOGICDRILLLOG
WASTE ISOLATION PILOT PLANT

INSTRUMENT HOLE
TYPE & NUMBER .... " TYPE/SIZE 4" CORE BORING NO. 0H-Lt

LOCATION _ERLINE OFR0_ L-2 A_;DTESTR00M2INTERSECTIONjROOF .....
i

i i iiii i iiii i i iiiiii i

STATION N1433k3_t,5 COLLAR ELEV. 1308+ VE_IICAL" .....DIRECTION OF DRILLING =_

MINE COORDINATES Nl1,125,6 _;_529,6 DEPTH OF BOREHOLE 19,7 FT

DRILLING METHOD, ROTARY/AIR....... DRILL MAKE/MODEL. LONGYEAR65

DATE STARTED 2-15-8q (DAY) DATE COMPLETED 2"16-84 (DAY) SHEET

LOGGED BY: J, E, GALLERAN! DATE: 2._6-8q .... _ OF 1___

= ........

i a,.: _._ O _,_ _-- _- aC _ _W i DESCRIPTION REMARKS

0.0 a: _ ............

m .. 51 1. $ 1 100 X 0,0' - 2.3' _x ¢les: to aodarsto _HIdLnh Used 4" thLm vn11 muons/
. - " OrUll (101 ii6); ¢osrsoZy er/stt21,tne. < I to _ core bsrrel with I_ L_ds,

I. $ ......, . X polTbLTito blobg sad psteboe.
n

Holo drilled by lBL.
2' _I 3.1 3.1'100

m l X 2030 -- 5,21 _8 _OCe li ielte _lb Orilli18 ¢1--: 8-112 hfS. _.

,. .. oreale 1101 li(i}; BodLm to eounoly el'Tltl].lLN.
, , <11L pollhslito. Clsy beesk st 3.0 - 3.2'. '

. -- X4.6 _....

, , $.2' - 7.6' BAL/TIt: (:lest mtzed with msdim lllbt
. .. "" Izs]r (lM); mim to emmloly erjrstiJL21se, < 21L Bray

3 , .. 3.0 3.0 100 elsy sad polybslite.

m, ., X _r contact ot sakydrlte b
7.6 -- " "' %% % _ shovu eole core lrLadLll.

-- -- 7.i' - 7.8' _nlYDILY_ bl Mlllt.e to lkllit, IrSf (17) True of grsy =lay.

" " 2.85 ulydrito u|t:h llStN_ kll|tl lrmRh8, 81tlht
truo clay st 7.t', Upper eontut Le tllhtl/ tmlded,

& " " 2.qS 100 Core lmts_t.

10.45 ..___, ,,

,, ., 7.80 - 13.00 E&LZTlt; Clesr; eOlUrllly eryltallLHo
lel_tlrH Rite ltrinllrB.

5 " " 3.6.5 3.65 100
am mm

me mi

" " X 13.oo - 14.1, ItALz11: Cle_ to moder&ko roddlBh,. ., -- orsale (101 6/6); m_il tO OOSrllly C_Ilt&lZile.

14.1 . -- < 1/2_ dilperled ImlyblJLLi¢o aJId IrsY tiny,

•,0 15.., ot _nbydrlto s but ptoeee
. ., , 14.1' - 14.8' AJ_I3rDEZT_ &| b'site to llllSt lrsy 1187) tf|t tOlltbor f&lrly well.

6 , ., 3.7 3.7 100 i X X nieroeryetLLltne salt_lrito tritb nstteeed hii.i.it.e
Irtmt_l, elpeel_lly em_ol tram 14.6 - 14.1'. <1/32"

" -- X lrIY :lsy st 16.1'. Upper emltut Lo tm|_ls_;

" " X X tishtll vel6od, co_o Let_t. _esdos into polyb*litie

17.8 .....-.- ." -." xX x .kslite above.
m

sm ii ,
emm

7 ". " 1.9 1.{ 100 -.--- 14.8' - 18.4' IN_LYRKL.Y'_C IUU.ZTll Clelur tO aoderlte

19.7 _.__" " fedal|sh orule; _oulellr eryots,tline. <1 to 31, pall-
mm 20em b-life. Julhyd_|_o |trilSerJ st 15.9 ud 16.05'.
mn _a

mo _m

18.4' - 1_.?' IU/JTI: Closr, medlul to convexly
" "= era|till|aG. (lt dispersed lrsy city. lres_ tt 18.6'
am

ms

mm ml

sm mi

sm al

,,

BORING NO. 0H-11







APPENDIX J..

GEOMECHANICAL INSTRUMENTATION DATA PLOTS



CONTENTS

Table No. Title/Description

J-l Index of Instrumentation Data Plots
J-2 Schematic Symbols for Data Plots
_)-3 Description of Instrument Identification

Fi_

See Table J-I for listing of enclosed figures.

\,



" Table J-I

GEOMECHANICAL INSTRUMENTATION DATAf,

Figure No, Title ,

J-1 Piezometer _IX-PE-O0201 - Wasxe Shaft
J-Z Piezom_ter '31X-PE-OOZO2,- Waste Shaft
J-3 P£ez,ometer '31X-PE-OOZ03 - Waste Shaft

j-4 Piezometer 31X-PE-O020_ - Wast_ Shaft
J-5 Diezometer 31X-PE-O0205 - Waste Shaft
J-6 P£ezometer 31X-PE-O0206 - Waste Shaft
J-7 P_ezometer 31X-PE-OO207 - Waste Shaft
J-8 P£ezometer 31X-PE-OO208 - Waste Shaft
+J-9 Piezometer 31X-PE-O0209 - Waste Shaft

J-lO P£ezometer 31X-PE-O0210 - Waste Shaft
J-Zl Piezometer 31X-PE-OOZZl - Waste Shaft
J-12 Piezometer 31X-PE-O0212 - Waste Shaft

.-. J-13 Piezometer 75X-PE-OOZ01 - Exhaust Shaft
J-l_ Piezometer 35X-PE-OOZOZ - Exhaust Shaft
J-15 Piezometer 35XmpE'o0203 -- Exhaust Shaft
J-16 Piezometer 35X-pEmO0204 - Exhaust Shaft
,,J-17 Piezometer 35X-PE-O0205 - Exhaust Shaft

,J-la Piezometer 35X-PE-O0206 - Exhaust Shaft
J-19 Pi_zometer 35XIpE-O0207 - Exhaust Shaft

J-ZO miezometer 35X-PE-OOZ08 e Exhaust Shaft
J-21 Piezometer 35X-PE-OOZOg - Exhaust Shaft ,

J-Z2 Piezometer 35X-PE-O0210 - Exhaust Shaft
J-Z3 Piezometer 35X-PE-OOZll - Exhaust Shaft
J-24 Piezometer 35X-PE-OO212 - Exhaust Shaft
J-25 Ptezometer 35X-PE-O0213 m Exhaust Shaft
J-Z6 Piezometer 35X-PE-OOZ14 - Exhaust Shaft
J-27 Piezometer 35X-pEmOOZ. 15 - Exhaust Shaft
J-28 Piezometer 35X-PE-O0216 - Exhaust Shaft
J-Z9 Piezometer 35X-PE-GOZ17 _ Exhaust Shaft
J-30 Piezometer 35XmPE-OOZ1B - Exhaust Shaft
J-31 Piezometer' 35X-PE-O0219 - Exhaust Shaft
J-32 Piezometer 35X-PE-OO220 - Exhaust Shaft
J-33 Piezometer 35XmPE-OOZZ1 - Exhaust Shaft
J-34 Piezometer 37X-PE-O0201 - C E SH Shaft
J-35 P£ezometer 37X-PE-O0202 - C & SH Shaft
J-36 Piezometer 37X-PE-OOZ03 - C _ SH Shaft
J-37 Piezometer 37X-PE-O0204 - C _ SH Shaft
J-38 Piezometer 37X-PE-O0205 m C _ SH Shaft

J-39 Piezometer 37X-PE-OOZ06 - C & SH Shaft
_ J-40 Piezometer 37X-PE-OOZ07 - C _ SH Shaft"

J-_l Piezometer 37XmpE-oo20B - C & SH Shaft
J-_Z ,Piezometer 37X-pEmOOZOg m C E SH Shaft
J-43 Piezometer 37X-PE-OOZlO i C & SH Stlaft
J-_4 Piezometer 37X-PE-OO211 - C & SH Shaft



'Table,J-1 Icontlnued)

J-45 piezomeier 37X-PE-O0212 - C & SH ahaft

j-46 Pressure Cell 31X-WE-OOZOZ - Waste Shaft

J-47 Pressure Cell 31X-WE-OOZO2 - Waste Shaft
J-48 Pressure Cell 31X-WE-OO203- Waste Shaft

J-49 Pressure Cell 31X-WE-OOZ04 - Waste Shaft

J-S0 Pressure Ce_l 3$X-WE'OOZ01 - Exhaust Shaft
J-51 Pressure Cell 35X-WE-OOZO2 - Exhaust Shaft
J-52 Pressure Cell 35X-WE-OOZ03 - Exhaust Shaft
J-53 Pressure Cell 35X-WE.OOZ04- Exhaust Shaft ,
J-54 Pressure Cell 37X-WE-OOZOI- C & SH Shaft
J-55 Pressure Coil 37X-WE-OO202- C & SH Shaft
J-56 Pressure Cell 37X-WE-OO, Z03 _- C & SH Shaft
J-57 Pressure Cell 37X-WE-OOZ04 - C & SH Shaft

J-58 Welded Strain Gauge 3TX-ZE-OOZOZ - C E SH Shaft
J-59 Welded Strain Gauge 37X-ZE-OOZOZ - C _ SH Shaft
J-60 Welded Strain Gauge 37X-ZE-OOZ03 - C & SH Shaft
J-61 Welded Strain Gauge 37X-ZE-OO204- C & SH Shaft,
J-6Z Welded Strain Gauge 37X-ZE-OO205 - C & SH Shaft
J-63 Welded Strain Gauge 37X-ZE-O0206 - C & SH Shaft
J-65 Welded Strain Gauge 37X-ZE-OOZO7 - C & SH Shaft
J-65 Welded St'rain Gauge 37X-ZE-O0208 - C & SH Shaft
J-66 Embedment Strain Gauge 37X-ZE-O9209 - C r. SH ,Shaft
J-67 Embedment Strain Gauge 37X-LE-OOZZO- C, & SH Shaft • ,
J-68 Embedment Strain Gauge 37X-ZE-OOZZZ - C & SH Shaft ,
J-69 Embedment Strain Gauge 37X-ZE-OOZ1Z . C & SH Shaft
J-TO Embedment Strain Gau_,e 37X-ZE-OOZZ3- C & SH Shaft
J-7:1 Embedment Strain Gauge 37X-ZE-OOZ14- C & SH Shaft
J-7Z Embedment Strain Gauge 37X-ZE-OO215 - C & SH Shaft
J-73 Embedment Strain Gauge 37X-ZE-OOZZ6 - C _, SH Shaft
J-7_ Welded Strain Gauge 37X-ZE-OO217 - C & SH Shaft
J-75 Welded Strain Gauge 37X-ZE-OOZ18 - C E SH Shaft
J-76 Welded Strain Gauge 37X-ZE-OOZ19 - C _ SH Shaft
J-77 Welded Strain Gauge 37X-ZE-O0220 - C _ SH Shaft
J-78 Welded Strain Gauge 37X-ZE-OO221 - C & SH Shaft
J-79 Welded Strain Gauge 37X-ZE-OOZZ2 - C & SH Shaft
J-B0 ,Welded Strain Gauge 37X-ZE-OOZ23 - C & SH Shaft
J-81 Welded Strain Gauge 37X-ZE-OOZZ4 - C _ SH Shaft
J-SZ ,Embedment Strain Gauge 37X-ZE-OOZZ5 - C & SH Shaft ,
J-83 Embedment Strain Gauge 37X-ZE-OOZ26 -'C & SH Shaft
J-B4 Embedment Strain Gauge 37X-ZE-OOZZ7- C & SH Shaft
J-85 Embedment Strain Gauge 37X-ZE-OOZZ8- C t SH Shaft
J-86 Embedment Strain Gauge 37X-ZE-OOZ29 - C _ SH Shaft
J-87 Embedment Strain Gauge 37X-ZE-OOZ30- C & SH Shaft
J-88 Embedment Strain Gauge 37X-ZE-OO231 - C & SH Shaft
J-89 Embedment Strain Gauge 37X-ZE-OO232 - C & SH Shaft
J-90 Embedment Strain Gauge 37X-ZE-OO235 - C & SH Shaft
J-91 Embedment Strain Gauge 37X-ZE-OOZ36- C & SH Shaft
J-92 Embedment Strain Gauge 37X-ZE-OOZ37- C & SH Shaft
J-93 Embedment Strain Gauge 37X-ZE-OO238 - C & SH Shaft
J-94 Embedment Strain Gauge 37X-ZE-OO239 - C E SH Shaft
J-95 Embedment Strain Gauge 37X-ZE-OO240 - C _, SH Shaft
J-96 Embedment Strain Gauge 37X-ZE-OO241 - C _ SH Shaft
J-97 Embedment Strain Gauge 37XlZE-OO242 - C _ SH Shaft



Table J-1 (continueS)

J-gB Multlple-Point Extensometer 31X-GE-O0201 - Waste Shaft

J-99 Multiple-Point Extensometer 31X-GE-OOZOZ- Waste Shaft
J-lO0 Multlple-Point Extensometer 31X-GE-OO203- Waste Shaf'L
J-f01 Multiple-Point Extensometer 31X-GE-OOZO4- Waste Shaft

J-lOt Multlple-Point Extens.ometer 31X-GE-OOZO5 - Waste Shaft

j-lO3 Multiple-Polnt Ext'ensometer 31X-GE-O0206- Waste Shaft
J-lO_ Multiple-Point Extensometer 31X-GE-O0207 - Waste Shaft

J-105 Multiple-Point Extensometer 31X-GE-OOZOB - Waste Shaft
J-lO6 Multiple-Point Extensometer 31X-GE-O0209 - Waste Shaft
J-107 Multiple-Point Extmnsometer 35X-GE-O0201 - Exhaust Shaft
J-10B Multiple-Point Extensometer 35X_=GE-'O0202 - Exhaust Shaft

J-lOg Multiple-Point Extensometer 35X-GE-O0203- Exhaust Shaft
J-li0 Multiple-Point Extensometer 35X-GE-O0204- Exhaust Shaft
J-Ill Multiple-Point Extensometer 35X-GE='OOZ05- Exhaust Shaft

J-l12 Multiple-Point Extensometer 35X-GE-O0206- Exhaust Shaft

J-li3 Multiple-Point Extensometer 35X-GE-OOZO7- Exhaust Shaft
J-Ii4 Multiple-Point Extenso_eter 35X-GE-OOZ08 - Exhaust Shaft

J-115 Multlple-Point Extensometer 35X-GE-O0209 - Exhaust Shaft

J-l16 Multiple-Point Extensometer 37X-GE-OO201 - C & SH Shaft
J-l17 Multiple-Point Extensometer 37X-GE-OO20Z - C C SH Shaft
J-liB Multiple-Point Extensometer 37X-GE-O0203 - C & SH Shaft
J-i19 Multiple-Point Extensometer 37X-GE-OOZ04 - C & SH Shaft
J-120 Multiple-Point Extensometer 37X-GE-OOZ05 -C E SH Shaft

J-121 Multiple-Point Extensometer 37X-GE-O0206- C & 5H Shaft
J-122 Multiple-Point Extensometer 37X-GE-OO207- C _ SH Shaft

J-123 Multiple-Point Extensometer 37X-GE-OO208- C & SH Shaft

J-lZ4 Multiple-Point Extensometer 37X-GE-OOZO9- C _ SH Shaft

J-125 Double-Point Extensometer 51X-GE-OO206
J-Zt6 _oubl, e-Point Extensomete(' 5ZX-GE-OOZ07
J-127 Double-Point Extensometer 5ZX-GE-O0208
J-128 Double-Point Extensometer 51X-GE-OOZ09
J-lZ9 Double-Point Extensometer 51X-GE.OOZIO'
J-130 Double-Point Extensometer 51X-GE-OO211
J-131 Double-Point Extensometer 51X-GE-OOZ12
J-132 Hultiple-Point Extensometer 51X-GE-OO213
J-133 Multiple-Point Extensometer 51X-GE-OO214

• J-134 Multiple-Point Extens,ometer 51X-GE-OO215
J-135 .Multiple-Point Extensometer 5IX-GE-O0216
J-136 Multiple-Point Extensometer 51X-GE-O0217
J-137 Multiple-Poin'_ Extensometer 51X-GE-OO218
J-138, Multiple-Point Extensometer 51X-GE-O0219
J-139 Multiple-Point Extensometer 51X-GE-OO2ZO
J-140 Double-Point Extensometer 51X-GE-OOZ21

J-Z41 Multiple-Point Extensometer 51X-GE-O0222

J-142 Multiple-Po$nt Extensometer 5ZX-GE-O0223

J-_43 Multiple-Point Extensometer 51X-GE-OOZ24
J-144 Multiple-Point Extensometer 51X-GE-O0225,

J-145 Multiple-Point Extensometer 51X-GE-O0226

J-146 Multiple-Point Extensometer 51X-GE-O0227
_ J-147 Multiple-Point Extensometer 51X-GE-OOZ2B

J-148 Multiple-Point Extensometer 51X-GE-OO229
J-149 Multiple-Point Extensometer 51X-GE-O0230
J-150 Multiple-Point Extensometer 51X-GE-OO231
J-Z51 Multiple-Point Extensometer 51X-GE-O0232



' Table J-1 (continued)
_

J-15Z Oouble-P;£nt Extens_ometee" 51X-GE-00233
J-153 Double-Point Extensometer 51X-GE-O0234
J-154 :)ouble-Po£nt Ext;ensometer 51X-GE-OO235
J-,lS5 Double-Po£nt Extensometer 51X-GE-O0236
J-156 " Mult_131e-Point Extensometer 51X-GE-OO237
J-157 Mult;Lple-Po_nt Extensometer 51X-GE-OOZ38
J-158 MultLple-PoXnt Ex'censometer 51X-GE-OOZ39
J-159 Mult:Lple-Po£nt Extensomel:er 51X-GE-O0240
J-160 Multiple-Po£nt Extensometer 51X-GE-OO241
J-161 Multiple-Po_n,t Extensome'cer 51X-GE-OO24Z
J-162 Multiple-Point( Extensometer 51X-GE-OO243
J-163 Single-Point E',x'censometer 51X-GE-OOZ6¢
J-164 Multiple-Point Extensometer 51X-GE-OOZ45
J-165 Multiple-Point Extensometer 51X-GE-O0246
J-166 Mult£ple-Po£nt Extensometer 51X-GE-O0247
J-167 Mult£1ole-Point Extensometer 51X-GE-O0248
J-168 Multiple-Point Extensometer 51X-GE-OO247 ,
J-169 Multiple-Po:_nt Extensometer 51X-GE-O0250
J-170 Mult:Lple-Point ExtensometeP 51X-GE-OOZ51
J-171 Double-Point Extensometer 51X-GE-OO252

J-Z7Z OoUble-Point Extensometer 51X-GE-OO253
J-lT3 Single-Point Extensometer 51X-GE-OOZ54
J-174 Multi_le-Point Extensometer 51X-GE-OOZ55
J-175 Multiple-Point Extensometer 51X-GE-OOZ56
J-176 Multil=le-Po£nt Extensometer 51X-GE-OOZ57 '
J-177 Multil_le-Point Extensometer 51X-GE-OO258
J-178 Rult:Ll:le-Poznt Extensometer 51X-GE-OOZ59
J-179 Mult:Lple-Point Extensometer 51X-GE-OOZ60 ;,
J-180 MultilDle-Point Extensometer 51X-GE-OOZ61
J-181 Mult:[pZe-Point Extensometer 51X-GE-OOZ6_
J-18Z Mult:Lole-Po_nt Extensometer 51X-GE-OOZ63
J-183 Mult£1_le-Point Extensometer 51X-GE-OOZ64
J-184 Mul_il:le-Po_nt Extensometer 51X-GE-00265
J-185 MultiDle-Point Extensometer 51X-GE-OOZ67
J-186 Mult:LDle-Po_nt Extensometer 51X-GE-OOZ68
J-187 Mult£Dle-Point Extensometer 51X-GE-OOZ69
J-188 Multt_/e-Point Extensometer 51X-GE-OOZ70
J-189 Double-Point Extensometer 51X-GE-OOZ71

J-190 Convergence Meter 51X-CE-OOZ01
J-_?l Convergence Meter 51X-CE-OOZOZ

J-19Z Rockbolt Load Cell 51X-WG-OOZ01
J-193 Rockbolt Load Cell 51X-WG-OOZOZ
J-194 Rockbolt Load Cell 51X-WG-OOZO]
J-195 Rockoolt Load Cell 51X-WG-OOZ04
J-196 Rockbolt Load Ce'.l 37X-WG-OOZ06
J-197 Rockbolt Load Cell 37X-WG-OO207

J-198 Rigid Stressmeter 51X-NG-0025Z
J-199 R_Lgid Stressmeter 51X-NG-OO2 54
J-Z00 R£gid Stressmeter 51X-NG-00255
J-Z01 Rigid Stressmeter 51X-NG-OO256

J-ZOZ Convergence Points Waste Shaft - El. 2338
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Table J-1 ,(_cont,inued,)

J-203 C,}nvergence Points- Waste Sh_ft- El, 18_3
J-204 Convergence Po; ts- Waste Shaft - El. 1350
J-Z05 Convergence Points - C & SH 3haft - El. 3114
J-206 Convergence Points - C & =H Sl,=ft - El. 2956
J-207 Convergenc_ Points- C & SH Shaft - El. 2825
J-208 Convergence Points' - C & SH Shaft - El. 2680
J-Z09 Convergence Points - C F.,SH Shaft - El. 2596
J-ZlO Convergence Points- C & SH Shaft - El. 2470
J-ZZZ Convergence Points - C E SH Shaft - El. 2337
J-212 Convergence Points- C & SH Shaft - El., 2135
J-213 Convergence Points- C & SH Shaft - El. 1846
J-Z14 Convergence Points- C _ SH Shaft-El, t353

J-215 Convergence Points- EO Drift, North 1266 =t
J-216 Convergence Points- EO Drift- NZIO0 Drift intersection
J-217 Convergence Points- EO Drift, North 940 Ft
J-218 Convergence Points- EO Drift, North 6'26 Ft
J-Z19 Convergence Points- EO Orift_ North 290 Ft
J-220 Convergence Points- EO Drift -N140 Crosscut Intersection
J=ZZI Convergence Points - 39 Ft North of C & SH Shaft
J-ZZZ Convergence Points - 15 Ft North of C K SH Shaft
J-223 Convergence Points - IZ Ft West of C & 5H Shaft
J-224 _Convergence Points- IB Ft South of C E SH Shaft

-. J-Z25 ' Convergence Point=- 18.5 Ft South of C & SH Shaf +.
J-226 Convergence Points - 30 Ft South of C _ SH Shaft
J-227 Convergence Points- 65 Ft South of C & SH Shaft
J-ZZ8 Convergence Points- W30 Drift, South 250 Ft

J-229 Convergence Points- W30 Drift, South 500 Ft ., J-230 Convergence Points- W30 Drift - $700 Crosscut Zntersection
J-Z31 Convergence Points- W30 Drift_ South 850 Ft
J-Z3Z Convergence Points- W30 Orift- $1000 Crosscut Intersectior
J-233 Convergence Points _ W30 Drift, South 1141 Ft
J-Z34 Convergence Points- E140 Drift, North 1266 Ft
J-235 ' Convergence Points- El40 Drift, North 626 Ft
J-236 Convergence Points - El40 Drift, North 240 Ft
J-237 Convergence Points- E140 Drift, North 5 Ft
J-238 Convergence Points- ElmO Drift- S400 Crosscut Intersectior
J-239 ' Convergence Points - E140 Drift, South 460 Ft
J-2_O . Convergence Points- E140 Drift, South. 550 Ft

_" J-Z41 Convergence Points- El40 Drift, South 850 Ft
J-242 Convergence Points- E140 Drift, South 1150 Ft
J-2_3 Convergence Points- E140 Drift, South 12,46 Ft
J-244 Convergence Points - El40 Orift, South 1_50 Ft
J-245 Convergence Points - E140 Drift, South 1879 Ft
J-246 Convergence Points- E140 Drift, South 2066 Ft
J-Z4T Convergence Points - Elmo Drift, South 2350 Ft
J-248 Convergence Points - E140 Drift, South 2625 Ft
J-249 Convergence Points - E140 Driftm South 2950 Ft
J-250 Convergence Points - Elmo Drift, South 3250 Ft
J-251 Convergence Points - El40 Oriftm South 3614 Ft

-- J-252 Convergence Points - El40 Drift, South 3639 Ft
J-Z53 Convergence Points - El40 Drift, South 3664 Ft
J-254 Convergence Points - E300 Drift - $700 Crosscut Intersectio
J-255 Convergence Points - E300 Driftt South 850 Ft
J-256 Convergence Points - E300 Dri_t - SIO00 Crosscut Intersecti



Table J-l, (continued)

J-257 Convergence Points- E300 _:_t, South 11,50 Ft '
J-258 Convergence Points -_520 Oriftt South 1775 Ft
J-257 Convergence Points - W170 Orlft - S?O0 Crosscut Znterse
J-Z60 Convergence Points - W170 Orift_ South 850 F_
J-261 Convergence Points - H170 Drift - $1000 Crosscut Intersec o
J-262 Convergence Points - _1;70 Oriftt South 1150 Ft
J-263 Converge.ce PoCnts - N1100 Orift_ West 1347 Ft
J-Z64 Convergence Points - Nl100 DrAft, West. 1159 Ft
J-Z65 Convergence Points - Nl100 Driftp West 951 Ft
J-266 Convergence Points - Nl100 Dr2ft_ West 783 Ft
J-267 Convergence Points - Nl100 Drift - Test Room 2 Intersection
J-Z68 Convergence Points - NIlO0 Drift, East 80 F_
J-269 Convergence Points - Nl!00 Dr_f_t East 319 Ft
J-270 Convergence Points - Nl100 Drtftt East 691 Ft
_-271 Convergence Points - Nl100 OrLYt_ East 846 Ft
J-ZTZ Convergenc_ Poir_ts - Nl100 Drift, East 1135 Ft
J-.Z73 Convergence Points - Nl100 Drift_ East 1582 Ft
J-ZT6 Convergence Points - N1420 Driftt West 391 Ft
J-275 Convergence Points - NZ4ZO Orift - Test Room 2 Zntersection
J-276 Convergence Points - N14ZO Orift_ West 258 Ft
J-ZT7 Convergence Points - N1420 DrAft,- Test Room 1 Intersection
J-Z78 Convergence Points - N1420 Drift, East 304 Ft
J-279 Convergence Points - N14ZO OrLft, East 716 Ft
J-280 Convergence Points - N1420 Or£ftt East 1106 Ft

' J-281 Convergence Points - N14ZO Drift, East 1547 F_ ,
J-ZBZ Convergence Points - Substat¢on ZA "
J-283 Convergence Points - Test Room 1
J-_84 Convergence Points - Test Room Z

J-285 Convergence Points - Test Room 3
J-286 Convergence Po£nts - Yest Room 4 W
J-287 Convergence Points -Room LZ_ North 1655 Ft
J-288 Convergence Po£nts - Room LZt North 1455 Ft

' J-Z89 Convergence Points - S90 Crosscut, East 91 Ft
J-Zgo Convergence Points - 17 Ft East of Waste Shaft
J-291 Convergence Points - 20 Ft West of Waste Shaft
J-Z92 Convergence Points - $700 Crosscutt East 205 Ft
J-293 Convergence Points - S1600 Orzft, East 311 Ft
J-Z94 Convergence Points - 51600 Drift_ East 332 Ft
J-Z95 Convergence Points - S1600 Oriftp East 357 Ft
J-296 Convergence Points - $1600 OrCftt East 382 Ft
J- "97 Convergence Points - S1600 Drift_ East _07 Ft
J-298 Convergence Points - S1600 DrCft_ East 432 Ft
J-299 Convergence Points - $1600 Drtft_ East 457 Ft
J-300 Convergence Points - $1600 Or£ft_ East 6_2 Ft
J-301 Convergence Points - $1600 Or£_t_ East 507 Ft
J-30Z Convergence Points - S1600 Drift_ East 520 Ft
J-303 Convergence Points - 51950 Dr_ft_ East 311 Ft
J-30_ Convergence Points - $1950 Dr_ft, East 332 Ft
J-305 Convergence Points - $1950 Drift_ East 357 Ft
J-306 Convergence Po_nts - $1950 .Oriftt East 382 Ft
J-307 Convergence Points - S1950 Drift, East 407 Ft
J-308 Convergence Po£nts - 51950 Orcf_, East 432 Ft
J-309 Convergence Points - 51950 Drift, East 457 Ft
J-310 Convergence Points - $1950 Drift, East 482 Ft
J-311 Convergence Points - 51950 Drift, Eas_ 503 Ft

e



" Table J-1 Icontlnued)

J-312 Convergence Points - S1950Driftt East 523 Ft

O J-313 Convergence Points - $1950 Oriftt East 586 Ft
J-314 Inclinometer 51X-IG-OOZO1
J-315 Inclinomoter 51X-IG-O0202
J-316 Znclinometar 51X-IG-O0203
J-317 Inclinometer 51X-IG-OO204
J-31B Inclinometer 51X-IG-O0205
J-319 Inclinometer 51X-/G-OO206
J-3ZO Inclinometer 51X-IG-O0211
J,-321 Inclinometer 51X-IG-O0212
J-322 Inclinometer 51X-IG-OO213
J-323 Inclinometer 51X-IG-_C0214
J-324 Inclinometer 51X-IGlOO215
J-325 Inclinometer 51X-IG-OOZ16
J-326 Inclinometer 51X-IG-O0217
J-327 Inc£inometer 51X-IG-O0218
J-32B Inciinomeler 51X-£G-O0219
J-329 Inclinome_,_r 51X-IG-OOZ20
J-330 Inclinometer 51X-IG-O02_l
J-331 Inclinometer 51X-IG-OO2Z2
J-332 Inclinometer 51X-IG-O0223
J-333 Inclinometer 51X-IG-OOZ24

- J-334 Inclinometer 51X-IG-OO225
J-335 Inclinometer 51X-IG-O0226

l l lllllll_lllllllllllll



" ' P"_'-"'_ , TEST ROOM CROSS SECTION° SHOWING INCLINOMETER
LOCATION AND DEPTH IN FT. POSITIVE VALUE ON PLOT
DENOTES Uff44ARD MOVEMENT,

VIEW NOI4TH

i

I TEST ROOM CROSS SECTION, SHOWING STRESSMETER' 0

LOCATION AND DEPTH IN FT, ANHYDRITE lIED
SHOWN AT 4 TO 7 FT.

V IEW NORTH
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Table J-3

DESCRIPTION OF INSTRUMENT IDENTIFICATION.

Field Desiqnation (assigned in Bechtel contract packages)

i __xx- AB - 00_. 2NO

> > :_ >

> > > ' > Instrument number'(01, 02, ...)
> > >

> > > Bechtel Drawing No. for contractors which
illustrates item (37X-002, 51X-002, ...)

> >

> > Notation for type of instrument
> ...... (PE, GE, ...) listed below
>

> General instrument location (31X, ...)L,

General instrument location:

31X Waste shaft
35X Exhaust shaft
37X C & SH shaft
51X Drift level

Type of instrument:

CE Convergence meter
GE Extensometer
I6 IncIinometer
NG Rigid-inclusion stressmeter
PE Piezometer
RC Permanent convergence points
TC Temporary convergence,points

z RS Wall shortening point's
WE Pressure cel.l
WE Rockbolt load cell
ZE Strain gauge

Example Field Designation

51X-GE-O0246 is a drift level (51X) extensometer (GE) which may also be
referred to as GE-246 on figures and tables in this report. However,
convergence points are designated by approximate shaft depth or drift station.
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APPENDIX K
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ANALYTICAL DATA PLOTS
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.F,.i,gure No. Title/DescriDti.on

Convergence Rate Versus Time Since Excavation

K-l E140/5460
K-2 E140/$550
K-3 E140/SBSO
K-4 EI40/S1150
K-5 E140/S1246
K-6 E140/S1450
K-? E140/SIB79
K-B EO/N290
K-g EO/N626
K-lO EO/N940
K-ll EO/NI266
K-12 EI40/N5
K-13 E140/N240
K-14 E140/N626
K-15 E140/N1266

- K-16 Test Room l
K-l? Test Room 2 - Convergence Meter 51X-CE-O0201
K-I8 Test Room 2
K-Ig Test Room 3
K-20 Test Room 4
K-21 Te'stRoom 2 Intersection/NlllO

Strain Versus Time Since Excavation

K-22 Roof Extensometer 51X-GE-O0234 - EO/N626
K-23 Roof Extensometer 51X-GE-O0241 -

Test Room 2 Intersection/NllO0
K-24 Floor Extensometer 51X-GE-O0242 -

Test Room 2 Intersection/NllO0
K-25 Roof Extensometer 51X-GE-O0247 - E140/S1950
K-26 Floor Extensometer 51X-GE-OO24B - E140/S1950
K-27 Floor Extensometer 51X-GE-O0250 - E140/$3045
K-28 Roof Extensometer 51X-GE-O0249 - E140/$3080

Strain Rate Versus Time Since Excavation

K-29 Roof Extensometer 51X'-GE-O0234- EO/N626
K-30 Roof Extensometer 51X-GE-O0241 -

Test Room 2 Intersection/NllO0
K-31 Floor Extensometer 51X-GE-O0242 -

Test Room 2 Intersection/NllO0
K-32 Roof Extensometer 51X-GE-O0247 - E140/S1950

-. K-33 Floor Extensometer 51X-GE-OO24B - E140/S1950
K-34 Floor Extensometer 51X-GE-O0250 - E140/$3045
K-35 Roof Extensometer 51X-GE-O0249 - EI40/S3OBO



F_iure No. Title/Description,

Strain Versus Time Since Excavation

K-36 Test Room Roof Extensometers - Collar to Anchor'A
K-37 Test Room Roof Extensometers - Anchor A to Anchor B
K-38 Test Room Roof Extensometers - Anchor B to Anchor C
K-39 Test Room Roof Extensometers - Anchor C to Anchor D
K-40 Test Room Roof Extensometers - Collar to Deepest Anchor
K-41 Test Room Floor Extensometers - Collar to Anchor A
K-42 Test Room Floor Extensometers - Anchor A to Anchor B
K-43 Test Room Floor Extensometers - Anchor B to Anchor C
K-44 Test Room Floor Extensometers - Anchor C to Anchor D
K-45 Test Room Floor Extensometers - Collar to Deepest Anchor

Strain Rate Versus Time Since Excavation

K-46 Test Room Roof Extensometers - Collar to Anchor A
K-47 Test Room Roof Extensometers - Anchor A to Anchor B
K-4B Test Room Roof Extensometers - Anchor B to Anchor C
K-49 Test Room Roof Extensometers - Anchor C to Anchor D
,K-50 Test Room Roof Extensometers - Collar to Deepest Anchor
K-Sl Test Room Floor Extensometers - Collar to Anchor A
K-52 Test Room Floor Extensometers - Anchor A to Anchor B
K-53 Test Room Floor Extensometers - Anchor B to Anchor C
K-54 Test Room Floor Extensometers - Anchor C to Anchor D
K-55 Test Room Floor Extensometers - Collar to Deepest Anchor
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DESIGN CONSIDERATIONS FOR THE WASTE HOIST

OF THE WASTE ISOLATION PILOT PLANT (WIPP)

P. K. Frobenius and C. L. Wu
BechLel National, Inc.

San Francisco, California

G. L. Tiley
Tiley and Associates, Ltd.
Hamilton, Ontario, Canada

ABSTRACT

The U.S. Department of Energy is currently constructing the Waste Isolation Pilo'L Plant
near Carlsbad, New Mexico. The full-scale pilot plant will demonstrate the feasibility of
the safe disposal of defense-related nuclear waste in a bedded salt formation at a depth of
2160 feet below the surface. WIPP will provide for the permanent storage of 25,000 cu ft
of remote-handled (RH) transuranic waste and 6,000,000 cu ft of contact-handled (CH)
transuranic waste. The technical and operational principles of permanent isolation of defense

waste in the geologic medium will alse be demonstrated.

The waste containers are received in the waste handling building where inspections and
mechanical processes are conducted. Then they are taken to the waste hoist tower above the
waste shaft and loaded into a waste conveyance which is lowared down to the underground

facility level by the waste hoist. The waste hoist and conveyance also transport underground
personnel and equipment during routine operations.

This paper covers the major mechnaical/structural design considerations for the waste

_t and its hoist tower' structure. The design of 'the hoist system components is described

ch includes 'the direct-drive friction hoist, conveyance, counterweight, ropes and guides,
the conveyance chairing device. Arrestors, crash beams and catch-gears are also dis-

.sed. The design of the hoist system and safety features incorporates state-of-the-art
technology developed in the hoist and mining industry to ensure safe operation for
transporting nuclear waste underground.

INTRODUCTION waste shaft, the construction and salt-
handling shaft, and the exhaust shaft.

In parallel with the program dealing
with disposal of waste from nuclear power The CH waste drums and RH waste
projects, the U.S. Department of Energy (DOE) canisters are received in separate parts of
is constructing the Waste Isolation Pilot the waste handling building where inspections
Plant (WIPP) to demonstrate the feasibility and mechanical processes are. conducted. Then
of the safe disposal of defense-related the waste containers are taken to the waste
nuclear waste in the bedded salt deposits of hoist tower above the waste shaft and loaded
the Delaware Basin near Carlsbad, N.M. This into a waste conveyance which is lowered
full-scale pilot plant facility will provide down to the underground facility level by the
for the permanent storage of 25,000 cu ft of waste hoist. The waste hoist and conveyance
remote-handled (RH) transuranic (TRU) waste also transport underground personnel and
and 6,000,000 cu ft of contact-handled (CH) equipment during routine operations. Thus,
TRU waste in deep underground salt beds. the waste hoist performs an important opera-
The WIPP facility will also demonstrate the ring function of the facility.
technical and operational principles of
permanent isolation of the defense waste in This paper covers the major mechanical/
an underground salt formation° As a secon-, structural design considerations for the
dary objective, it will provide an experi- waste hoist and its headframe structure. _he
mental facility for the further understanding design incorporates state-of-the-art techn,-
of the behavior of high-level waste in this fogy 'in the hoist and mining industry to

geologic medium. This informatiow_ will be ensure safe operation for transporting
useful for the future development of per- nuclear waste underground. At present, the
manent repositories for defense and commercial hoist and headframe are under construction
nuclear waste, with completion of the work anticipated in

1986.

The underground facility of WIPP is
_60 ft below ground and near the middle of GENERAL DESCRIPTION
alt formation 2,000 ft thick. The com- OF THE HOIST AND WASTE HOIST TOWER

, _ted facility will contain a network of
access drifts and storage roo_.mssThe under- The waste hoist will lower or lift. the

ground facility is conne.c_-_ecj_t_ s_,fc_.Z'_'_w_c_.r_'_ .c__' .c_nt_,,' t,_

facilities by three verti_--_k__s:, i l_ j--BV_r_,_ _ _._ S_ Or__ , _s_'_,i_t'_below__ _,, _ the



surface. A tower-mounted friction hoist was Operating speed of
designed. The direct drive hoist is mounted conveyance 500 ft/min

on e steel headframe (waste tower) over the Acceleration rate 1.0 ft/sec/sec
waste shaft. The hoist headwheel is 12 ft Creep speed .67 ft/see
in diameter end equipped with disc brakes. Guide entry speed 4.0 ft/sec
Six hoisting ropes are I-3/8 in. in diameter, Deceleration rate 1.0 ft/sec/sec
each end fastened to the conveyance and Rest time (minimum) 5.5 min
counterweight. The three tailropes are Conveyance weight
2-_ in. in diameter. Rope guides are pro- (w/rope fittings) 33 tons
vided for a smooth vertical ride. At the Counterweight (w/rope
shaft collar and underground station, spear fittings) 52 tons
guides are installed for accurate landing of Weight of headropes 32 tons
the conveyance, The waste tower (headframe) Weight of tailropes 32 tons
is fabricated of structural steel and en- Maximum design pay-
closed with insulated metal siding and roof load (RH Waste) 45 tons
decking. Deflection sheaves for the hoisting Maximum payloads/8 7 trips
ropes are provided to minimize the diameter shift normal operation 23 tons (lowered)
of the waste shaft. The waste tower and the 2 trips
shaft sump are furnished with wood arrestors, 45 tons (lowered)
catch-gears, crash beams, and other safety 2 trips (manload)
installations. The general arrangement of 5 tons
the waste hoist, waste tower, and waste I round trip
shaft is shown in Figs. i and 2. Founded on empty conveyance
reinforced concrete collar structure, the

waste tower supports the hoist equipment and HOIST COMPONENTS
also functions as a transfer station for the

waste and personnel. The major components of the WIPP waste
hoist system are as follows:

The conveyance and counterweight are
located and dimensioned to ensure free o Direct-Drive Friction Hoist

passage during the hoist cycle in the 19 ft o Conveyance
inner diameter waste shaft, as shown in Fig. o Counterweight
3. The clearance between the conveyance and o Hoisting Ropes and Guide Ropes
the shaft wall or shaft installations is 9 in. o Conveyance/Counterweight Guides
except in the region of the fixed guides, o Conveyance Chairing Device
The clearance between the conveyance and the

counterweight is at least 20 lr,. Direct Drive Friction HoistOPERATING DESIGN PARAMETERS The waste hoist is a 6 rope friction-
type Koepe hoist, lt is mounted on the waste

Operational design parameters for the tower over the waste shaft, and is directly
waste hoist system are as follows: driven by a 600 hp DC motor. The armature of



the motor is directly mounted on the maximum horizontal loads imposed
extension of the hoist wheel shaft. In order on the conveyance is estimated to
to ensure that the hoist support possesses be equivalent to 0.25 g from the
adequate rigidity, and to reduce interface fixed guides in the station areas

O between the design of the headframe structure during travel and 10% of the pay-and design of the hoist, a hoist bedplate load during loading and unloading.
is specified to be supplied by the hoist
manufacturer. The bedplate is supported o,1 (3) Emergency Condition: In the event
the steel floor framing by three steel bear- of emergency stops or the con-
ings. The steel floor framing for the hoist veyance engaging the arrestors,
machinery room is designed to provide a stiff all members and connections may
support structure for the hoisting equipment, be stressed up to full AISC

allowable stresses.
Conve.yance.

(4) Accident Condition: In the un-
The waste hoist conveyance has two likely event of an overtravelling

levels. The platform level of the conveyance conveyance crashing into the crash
is used only for material transport. Approx- beams, which might result in break-
imately 15 feet above the platform level, ing of the headropes, local yield-
a removable deck with wire mesh on four sides ing or buckling in the conveyance
is provided. This deck has a mandoor and will is acceptable. However, the four
be used for personnel transport_ safety catch lugs and their support

members on the conveyance must re-
The conveyance is a steel structure of main undistorted and operable after

subassemblies that are field bolted together, an ascending crash. These lugs
as shown in Fig. 4. The design of the con- and supports must be capable of
veyance meets the follo.wing requirements: holding a conveyance drop equiva-

lent to 2.0 g, distributed to two
(I) Load Combinations: The conveyance lugs and two support members only.

is designed for the vertical load

combination of deadload, maximum Counterwei h_._.
payload, and forces transmitted

from the hoisting ropes and tail- The counterweight consists of steel
ropes during normal operations, frames. The weight compartments of the
The allowable stresses for all the frames accepts removable steel or cast iron
steel members and connections are weights. The weight of the counterweight is
limited to 25% of AISC allowable approximately equal to the weight of the
stresses z to allow for accelera- empty conveyance plus one-half the weight of

O tions, decelerations, impact load- the maximum payload. The weight of the

ing, and fatigue.

(2) Operational Condition: The

conveyance is designed for hori- 'r---.................
zontal loads resulting from loading _:...........@ . _,,-O,',,L,,,NO,A,_S
and unloading the payload, and the .... ":
interaction between the conveyance
and rigid guides during normal
operation. The magnitude of the .- ':

IcO-vI Ya_cl I
_ _ P|R _,ONN|LL O_CK

l JaM
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conveyance rope fittings and of the counter- conveyance is lowered and approaches the
weight rope fittings is included in these underground station at a reduced speed of
weight summaries. 40 ft/min, it will be stopped 5 ft above

the station by applying the brakes activatedHoisting Ropes and Guide Rope_Es by a magnetic proximity switch. The chairs
will be automatically moved into the chair-

Full locked coil hoist headropes are ing position under the conveyance. After
used. Guide ropes are of half-lock coil con- the chairs are fully deployed, the convey-
struction. Tail ropes are a nonrotating type ance will be automatically lowered at the
with a synthetic fiber core. All ropes are same creep speed until it contacts the
galvanized and fabricated with internal lubri- buffers. The buffers absorb the shock and
cation for corrosion protection. For fire slow the conveyance until the conveyance
protection only mini_al manual lubrication or comes to rest on the chair. The hoist will
dressing may be applied after installation, continue to operate in a downward direction

to raise the counterweight and release the

For the conveyance with the maximum headrope tension until about 150 percent of
design payload, the factor of safety of the the hoist motor full-load torque is reached.
hoisting ropes is at least 5.9 as determined By this chairing method, the headrope tension
by ANSI MII.I 2 according to the depth of the is reduced sufficiently to assure that the
waste shaft, and both the hoisting ropes and conveyance does not bounce upward when the
tailropes have a minimum endurance limit of heavy waste cask or other loads are removed
400,000 loading cycles. Each guide rope has from the conveyance. At this point, the
tensioning cheeseweights of at least 18,000 current limiter will stop the hoist motor
pounds. To reduce the tendency of the guide and apply hoist brakes. When this occurs_
ropes to vibrate in unison, the amount of the indicating lights at the storage level
tensioning load on each of the guide ropes control station and master control station
differs by about 10%. The guide ropes have shall signal the completion of chairing and
a minimum factor of safety of 5.0. The el- unloading may proceed.
fect o_ the Coriolis force on the waste hoist
system and specifically the lateral deflec- Upon initiation of an up-travel signal,
tion of the guide ropes, as determined by the brakes will be released, and the hoist
the following formula, is considered to be will turn slowly to lower the counterweight
negligible due to the relatively slow speed: and restore tension in the headropes on the

conveyance side. Then the hoist can be
safely accelerated to raise the conveyance.

2 W__..%V w cose (I) When the conveyance passes the chairing :Fc
proximity switch, the chairs will be with-

= Coriolis force (Ib) drawn automatically.where Fc = total weight of conveyance and
Wt payload (156,000 'Ib) HOIST OPERATION, CONTROL AND SAFETY
V = operating speed of conveyance

(8.33 ft/sec) Major components of WIPP waste hQist
w = angular velocity of earth (7.37 operational system are:

x 10 r/see) -s
e = latitude of the WIPP site (33 °) o Hoist Control System

The stretch and associated vibration of o Brake System
the head ropes under acceleration and dece-
leration conditions were analyzed so that the o Wood arrestors
system was designed to keep the rope stretch
within safe operating limits, o Crash beams and catch-gears

Convey_ance/Counterwei_ht Guides The system is designed to provide the
-_ required operational flexibility and effi-

The rigid guides are designed for a ciency. Incorporated into the system are I

horizontal force from the conveyance or redundant features to ensure operational I
counterweight equivalent to 0.25 g. The safety during hoist operation against over_
total horizontal force from the conveyance or speed and overtravel Five levels of safe y
counterweight is distributed equally by top redundancy are provided. In order of their I
and bottom guide shoes only. In both the activation, in case of overs#eed or over-
north-south and east-west directions, only travel, the features are I) speed programmer
two fixed guide rails are assumed to be and the proximity switches in the shaft,

time. 2) the Lil_ controller, 3) the track limitengaged at one
switches, _ the wood arrestors, 5) the crash

_e Chairin 9 Device beams• In addition_ fault detection devicesare provided for all operational systems.

A chairing mechanism is provided at the Jamming of the conveyance or rope slip at
underground storage level station to support the conveyance or rope slip at the hoist
the conveyance during the unloading and load- wheel is automatically detected and safety
ing of the waste or material and thus to interlocks are provided for operational

prevent the sudden movement of the conveyance conditions.
due to changes in the conveyance payload.
The chairing mechanism consists of two Hoist Control Systems

movable structural memt_L_,4'wtit_W_pne,_ti_Cpo R_AtT_ _ i_ 0 _'_ _ay

buffers The chairing I_e(_ha_,_il_is_o|_la fj_i_r_c%ntroLs_ations for the
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located in the hoist control room, one local
, control station at the waste shaft collar,

and another local control station at the _..r_g...

o control ts provided in the conveyance through _--
an FM transmitter as shown in Fig. 5. The

hoist can be operated manually or semiauto- /o,,L_C,,O_=.,.v,,LOO.,L,,,'.'.,mattcally. When transporting waste, only the
semiautomatic mode will be used. In the PH _,,,.,o_,,...,
manual mode the hoist operation is monitored _o_.,_;_., I- ---.-=o.,o.o,c..=._.=,L,._;,,._oo_.E,._c,,..c.u.,,,.,,_

and controlled by a hoist man located at the _ , ._--.o_..L,=.master control station. Upon transfer of .__: ................ ,
command from the master control station, the ;i_.L=r. L__
local.control stations and the conveyance ===
only operate the hoist in the semiautomatic _ ---- ..... --
mode. The hoist operation is continuously
monitored by the central monitoring system in
the WIPP central monitoring room with a
local processing unit located in the hoist FPlJ

,ooo Y -.L21,
i l FI_I

In the semiautomatic mode the hoist r_ t _.a_-_-_---=Fm,
operation ts monitored and controlled by a " U__ , "L,L_O_,.,.v,L ,-'-
digital speed programmer connected to a _-_ MaD_,.
hoist-driven pulse generator. It is equip-

ped with a transmitter for depth indication .L| _--_,T_M.,o.=ou_.mm._r.cKu.,_,_=.
and over:peed protection. It is also pro- ,_1_,) _....o.,.._
vided in each slowdown zone to monitor the Jlql_ --,o,o.c._.._=

conveyance speed and position. The speed _,| :
programmer facilitates control of two dif- rrr_,
ferent operating levels of the conveyance
for transportation of materials and i
personnel. Figure 6 shows the speed-distance
profile and control points for the semiauto-
matic bperatlon. Fig. 6. Speed-Distance Proflle for Semi-

Automatic Operation.
A hoist-drlven Lilly Controller (Model

C) is provided to initiate an emergency stop Mechanical track limit switches are

e if the conveyance should travel at 15% over provided beyond the normal travelling zones
the design speed at any point in the hoisting which will actuate emergency stop functions
cycle, or when the conveyance is beyond the on the hoist drive.
limits of normal travel.

B.rake Sxstem

The brakes on the hoist are sized to be
capable of stopping the conveyance at a

--7 specified deceleration during operation.

| ..---_,_,_,,_ When the brakes are applied to the friction
.o,,,,_oo_ _-" ,o,_.,_,oo_,_ hoist system (Fig. 7) the equation of

equilibrium can _z written as follows:

_jzz.N,_,,_oo_, _ s,.,,o_ _ $ (C,¢I)_o - w + u_ - e - 0

,,.,,.'°'_°"_,Loo,_"'"_''' __-. or,-(_, + ZW_WC +C + ,)_' (W - C -,)

! where B : effective braking force

I = mass moment of inertia of hoist
head wheel

,.co.,_,.._ r = radius of hoist head wheel
W = weight of the suspended ropes on

one side
C = weight of conveyance
M = weight of material or men ,_

._,,_=u=_._=_ conveyanceSTOR_| LIV|L

_,_o_,_.,<._ W = weight of counter weightL,_,=,,_.;_-_,___, gC, gravitational constant 32.Z
. ft/sec 2

do- specified deceleration.

_,' The upper sign represents the case of

e the ascending conveyance and the lower sign
represents the case of the descending
conveyance.

Fig. 5. Location of Hoist Control Stati_onsjL
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The brakes are caliper type multiple disc brake shoes and the support frames are
disc brakes. They are operated by hydraulic supported by the hoist bedplate and the steel
cylinders and are designed to automatically floor in the waste tower. These structural

O apply in the event of a loss of electrical steel members are designed to accommodate thepower or working fluid pressure. Furthermore, sudden exertion of forces from the brake
a partial failure of the brake system during system.
an emergency is usually assumed in the design.
For the WIPP waste hoist, three basic design Arrestors
requirements for the brakes are described as
follows: 0vertravel arrestors are installed in

the hoist tower to stop the ascending con-
(1) In the event of a 50 percent loss veyance (and counterweight) in the event of

of total braking effort, the re- an overtravel. Similarly, undertravel
maining brake units shall be arrestors are installed in the shaft sump,
capable of retarding the conveyance to stop undertravel of the conveyance and
at not less than 3 ft/sec 2, within counterweight. The arrestors are made of
the normal deceleration zone, when long dressed wood timbers and placed verti-
the maximum design payload is cally. There are retarder beams resting in
lowered to the maximum hoisting notches at the end of the wood arrestors.
depth. They contain deceleration knives that are

forced into the arrestors when an over-

(2) When the conveyance carries a traveling conveyance or counterweight strikes
maximum design payload traveling the retarder beams. Typical details of the
at 500 ft/mEn, 50 percent of the wood arrestors and retarder beams are
total braking system shall be illustrated in Fig. 8.
capable of safely stopping the
conveyance within a 30-ft travel The maximum deceleration of the ascend-
distance, ing conveyance due to the overtravel ar-

restors and the brakes (if not failed)

(3) During an emergency stop, with all should not be greater than the gravitational
•brakes applied, deceleration of acceleration g. Otherwise, the content of

the conveyance shall not exceed the conveyance will lift off the floor of16 ft/sec when personnel are the conveyance which is particularly
carried, unacceptable for the waste cask. The tail

These requirements determine the total ropes will pile up under the conveyance and

braking effort (Bt) of the brake system, may then fall back with enough force to
break the headropes. For the design purpose,

O Since the discs are normally built to the maximum deceleration to be imparted bythe flanges of the hoist head wheel, the the arrestors for the ascending conveyance
is set at d _ 30 ft/sec 2.

411J_ENOiieGCONVE WUq_C| OEgCENDING CONVE V&NCE DEFLECTION W#_'TE EI_AF¥ •

J
L)e'Ll_'l IO_114E/W| __
IleIGt.IECTE 0)

• _ ARME_FTOPiS_..

_JltFI DlltNk

(3_eVlV_ _ IT|EL IPJIN_O_I N

ENQEL_'E OF

Q w.t, CONV,..NCE ---_

l IJi ¥&t1_il _llLNIF Iii

. _ ?..........-f•,Ra_OR _.,"_'r' "'"_*..L'...

COUN Ti RWElo_rr

R|'IAROE INbEJ_'b

I _,_._, _' _ _ _I,MRESTOh .""-- I W#k_tl CONVIEYIE
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The maximum safe operating speed for
handltng the waste is specified as
Vo " 500 ft/mtn, according to the rate of

production. The maximum entry speed, Ve into f,_//---.,_-_,,L
the overtravel arrestors, could be about 15% _ -

e OEFLECTt__IAV, %
higher. This is due to the fact that when ,.=.,o.c._,\ _._W

properly adjusted, the Lilly controller _\'_i!

should limit the hoist operating speed to c_vE.._, -

115%. "'""°'s_...Z '

Therefore, co..y._,¢,----{]

ve • 11s_vo (3) i _ _ ""°""_'

Then, the minimum length of the overtravel "_- _rmrr_
arrestors is _ !

Ve 2 ,.,L_._, ., .
h - _B- (4) _

£

The relative position of the overtravel c _- _'_

arrestors in the headframe and the under- __I-m_r_'°_*
travel arrestors at the bottom of the shaft ,,m_,_,.,

are arranged so that the descending counter- -- -----_.,,_,_,.,,,_o.
weight or conveyance will enter the under- Jtravel arrestors before the ascending
conveyance or counterweight enters the over- _

travel arrestors (see Figs. 6 and 9). This _,
is to ensure that the headropes at the lower

end will slack and the descending counter- Fig. g Overtravel Arrestors.
weight or conveyance will not impose
additional kinetic energy through the head-
rope to the ascending conveyance or counter- The length of the conveyance overtravel
weight during such an overtraveling situation, arrestors, h, is checked against the safe
For an overtraveling conveyance (Fig, 9), the man speed:
total retarding force, R , due to the brakes

and arrestors can be expressed as follows: V = 2 d_i n h x 85% (g)

e R - I d + W (l + _) - W(I - _) - (C + M) (I - _) The safe man speed may be increased to meetoperational requirements by increasing the
t r-'2_ g g g length of the overtravel arrestors.

.( -lm+ 2 w) d dr2 _ - (C + N) (l - _) (5) During an unQertravel, the deceleration
of a descending conveyance could be larger

The required arrestor drag is the dif- than the gravitational acceleration without
ference of the total retarding force and the adverse effect. When men are carried, the
total braking effort: empty conveyance may be decelerated at ap-

proximately 3,0 g, As the conveyance enters
R = R - B (6) the undertravel arrestors at the bottom of
r t t the shaft, the counterweight also approaches

the counterweight overtravel arrestors up in

The governing case in this calculatioi_ the hoist headframe. Furthermore, the con-
is when the ascending conveyance only carries veyance is decelerated at a deceleration
one person. The arrestor drag and the greater than g, and there will be slacking in
minimum arrestor length are the basic data the headFopes above the conveyance. At this
required For the selection of overtravel moment, the conveyance is actually isolated
arrestors for the conveyance, from the ropes and counterweight (Fig. lO).

Therefore, the undertravel arrestor drag is

Suppose the brakes failed to apply and determined by the weight of the conveyance
the overtravel arrestors are solely relied and the maximum permissible deceleration.

upon to stop the conveyance, then the

equation of equilibrium can be written as Rr = C x 4 (10)follows:

When the conveyance is loaded with pay-T

Rr- (r'_+ 2W + C + N) dm- (C + M) (7)
load, the maximum deceleration which the

g undertravel arrestor could provide is:

Therefore, the minimum deceleration (due

to arrestors alone) becomes: (II)
du- --_-g- 4_!_Lg

C+R C+N
dm_n . Rr + C + R g ft/sec 2 (8)

iNFORMATIOI'OI'4L''



The undertravel arrestors should be long If the breaking strength of the head-
enough to stop a fully loaded conveyance, ropes is represented by PI, the equation of

equilibrium can be written as follows

e ye2 (Fig. II):
h- (12)

(;3)
The undertravel arrestors are supported where P2 " W (l + _)by structural steel members which are in turn W

fastened to the shaft wall near the bottom.
The overtravel arrestors are supported by The substitution leads to the decelera-
steel members which are part of the hoist tion of the conveyance during the impact:
headframe. These structures are designed to
be capable of resisting the arrestors' drag d - Pi - W (14)
as calculated by the formulas shown above. TTr_ +w ....

Crash Beams The rope breaking force P1 applies as arD
internal force among the hoist floor, the

The crash beam is the last line of de- crash beams, and the column struts between
fense against an overtraveling conveyance or them. The crash beams themselves are sub-
counterweight crashing into the headframe or jected to direct impact of the conveyance.
the sump structures. If the control devices Due to the rarity of such a catastrophe, the
such as the Lilly Controller and proximity crash beams are allowed to reach yield point
switches as well as the brakes and over- and permanent deformation of the crash beams
travel arrestors should fail or partially is expected. The deformed crash beams should
fail, the ascending conveyance should be be replaced after the overtravel accident.
stopped by the crash beams before the rope The force resulting from the change of
attachments enter the deflection sheaves, momentum of the suspended headropes, P2,
The crash beams are located above the arres- is the net downward load on the hoist floor
tors and below the deflection sheaves inside and on to the headframe columns. The steel

the hoist headframe. Normally, the crash hoist floor and columns are designed to with-
beams are steel beams which will deform on stand this load with an increase in the

heavy impact and absorb kinetic energy. The allowable stress due to the unlikelihood of
investigation of overtravel accidents indi- such an event occurring.
cares that the hoist headropes caused by the
continued motion of the head ropes and hoist The crash beams are also provided at the

e after the conveyance is stopped by the crash bottom of the shaft to stop the undertravel-
beam. Therefore, it is common practice to ing counterweight or conveyance. Similar
design the crash beams and the hoist head- to the arrestors, the relative position of
frame to withstand the effects of broken the crash beams is arranged in such a way
headropes, that the descending counterweight or

I HitOlOtl II



conveyance wlll crash into the lower crash
beams before the ascending conveyance or Interlocks are provided at each station
counterweight crashes into the respective level to insure that the hoist cannot be
crash beam in the headframe This is to operated _)_eforethe conveyance is fully

" loaded or unloaded.

revent an early crash or a premature rope•eak in the headframe. Investigation of mine accidents indica-

Catch-Gears ted that most have resulted from improper
operation or poor maintenance. One good

Both the conveyance and counterweight example is the use of electrical jumper wires
are provided with stationary lugs that will for repair. These jumpers if not removed
engage the dogs of catchgear units in the may short-circuit the safety devices and
waste hoist tower, if the accllental over- thus enhance the possibility of an accident.
travel and fall-back of either should occur. Therefore, a stringent procedure for
Thls will preven_ their falling down tna full operation and maintenance is an integral
depth of the hoist shaft if the hoist ropes part of the safety program.
break. At its b_se, the catch-gear is
supported by a shock absorber that fastens
to the support framing. The live load CONCLUSIONS

transmitted to e;ch shock absorber support The WIPP waste hoist is equipped with
member is limited to 2°0 g. the most advanced digital control and n;nnl-

Other Safety Features toting systems available. The hoist opera-
tion is also continuously monitored by the

In addition to the conveyance overspeed central monitoring system. The hoist c_ntrol
and overtrave!, Jam uf the conveyance at the system is provided with overspeed and over-

travel protection. In addition, Lilly
stations or o'ther locations will also impose Controller and mechanical track limit
a safety hazard. If _ descending conveyance
Jams. without being _etected, the hoist wheel switches are provided as redundant safety
would continue to rotate, payout ropes t_ devices to prevent the conveyance from over-
the top of the conveyance and lift up the speeding or overtraveling. Furthermore,
tatlropes. As the w_ight on the conveyance arrestors, crash beams, and catch-gears are
increases, the conveyance might unjam and installed above and below the limits of
suddenly drop down a_d thus break the head- regular travel of the conveyance and arranged
ropes. In order to prevent such an accident, to prevent overtravel in the event of failure
a trip wlre is installed through the tail- of other devices. The major components of
rope loops and linked to a magnetic switch the hoist system such as the conveyance and

' hoisting ropes and headframe structure areShould the tallrope loops be elevated _,ecause

Ohe conveyance jammed, it would trigger the designed according to the code requirements
and conservative design practice in the

ire and switch to initiate an emergency stop industry to provide ample margin of safety., the hoist. If the ascending conveyance
jams without being detected, excessive pull lt is believed that the WIPP waste hoist
would normally result in slippage of the system satisfiec the operational and safety
headropes over the hoist headwheel. A rope- requirements for transporting nuclear waste
driven tachogenerator is provided near the into the underground facility.

headwheel. By comparing the voltages from REFERENCES
the rope-driven tachogenerator and from a

motor-drlven tachogenerator, which is part I. American Institute of Steel Construction,
of the speed control programmer, the rope Manual of Steel Construction, AISC-M011-80,
slippage is detected and the emergency stop
is initiated. In the event that the head- 8th Edition.

ropes are somehow caught by the headwheel
during a conveyance jam, the motor torque and 2. American National Standards Institute,
current would increase rapidly. A stall Wire Rope for Mines, M11.1-1980.
switch is provided for the hoist motor to
limit the current to 200% of the normal load
and initiate an emergency stop°
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• A SITE-SPECIFIC STUDY OFWI/4D AND TORNADO PR_ILITIES

AT THE WIPPSITE IN SOUTHEAST NEW MEXICO

by
1". Theed_'e Fujim

Professor of Meteorology
_he Unlversity ct Ch/cago •

EXECUTIVE SUMMARY
I ii i lH .

Introduction

"/he Waste/solation Pilot Plant (WIPP) will be the first facility designed and

constructed to gather dam and demmsn-a_, on a large scale, the feas/bil/ty of dis-

posal of radioactive waste in bedded salt. This study was undertaken to determine

the characteristics of the most severe tornado which is credible at the WIPP site. The

study is based upon the reported tornado h/stm-y of the Pecos River Valley watershed

and the adjacent areas of west Ter_.asand central New Mexico.

WIPP Site Location and Surrounding Areasi i i H ...... i i lr i . ' ............ i ii i i

The proposed site for the WIPP facility Lies apprax/mately 26 miles east of the

city of Car]shad, New Mex/co, in an area known as Los Medanos -- "the dunes". The

surrounding area considered is the Pecos River Valley watershed extending from

30.0"N lazlmde to 35.5°N latitude (see Figure I ).

0,1 FORINFOR-MA'IIONONLY



Significant Assumptions

e TWo major difficulties were involved in assessing the tornado hazard at the site.
They are: (1) the low population density withJ.u the statistical area, and (2) the ral_d

decrease in tornado activity as one proceeds west across eastern New Mexico. "[hese

difficulties were overcome by the adoption of following assumptions, which are believed

to be conservative:

(a) The path lengt_s of aU reported tornadoes were corrected

based upon the population of the reporting location; i.e., the

path length was increased for low population areas.

Co) "fheoverall probabilitiesof tornado occurrences withinthe

' Pecos Valley have been applied m the WIPP site.

Site-speclfic Wind and Tornado Probabilities
'"" " :......... - _ - i i ,, ,,

The site-specificstz'aight-linewind and tornado probahilitleswhich are

applicable for use in risk assessment studies relating m the WIPP operatlons are

e- FORINFORMATIONONLY



3 =-shownin Figure II. "/he straight-llne wind pro_lltles were derived from cUmato-

_oglcal smtim dam recorded at Roswen, New Mexico, l_b_, Midland, and El Paso,

Texas.

The sit_-speciflctornado probabilitieswere derived using the Pecoe Valley

method developedby theauthor for _Ls study and theDAPPLE (D_amage Area Per Path

LEngth) method devised by Abbey and Fujim (I975).

Figure II. Probabilities of stralght-llne winds and tor-

n_does at the W_ site.J

FORINFORMATION(_NLY
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Most Severe Credible Tornado (One in one-miLllon-year tornado)

Based upcm the results of this study, the most severe credible tornado which

O could be, expected to occur at the WIPP site can be characterized by:

Maximum Wind Speed 183 mph

Translational Velocity 37 mph

Tangential Velocity 146 mph

Pressure Drop 0.69 psi

Rate of Pressure Drop O.08 psi/sec

Return Period One million years

O TECHNICAL REPORT
.... in ,i i i, i i i i_

Introduction

The Waste Isolation Hlot Plant (WIPP) situ tn southeast New Mexico is

located at 32"22'30" N and I03"48'W with an elevation of 3,414 ft IviSL.

The environmental topography of the site is shown in Figure I where

elevations are coatoured at I00' intervals. The western side of the site slopes

down to the Pecos River, southeast of Carlsbad, N.M. There is a 3,800 ft hiU on

the east side of the site. The area under a si_e-speciflc study is hil.ly, but it is

by no means mountainous.

Tornado risk of the southernmost Rockies was studied by PuJlta (I 972),

who reached a conclusion that the tornado risk decreases rapidly toward the west

from the Texas plains and plateau.

O FORINFOR.MATIONONLY
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Figure i. Locationof the w_ste isolationpilot plant

(WIPP) site, 25 miles east-southeastof Carlshad,New Mexioo.Its geo6raphiccoordinatesar_ 32"22'30" N and 103"48'Wwith
elevation,3,414ft MSL.

The WIPP site is located in a transition zone in which tornado frequency,

as weU as intensity, _mdergoes sig_ficant changes, especially with respect to

elevation and longitude.

The site-specific study presented fn this analysis was performed based on

the DAPPLE Method of ri_k computations devised by Abbey and Fujita (I 975). Since

the environmental areas Qf this site are sparsely pol_lated, the original path

lengths of the tornadoes were prorated by u_ing "correction factors " which vary 1

with population within a 15-minute square sub-b_ Qf longitudes and latitudes.

Semi-square areas bounded by latltades and longitudes of a specific

Interval are called "Marsden squares". I0", 5", and I" are used to show

distribution of meteorological data, especially over the oceans. The
/

minute square used in the DAPPLE Method is called the "S_b-bax"

FORINFORMATION"GIxlLY
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Probabilities of stralght-llne winds were aiso computed in an attesnlX to

estimate the maximum windspeeds corresponding to shorter reU_'n periods or

Results of these analyses revealed that the probabilities of straight-Line

winds at the WIPP site are higher than those of tornadoes when the design-basis

, windspeed is lower than about 125 mph or when the probabilities of interest

is greater than 2 _ 10"*.

Non-tornado Wind Anal_

• s  totte
. Statistics of severe local storm occurrences by Pautz (1959) revealed that

the frequencies of windstorms 50 km and greater by 2-degree square during the 13-

year period, 1955 - 67, decrease westward across the state of New Mexico, from

about 40 to less than 5. HIS statistics are based on the SELS (_vere Local _torms)

Log collected operationally at the National Severe Storms Forecast Center (lqSSFC)

at City,
Kansas _tssou__.

There are four climatological stations widen a 160-mile range of the WIPP

site. These stations are RosweU, N.IVl., Lubbock, Midland, and El Pasol Texas.

According to Pautz' statistics mentioned above, it is likely that the risk of 50 kts

or greater winds w_ll decrease in the order, Lubbock (highest) to Midland to

RosweLl to El Paso (lowest).

The mean values of fastest-rLLile windspeeds, given in Table I, from these

four stations decrease, however, from E1 Paso (fastest) to RosweU to Lubbock to

• Midland (slowest). This order is entirely different from that expected from Pautz'

statlstics.
d

lt is suspected that _ unexpected variation of mean wtndspeeds is the

result of anemometer environment, such as height, exposure,s, etc. at each clhnaeo-

logical station.

Since the WIPP site is located near the geographic center of these four

-1 stations, _ attempt was made to normalize the windspeeds from each station with

FORINFORMATIONONLY



T_hle 1. Fastes%-milewin_peed of the yeaz &% El l_ao,
Tax., Lubbock, T_¢., Midland, Tex., and Roswell,N.M. Fz'on
Cllm_%ologlo_lData, 1950-76.

Stations 1950 1951 19N 1959 1954 1955 1956 1957 1958 1959

EZ _,o 70 66 59 61 66 56 57 61 66 56=_h
3 Lubbock 64 60 70 50 50 63 58 69 9) 58

Mid_nd ........ 4'5 _o 40 58 52
: Roswell 59 61 65 75 61 73 65 72 69 68

Stations 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969
, , . , ,, , _ i , l,, ,,, ,, , ,,

E1 l_so 69 57 61 57 56 56 68 61 61 53 mph ,,
Lubbock ;'_ 5?. 58 ' .52 ,.58 59 46 _ 51 /44,
Mldland 67 44 46 49 38 41 58 _ 48 41

Roswell 70 45 50 59 49 42 48 45 41 36 ,

, ,, -- i ,' 'I'tT ' , i , [i '"

Sta%iomus 1970 19'71 1972 19'23 1_74 19'75 19'76 Mean sl_Kts=

,,,,,, _ _ ,,,, • i _ __

_'3.:_,::, 66 ...=9 5? _ 59 48 _Z=ph 99.3=t_
Lubbock 43 _0 Lp+ 51 53. 53 _8 53.6

-A, ._= _ _ _ _ _ _ _ ,.,.._.:_

._ - __,o..e_,,50 _ -- _ m _ _ 44 ,,,_i_ ._,i: " U 'i"l lUK..iI IF V
II
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respect to the mean speed of all four stations. Thus, the wtndspee_ in Table 1

were normal/zed by multiplying the following ratio or normalization factor applicable.

to each stolon. This po/mm by
normaRzation increases dam for statistics

the factor of 4, under the assumption that the distribution of windspeeds at

these stations are more or less uniform. If not, we have to use Roswell

only, because it is closest to WIPP.

Mean of4 stations 53.9
.........= ---- = 0.91 (forElPaso) (I)

Mean ofE1 Paso 59.3

Mean of4 smtlons 53.9
Men _ _- : s3.-"g = 1.ol (_oz-_) (2)

Mean of4 stations = 53.9 _.19 (forMt_) (3)Meanofsu_ _. 3

Mean of4 smtlons 53.9
= ------ = 0.96 (for Roswell) (4)and Mean of RosweU 56. I

.."

These nozmaUzation factors along with othex parameters are given in Table 2.

Wlndspeeds computedby multiplyingeachoftheseratiosby thefastest-mile
speedsfrom eachstationare calledthe "normalizedfastest-milewindspeeds".

Table 2. Mean windspeedsand norm_llzationfactorsap-
plicable to climatologicalstationsin Tsble 1.

, ,'_I ,,, ,, r '_ : ,, ,' ,,,,r

Stations Distancefrom WIPP Mean windspeeis Normalizationfactors
,

E1 Paso 152 miles 59.3 mph O.91
Lubbock 149 53.6 1.01

' Midland 105 45.3 1.19
Roswell 76 56.1 O.96

6

The probabilltiesoftheoccurrenceofmaximum wlndspeedsatclimatological

smtlonsshouldbe defineddifferentlyfrom thoseofmzuadoes, becausewlndspeedB

at each station are measured in time domain at a fixed point. Their spatial variations
around the anemometer are usually unknown.

FORINFOR.MATIONONLY
• 8



For tornadoes, the NaUonal Weather Service lists ali reported storms

based on _he best possible information. Tornadoes are lis_d separately, even

O if they occur on the same day or even one hour later, hitting the same spot again.

The maximum fastest-mile speeds are listed in "Climatological Dam" by

month and by year. There is no menUon as to how often the maximum speed occurred

within one month or one year. "lhe period of straight-line winds, especially the

ones caused by continental cyclones, are long, lasUng for hours or even days. There

will be numerous maxima during such a long period. We should, therefore, define

the following terms:

Fastest-mile day -- the day cn which the speed occurred

Pastest-mlle month -- the month in which the speed occurred

Fasuest-nzile year -. the year in which the speed occurred

'Ihese are similar to the term

Tornado Day -- the day on which one or more tornadoes
occurre_l.

Ohi all of these cases, the number of occurrences of a specific event is not important.

The probability of the fastest-mile year can be computed from

Ps Number of fastest°mile years with specific speed and lar_Ter
= Total number Qf years used in statistics -- (5)

where Ps denotes the probability of fastest-mile years with a specific win#speed

or larger.

• Probabilities of Straight-line Winds

If the causes of stralght-llne winds affec_ng the WIPP site are identical

throughout the enrlre year, we could es_huate the probabillty by combining ali

normalized wind speeds into a data set.

The number of occurrences by month, shown in Figure 3, reveals, however,

O_.at there are significant seasonal variations. The _.re year was divided into two

o-month periods April- Septe_n_./:?eTZ__m.ontt_)__i_, 2_M_, ._ ?b,_' _t y

.
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months). The former period is characterized by caDvective acUvi_es, spawn_g
I

93_ of the annual tornadoes, while the latter, by continental cyclones with gusty

e winds. 'og.

Wind-dlrecUaa dlsU'_ution in Figure 4 show clearly a concentral_on af

wind directions in cold months Ln westerly _recUons. During warm months,

' _LrecUcns of strong winds spread out on both sides of the maximum frequency.

Probabill_es of fastest-mlle years were computed from Eq. (5) as a function

of wind speeds normalized by Eqs. (I) through (4). The results in Table 3 and Pigu_ S

show that the maximum speeds were 72 mph in warm months and 80 mph in cold

months, with the occurrence probability of 0.01 year" (return period af 100 years).

,, ,

ooLoF wA,ML ooLo
.oNTHs[ .ONT.S] MO.T.'20- .

•
I0 - _ "\\ \\\_\\'_ ,_xx,_

x\ x, \\\'_ ....

. ,\\ '-\\_ .... X\'_,
.,x.x. \\\_...

. .\\ \\\_ .... \\\
, _\ -x \\\'_ .... \\\

, JAN FEB MAR APR MAY dUN JUL AUG SE]:' OCT NOV DEC

Figure 3. Frequenciesof =aximua fastest-_dle_Indspeed
of the year by month. Fo_ statisticalpurposes_one year is
divide_l into two 6-=onth periods, _ased on 1950-76 data from
E1 Paso, Lubbock,Midland, and Roswell.
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S_' S SW W NW N NE IZ
t

COLD MONTHS

S( . S SW W NW N N(

Figure 4. Distribution of the d_-_otio_s of _stest-ad_e
wt_ds of the year ft'oa E1 Pa_o, Lubbock, Hid_nd, and Ro_e]..1.,
19_-76. Since 8-polnt (every 45°) dizectlons are reported
more frequently than 16-point (every 22.5") directions, curves

" of the 8-point running average we.re added in this figure.

These dam pofum with 0.01 year _ probability be re]table because
may not alwsys

they represent the maximum values in 100 statistical years generated by combining

four climatological stations. The normalized windspeeds are accurate, but the

occurrences of windspeedG in future years are uncertain. Namely, we do not know

how many years we have to wait before experiencing the same or a larger maximum

windspeed. During these "waiting" years, the probability of the maximum speed

decreases con_Lnuous ly.

As it turned out, the trends of windspeed with probability in warm and cold

months are not too different from each other, lt should be noted that trends are
t

significantly different in other parts af the U. S., especially those in the Midwest.

"fhe pr_llties for two periods were combined into the all-year probability

in Ft&_re 5. The smoothed curve of the aU-year probability gives 60 mph (10-year),

79 mph (100-year), and 88 mph (1,000-year reun_ period).

ltis recommended thatthe deslgn-basisstralght-line winds,

Design-has fs speed = I. 25 x Fastest-mile speed.
(s)

be used at the WIPP site°

r-" R ATi. 0 _0
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T_hle 3. P_o_billties of i_test-mile wi_peeds of t_
year obtained,by co=blnlngthe correctedwi_peecls from
fouz', stationsin Table i.

, Qorrected Warm months Colclmonths Ali yea_
_peeds (Apt - Sep) (Oct - Mar) (Jan - Dec)

• 35 mph 0.50.5 o. 4c)5 1.oo0
38 0.505 o._5 0.99o
39 O.505 0.476 O.981

_o 0.505 0.466 o.gTA
41 o._5 o.4._ o.951
_, o._5 o._7 o.9_
_3 o._85 o._7 0.932

o._6 o._.27 0.893

_5 o._y? o._o8 o.8_5
z_6 0._7 0.398 0.825
_8 0.4.17 0.379 0.767
.9 0.388 o._o o.728

50 o.3",'9 o.3Ol o. 68o
51 0.359 0.282 0.6#1
52 0.350 0.233 0.583
53 0.272 0.21/_ 0._86
._ o.26z o.2o# 0.466

55 0.252 0.165 0._17
5? o.21_ o.1_ 0.360
58 0.18/+ 0.146 0.330
59 o.146 0.126 0.272

60 o.136 0.106 0.242
62 0.126 0.068 0.19_
63 O.OCp 0.058 - 0.155
6_ 0.087 0.0_8 o.135

65 0.068 o.oz_8 o.116
66 0.068 0.038 O.lO6
6? 0.058 0.038 0.096
69 0.058 0.029 0.087

g

70 0.038 0.010 0.0_8
?2 0.010 0.010 0.020

" 80 --- 0.010 0.010
,m.:: ........ ,, ,,,,,,, , ,, . ,, , , , , , ,

e. FORINFORMATIONONLY



Cold Months

Warm Months

Figure 5 l_bilities of fastest-milewind of the year
obtainedby ooabinin8the data from four clim_tologic_lsta-
tions in Figure 2. Note that speeds in wars months increase
slightlymore than those in cold months.

Data Base for Tornado Study_.

@ Reported Tornadoes in Study Area

Two major di_culUes involved in assessing the tornado risk at this slte are

(I) ]ow populaticm density within smtisUcal areas and (?) rapid decrease in tornado

activities across eastern New Mexico.

It is necessary, therefore, to investigate _e statistical relationship between

tornado data and POl_alatton before obtaining a best possLble answer to this question.

As pointed c_t by Fujita (1972), tornado frequencies and intensities in the

southernmost Rockies are influenced by topog_raphic factors as weil. Topogra_hic

factors investigated are mean heisht of the terrain and height variations. Since the

suldy of the southermmost Rockies was aimed at the si_e-speciflc evaluation of the

Los Alamos facillties, the statistical areas are high in elevation and large in height

.,tr/attons. Most of the statistical results at the Los Alamos site cannot be used

FOR!h!FORivit TlOi ,1 .... C?L¥"
-

_iii , ,,,, , ' ,,_",_'I ,, ...... ' "_lll '_, ',,' ' _ll_U, "llJ!"ll "", ' "III "'Jlp' ,i, "I' UJl_..... ' ........ ' "_IIFr " "' '" "' _II '_' H'u_'I,lun ...... .l_""tl' _'_'u-
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for the WIPP slt_ located over the terrain with low elevat/on and small height

variations.

®
.

' '.% _-: _ _' '" ./" ._"_"--'_','i _"'" ' ' "_

• _ ,Al...i '' . '", itl ,..";;
'.' i_._l'-""_Tt'" il'lit'_;I ,... " ...... .@..

' .il_i/.,.,'_, :,:,.,.':;.,,"
,' ,i_-.' Ir:1_'• :" _" ' , i

• > i'_.J".:___.'"..' : ":--'t
" ° |de " * " "ii I'

• ':" .i_'"['t" "e • .,._.'.,." '.l
• • •. .' . .--',,. ".i•"". . " ia. _ .... .,,_.. • y. ..

""./_/" . °., :'_ ..-":/
• Q, • ,li " " '....::_'" ' : ' / ' "'i" '

' _---'J %'x.. "_'''.,. ' ""''d
__: ,, . _ •

l/llO_tllflel I tr3)'re '_ "

.... _ _ , _" - .,. .. ,ii , ,','- "-'-:...s.... ...
Figure 6. Distributionof tornadoes in three categoriee

within about 300-milerange of the WIPP site. Froa Fujita
ar__earson(1976).

Annual and Diurnal Variations

"fhe peak mon_ of tornado activities within 144-mile range of the WIPP site

are May and June whe_ moist-air inflow from the Gulf generates frequent thlmderstorms.

, As the seasc_ progresses,mois_Lre passes over the area, moving deep into

the Kin Grande Valley and mounmfns. Upon the onset of the rainy season in these
i

areas, tornado activities around the site decrease rapidly (see Figure 6).

The bi-monthly dtsu-lbu_oa of the _3 tornidoe_ in Figure 7 reveals a rapid

decrease in the tornado frequencies during the month _f June. Table 4 shows that a

total of 101 tornadoes in 1950-75 occurred in June. However, 74 occurred _rlng

. the first half of the month whlle 27 occurred theonly during second half,

F)R INFORMATIONONLY
• ii
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S_g straight-llne winds occur frequently during December through

March. Occurrences of tornadoes during these months are rare, however. Hlgh

winds In early spr_g atre by storms rarely by storms.
characterized dust but toz'l_c

f

....... 80

---- 563 TORNADOES
(1950- 1975)

. -- ,, ii " ' _'- " - 60

m

........ '] 20

7J_F"EBI.AnAPRMAYJUNOULAUO_PIOCTINOVID_0

Figure 7. FTequenciesof tornadoeswithin 144-miler_nge
of the WIPP site by bi-month. Based on the NSSFC Tornado

: Table 4. Frequenciesof torn_oes within 144 miles (125 n.m,)
from the WIPP site. Based on 363 tornadoesin NSSFC Tape (1950-
75).

'"'"'"" ' ' " ,,, i i

Months Jan Feb Mar Apt May Jun Jul Aug Sep Oct Nov Dec

Frequencies 0 I 8 51 126 I01 28 22 9 14 2 I
........ m

@

Diurnalvariationsoftornadotime (touchdown)wascomputed based on the

NSSFC TornadoTap_ (1977).The r_sulusare shown ]-Table5 and Figure8.

The peakoccurrence_ne between2 and 4 PM MST isapparentlyearner

thanthatexperiencedIntheMidwest. Recently,KeUy etal.(I977)ob_Ined _he

-,_mktLmeaveragedover theentLreMidwest ofbetween4 and 5 PM, wh/ch Isone60two hours _aterd_anthataroundtheWIPP slte.

i I:OR i0 ,,, ,,(
@

-
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Physlcal meanings of these early peak occurrences have no¢ been fuUy

understood. It Is likely, however, that the parent clouds which spawn tornadoes
,t

near this slte are, on the average, younger than those of other tornado-spawning

thunderstorms. Statistics show, nonetheless, the following facts

a. 345 tornadoes (95_o) occur during the 12-hour period, 10 AM to 11 PM

b. 249 tornadoes (68_0) occur during the 6-hour period, 1 PM to 7 PMq

c. 153 tornadoes (42_o) occur during the 3-hour period, 2 PM to 5 PM

T_ble 5. Frequenciesof tornadoesby touch-downhour in
MST. Based on 36-5tornadoeswith known time in NSSFC Tape

AFt
Hours 12 1 2 3 4 .5 6 7 8 9 10 ll 12_

Frequencies 2 1 1 0 1 2 1 0 0 3 .5 8 13

PR
Hours 12 1 2 3 4 -5 6 ? 8 9 10 11 12

• Frequencies 13 26 .54 5_ 4-5 38 32 23 31 13 18 2 2

-1
365 TORI__,_o

(1950 -1976)

"2

- ,, ....... , ----- I_

_

- m

-__--30
_

- Fi

_

: •
.

T--
] O 2 4 6 8 I0 Noon 2 4 6 8 I0 12

O.- Figure 8. Diurnal variationof ton_adoeswithin 14A-aile

range of the W_ s_te._,Note Chs l_ak occurrencesbejtweeni
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@ Path Leng,hs in 15x 15- minute Sub-boxes

The NSSFC Tornado Tape has been made and is being updated at the National

O Severe Storms Forecast Center (NSSFC) under the direction of Allen D. Pearson.
"fhe mpe includes:

m

* Year, month, date, time, weather event

* Longitudes and latitudes of beginning and ending point

* Type of paths, per cent on the ground, storm types and rotational sense

* Path length and mean path width

* Fatalities, injuries, and damage class

* Affected states and counties

* FPP scale

A copy of the up-to-date tape may be obtained from Pearsou.

The DAPPLE (Damage Area Per Path LEngth) mpe has been made and is

being updated now at the UniversiW of Chicago under We direction of T. "fheodore

O Fujita under NRC Couu'act No. AT(49-24)-0239. The cape includes

* Year, month, date and time

* F scale

* Fatalities and injuries

* Affected boxes identified by I x I degree of longitude
and la_vade boxes, each subdivided into 15-minute sub-boxes

* Pauh length, path types, and direction within each sub-bax

A copy of the up-to-date tape may be obtained from Fujim.
_b

lJ

For this site-specific study, a seml-recmngular area in Figure 9 was

selected. There are 22 x 40 = 880 sub-boxes (less those in Medico) in _is

rectangular area.

®- FOR1" - ::,,r FORMAi
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Figure 9. An area bounded by 99° and 109eW iongit_ee and
30° and 35.5°N latltuSeewhich w_e sub-dlvldedinto 15'X 15'
sub-boxes. The DAPPLE Tape lists _e path length of tornadoes
in each sub-boxby F s_le.

@

'Ihe DAPPLE tape was used to determine the path lengths of tornadoes in

three categories within each sub-bux. The _zee categories are

Weak tornadoes ( F0 and F 1 ),

Str_g tornadoes ( F 2 and F 3 ), and

" Violent tornadoes ( F 4 and F 5 ).

- The path lengths Qf tornadoes in three categories are given in Tables 6, 7, and 8,

the area of which covers a 5 x 5 degree square which fs less than _at of Figure 9.

.e FORINFORMATIONO;.ILY



19

, _e 6. _th len&_h_ of .e_k (_3+FI) tornadoes .i_Ln
15-rainsub-boxes, longitudes and latitudes are suh_ivid_i

A(6o'-_5'), z3(_5'-3o'), c(3o'-15'), =_ D(15'-oo').

(u_it _ _les)

,e

Io¢w lO_'v Io3"w 1o2"w IoI"w
A B C D A B C D A B C D A B C D A B C D

P

B 0 0 0 0 0 0 0 l o61_ 013 I .z3 _ 6 21 2 0C 1 1 0 0 0 0 0 0 0 1 /+ ,12 10 1 4 22 1 2 2
o o i o z o o o O=_i:"_ z , ii_Io2_ 9 _ _ o

New Mexico
_'A _ o o o o o o o o o o 3 l_z_ 8_ _ 5 _ _

13 0 0 0 0 0 0 0 0 0 0 0 0 ', ? 6 51/+ 20 0 6 _
o _o o o _z o o ___ :,z 3 _ ?,-_z :
o o o o : o o o o I ? o _ : ? tt z :o _

Texas

.,,', o o'_'joo o _ _+o o _._.LL o.;,_ o _ o _ oB 0 0 0 0 J 0 1 0 0 1 0 t t_ 0 8 13 t 5
0 ,0 0 0 0 L.O 1 11 ® 0 0 2 6:12 1 1 9 3 t 0

D 0 0 O 0 _O__Jl 0 0 1 0 ? 13 "_1 _. 0 3 _ 0

- -o-io; ; i; o32" A 0 3 0 3 _ I 1 oL_._.l._ 2 o o
o o o I o oi..9..oo o _. I o I o-o--o_] o o I

c _o_o o o o ojo o _ ? 4, z o o 2 o L.A.o _ o

• °,,,ooOOoOO o,;,oL__ s Va,/ley,, ,, ,,' .......
31" A M M LO 0 0 0 0 0 6 .) u. u u u 0 0 0

, _ _-_-]o t 1_"i'-l_o_o _ t 9000 o o o o
c Mexico _ L_o_o _ o --o-lo o o o o o o o o o o

. . . . -_n,o Io, o o_o o o o o o o o o o....... :,, , , , , --

@ _enotes the WIPP site and M, the sub-box in Mexico.
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Table 7. Path lengthsof strong (F2+F3)tornadoeswithin
15-mln sub-boxes. Longitudesand latitudes are subdivided
._AC6O'-_5'),_(_5'-3o'),c(3o'-15'),andD(15'-oo')

(unit in rail )
e8

•' lO.5"w Io4"w lO3"W IO2"W 1oi"w
A B O D A B C D A B C D A B C D A B O D

35" A 0 0 0 0 0 1 0 0 L_p__o 0 11 I 0 0 8 2 7 0 8 17

]3 0 0 0 0 0 0 0 0 _0 0 7i4 ',0 216 0 1 41117'O 0 0 0 0 0 0 0 0 810 ',83812 19 91528 0
D o o o o o o o o o o _ _, o __530 3B _ o o

New Mexico
34" A 0 0 0 0 0 0 0 0 0 0 0:1.2 I 0 1 19 11 1 4 1 3

]3 0 0 0 0 0 0 0 0 0 0 0 0 0 925 1 6 8 lO o
O 0 0 0 0 0 0 0 0 0 0 0 0 2 015 7 323 4 3
D o o o o o J. o o oool lo3;, B _ _ _

Texas
33" A 1 O--'l_O_____O___0 0 0 0 0 0 2 0 0 2 0 1 0 0 0 1

"o o o_--'6-'1 o o o o o o_ t 4. t t o o o o
c o o o o !__o o o o • o o.-o-- o o o o 0 1 0 1
D 0 0 0 0 ---6"10 0 0 0 0 0 0 i"--07:1. 1 1 ' 0 0 0 0

32" A "0 0--0" ";-0- l ............... 'o o o o.o o o o o o..o o
Is o o o o o OL._Oo o o o 2 o o o-o_ I o o o o
C =0_ 0 0 0 0 0-0-70 0 2 9 3 0 0 1 0 0 _0 0 0
D _io o o o OlO o o o o o o o o o o-io o o

'--_ _, Peco_ Va lle v L____
31" A M ML0_ _0, 0 0 0_0' 0 0"0 2 3 0"/4 0 0 0 0

5
_ M'_i _ I o o o o"T--I o o o 1 o o 1 o o o o 2

c Mexico. L._o_.oo o o"-_LLo o o o o o o o o o
D M M M M M_0 0 0 0 0 0 0 0 0 1 10 0 .0 0 0

@..denotesthe WIPP site and M, the sub-boxin Mexico.

r
l

t

_. , ,- . :,. ?"
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Table 8. Path lengths of violent (F_FS) tornadoes within
15-_Lu sub-boxes. Longitudes _ latitudes are subdivided

A(60'-_+5'),B(_5'-30'), C(30'-15'), _ _(15'-00').

los"w lo_'w Io3"_ ioz'w Ioi"w
A B C D A B C D A B C D A B O D A B C D

,I35" A 0 0 0 0 0 0 0 0 oLg__o o o o o o o o o o o

B o o o o o o o o _o o o o i o o o o o 0 2 oc ooo o oa oa ooZoooo ooi?o
D o o o o o o o o o o o o,o o o z _ i_ o o

New Mexico
_'A o o o o o o o o o o o o'o o o_ _o o o

B 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 8 0 0 0
C 0 0 0 0 0 0 0 0 0 0 0 0 ' 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0

' Texas
33" A 0 0_0 ,,0. 0 0 0 0 0 0 [0 0 ! 0 0 0 0 0 0 0 0

o o o"o IO o o o o o o"Lg_o o o o o o o o
c o o o o I_.Oo o o eoo o L.O..Oo o o o o o

_'AO 0 0 0 00 0 0 0 _O_J00 0-O-IO 0 0....... 0 0 00"I _ I0 0 0O 0 0 0 ' _ 0 0 0 00 0 0 0
I

"13 o o o o o o1_o o o o o o o o o o IO o o o
c o o o o o o lo o o o o o o o o o L..9..oo o

I) "'M'1oo o o OLeO _ecO _ Ova_ eOyOo o___.
'---, 0 I31"A M M',00 00001.2__ 00000000 0000

M M M M i 0000 L.9_o o o o o o o o o o o
c Mexico _ i..o..o o o ool.p__oo o o o o o o o o

. . . . o o oo--loo o o o o o o o o
• denotes the WIPP site and M, the sub-box in Mexico.
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Because of the small nmnber of violent tornadoes compared with the occur-

rence af strong and weak tornadoes, the stronger the tornadoes the shorter the

O total path mileage. The total path length of weak tornadoes in Table 6 is 914 miles,
while that_fstrong tornadoes in Table 7 is 668 miles. The totalpathmileage Qf

_ violenttornadoesinTableS turnedout robe only67 rniles.

J 1 AlthoughTables6, 7 and8 includerely400 sub-boxes,tornadostatisticsin
v

this paper were performed over the area of Figure 9 which is much larger than that

shown in these rabies.

@ PopulationCorrecticzts

The path lengths of tornadoes by F scale in each sub-box are available in

O the DAPPLE However, the actual population for each sub-box is not available,
mpe.

A breakdown of the population into 15-rninute sub-baxes was performed by

a. Obtainingcountyand town(city)populationfrom the1970census

b. Drawing 15-minutegridon 250,000scaleU.S.G.S. map which
coversthearea ofI*latitudeand 2* longitude

c. Hacin8 theknown populationofcitiesand townson themap and
subtractingthem from thecountypopulation

d. Distributingthebalanceofthepopulationinto15-minutesquares

_ withinthe county,rakingintoconsiderationthe distribution

• ,J ofcommunities,farm roads,and ranchhouses.
' "Ibis is a rather difficult and time-consuming method. However, We author found

no other way except to use the original census dam from the Census Bureau. This

attempt,nevertheless,generatedthesub-boxpopulationwithestimated50_ accuracy

over sparselypopulatedareasand with90_oaccuracyincityareas.
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After completing _e sub-lx_x pol_latioa, the path length of all tornadoes

each sub-lx_x Was sorted against the populatlon to compute the mean path length

e within sub-lx=es of various populaticB ranges.

"[he results, thus obtained, are presented in Figure I0. Since the population

categories were selected to be (0-200), (200-500), (500-1,000), (1,000-2,000),

(2,000-3,000) ..., (10,000-20,000), (20,000-30,000) etc., both linear and log

scales were used in this figure.

lt is seen that the mean path length is extremely short when the population

in a sub-bc_ is less than 200° Then it increases rapidly to become more or less

constant after 3,000 to 10,000 population per sub-bc_.

0 I 2 3 4 5 6 7 8 cj I0 20 _lO 40 50 I00 X t000 l_ul=tl_

_e- LINEAR SCALE LOG SCALE
±
T

Fi6ure 10. Averase path lens%hsof all tor_does plotted
as & function of the pepula%lonwithin 15-rainsub-boxes. The
numbers by each l_in%ed circle denote the number of sub-boxes
used in compilingthe sta%is%ics.

• FORII,FOR  ATiO :O ,, LY
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A curve fl_tng was arcempted, keeping in mind the ult_nam use of the fitted

curve for gr_s population correc_on of the path length. This is why the curve

" was not brought down ro zero path length when the sub-l>c_ population approaches

zero. The analytical eq_,_.._, obtz_ed is
!

Lp = L [ 1 - e"°'°°°stp +soo_] (7)

where Lp denotes the "original path length" reported by the existing population;

L, the "population corrected path length '° reported ff there were _te population;

and P, in parenthesis, the population within the sub-box, FAo (7) shows that

L. = L when P ts infinity

and Lp = 0.221 L when P -- 0 , (8)

indicating thit 22_o of the path length is mapped ff there were no population Within
i

a sub-lmx. This means that tornadoes in the zero-population sub-box are assumed

tO be observed from oumide the bax and/or reported by someone who enters the

sub-box later. "lnls result suggests that the original path length must be multiplied

by a correction factor in order to obtain the population corrected path length

(path length which would be reported ff there were infinite population).
The correction factor which is defined as the rstio, ume path length divided

by apparent pal:h length, can be expressed by

L 8
C, = -- = -o.ooos,,+,oO_ (9)I... I- e

where C. is "population correction factor" which varies with P, the population.

Special values of the correction factor are

C, = 1 when P is in_ty

, C_ = 4. 52 when P = 0 . (10)

Shown in Figure II is the variation of C. as a function of sub-bcz population.

In vlew of a possibly large error in path length when the sub-bc_ population ts low,

the correction factors were chosen to be coarse when population is low,

FORINFORMATIONONLY



The population scale in Table 9 was produced to result in such a variation

in the correction factor. For instance. C, = 4. 0 fs chosen when the sub-lxxx

population fs less than 200 (population scale 0) while C, = 3.0 applies to population

scale 1 (200 to 399 population). The correction factor is designed to decrease by one-

tenth when the sub-box pol_latlon exceeds 2,000. NaturaUy, the minimum value of

Cs fs 1.0 which is reached when the sub-box population is 5,500 or greater.

The polroJation scale (PS), applicable to each sub-box, is plotted |n Figure 12.

lt should be noted that there are a large number of PS-0 sub-bozes in New Me, co

and southwestern Texas. Scattered PS-0 also are found near the Oklahoma border

where tornado frequencies in Figure 6 are apparenu'y low.

, 'd -- I_ _ i;_ _'',_._. "" ,_-
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Table 9. Range of populationaz_ potation correction
for each populationseLle. Populatlon-eozmected_th length
is obtained _s a l_coduct of o_isin_l path length and. C,, the

po_ulat ion-co=ce ction '_ctor.

Population Range of Population Correction factor
scale population Cp

0 0 - 199 4.0
I 200 - 399 3.0
2 _00 - 699 2.5
3 ?00- 1,099 2.0
4 1_100- 1,499 1.7
5 1,5oo- 1,999 1.5
6 2,000 - 2,699 t.3
? 2,?00- 3,_) 1.2
8 3,500- 5,Z_)9 1.1
9 5,500 o= =o_e 1.0

Figure 1_. Distribution of population scale for l_-=in.

sub-boxes. No e_tim_te of _oFu_tlon in Mexico was attempted

beca_me no to=outdo relx_rts, if any, could be obtained.

• FORINFORMATIONON-
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Widdn the 880 sub-boxes in Figure 9, 783 are in the U.S., allow_g us co

make reasonable esttmates of the sub-box polmlation. Of these, 271 sub-boxes

(35_) are characterized by PS-O, resulting in a serious problem in assessing the

tornado risk at the WIPP site (see Table 10 and Figure 13). There are only 75

sub-boxes (less than 10_o) with PS-9 (5,500 or more popula_on). This number is

considerably smaller than tt_at in _e Midwest plains where over 70_ of sub-boxes

are regarded as PS-9.

lt should be noted, however, fl_at the sub-boxes located both east and west of the

WIPP site have slgniflcant popula_ons. The sub-boxes to the north of the WIPP site and

the sub-box conmlning the WIPPsite are populated. The large number of zero poi_la_on

sub-boxes have been introduced in this model by the inclusion of southwestern Texas

and the western _-o-ddrds of New Mexico.

Sub-boxes
500 .................. -- := "

27'1

TotalNumberof Sub-boxes,785

133
---!

103
Jo0 - t-"- .

i I
i i 54

0
0 I 2 5 4 5 6 7 8 9

POPULATIONSCALE

Figure 13, Number of su_boxes shown as a func-

tion of populationscale. Only 205 sub-box_ (26_)

axe PS-.5 (I.5 poF_l_tioncorrectionfactor) oz_more. ,

i _'.,, I_ _v_% [: ' = = "J' ' _" "
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Table 10. Distributionof populationscale within 10 X._
degreesof longitudesand latitudesaround the WIPP site.

L,,,,, ,i , , ,

PopulAtion scale (0-9)
0 I 2 3 _ 5 6 ? 8 9

.,,mm. ,, i',,

PopulationrmM_e
in each e_le 200 200 300 400 400 500 700 800 2,000 Inflnity

ofthe Number of Sub-boxes 271 133 103 54 17 39 41 26 24 75
(_%) (35) (_7)(_3)(7) (2) (5) (5) (3) (3) (_0)

:eand ...................................................

;as

• Popo_tim-con+ectm:L Path Lmgths

According to above derivations, populacica corrections can be obtained

simply through a multiplication process:
.,

L = C, L,

where C,, the correction factor is obtained from Table 9 as a functlon of the population

scale for each sub-box.

When pol_latiou-corrected lengths were plotted (Figure 14) it turned out that

there were a large number of sub-boxes which would have to be left 'blank" because

no tornado was reported from these sub-baxes.

Can we use thee blank sub-boxes as evidence of no tornado? The answer

is either '_es" or "no", depending upon the population in each sub-box. If the

sub-box includes sufficient population t.o observe tornadoes, we should use the "yes"

category. If not, the answer should be be "no" category because tornadoes in a

sparsely populated area may never be reported, unless meteorological methods can

be advanced for identifying torzuadoes at remote locations. Based on these considera-

tions, a sub-l_x with "zero" path length was categorized as:
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Category 1 -- Zero Path L_.ugth category if the population scale
ts 5 or larger. Shown with • In Figure 14, 15

O and 16.
Category 2 -- Unknown Pa_ _ng_.... category if the population

scale is 4 or smaller. Sub-baxcs In Figure 14,
15, and 16 are left: blank.

The " zero path length" can be used as evidence of no tornado, but the "unknown path

length" should be treated as ff there were no data at all. The areas of the sub-box

with unknown path length are thus eltmLuated entirely, thus regarding them as water

areas or Mexican territory.

Figures 14 through 16 tnclude concentric circles and zigzag boundaries.

Taey are later used in assessing tornado probabilities at the WIPPslte indicated by

"+" symbol'in these figures.

Pi,guz_i_. Population-oorrect_i_ath length of Weak (FO_FI)
torruuloeain miles. Sub-boxes.lth • are re_rded a_ those of
no to_es durO.ag_-9_-7.5,

e- FORINFORMATIONON!.Y



Figure 16. Population-oorrected path length of Violent

(F_+FS)tornadoesin mile_. Sub-_xes with • are re__
&s those of no torna_es during 1950-75,
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• Ccmpumtim.of Prolm_ilities by DAPPLE Method

In general, tornado probability, Pr, at a given site can be computed as the ratio,

A tornadoarea (11)
P' = " B X Y " = -l_:larea'xyears

where _ A denotes the total area of tornadoes inside B, the land area during Y,

the number of statistical years.

Since sub-boxes in category 2 are regarded as equivalent to water areas,

Eq. (I 1) can be modified into

£A
P, = ¥ _'-"=-'_

where _ b is the total area of sub-boxes excluding those of category 2.

" In order to obtain the probability as a function of wtndspeed, we have to
I

estimate tornado areas as a function of windspeed. This can be done by applying

O the DAPPLE method devised by Abbey and Fujim (1_75).

In their method, it is assumed that _amage _rea _er _ath L_ (DAPPLE)

varies with the F scale intensity of tornadoes. A set of DAPPLE curves for each

• F scale tornado can be obtained analytically as a function of windspeed. DAPPLE

values have been computed for tornadoes divided into three categories, Weak(F0+F1),

Strong(F2+F3), and Violent (F4+FS).

Available DAPPLE values, so far, are those computed from the April 3- 4,

1974 super-outbreak. These DAPPLE values will, nevertheless, result in conserva-

tive values when applied to probability computations at most sites outside the

highest tornado-risk areas.

By applying _hese DAPPLE values, we replace vague tornado areas with

those given as flmcticns of wlndspeed. For details of computation steps, see

Abbey (I976). Now we express the tornado probabilityby

e_ FORINFORMATIOF,I ONLY
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ev = _ D, _b'---';4.. D,_ -I-D, _ (1_)
te ratio,

whe_'e D denotes DAPPLE value and L, path length. Suffixes, w, s, and v
(..) indicate Weak, s_ong, and violent tornadoes, respectively. It should be noted that

the DAPPLE value, D, varies with windspeed as well as fllree-categories of tornadoes.

The ratio of total area of o_e-category tornado and l_at of sub-b_es can be

appraxlmated by

_L _L
-------'- " "--------- (14)PLD = _b nxb

where P LD /s called the path-leagth density; n, the number M sub-baxes; and b,

(12) the area of each sub-bax wh/ch may be assumed consl_snt. The sub-bax area, w/th-

ou_ water area/n It, varies aaly w/th latitude.

At 32"22' 30", the latlmde M WIPP, b is 252 sq. mi. Between extreme

latlmdes of 30"N and 35.5"N, b decreases from 258 to 243 sq. mi or between

+2.4_ and -3. 6_ of the value at the WIPPlatltude. In view of possible errors in

tornado path lengths which, iu most cases, exceed variations in b, gq., (14) can

be used unless the range of latt_des is excessive.

The path-length density in Eq. (14) ts characterized by the dimensioa,

)71), ( PLD) dimension = mile e = ( mile -| ). (15)

Now we combine F,qs. (13) and (14) 1hto

a- P'r = (D-a,-PPLE) X (PLD) (16)y

the dimension of which ts

(1)1')dimension - ( X = ( Year" ). (17)

FORINFORMATIONONLY
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Probability Calculatl0ns

Q Probabilities by CirculAr=area Method

The accuracy of probability c_npumtioms is dependent upon that of PLD, the

path-length density. If we selec_a small area around the site to obtain tornado

data, we will end up with a small value of ]_L divided by a small value of n. "l_is

would result in a situation to compute a value, "zero over zero" which is quite

often indeterminate.

By selecling a large area around the site we definitely increase the accuracy

af PLD, but the area could extend into that of non-representative tornadoes.

Table 11 was prepared to show the effects of ranges upon three parameters: Z L,

the total path length; n, the number of sub-boxes; and PL]:), the path-length density.

PLD of weak tornadoes Increazes gradually from about 20 mi" t_ over

30 mi" as the range increases to 250 miles. Both strong and violent tornadoes are

characterized by zero PLD at the WIPP site but the values begin showing up at

about 50 and 100 miles, respectively.

Table 11. Population-corrected path lengths within various
• ranges of the WIPP site, during the 26-year period, 1950-75.

Path-length density represents the value for 26 years.

,,,, - .

Ranges (in miles)
50 IO0 150 2O0 250

wnK To.Atom
Total path length 94 317 948 1,570 2,203 miles
Number of sub-boxes 15 55 124 202 292 boxes
P_th-length density 24.7 22.8 30.4 30.8 29.9 x 10"smi"

smoNc TORDOm
Total path length 4 94 435 856 1,455 miles
Number of sub-boxes 8 31 85 144 207 boxes
Path-length density 2.0 12.1 20.3 23.6 27.9 XlO "smi"a

VIOLENT (F4+FS) TORNADOES
Total path length 0 0 25 62 129 miles

Number of sub-boxes 8 23 68 109 152 boxes- Path-length density 0 0 1.46 2.26 3.37 x 10"smi"

FOR[NFOR.MATiONOIliLy
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Path-length densities in Table 11 were plotted as functions of the range

from the WIPP site. Results in Figure 17 indicate t/zet violent tornadoes were

nor reportsd inside the 100-m/le range of the WIPP sire.

the

x,o".,_I.4._ zs v.a- F 4 "/"5 I_:y lO -_'_
oL-__-- _ _ 1--'------l'--_--

.Lp '=

. 30-

20- 3are

lo- '

_-L _ i , I0

@ "
2{1

FO+I
I0-

= I , _i I I I ....
06 50 I00 150 200 250 miles

Figure 17. Variation of path-length density, PLD as a
function of the z_nges from the WIPP site. PLD were computed
for 3-category tornadoes by varing ranges between 50 and 250

smi" miles.
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TAble 12. Path-lengthdensitywithin lO0-milerange of
the WIPP site. Smoothed v_lue from Figure 17.

.
Tornado Path-lengthdensities(I00 mile range)

(eo+_) 25.6xio"=.L'Le'' 0.98x10"'=Ale"Tc"
STRONG(,F2+F3) 12.1 xl0"" 0.47 xl0"
vioz_ _,F_-5) o.o o.oo

Figures 14 through 16 reveal that the 50 mile range is too small to include

tellable tornado dam. A 150-mile range ts cermlnly too large, thus including
1

hlgh-rlsk areas around Lubbock, Texas, which should not be extrapolated to the

WIPP slw based onmeteezologlcalgrounds.

ltiscuswmary touse a lO0-milerangesfgivenslteincomputingslte-spec_c i
A

pzobabiUGes. Becauseofa largegradlemtofPLD across_e WIPP sl_e,ltisvery

dlf_culttojustifythelO0-mllerangeas themost represemmtiverangeforproba-

blUtycompumGQas.

Under these circumstances an attempt was made to comlmte probabilities
widun the customary 100-mile range. Path-leng_ densiUes and their per-year

values, thus computed, are given fu Table 12.

From these figures, the tornado probabillUes were computed from F.xt. (16)

by using DAPPLE values for every 50 mph increment of windspeed. Note r/mt there

are no violent tornadoes within the 100-retie range of the WIPP site (see Toble 15).

T_ble 13. Probabilitiesof tornadoeswithlm 100-mile
range of the WIPP site. Valueswere computed from the
path-lengthdensitiesper year in T_ble 12.

Windspeed WEAK TORNADOES STRONG TORNADOES ALL TORNADOES
(m_) _ Probabilities _ Probabilities l>z_b_billtles

.50 0,074 7,2.5 xlO" yr" 0,43 2,02 XlO'* yr" 2.7.5 xlO "4yr"
100 0.0028 2.74 xl0-' 0.062 2.91 xl0" 3.18 xl0 "=
1.50 0,0000.52 -5,10 xlO "e 0,0098 4,61 xlO "e 4.66 xlO "_
200 0.000000 0.00 0.0012 -5.6# x10 "T 5.64 x 10"T
2,50 0.000000 0.00 0.000087 4.09 x 10"e 4.09 x 10"e

....

......... "_,,,,,OI,,L _ ,,,,,,

o

•
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4) Probehil/Ues by Pecos Valley Method

An arhiu'ary selectlm of the 100-mile range discussed/n the previous

sec_0n resulted in a set of probabillties as a ftmctton of wLudspeeds, b'nttl another

m

method is .t_sted these values are not Justifiable because af the large PLD variations

across the WIPPsite.

To overcome this diff_culzy an independent method was devised. The

statistical area was divided into four regions:

Rio Grande Valley --- Rio Grande watershed and west

de ,, Pecos Valley --- Pecos Valley watershed

Plateau --- west of the 2,000 ft contour llue
b

" Plains --- east of _e 2,000 ft cczztom- I/he

_he boundaries of these four regions are shown in Figure 18.
pectflc

L-
h
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Nonnal_ed paths of the three=category tornadoes in Fi_._res 14 through 16

are divided Into four regions, lt is seen _at tornado dis tribu_ cns are separated bythree boundaries reasonably weil

After determining the sub-boxes belonging to each region, path-length

densities of the three-category tornadoes within each region were computed and

plotted tn Figure 19. From _ figure the path length density at the WIPPsite was

. es_mated for each category of tornadoes (see Table 14).

"r
40 .

@ •

30 .

2o *'P' F2 + 3 "
O0

0 ,,, I

@ ,40,

" t
20- 1

FO+I
I0-

O- I , i I l
Rio@_e_te Pe¢oiValley Pleteeu Plel_

Figure 19. East-westvariationsof path-lengthdensities
of three-cate_ry tornadoes. The WIPP site is located to the
east of the center line of Peoos Valley.

Table 14. Path-lengthdensity at the WIPP site obtained
by Pecos Valley method. Values were estimatedfrom Figure
19 by plaeiz_ the site on the east side of the va_ey.

, , ,

Tornado Path-lengthdensitiesat WIPP site

._mmmmm_r --
, ,, ,, j _.j__

WP,AX (FO+IPI) 26.8 xlO" allY' 1.03 xlO" aile" yx"'" STEDNG (F2+F_) 14.3 XlO-' 0,55 X!O"='
VIOIaINT(FL_+FS) 0.0 0.00

- ORrdATION ONLY
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Then the probabilities of various wlndspeeds were computed h'mn Eq. (16),

y using Table 14 as input data. As shown in Table 15, probabilities computed by

thls method (Pecos VaLley method) are slightly larger than those of the 100-mlle
range values. If we choose either the II0- or 120-tulle range, the probabilities

wlll become very close to those obtained by the Pecos Valley method.

Table 15. Probabilities of toz_loes at the VZI_ site.
Values were coaput_ifrom the p_th-len_ densitiespar yea¢
in Table lt_.

, , ,,,, ,-- , , i

V_:l_l_eo(]. _ '_3RN/_O_ STRONGIDRNAID_ ALL TORNAIX)BS
(al_) _ l>=o_bilitles DAPP_ PzoIBbilltles l>=o_billties

,,,, i , , ,,, ,,, i ,,,,,, ,,|, ,i,

5o xlo"-' o. 3 xlo-'. -° 3.13xlo
100 0.0028 2.88 xlO'" 0.062 3.41 xl0 "° 3.?0 xl0"
15o o.oooosz 5.36 x 1,o4 o. 0098 5.39 xlO" 5. _ x 104
200 0.000000 0.00 0.00t2 6,60 xlO"T 6.60 xl0 "t
zSo o.oooooo o.oo 0.00008? _.79 xlo" _.79 xlo"e

@
C01'ICLUSiONS

..

Probabilistic Wind Storm Model for WXP,P Site

ProbablUties of su-aight-ltne winds were computedby multiplying thefastest-mile

winds in T_ble 3 by the factor of 1.25 as recommer_dedin F-xi. (6). The l_'obabtlicy

curve, thus obtained, was combined with the tornado probabilities in Table 15 obtained

by the Pecos Valley method.

Two probabilt_ curves in a semi-log diagram (see Figure 20) represent the

probable windspeeds at the WIPP site as a function of probabilities ranging between
-I -7

10 and 10 per year.

The combined results in Table 16 reveal that the speeds of straight-line gusts

are higher than those of tornadoes when probabilities are higher than about 2 x 104

year" (return period, 50,000 years ). The maximum wind speeds of tornadoes

are computed to be 136, 183, and 228 mph, corresponding to 10", 10"e , and 10"_

year" probab_Ities.

FORINFORIATIONONLY
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@
0 50 K)O 150 200 250

year

I0"° - 83m1_ ........

l(_l . - ,,_gmph ,. .

.._....Straight-line Gusts
fl.25 X Fntest Mile)

.. 104 ......... _ i lOmph .... ,.....

'0o'*....
; _ \j ,_emph ......

I0 ''a ............ i_ ,, I83mph-

Torn°does I

idT (Petal Valley Method) , _,_ 228mph

......

W l PP Site, W

Figure 20° Probabilities of straight-line winds and tor-

nadoes at the WIPP site located 25 miles east-southeast of

Carlsbad, New Mexico.
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Table 16. Characteristicsof storms correspondingto
seven probabilities. Air densityof the stAnd_z_at=o-
sphere &t 3,414ftis 1.108 kg/m_. The z_ullusof =_xlaua

wln_ was &ssum_i 1.50mfor computatior_lpurposes,SLG---Straight-linegust. TOR---TozT_io.

__ . • _ii.ii..i. i ijl. lql.llL I II I.I..!!I_ I I I.III !..._III , I i
__ li ..... i l l ii ii i : Ji l

Prob_b_.litles(year")

10" lO'lt 10"= 10-4 10" 10"e 10-7
,., , . , ,,, u. ,,

¥iz=istoras SLG SLG Sl_ SI_ TOR _DR TOR
83 99 11o1,9 136 183

Tz,,,_lattonal veil. (=ph) ........ 27 3?
Max. ta=gentlalveZ. (aph) ........ 109 ItH_ 182
1,._=suz-e¢.---_(ab) ........ 2.6.3 _?.3 73._

(_) ........ 0.38 0.69 t.o6

........-....... 0.03 0.08 0.15
___LU . , , ,,,,' ,,, ,,, ,,, , , ,-,,, ,, ,,

q'ne maxtmtnu windspeeds of tornadoes are assumed to be the sum,

_'. = Vo + C (18)

where T= denotesthemaximum totalvelocity(maximum windspeed);V., the

maximum tangential velocltT;and C, thetranslationalvelocity.For convenienceboth

verticalvelocityand environmentalflowvelocityare neglected.

For design-baslstornadoes,C isregardedas 20_0ofthemaximum windspeed

or

c = 0.2T. (19)

thuswe have

V= = 0.8 T,,. (20)

By assuming the radius of maxLmmu wind to be

R. = 150m , (21)

we areabletoesrimam boththetotalpressuredropand therateofpressuredrop

_om
lt

AP = p v. (22)
and

_. d C =di--"_P = "_, P V. (23)
E'/%r3 IP_ll-t_l'31_/1._Tlf'_l ,_1_11 _./
rurt IitiUl%lVl i IUII Ui'tL T
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where A p denotesthedeficitpressureat: thevortexcenter and p, thedensity

of air..Eq. (23) ts identical to Eq. (3) Qf WASH-1300 by Markee et al. (1974).
Parameters computed from these equations are given in Table 16. The author

recommends that these parameters be used in evaluating risks of s_'aight-llne

winds and tornadoesat theWIPP site.

As shown in this ruble, the deslgn-basts windspeeds increase from 83 mph

to 228 ml_ as the probability decreases from I0" co 10-7 per year. Meanwhile,

the type of windstormsinducing damaging winds changes from scralght-line wind

to tornado.

lt ts recommended that the level of a proper probal_lity be selected for each

structure. Then the storm type and parameters corresponding 1:othe spec|ttc

probabiUt 7 be used as design criteria in assessing existing structures or those to

be constructed at the WIPP site.

7,000

_°°° I

5,000__

"°°°__LL__J_!°1 _, 3,,4'

,..1 ,o
I,,I ,oI

_ _t'tl"l L--j i --_ 1 ...... l,, . J : ---:=

.... "o - lO 2o 30ror_s

Figure 21. Frequency distributionof various F-ecLle tor-
haloes within Peooa Valley. The elevationof the EXPP site
is not high enough to exclude the possibilityof F3 tornado.
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_- N(YTIC_ -- Development o4 the [_.,sil_-13asisTornado, Iq78 (DIIT-78) now pcrmi,:¢

r us to c_putc improved dcsig_-basis l_ramcters. Pages 40 and 41. wirl,
the exception of Figure 2L, are to be replaced by the following text. fig_zrc_.
and tables.

O.tlor

* O00*OOeOOOOOO_

Ipb Figure 20 reveals the maximum windspee¢isat the WIPP site,corresixondi,,i4

fie, to I0" _o 10" per year i:_robabtlil:les. The results, also su,n,narized in '['able 16.
,i

td indicate that straight-line gusts are stronger than tornado winds when probabililie._

are equal to or higher than 10"" per year.

each When probabilitiesare equal to or lower than I0"s pcr ycar, tornadoes will

induce winds higher @tsh straight-llnewinds. "l'hesetornadoes arc r_tuxallycllarac-

to terizedby both tran_la_lonaland swirling moclons, the combtnaOon of which Induces

d_e pressure drop as well as the time rate of pressure drop. Comput,atioru_of these

values for design purposes require a model oi design-basis tornadoes which repre-

scnts conservative airflow of ton_adocs.

!

Tablo 16. Maximum windspoeds and storm types correspondin_
to I0" to 10"v ]:)ez'year pxohabillties. ZI_,--Str_i_t-llne
gusts. TOR--Tornadoes.

Protatbtltt_os (per yc_r)

10" 10"_ 10"_ I0"" I0"5 10" 1

S torm types SIX] SLG SLG SLG TOR TOR

Max. w_mdspeeds (mph) 83 99 110 119 136 183 2

Under an NRC con_ac( (Robert Abbey, contract momtor). Fujita is now in

tt,e process of tluprov[ng a generalized design-basis tornado model which includes

multiple vor_ces. The initial model was presented in the DOE sponsored Tornadoes

aj_5__d_[zh Winds Workshop a_ Argonne National Laboratox 5, (July 10-12, 1978).

A testappUca_on of thismodel to the WIPP sitehas been approved by the

NRC contractmo_itor under the conditionthat thc model be subject to necessary

O- revisionsas morc tornado data bccixne availnblc En futureyears.

l:: DIikl'hDl/iATIOthl Ct[ll V
I %31% IIII UI%i¥I/'tLi IUII UEIL. i
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The generalized design-basis tornado model 0DBT-78) is characterized I,y tltc.

radtt, s of outer core (R.) and Utat of inner core (R.). A horizdntally-unift_rtn vc'rtt-

cal motion exists only la'side tire outer corc. While the torrmdo rotates wit]_ it_ Ill.lXt-

O mum tu.ngenUal velocity (_v_), its center travels at translational velocity (T).
St,ct:ion vortices, assumed Identical in sizes and airflow charactcri_ti_.._, art,

circular in shape, occupying t/to space between R. ind R.. Eaclx suction vort(-x

spirts arctand with its maximum tangential velocity 0_'.) while orbit:lng around tits,
o

tortmdo center at the translational velocity (T), see Figure 20A.

V,, LIrrY (roe( tDw 1r_( COer

, ' l ",/.L_ I "..: _. '.., ,o,,,oo ,,,,,..,'
b,':_. ", , .', " °.', .'" -

\.u-..r,y ........... -.....
.......... ",,_,;,",d,'& "1,;,i"_o'.f ...........

O Figure 20A. Features of the desi_a-bssls tornado, 1978 (DBT-7[_)
by FuJlta, which includes suctlon vortices embedded inside the o_Itc_
OOr'O.

Basic asstanixlons are summarized in EquaUcaxs (18) through (,'_). A merc

complete description of DBT-78 will be available a/ter the Second Workshop on

Tornadoes and High Winds during the Latter part of September. 1978.

Maximum horizontal velocity (M,) ts defined as

M. = T+ V. (i,_

while the two velocities on the right side are assumed to be

T = 0.25M. and V. = 0.75M.. (19

The toraado's core radius (R.) is assumed to increase in proportion to V.. ot

R. = 0. SV, (R. ln meters and Vm luml:h) (20

e-- FORINFORMATIONONLY



Core radius of the embedded suction vortcx Is computed from

I

_" = T (Ro- R,) (21)

O and themaximum mngentlalvelocity(V.) isasstuuedtobc one-haLlof V,.,_or
lD I

V,, - T V.. (22)

The maximum vertical velodty of a tornado (W,,) and of a suction vortex
ID

ON, ) are computed from

W,, = 0.397 V= and W,, -" 0.397 V,, . (23)

"Ilae translational velocity, (T), of a suction vortex around a tornado is

assumed as the mean tangential velocity Inside the tornado's outer core. Namely.

I R,+ R_... _e't" - 2 R. Vm h'_dh

: R. (2,1)

where h denotes the normalized height above the surface, h = l is reached at tJ_e

top oi' the Inflow layer.

O "lhemaximum totalvelocity(Mr) Insidethe tornado is thevectorsum ol

both horJ.zont_l and vertical velocities. 'The values are computcd from

|

Mtr = Or. + T) + W'.. (25

l_Id_ suctionvortices,themlur,.Lmttmtotalvelocity(l_Ir)Includesthernaxi-
®

mum translationalvelocity(T + T). "llatm,we write

I_I' lD' .*r = (T + _" + V.) + W o (26

Numerical computationsshow thatl_Irfsalways largerthan Mr, buttheir

differenceisnegligiblysmall forweak tornadoes which are characterizcdby small

core radiiInthisDIJT-78model.

For violent (F 4 and F 5) tornadoes, the dLfference increases to 20 to 30 mph

suggesting that the maximum wind effects In suction vortices are 15 to 30% larger

(see Table 17).
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T_ble 17. Maxtmm total velocltte._ insldo torn.:Ldo (M,) and
these inside embeddod suctton vortices (M,). The highest F-scale

wlndspeeds In tornado occur in rho _%tl_sof suction vortices.:: _v will, thus, represent the maximum F-scalo w$ndspeed.

)'z _=z_ A, M, _,-M, (_,lM, R.

0,2 50 mph 50 mpa 0.4 mph 1.02 29 m
1.7 10o 9? 3.1 1.o7 %
2.8 150 143 7.3 l.tO 82
3.8 200 187 12.7 I,lk 108
4.8 29) 2_0 t9.1 1.17 1.32
5.7 300 274 26.2 1,20 [57

.'[he maximum pressure drop due to the tnrnado vortex is computed from

AP, = p V t . _ (2

Bccause embedded suction vortices are much smaller than thcEr parent tornadoes

wc compute the maximum pressure drop due to sucUon vortex £rom

• "t t E

AP,, = p V, = ---
, pV.. (;

The rate of pressure drop due to tornado vortex and suction vortex are

expressed, respectively, by

R'--?Pv. (:

,+, .,=_ev. (

where p is the air densitywhich ts assumed constant for integrationpurposes.

Equations (18) through (30) were used Ln computing the design-basis tor'nad

parameters in Table 18. The input dam for _ree-probability tornadoes are the ma

mum total wind.speeds trom Figure 20. These maximum wlndspeeds denote MT ,

the maximum total velocity in the path of embedded suction vortices. Table IB shc_
@ @

the breakdown oi the maximum total velocity into V., V., T. and T.

®- FORINFORMATIONONLY
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Table 18. Charactcri:;tlca of dc:.tgn-ba:;tz tornmloe:_ anti
embedded euct%on vortices applicable to the WIPP zttc,

PR 0 B A B I LI T I E S

" 10-' year" 10 "1 yc,_r -a I0- r"
Design .:parameters

y _,,'t.,.

Max. total vel., M,
from Figure 20 136 mph 183 mph 22,qrp_

FOR TORNADOma-

Max. tang. vel., V, 94 mph 124 mph I.%2ml,h

Trans. velocity, T 31 mph 41 mph 51 ml,h

Core radius, R. 75 m 99 m 122 m

Max. press, drop, AP. 19.3 mb 33.9 mb 51.3 mb
0.3 psi 0.5 psi. 0.7 pz[

Max. rate of pr. drop 3.6 mb/see 6.3 mb/see 9.5 mb/a_:
0.05 psi/see 0.09 pr,t/see 0.14 p,_t/zrc

FOR SUCTION VORTICES

r_ax.tang. vel., _. 47 mph 62 mph 76 m_h

Trans. veloclty, _ 57 mph 78 mph 99 ml_i*

. Core radius, _e 22 m 26 m 29 m

Max. press, drop, A_, 4.8 mb 8.4 mb 12.8 mb
0.07 psi 0.12 p".l 0.19 p:;t

Max. rate of pr. drop 8.6 ab/Bcc 17.4 mb/sec 29.6 mll/,-,,,c

The most important results are the large rate of pressure dxop caused by

fast-traveLing suction vortices and the smaller amount of pressure drop due to bhe

tornado Itself. These results coincide very well with the'features of tornado damage

characterized hS' swaths of severe damages wimessed Inside overall damage area.

lt is recommended that a level o! proper probability be selected for each

structure. Then the storm type and parameters corresponding to the specific proba

biUty can be used as a design criteria In assessing existing structures or those to be

constructed at the WIPP sire.

O.- FORINFORMATIONONLY
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_ ,..-.:
,.. DESIGN-BASIS TORNAD_OES AT WIPP SITE

I (_tylOt'l I C_eyeot "e I 0 "r yeo, "'

= 13,6 mph ,'_, ,,,,,,tS3 m,o,_ ,_, - 2'28 mp_

• b
i

L-- . [ II II ]1 ..... lalllj

Ft_:ure 2OB, ]:)_:n-bcs_s ¢oz_doe_ at the tel:EP s_.te, e,_ch ,:
cha._ct, erczed _ suctlon voz-tlcos orbitcr_K around Lr_side the
outer core of the parent tornado. Core rad¢_ are proportlona.l
to the _.Im_ tan_entlal veloc_.tJ.ee,

• "
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Most Severe Cr,,edi, hie Tornado (One in cme-mtUiea-year tornado)

Although the probabilities by the Pecos Valley method are reasonable, we must

s_II cousld_ the e_fecm of elevation upon tornado IntelLsiCtes in order to determine the

most severe sWrm which is credible at the WIPP site. For this purpose, the Vouch-

down elevations within the Peco6 Valley were obtained by plotting all reported tornadoes

on 1:250,000 USGS topographic maps. Their disu-flmflon by P-scale and elevation at

500oi_intervalsare presentedinFigure21.

The elevation of the WIPP site, 3,414 ft MSL, is apparently not high enough to

el/m/hate the possibilitles of .F 3 tornadoes, lt is reascuble to select the F 3

tornado as being the most severe credible tornado applicable to this site.

@
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1.0 INTRODUCTION

1.1 Task

The objective of this study is to determine whether
the current designs for the WIPP underground
facilities are adequate to withstand the effects of

• postulated seismic events without failure as defined
by performance assessment criteria identified in this
report.

The underground facilities of the Waste Isolation
Pilot Plant (WIPP) are located in New Mexico salt
formations. These facilities include multiple
unlined drifts (unlined tunnels) 2162 feet below the
surface and four vertical shafts connecting the
surface facilities and the drifts. The completed
shafts are lined with unreinforced concrete for the
upper 820 feet of overburden and unlined for the
lower 1342 feet in the salt formation.

This study evaluates the seismic structural

performance of these underground facilities subjected
to two postulated earthquake levels. The first is
based on the requirements of the Uniform Building
Code (UBC-1979_ for Zone I and has a maximum

" • horizontal and ve_tlcal ground accelezation of

O ' 0.05 g. The second is based on a Design BasisEarthquake (DBE, Refo 3) with a maximum free-field

horizontal and vertical ground acceleration of 0.1 g,
based on a 1000-year recurrence period.

The UBC earthquake is the specified earthquake used
to design the shafts and drifts, lt is used to
assess the structural performance with respect to
personnel safety during plant operation. The DBE is
the specified earthquake used to design the critical
surface confinement structures and components for the
WIPP. It is used in this study as an extra
precaution to assess the structural performance of
the shafts and drifts with respect to accessibility
and retrievability under the most severe seismic
event DOStulated for the WIPP facility.

1.2 Method
,,

The analytical method used to evaluate the seismic

structural performance was based on the following
primary considerations:

(I) Two ground motion records were selected to

- simulate the ground motions at the site, since

O 7 earthquakes near the WIPP site available for

" l FOR ....
• _ ; _i _ ' '"'_" "" " ;_

._ : 7
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study. These are the 1952 Kern County and 1971
San Fernando records.

O (2) The study approach to obtain underground
structural responses was to modify the free-
field stresses/stralns obtained using the
computer program SHAKE with dynamic stress/-
strain concentration factors.

(3) The standards used to assess structural

stability of the shafts and drifts, as related
to stress and strain, are the Griffith and

Newmark rock failure criteria. In addition,
particle velocity criterion based on observed
seismic damage and calculated peak particle
velocities is used to assess structural
stability.

1.3 Performance ,Assessment Criteria

(I) For the UBC earthquake, performance assessment
criterion for personnel rafety is based on the
capacity of the underground facilities to
resist minor and moderate earthquakes without

structural damage. Structural damage for this
report refers to spalling and rock falls.
Spalling is co_-sidere_ tc be _xfcl_ation of
relatively thin, sharp edged pieces of rock.

O (2) For the DBE, performance assessment is based on
the capacity of the underground facilities to
resist major earthquakes by maintaining
accessibility to the underground facilities
and retrievability of personnel and stored
waste.

m.

e_

" |l I Vi& I1 il Vi%IYIr't, IIUI i k/JiLl
" '........ . i i i ______ ii IlL] i ittlI ii ---: ?z i ,
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2. o zONS

2.1 Study Results

• 'The following conclusions can be drawn from this
studya

(1) For the upper portion of the shafts which are
lined with unrelnforced concrete:

(a) With respect to the UBC earthquake, the
calculated particle velocity is less than
the empirical particle velocity
criterion, the calculated shear stresses
are less than the Griffith stress
criterion and the free-field strains are
less than Newmark's strain criterion. No
spalllng is expected to occur as a result
of the UBC earthquake and personnel
safety should be maintained.

(b) With respect to the DBE, the calculated
particle velocity is less than the

empirical particle velocity criterion for
the threshold of 4amage and the
calculated shear stresses are less than
the Griffith stress criterion.

' ' Tl_erefore, no spalling is uxpected under

these criteria. However, the free-fieldstrains in the upper 200 feet of the
shaft exceed the Newmark strain

(spalling) criterion. Therefore,
according to this criterio alone,
spalling may occur in this portion of the
shafts. It is not expected that drops of
sufficient magnitude to cause closure or
blockage of the shaft will occur. Thus,
accessibility and retrievability should
be maintained.

(2) For the unlined portion of the shafts and
drifts, subjected to the UBC or DBE earthquake,
the calculated particle velocity and free-field
strains are less than the associated empirical
evaluation criteria, and the dynamic stresses
are only a small fraction of the static
stresses. No spalling is expected to occur,
provided normal required maintenance is
performed. Therefore, accessibility, terrier--
ability and personnel safety should be assured.

2.2 Recommendations

T The following recommendations are made for the final

" 'ii ana lysi_ ani detailed design of the sh ai ts:

: L - "" "',ii i __i iiii i
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(1) For the shaft key, it is expected that therelative vertical movement between the surface
level and the top of the shaft key will cause
stress concentrations. Therefore, there may be
cracking at the transition between the
relatively more rigid shaft key and the
concrete lining. This area should receive
special consideration in final design.

(2) For the transition of the shaft lining to the
shaft collar, special consideration should be
given to providing a seismic Joint to
accommodate the different rigidities and
structural performance during ground motion.

FORINFORI' A.I!aN
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e 3.0 ASSUMPTIONS AND OUALIFICITIONS

3. I General

The variation of earthquake ground motion response
with depth is both site and earthquake dependent.
The ground motion at a particular site ts strongly
influenced by the mechanisms of reflection,
refraction, and transmission through a
nonhomogeneously layered media; by surface
topographyt and by details of the local site geology.
In addition, the frequency content of the ground
motion at a particular site is strongly site
dependent (Section 4.2) and the amplitudes of the
input motion at the frequencies of interest may be
appreciably modified by the Iocalsite conditions.
Therefore the results obtained in this study are
qualitative rather than quantitative.

Seismic response and analysis of underground
facilities differs from surface facilities in the
following ways:

(I) Underground structures hzv_ fully earth-
contacteo boundaries, while surface or

partially embedded structures have partiallyground-contacted boundaries.

(2) The seismic behavior of underground structures
is not as well understood and documented by
case histories as that of aboveground
structures.

(3) The intensity of the underground structure
responses to earth excitation is difficult to
determine because it varies with the source,
depth, site media, and structural
characteristics.

The effects of earthquakes on facilities may
generally be grouped into two categories, faulting
and shaking. This study does not address the
structural effects due to faulting. Geological and
geophysical surveys indicate no capable faults or
fissures in the area of the underground excavations.

3.2 Design Ground M_otions

The DBE peak ground acceleration is defined
: probabilistically for a 1,000-year recurrence period.

i " lt has been estimated conservatively as 0.10 g, based

W on current knowledge of the geologic and dynamic
z characteristics of the site region This is

_ dis_e_e4k i_ _herwI_Pp._SAR ::(Ref-. 3_ , This. definitiOnrp

i ii iii - iii i u iii i i[ ,[,,: --'-- m_-- -
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Regulatory Commission's concept of a design basis
earthquake.

O The UBC recommended design levels are not directly
comparable to recorded or estimated peak ground
accelerations from earthquakes. However, the
relationship can be derived through the Seismic Risk
Map of the U.S. that is part of the UBC. This map
states that for zone 1, one would expect, "Minor
damage.., corresponds to intensities of V and Vl on
the Modified Mercalli Intensity Scale (MM Scale)".
These intensities may, in turn, be related to -
accelerations. Both Neumann (Ref. 27) and Trifunac

and Brady (REf. 28) relate MM intensities to near-
source accelerations. Intensity V corresponds
roughly to an acceleration of 0.03 g while Vl
corresEx)nds to about 0.07 g. Thus, an approximate
acceleration value for UBC Zone 1 is the average of
these extremes, or 0.05 g.

AS a final point of interest, Figure C1-3 of ATC 3-06
(Ref. 29) shows contours of Aa (effective peak
acceleration) for the U.S. The WIPP site is just
outside the 0.05 g contour of the acceleration with a
90 percent chance of not occurring in a 50 year
period. This is equivalent to about the 475 year

• , event. Thus, ATC 3-06 shows that thc WIF_ site i_as a

O 475 year acceleration of Just under 0.05 g. This isin good agreement with the mid range of the cases
considered in the WIPP SAR. Figure 28-20 of that
document shows a 500 year site peak dynamic
acceleration of between 0.035 g and 0.07 g. Thus,
the specification of a UBC equivalent site design
acceleration amounts practically to the use of a 500
year rather than a 1000 year site acceleration.

3.3 Input ....Ground MOtions

The selection of hypothetical input ground motions
for seismic investigation of shafts and drifts
involves careful study and comparison of earthquake
and geologic dynamic characteristics. These dynamic
characteristics include peak ezcitation, frequency
content, and period of excitation. The importance of
focus depth, slant distance, and magnitude of the
selected earthquake should also be considered.

Two sets of ground motions records were selected,
including both horizontal and vertical time
histories. They represent motions of either large
magnitude, distant earthquakes or small magnitude,

ii near earthquakes; and they agree with the geologicO and seismic characteristics of the site region
described in Reference 3. These records are:

FORINFORMATu:......................
- L -,....... "
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(I) Kern County, California earthquake,

July ,
21 1952

Station- Hollywood Storage P.E. Lot
Components- SO0 W and VERT

(2) San Fernando, California earthquake,
February 9, 1971
Station - Lake Huges No. 4
Components- S 21 W and VERT

The recorded accelerograms of these earthquakes were
used in the study by scaling the peak accelerations
to 0.10 g and 0.05 g for both horizontal and vertical
directions without modifying the time scales. The
original earthquake records are shown in Figures 3-I
through 3-4. Both earthquakes occured in rock or
hard stiff soil considered to be rock.

The Kern County earthquake of 1952 had a maximum
ground velocity consistent with, or in fact a little
greater than, the average ground velocity used in a
study which forms the basis for the Nuclear
Regulatory Commission's Guide 1.60, "Design Response
Spectra For Seismic Design of Nuclear Power Plants."
Thus: the use of the Kern County time history is

•" conslde_ed 5o add to the conservatism of this study.

3.4 physical Propertie s O f Un derqround Site Media

Almost all pertinent dynamic material properties of
the site media were derived from specific gravity
measurements and estimates of the compressive wave
(P-wave) velocities obtained from data of several
bore holes at the site. Shear wave (S-wave)
velocites are generally derived from the P-wave
velocities and an assumed Poisson ratio of 0.30.

Other relevant properties, such as the shear modulus
(G) and the constrained modulus (D), can be computed
from formulas of the theory of elastic wave
propagation along with known or assumed data. These
are: C. the shear wave propagation velocity, Cp the
compressive wave propagation velocity, the mass
density, and the Poisson ratio of the material.

Table 3-I presents physical properties of the WIPP
site geologic profile and formulas used for
computation of shear and constrained moduli.

3.5 Ana!ytical Approache_ss

_! The following assumptions were made:
I
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prevent differential movement between the
lining and the surrounding media. In other
words, the structures move along with the
ground media at all times, so no rock-
structural interaction was considered. This is
a conservative assumption.

(2) The shaft linings are fully bonded to the
surrounding rock.

(3) Each stratified layer of soil or rock was
assumed to be a homogeneous isotroplc elastic
solid.

(4) No effects of end-bearing boundaries were
considered. These include shaft collars at
near-surface, intersections between lined and
unlined shafts, and interconnections between
shafts and drifts and between drifts.

(5) No effects of multiple or interconnected shafts
or drifts were considered.

(6) Frequency-independent stress concentration

O ..... factors %'er= used in thr a:_alysis and desl_n.
Thus, the ratio of wavelength to the size of
cavity was not considered directly.

(7) No other structural effects that may interact
with the seismic problem were considered, such
as creep and high temperatuLe in the salt and
groundwater in the rock.

: (8) No internal structural elements were considered

in this analysis, such as fixed shaft guide
supports and mechanical devices.

= (9) Only vertically propagating P-waves and S-waves
were considered for the shafts.

4.0 ANALYSIS
,,11, i

4. I Genera 1
= H --

The problem of evaluating seismic structure
performance of shafts and drifts was solved in two
major steps, based on the assumptions outlined in
Section 3.5.

First, an assumed unit column of underground media in

@_] a vertical direction waz analyzed, under conditions
_ . that assumed that no structures or cavities were

zI present, and subject to the prescribed earthquake

U •
H,, j, ,, , .
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Included in tbls report. They are similar to those
of 0.1 g, but with one half the intensities.

Table 4-I shows acceleration, velocity, and
displacement at various depths for 0.1 g and 0.05 g
maximum accelerations. Figures 4-6 through 4-8
represent envelopes of these peak responses. The
application of the results presented in these figures
and table are discussed in Sections 4.4 and 4.5.

4.3 Methods of AnaIyzinq Underground .Seismlc Structural
RLes nes

4.3.1 General

Structural effects due to ground shaking are
associated with stresses Iresulting from the
propagation of seismic elastic compressive waves
(P-waves), shear waves (S-waves), and different kinds
of surface waves such as Rayleigh waves (R-waves) and
Love waves (L-waves). Only p-waves and S-waves were
considered in this study because of the complex wave
propagation phenomenon in layered elastic media.

For the analysis of the drifts, the horizontal
component of the shear wave (SH) was used and for the
analysis of the shafts the vertical component of the
shear wave (SV) was used. _-wdves p=up_gaLing

vertically were considered by replacing theappropriate constants (modulus and wave propagation
velocity). All waves considered are sinusoidal
incident waves that induce simple harmonic (steady-
state) loads. Effects of surface waves were

neglected.

Three types of underground structural responses due
to P-waves and S-waves were examined:

(I) Flexural, representing the direct imposition of
the media curvature on the structure, which
must be able to absorb the resulting strains.

(2) Shearing, representing the response lag of the
media to input acceleration.

(3) Extension or shortening, representing the axial
deformation of the structure and the media, for
which the slippage between the structure and
the supporting media can be neglected under
relatively small excitations.

General strain and stress formulas for these three
= types of responses near the opening, due to the

i obliquely impinging P-waves and S-waves, are briefly
, described in the following paragraphs.

FORINFORNIATIOfONLY'
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Q and applicable formulas derived from the theory of
elastic wave propagation, the site media strains
under earthquake eicltatlons can be calculated.

Second, dynamic stress concentration factors
(Ref. 11) of the openings were obtained to establish
the maximum dynamic deslqn stresses. An assumed unit
slice between sections of the shafts or drifts was

analyzed by a classical theory of elasticity. The
analysis was treated as a two-dlmenslonal plane
strain problem of a deflned-shape opening in an
infinite elastic plate subject to simple harmonic
loads.

The following sections discuss the seismic analysis
of shafts and drifts, in accordance with this
methodology°

4.2 Free-Field Underground Earth Responses to the Pre-
scribed Design Ground Motions

The responses of the stratigraphic column shown in
Figure 4-I were analyzed with SHAKE. SHAKE computes
the'responses in a system of homogenous, viscoelastic

• lay=rs of infinite horizontal extent subject oniy to

O vertically traveling waves. The maximum number ofsublayers in a model is 20 and the maximum number of
specified sublayers for computed motions is 15. The
model chosen is shown in Figure 4-I. The program is
well documented in Ref. 17.

The input motions described in Section 3°3 were
applied in sublayer 2 (5 feet below the surface).
The upper 820 feet of the soil-rock profile was
modeled with finer mesh to accommodate the abrupt
changes in physical properties of the media.

A speclal-purpose computer program (BASE) was
developed to process response data calculated by
SHAK_. BASE generates and plots the time history
responses of the velocity and displacement of each
sublayer by double integration of the acce]eratlon
time histories computed by SHAKE° Small errors in
the initial velocity and displacement can lead to
large errors in the determination of velocity and
displacement time histories. Therefore, base-llne
correction methods were used in combination with
least-square-flttlng methods (Ref. 7). Figures 4-2
through 4-5 show the acceleration, velocity, and
displacement time histories of sublayers I, 10 and

:_ 20, subject to each prescribed input ground motion

O [ scaled to 0.1 g maximum peak ground acceleration.
Figures for the response time histories for 0.05 g

i . __ iiiii _-- _ ---._ s --- ;

_UCUMENTNO. 76D=_ _ n__ _ Urtt_-uuu _V n qlI_FT ] t r_r _



.... iii III I I ii iii Sill i 111 I 11111

4.3.2 Free-field Strains Due to Oblique P-Waves

' Figure 4-9 shows a P-wave impinging on a structure
with amplitude of ¥p and incident angle e. The
calculated axial, flexural, and shearing strains due
to this oblique P-wave are (Ref. 23):

Axial ca = ± (Vpecos2e)/Cp2 (4-I)

Flexural "Cb" ± (R Ape sine Cos e)IC2p (4-2)

Shear _ - (Vpe Sine Cose)/C (4-3)P

From this set of equations, maximum strains due to an
oblique P-wave are:

- ±Vp8/C 8 = 0o (4-4)Axial ca P

Flexural zb - ±0.3849 RA 6/C 2 e = 35016 ' (4-5)P P

Shear _" Vp6/2c p 0 = 45 ° (4-6)

The notations for all equations are described in
Attachment 6. I.

4.3.3 Free-Fiel 9 Straln_ss Due to Oblique s-waves

Figure 4-10 shows an S-wave impinging on a structurewith an incident angle 0 and excitation amplitude Vs.
The axial, flexural, and shearing strains due to this
oblique S-wave are:

Axial c - _ ( Sln8 rose)/c (4-7 )
a - Vuo 2s

Flexural cb = ± (R Ase2Cos3e)/C s (4-8)

Shear y- (Vso Cos 6)/Cs (4-9)

From this set Of equations, maximum strains due to
oblique S-wave are:

Axial e = 450 (4-I0)
c - ±vsel2Csa

±RAsg/CB 2 e " 0 ° (4-11)Flexural
£b

==

Shear Y " vse/Cs e - 0 ° (4-12)

4.3.4 DynamlcStress Concentration Factors

Dynamic stress concentration in an elastic media is a
localized dynamic stress increment, produced by

_' interrupted propagating seismic waves around
= obstacles. Obstacles that induce interruptions of

wave propagation are cavities, cracks, and any rigid
_ or flexible inclusions. Interruptions of seismic
z
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O waves around an obstacle are mainly due todiffraction (the deviation of waves from their
original path) and scattering (the outward radiation
of secondary waves from the obstacle). Ref. I0
provides detailed discussions of diffraction,
scattering, and dynamic stress concentrations of
elastic waves.

The ratio of the dynamic stress caused by interrupted
waves to the stress caused by uninterrupted waves at
the same location is known as the Dynamic Stress
Concentration Factor (DSCF). The DSCF generally
depends on the type of seismic wave, the wave
propagating medium, and the obstacle. For instance,
it can vary according to the following factors:

(I) Type and predominant frequency of the incident
waves

(2) Wave length

(3) Angle of incidence

(4) Physical properties of site medi,_

O (5) Physical and geometric properties of the
obstacle

Detailed discussions of the effects of these

parameters on the DSCF are given in Ref. 11.

Most of the knowledge about DSCF concerns incident
waves propagating in a direction that is
perpendicular to the axis of the obstacle (Ref. 11).
Although some analytical solutions for determining
DSCF's of oblique incident plane waves can be found
in Ref. 11, no detailed numerical calculations or
explicit solutions are given. Moreover, in most
cases, explicit solutions are given only for
obstacles of circular cross sections.

However, despite this, approximate solutions for
other cross sections can be reasonably obtained by
incorporating appropriate shape factors into the
solutions available for circular sections.

Reference 11 cites cases of incident plane P-waves
(Figure 4-11) and S-waves (Figure 4-12) impingin_ on

a circular cavity or a circular-lined cylinder in a
perpendicular direction, where amplification due to

_i dynamic effects was approximately 10 to 15 percent

O _ over static values. This suggests that dynamic
amplificatio/) _actors obtained for circular sections

i ,th a pt   %at|
-- ,,,, ,
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The following paragraphs summarize DSCF's and shape

O factors relevant to the design of the WIPP
underground facilities.

(I) Drifts: The following equations for drifts
with a rectangular shape and rounded corners
assume incident waves normal to the cavity.
(See Figures 4-13, 4-14, 4-15 and Paragraphs
4.3.1 and 4.5.1)(Refs. 5 and 8)

P-waves nscz - KI[0.6 + (b)2/3) (4-13)

S-waves DSCF - K2[0.6 + (b)2/3) (4-14)

(2) Shafts: The following equations for shafts
assume incident waves parallel to the cavity or
lined cylinder. (See Figure 4-16 and
Paragraphs 4.3.1 and 4.4.1),

- (a) Unline_ Shaft:

O For Polsson's ratio - 0.3

P-waves DSCF - 1.0 (4-15)

S-waves DSCF = K, (4-16)

where K3 - 4.7.

(b) Lined Shaft:

For Poisson's ratio = 0.3

P-waves DSCF = 1.0 (4-17)

S-waves DSCF = K, (4-18)

where K, is obtained from Figure 4-17 for
hoop stresses.

4.4 Seismic Response of Shaftsm , ,

4.4.1 Descriptlon of Shafts

_ There are four shafts connecting the surface
i facilities to the underground repository level, as

O _ shown in Figure 4-18. Each shaft was designedaccording to its specific function. Ali shafts

zI consist of three major portions:i FORINFORMATIONONLYI __
, _ ,lilll __ ill
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O (I) The concrete shaft collar near the surface(level 0'0")

(2) The portion lined with unreinforced concrete
connectln_ the shaft collar to the top of the
salt bed (level 843'0")

(3) The unlined portion from the top of the salt
bed to the experimental level (level 2162'0")

Zach shaft is briefly described below as follows=

(I) Waste Shaft (FiQure 4-19): This shaft
transports radioactive waste to the
experimental level and iE consists of the
followlnQ parts:

(a) A concrete shaft collar located between
the Qround surface and level 27_9 ".

(b) A lined portion with an inner diameter of
19'0" consisting of the upper 537 ft with
10 inch unreinforced concrete and over
break and the lower 265 ft with IB in

, c:ncrete and overbreak

O (c) An unlined portion with a diameter of
20 ft.

(d) A reinforced concrete key and water ring
(approximately 50 ft. long) is located at
the rock and salt interface.

(2) Storage Exhaust Shaft: This shaft is for
storaQe exhaust. Its design is similar to that
of the waste shaft except for the liner, which
is steel enclosed by cement grout. The liner
is made of steel plate, and has a 10 ft inner
diameter. The cement grout is approximately
8 inch thick plus overbreak. Circumferential
steel rlnQs are welded to the steel liner at
intervals. The unlined portion of the shaft
has a diameter of 11'8".

(3) Ventilation Supply and Service Shaft: This
shaft is for ventilation supply and services.
Its desiQn is similar to the waste shaft
design. The concrete liner has a 16'0" inner
diameter and varies in nominal thickness from 8

to 14 inches plus overbreak. The unlined
- portion of the shaft has a diameter of 17'0".

O z (4) Construction Exhaust and Salt Handling Shaft:
_I This shaft is for construction exhaust andsalt

N
,mrl, l H ,J ___ i --
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O waste shaft design e,cept that the concrete
liner has a 14'0" inner diameter and a nominal
thickness that varies from 8 to 14 inches, plus
overbreak. The unlined portion of this shaft
has a diameter of 15'0".

The waste shaft was selected for a typical shaft

study in this report for the following reasons:

(I) Similarity of construction schemes in all
vertical shafts

(2) Largest diameter in both lined and unlined
portions.

4.4.2 Seismi c Responses . of Shafts

Since only vertically propagating P-waves and S-waves
were considered in this study, dynamic stresses of
vertical shafts induced by the prescribed ground
motions can be determined from the equations in
Section 4.3 by letting the incident angle e - 0°.
Maximum response shaft strains, including dynamic

,. stress concentration effecLs: can bp obtained by
' ' incorporating the results of these equations as

O follows:

(I) Axial Strains: Tor lined and unlit_ed portions,
from equations 4-I and 4-15,

ca . Vpo/C p x DSCF = Vpo/C p (4-19)

(2) Fie=ural Strains: For lined portion, from
equations 4-11 and 4-18,

cb " KA_oICs 2 x DSCF = KdRAs0/Cs 2 (4-20)

For unlined portion, from equations 4-11 and
4-16,

2
£b " KAso/Cs2x DSCF - 4.YKAso/C s (4-21)

(3) Shear Strains: For lined portion, from
equations 4-12 and 4-18,

T - Vio/Cs x DSCF - K4VsO/C s (4-22)

For unlined portion, from equations 4-12 and

4-16,

: _I y - VsolC s x DSCT - 4.7Vs0/C s (4-23)

i Equations 4-19 through 4-23 are used to compute the j

L; " _ L___ lr I II
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Table 4-2. The shear wave velocity used in the

e program to produce these calculations is the shearwave velocity characteristic of each individual soil
layer.

4.4.3 Alternate Approac h

An alternate approach for determining the response
shaft strains is to use the displacement response
time histories of the stratiQraphic column. (See
Figure 4-1). In this figure, the column is analogous
to a cantilever pendulum subject to the prescribed
motions; and it is apparent that only shear
deformations occur under the S-wave excitation

(Figure 4-20a), and that only axial deformations take
place under the P-wave ezcitation (Figure 4-20b).

For any sublayer of the stratigraphic column, maximum
response strains caused by seismic wave excitations
can be approximated by the strains obtained from the
deformed geometries multiplied by the dynamic stress
concentration factors. The response strains are
described below.

(I} Axial Strain: This strain is mainly caused by
P-waves or vertical motions. (See F1aure

e 4-20b).
For any sublayer, (ai " _vl/lll (4-24)

Total axial strain stratigraphic column,

n

ca "_cal " (4-25)

and, av - _V i (4-26)

Maxlmum azial strain,

(2) Shear Strain: _his, strain is mainly caused by
S-waves or horizontal motions. (See Figure
4-20a).

AUt+I " _Ut

For any sublayer, _i " i_'------_ (4-28)

Q- r_

FORINFORMATIONONLY
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Total shear deformation of the stratlgraphlc
column,

Au- (4-29)i

Maximum shear strain,

I7_lmax. I _Ut+l " _Ui 14-3o)
To calculate maximum response strains of the shafts,
the dynamic stress concentration factors discussed in
Paragraph 4.3.4 must be appILed to the above
equations. This implies no amplifications for axial
strains, K_ for shear strains of the lined portion,
and K_ for shear strains of the unlined portion.

Response strains of the shafts from the obtained
displacement response time histories (Section 4.2)
were calculated from equations 4-24 through 4-30.
These results are presented in Table 4-3. Evaluation
of structural stability of shafts from Tables 4-2 and

• 4-3 is presented in Section 4.6.

O . 4.;.4 Comparison of the Two Me.__thods
Following are some observations drawn from comparing
the free-fleld axial strains and shear strains

obtained by the dynamic theory to those obtained by
the alternate deformed structure method.

(1) In general, results of these two methods agree
very well in order of magnitude of the
calculated strains. The alternate method shows

f}uctuating time responses, which reflects the
local site media property changes; the dynamic
theory only predicts the peak envelope of
maximum responses.

(2) Peak enevelope results obtained from the
dynamic theory may be sufficient for design
purposes° However, the time history responses
(Table 4-3) also provide valuable information
relevant to the prediction of rock crack
propagation and spalllng.

(3) lt is consistently shown in both Tables 4-2 and
4-3 that the largest axial, flexural, and shear
strains are present in the upper portion of the

" _ shafts.

0:" "7
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4.5 .Seismic Response of Drifts

4.5.1 _Descrlptign of Drifts

Drifts, located on the experimental level at 2162
feet below the surface, are rectangular openings with
rounded corners. The ratio of fillet radius to short
dimension is approximately one to six. The typical
height of drifts is 12 to 13 feet, with various
widths. (See Figure 4-21 for a typical section of
underground drifts). Multiple openings at the
experimental level are arranged in orthogonal
directions.

Rock bolts and wire mesh are used as a means of

ground support in the roof and sidewalls of the
drifts as required to provide structural adequacy of
the rock salt locally in areas of weakness or
discontinuity.

4.5.2 _Seism!c Responses of Drift__S

Seismic responses of drifts are highly dependent on
the characteristics of the ground excitations and
site media, as well as mn the fmcus depth and slant

' ' distance. The first two factors are discussed in

The latter two factors can be
Section 4.2.

considered by evaluating the effects of shallow-near
and deep-distant earthquakes.

For shallow-near earthquakes, either P-waves or
S-waves may be assumed to propagate in a direction
parallel to the axis of the drifts, and therefore the
incident angle is 8 - 0 °. For deep-distant
earthquakes, either P-waves or S-waves may be assumed
to impinge on the drifts normally at 8 - 90 ° . Based
on the available seismological data in the vicinity
of the WIPP site, it is reasonable to assume the
incident angle is O - 45 ° .

At an oblique incident angle e - 45 ° the earthquake
would produce maximum design stresses if P-waves and
S-waves propagate in the same direction. Although no
numerical dynamic stress concentration factors are
available for the case of incident angle e - 45 ° , it
appears r'easonable to use the DSCF's obtained in
Paragraph 4.3.4. For rectangular drifts with rounded
corners, the following maximum seismic responses are
given:

: g f:ORII, FORNAiiOt'ON V"



O (I) Axial Stralns. From equations 4-I0 and 4-14,

ca - ±(V.el2C ,) Cvscr) (t-31 )

( )(-, E2 0.,+ 1_12/3 v,e/2c
(2) Flexural Strains: From equations 4-5 and 4-13,

" (pstr)

(3) Shear Strains'. From equations 4-6 and 4-13,

T = (VpB/2Cp)(DSCF)

Results of maximum seismic responses of drifts
calculated from equations 4-32 through 4-34 and
Section 4.2 are presented in Table 4-&. The

O evaluation of structural stabiliLy_u[ dLifh_ _u m
Table 4-4 is presented in Section 4-6.

4.6 Structural stability E y aluation

4.6.1 Failure Theory Based on Stress

lt has been shown (Ref. 8) that the Coulomb

criterion, the Mohr's hypothesis, and the Grlfflth
criterion provide the most useful theories of
failure. These theories are discussed in detail in

many texts of rock mechanics (Refs. 8 and I0).

The Grlffith criterion is based on the premise that
fracture is caused by stress concentrations at the
tips of minute "Grlfflth cracks", which are supposed
to pervade the material, and that fracture is
initiated when the maximum stress near the tip of the

most favorably oriented crack reaches a value
characteristic of the material. In other words, the
theory assumes that failure of the material, or crack
propagation, takes place where the maximum tensile
stress around the most dangerous crack reaches one or
al! of the the following conditions:

(I) Tensile conditions:

®ii (oi-a2)2 - 8T (a + o2) - 0 ii aI + 3a2 > 0 14-35)o I

i: F R'o N ORmATIONONlY
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(2) Compressive conditions:

°1[(_2 + 1) 1/2 - _] -o2[(_2 + 1) 1/2 + _] . (4-37)0

C/z 2.2u o if o - 0 then4zo [1 + ] c _ '
0

2 112
Ol[(U + I) -_] -o2[(_ 2 + I) 112 + _] -kTo (4-38)

Where the notations ol, o2, To. u, and oc are
the first and second principal stresses,
uniaxlal tensile strenght, material internal
friction coefficient, and normal stress to a
crack, respectively.

The principal stresses can be determined by analvzlng
Mohr's Circle and are given by.

01 " 1/2(o x + Oy,) + [Tx_12+1/4 (o x - oy)211/2 (4-39)

2+1/4 (o - o )211/2
02 - 112(o x + Oy) - [_xy x y (4-40)

Note that under uniaxial stress conditions (o 2 - 03 -
0} equation 4-35 becomes.

O Co " 8To

This indicates that the unlaxial compressive strength
is eight times greater than the uniaxial tensile
strength under the Grlffith hypothesis.

Detailed studies of failure or crack propagation of
rock media (Ref. B) reveal that once failure has

begun at certain values of the applied stresses, it
will continue at the same, or lower, value of these
stresses. In terms of the concept of cracks, this
implies that as the stresses applied to the rock
exceed the Grlffith stresses, failure starts from the
crack with the most dangerous orientation. An
increase in the applied stresses is required to
extend this crack.

Any stresses in excess of the Griffith stresses
necessary to produce crack extension can cause the
rock to partially cleave in a direction parallel to
the direction of the major principal stress. As a
result of this increase, failure starts from other
cracks with less dangerous orientations. If this
were to result in the extension of the crack in its

_! own plane, as is the case in tension° the condition

ability of a rock media containing such a crack to
7 resist load would diminish with continued crack

width. This situation is unstable, and an extension
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O Compression Grlffith crack propagation, followingcrack initiation, appears to be stable and does not
lead to complete failure, as does the unstable
propagation of Griffith cracks in tension.

In Ref. 18, Serata has clted the octahedral shearing
i strength for weak :salt as 600 psl, and for strong, f,

•,, salt as 750 psi. The octahedral shearing
; strength/stress is defined as.
I

Toct -'_ O1 - 02)2 + (o 2 - O3)2 + (0 3 - o 1)

1

" -_[°12 + °22 + °32 " °1_2 - o2o3- _3_1]' (_-41)

4.6.2 Empirical ....Failure Cri_e_rtaBased on Strain

Newmark (Ref. 9) has cited the following empirical
design criteria for rocks:

(I) Minor spalls will occur up to a distance from
the source at which free field strains are from

0.02 to 0.06 percent.

O (2) At a distance from the where the local
source

compressive strain is equal to the failure
strain (say a net strain of from 0.5 to I
percent), serious damage will occur in the form
of local crushing and rock drops. Although the
opening may stay substantially unfilled, there
will be large areas of rock drops and local
crushing around the sides of the cavity.

(3) In general, the maximum local strains are about
three times the free-field strains for a
circular hole, and from five to six times the
free-fleld strains for a rectangle with rounded
corners.

It is recognized that different types of rock exhibit
different mater, S.al properties and therefore have
different failure or fracture criteria. The above

mentioned criteria do not attempt to determine the
failure of rock salt in thls _tudy, but they do
provide useful information in the evaluation of

seismic performance of underground openings. Since
the strength of rock salt is generally lower than for
other types of rocks, like shale or dolerlte
(Ref. I0), it is conservatively assumed the lower

O : bound of Newmark criteria (i.e., 0.02 percent) to bethe upper bound criteria for rock salt. For the
upper portion of the shafts 0.05 percent is assumedz

[Ui II[UR h liUl UtLI
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O No other relevant empirical data or experimentalinformation was identified in the literature survey
to determine failure/fracture of salt rock in this

study (Refs. 6, 13, 14, 16, 19, 20, 21).

4.6.3 .Emplrical Damage Crlterla Based on Pa[ticle Velocity

The references discussed in this section, dealing
with the response of rock tunnels to seismic and
explosion induced ground motions, are not directly
applicable to the shafts and drafts for the WIPP
facility. This is due to differences in geology,
depths of structures, orientation and direction of
propogating waves, structural configurations, etc.,
of the WIPP and the areas studied. However, the
conclusions the authors have drawn from their

observations of the response of tunnels to dynamic
ground motions are consistent and form the basis for
a qualitative guideline for accessing structural
response and explaining the good performance,
relative to surface structures, of deep underground
structures subjected to dynamic motions.

Although the authors refer to tunnels and do not
specifically mention shafts, mine portals, surface

O ' openings for horizontal, inclined oL ve_Liu_l sh_ft• passageways to the underground tunnels, are referred
to.

Dowding (Ref. 24) compares observed rock tunnel
responses to earthquake motions and the calculated
peak ground accelerations. In all, 71 tunnels
subjected to shaking and distortion located in
California, Alaska, and Japan were studied. Damage,
ranging from cracking to closure occurred in 41 cases
studied. The majority of the tunnels were 9 to
18 ft. in diameter. Thirteen different earthquakes
were involved. The Richter magnitude varied from 5.8
to 8.3 and the focal depths varied between 8 and
25 miles. Six of the earthquakes were in California,
slx in Japan and one in Alaska. Of the 24 tunnels
where linings were described, two were unlined, two
were timbered, seven were lined with brick or masonry
and 13 were concrete lined.

The average depth of the rock tunnels studied was
300 ft. The median depth was 150 ft. However, the
depths vary radically along the alignment from zero
at the portals to 1800 ft. Portal damage was not
included because of the close relationship with land-
sliding. The following summarized describes the

"0 i relevant conclusions:
Z
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(I) There were no reports of even falling stones inunlined tunnels up to an acceleration of .19 g
and a particle velocity of 8 in/ser.

(2) "Up to .25 g acceleration and 15 in/ser velocity
there are only a few incidences of minor
cracking in concrete lined tunnels.

(3) The report equates the "no damage zone" at
.19 g acceleration with the Modified
Mercalli VIII level.

(4) Comparatively, tunnels are less susceptible to
damage from shaking than above-ground
structures at the same intensity level as
determined from surface motions.

(5) Since the variation in present attenuation
relationships for surfaces motion fs so large,
it weuld seem that prediction of subsurface
motions through present surface attenuation
relationships in combination with
deamplification factors for motions at depth
would only serve to increase uncertainty.

(6) lt is this deamplification effect that _orlr.=

of the lines of underlying the
one reasoning
relative stability of tunnels with respect of
surface structure.

(7) Increased damage to shallow tunnels and
deamplification of Rayleigh or surface waves
with depth point to increasing stability of a
given diameter opening with increasing depth.

(8) During shaking, high frequency compressive
waves can be reflected off the surface of the
tunnel in the form of tensile waves and cause
slabbing when the tensile strength of the rock
mass or liner is exceeded. This is most

important with the high frequency waves
associated with explosives. Therefore, it is
unlikely to have a predominant effect in rock
tunnels stability due to earthquake shaking
except at very small focal distances where
higher frequencies predominate.

The results of a Bechtel study (Ref. 32) in which
Dowding's work was revised to include only tunnels in
rock and exclude damage to underground openings in
unconsolidated materials, displacement, portal areas

: and those with shallow cover shows, in general,_I negligible damage even at accelerations exceedin_
' 0.50 g and particle velocities exceeding
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O (REf. 15) cites work done by Langefors and
Hendron
Kehlstrom (Ref. 26) who _Ive particle velocity
criteria for damage to tunnels in rock. A particle
velocity of 12 IFt/sec is given as a criterion for the
"fall of rock in unlined tunnels," and a particle

velocity of 24 in/sec is correlated with the
formatlon of new cracks in rock. Hendron states that
these criteria are consistant with his own experience
for unlined tunnels near nuclear detonations,
"Unlined tunnels rarely experience visible damage at

ranges when free-field ground motions are on the
order of I-2 ft/aec, unless a loosened piece of rock
is detached from the roof by shaking." Hendron also
syntheslsed the results of the explosion testing of
tunnels and found that dynamic strains, calculated as
a ratio of particle velocity divided by celerity for
explosion induced pulses of high frequency, needed to
be at least 0.0004 to cause intermittant falling of
stones in an unlined, 15 ft. diameter tunnel in
sandstone.

Based on Bechtel's experience, a particle velocity of
8 in/sec is a reasonable and acceptable criterion of
the peak particle velocity at the threshold of
damage, in view of the above referenced works,
8 in/sec is also considered to be a conservative

O criterion.

4.6.4 Assessment of UnderGround Structural Stabilit'_

Calculated strains and stresses are presented in
Tables 4-5 and 4-6 for the drifts and unlined
sections of the shafts respectively. The conclusions
reached with respect to performance assessment,
including those pertaining to the concrete lined
section of the shafts, have been made based on the
stress, strain and particle velocity criteria
presented in Paragraphs 4.6.1, 4.6.2 and 4.6.3 as it
applies to the rock and salt. The presence of the
unreinforced concrete lining has not been considered

in the analysis, lt is recognized that the concrete

lining will reduce spalling.

(I) For the maximum peak ground acceleration of
0.05 g, the free-field strains in the shaft and
drifts are generally less than Ne_nark's strain
criteria and the maximum particle velocity of
3 in/aec is less than Dowding's 8 in/see. The
combined static and dynamic shearing stresses
in the lined portion of the shaft are less than
the Griffith criterion and in the salt are

O : approximately equal to or greater than theoctahedral and Griffith criteria. But again,
as in the case of 0 I0 g below, the dynamicZ
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O stresses. Therefore, no spalllng is expectedin the shafts or drifts as a result of the

0.05 g maximum acceleration design earthquake
and personnel safety should be maintained.

(2) For the DEE maximum peak ground acceleration of
O. 10 g:

(a) In the lined portion of the shafts the
peak particle velocity does not exceed
6 in/ser. This is less than Dowdlng's
8 in/ser criteria, and the calculated
shear stress is less than the Grifflth

criterion. Therefore, no spalling is
expected under these criteria. The
free-fleld strains in the upper 200 feet
of rock exceed the Newmark strain

criteria. However, if the apparent shear
wave velocity of the material at the
point where the energy is released was
used in the analysis, as suggested by
Newmark (Ref. 31), instead of using the
shear wave velocities characteristic of
each individual layer, then the
free-fleld strains would oenerally not

' ' exceed the Newma_k stLai,, urih_la.

O Blockage of the shafts is not expected.Thus, accessibility and retrievability
should be maintained.

The storage exhaust shaft's steel liner
offers an additional factor of safety
against failure and provides an emergency
escapeway.

(b) In the lower unlined portion of the
shafts and drifts, the static stresses
are generally much larger than the
dynamic stresses, and the combined static
and dynamic shearing stresses exceed the
Griffith and octahedral stress criteria
of tl_e salt. However, the free-field
dynamic strains are less than the Newmark
criteria and the peak particle velocity
below the lining is less than 5 In/ser.
Therefore stress criteria alone does not

appear to be adequate as a means of
predicting overstressinq due to dynamic
ground motions. Static stresses alone
appear to be of sufficient magnitude to
cause cracking and spalling in the rock

: salt. After a state of static
equilibriun is reached in the salt and

periodic maintenance, such as scaling, is
performed, the dynamic stresses are not

FORINFORMATIONONLY
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likely to cause any additional

O overstressing leading to spalllng.Again, accessibility and retrievability
should be maintained.

(c) Flexural strains in both the unlined
shaft and the drifts are small and can be
neglected.

4.7 Comparlson of Static and Dynamic Design Stresses

4.7.1 Sta%ic Stress Concentrationsiiii iii i n

Static stress concentrations of underground openings
largely depend on the shape of openings and the
Poisson's ratios of the medium. These concentrations

are unlike dynamic stress concentrations that depend
on opening size, shape, and other dynamic
characteristics of site medium and excitation
sources.

The size of the opening has relatively little effect
on static stress concentrations; however, mechanical
defects (faults, shear zones, joints etc.) prevent
making very large openings in any rock formation.

Prior to the excavation of openings, the vertical

O stress on a unit horizontal section rock
through a

media is equal to the rock weight above this section.
That is,

a - (4-42)
Y i

o where

a - vertically applied stress (also known as
Y lithostatic stress)

Pl - density of i th sublayer of rocks or soils
above the opening

Hi - vertical thickness of i th sublayer

Assuming linear elasticity of the medium,
horizontally applied stresses are obtained with the
following relationship:

v (4-43)
-- X

(I - v) Y
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O where
ox - horizontal applied stress

= Poisson's ratio of the immediate surrounding
medium of the opening

Note that this case has been reduced to a two-

dimensional plane strain problem by considering the
infinite length of the single opening. Critical

design stress values can be obtained when vertically
applied stresses and static stress concentration
factors are determined.

Static stress concentrations around openings of
various cross sections (circular, elliptical,
ovaloid, or rectangular shapes) can be found in
Refs. 5, 8, and 10. Several figures presented in
Ref. 5 are reproduced to compare static and dynamic
stress concentrations. Figures 4-22 through 4-25
show boundary stress concentrations for circular,
elliptical, ovaloid, and rectangular cross sections,
respectively. Figures 4-26 through 4-29 present
critical compressive and tensile stresses for these
various cross sections.

Note that the parameter M used in Ref. 5 is identicalto the coefficient used in equation 4-42; thus,
M = w/(1-w). For design and comparison purposes,
linear interpolation of various values of M
(Poisson's ratio) is reasonable.

For the purposes of this report, the calculated
static stresses have been assumed equal to those
calculated by using equations 4-42 and 4-43 without
any applied concentration factor.

4.7.2 Comparison 0f Static an d Dynamic Desion Stresses

The maximum stress concentration factors around the

circular openings can be approximated by letting
u. 0, and _- 0. Probable maximum static and
dynamic stress concentration factors are also _hown
in Figures 4-14 and 4-15.

Examination of these figures reveals that the dynamic
stress concentration factors ace 10 to 15 percent of
the static factors in all cases. A similar
conclusion can be reached in the case of a circular

lined cavity as shown in Figure 4-17. Therefore, for
= design purposes it appears practical and justifiable

to use appropriate factors of safety on static

_I results of traditional rock
mechanics.

..... FORINFORMATIONONLY
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A detailed study of Figures 4-22 through 4-29 and ofthe static design stress calculation procedures
(Paragraph 4.7.1) reveals that, for deep underground
cavities, static concentrated stresses may be high
enough to cause local rock cracking and spalllng
regardless of whether dynamic stresses are included
or not. However, the results of studies by Bechtel
(Ref. 30) indicate that in most areas at the drift
level, the static stresses are significantly reduced
in a relatively short period of time after
ezcavatlon. This reduction is due to salt creep,
relaxation, and deterioration and is influenced by
items such as salt properties, room configuration and
drift layout. Thus, in a material such as salt
subject Po creep, the relationship between the static
and dynamic stresses is difficult to determine.

• ii _ORNFORM TOO Ly• i

g-Cd_v_o 0 .... - _-_ -- _ ,nn. _uc:_l"r'lun 76D 0 I:IFV n SitEET 31 OF ........9.n



LI i ,ilii i i i i i ii , m n ,,, ii mnii li,iii i

A

W s. o
(I) =Year End and Fourth Quarter Technical Progress

Report, Fiscal Year 1979", SAN/I011-203,
Section 5, Agbabian Associates, El Segundo, CA
90245.

(2) =Earthquake Engineering and Soil Dynamics",
Proceedings of the ASCE Geotechnical
Engineering Division Specialty Conference,
June 19-21, 1978, Pasadena, CA.

(5) "Waste Isolation Pilot Plant Safety Analysis
= U S Department of Energy,Report, . .

September 1980.

(4) Chang, C-Y, and Nair, K., "Development and
Application of Theoretical Methods for
Evaluating Stability of Openings in Rock",
Woodward-Lundgren & Associates, Oakland, CA,
December 1973.

(5) "Design of Underground Installations in Rock
Tunnels" U S Army Corps of Enuin_er_; _anual, o •

• _ 1i10-345-432, January 1961.

O =Tunnel Support Loading(6) Daemen, Jaak J.K.,
Caused by Rock Failure", Department of the
Army, Technical Report MRD-3-75, May 1975.

(7) Hudson, D.E., "Reading and Interpreting Strong
Motion Accelerograms =, Division of Engineering
and Applied Sciences, California Institute of
Technology, July 1979.

(8) Jaeger, J. D. and Cook, N. G. W., Fundamentals

of ....Rock .Mechanics, John Wiley & Sons, Inc.
NoY., 1976.

(9) Newmark, N. M., "Design of Structures for
Dynamic Loads Including the Effects of
Vibration and Ground Shock", Symposium of
Scientific Problems of Protective Constructions

at the Swiss Federal Institute of Technology,
Zurich, July 25-30, 1963.

(10) Obert, L. and Duvall, W., Rock Mechanics and
the Desiqn of Structures in Rock, John Wiley,

N.Y., 1967.

= (11) Pao, Y. H., and Mow, C. C., Diffraction of

_ Elastic Waves and DTnamic. Stress Concentrations,
z Crane, Russak & Company, Inc., 1972.

FORINFORMATIONONLY
iii ii i

DOCUMENTNO, 76D510AA-OO0 REV ,_ :_. SttEET 32 OF o_
' ,ll,_pdq _1 ,, p( P *'ll'llql i 11' 'r =



....
i i i ii I _l I ] . i --_, ..... j ....... ii i i i ill l , LI __ ".............

O "Dynamical Stress Concentration in(12) Pao, Y. S.,
and Elastic Plate", _ournal of Applled
M echanlcs, June 1962.

(13) Petter, W. R., "Free-Field Ground Motion in
Granite", Project Officer Report -
Project 1.2a, Operation Flint Lock-Shot Pile
Driver, FOR-4001 (WT-4001)r Sandia
Laboratories, Albuquerque, New Hezico 87115,
September 1968.

(14) Petter, W. R., and Bass, R. C., "Free-Field
Ground Motion Induce4 by Underground
Expolosions", SAND 74-0252, Sandia
Laboratories, Albuquerque, New Mexico 87115,
November 1975.

(15) Richter, C. F., Elementary Selsmoloqy, w. H.
Freeman and Company, 1958.

(16) Russell, P. L., "Pre- and Post-Shot Mine
Survey, Final Report, Project GNOME", U.S.
Bureau of Mines, May 22, 1962.

.... (17) Schna_¢l, P.B., Lysmer, J., and Seed_ H. B0,

O "SHAKE - A computer Program for EarthquakeResponse Analysis of Horizontally Layered
Sites", EERC-72-12, University of California,
Berkeley, CA.

(18) Serata, Shosei, "Geomecllanical Basis for Design
of Underground Salt Cavities", The American
Society of Mechanical Engineers, Publlcatlon
No. 78-Pet-59, 1978.

(19) Wahlstrom, E. C., Tunnelin_a InRog _, Elsevier
Scientific Publishing Company, 1973.

(20) Wawersik, W. R., and Hannum, D. W., *Mechanical
Behavior of New Mexico Rock Salt in Triaxial

Compression Up to 200oC ", Sandia Laboratories,
Albuquerque, New Mexico, February 1963.

(21) Weart, W. D., "Particle Motion Near a Nuclear
Detonation in Halite, Project GNOME", PNE I08F,
Project 44.1 and 1.1, Sandia Laboratories,
Albuquerque, New Mexico, February 1963.

_! (22) White, J. E., Seismicwaves, McGraw-Hill Book
' Company, 1965.

_ (231 Yeh, G. C. K., "Seismic Analysis of Slender
z Buried Beams', Bulletin of the Seismological

-------_ "76D510/M,...,,....,..,. -000 .............................. _



(24) Dowding, C. H., "Earthquake Stability of Rock
Tunnels", Tunnels and Tunnelling, June 1979,

O pp. 15-20.

(25) Rendron, A.J. =Engineering of Rock Blasting on
Civil Projects = Structural and Geotechn!calF

Hechanics, Ed. W.J. Hall, Prentice - Wall,
Englewood Cllffs, N.J., 1977, pp. 242-277.

(26) Langefors, U., and B. Kihlstrom,

The Modern Technique of Rock _lastlng, Wiley,
New York, and Almquist and Wiksell, Stockholm,
1963, 405 pp.

(27) Neumann, F., Earthquake Intensity and Related
Ground Motion, University of Washington Press,
s'eattl6, 195, 75 pp.

(28) Trlfunac, M.D., and A.G. Brady, "On the
Correlation of Seismic Intensity Scales with
the Peaks of Recorded Strong Motion", Bulletin
of the Seismiological Society of America, Vol.
65, No. I, Feb. 1975, pp. 139-162.

(29) "Tentative Provision for Development of Seismic
Regulations for Buildings", Applied Technology

• CouPcil (ATC 3-06), June 1_'B.

O (30) =Stability Analysis of Underground Openings,
RMC-II=, Bechtel, Document He. 51-R-510-04,
WIPP Project.

(31) Newmark, N.M. (1968), "Problems in Wave
Propagation in Sell and Rock," Proceedings,
International Symposium on Wave Propagation and
Dynamic Properties of Earth Materials,
Albuquerque, New Mexico.

(32) McClure, C.R., =Damage to Underground
Structures During Earhtquakes"_ Bechtel Civil
and Minerals, Inc., San Francisco, 15 pp.

, iiii FORINFORMATIONONLY
DOCUMENTNO. 7665].'OAA-00'O - ' ..............REV. O SHEET 34 OF__Q__9.8___



6.o ATT qH  TS

O 6. I NOTATIONS

Des iqna tion De scr ipt ion

¢a - Azlal strain, in micro-straln

- Flexural strain, in mlcro-straln

_ = Shear strain, in mlcro-strain

Cp - Compressive wave velocity, ft/sec

Cs = Shear wave velocity, ft/see

Vpe = Compressive wave particle velocity, in/sec
Inciden% an qle is equal to e

Vse = Shear wave particle velocity, in/sec
Incident angle is equal to e

Ap_ . Compressive wave particle acceleration, in/sec=
Incident angle is equal to e

As e = Shear wave particle acce!eraticn, _.-J_ec 2

O Incident angle is equal to e
B_ = Thickness o£ sublayer i, ft

_U_ = Horizontal displacement of sublayer i, in.

AVi - Vertical displacement of sublayer i, in.

_i = Unit weight of sublayer 3, ib/ft*

"_oct = Octahedral shear stress/strength, psi

o 1,2,3 = Principal stress, psi

Ox " Horizontal applied stress, psi

oy ,= Vertical applied stress, psi

To - Unlazial tensile strength, psi

Co - Unlaxial compressive strength, psi

So - Unlaxlal shearing strength, psi

v . Poisson's ratio

_I _ t Materlal Internal friction coef f icient

_qp,!

_. R . Distance from structural axis_ t_.the_boundarvo
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6.0 ATTACHMENTS

O 6.1 NOTATIONS

_.__si,__nat Ion Descr iptl on

¢a - Axial strain, in micro-straln

cb = Flexural strain, in micro-straln

- Shear strain, in mlcro-straln

Cp - Compressive wave velocity, ft/sec

Cs = Shear wave velocity, ft/ser

VpO - Compressive wave particle velocity, in/ser
Incident angle is equal to e

vse - Shear wave :particle velocity, il%/sec
Incident angle is equal to e

Ape = Compressive wave particle acceleration, In/ser z
Incident angle is equal to e

_e = Shear wave particle acceleratlcn, i._/sec =
Incident angle is equal to e

Hi - Thickness of sublayer I, ft

6Ui = Horizontal displacement of sublayer i, in.

_vl = Vertlcal displacement of sublayer i, in.

nl = Unit weight of sublayer i, lh/ft z

't'oct - Octahedral shear stress/strength, ps:L

o 1,2_,3 = Principal stress, psi

• °x - Horizontal applied stress, psi

oy = Ver tlcal applled stress, psi

To - Unlaxial tensile strength, psi

Co = Unlaxlal compressive strength, psi

So - Unlaxlal shearing strength, psi
(:ni

,-, v - Poisson's ratio_.
w
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9) of the cavity, ft:.
Yp ,, P-wave excitation amplitude, in.

Ts " S-rave excltatlon amplitude, in.
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6.2 Lis_t of Tab!e_s

O 3-I Physical Properties of the WIPP Site Geologic
Profile

4-Ia Peaks of Maximum Design Accelerations,
Velocities, and Displacements, Horizontal

• Motion, Maximum Acceleration - 0.10 g

4-Ib Peaks of Maximum Design Accelerations,
Velocities, and Displacements, Vertical Motion,
Maximum Acceleration = 0.10 g

4-Ic Peaks of Maximum Design Accelerations,
Velocities, and Displacements, Horizontal
Motion, Maximum Accelerations - 0.05 g

4-Id Peaks of Maximum Design Accelerations,
Velocities, and Displacements, Vertical Motion,
Maximum Acceleration - 0.05 g

4-2a Typical Seismic Responses of Vertical Shafts
for 1952 Kern County, California Earthquake,
Maximum Acceleration - 0.10 g

4-2b Typicai Seismic Responses of Vertical Shafts
for 1952 Kern County, California Earthquake,

O Maximum = g
Acceleration 0.05

4-3a Seismic Responses of Vertical Shafts, 1952 Kern
County, Callfornla Earthquake, Horizontal
Motion (Free-Field, Alternate Solution),
Maximum Acceleration =, 0.10 g

4-3b Seismic Responses of Vertical Shafts, 1952 Kern
County, California Earthquake, Vertical Motion
(Free-Field, Alternate Solution), Maximum
Acceleration = 0.10 g

4-3c Seismic Responses of Vertical Shafts, 1971 San
Fernando, California Earthquake, Horizontal
Motion (Free-Field, Alternate Solutlon),
Maximum Acceleration - 0.I0 g

4-3d Seismic Responses of Vertical Shafts, 1971 San
Fernando, California Earthquake, Vertical
Motion (Free-Field, Alternate Solution),
Maximum Acceleration = 0.10 g

i-3e Seismic Responses of Vertical Shafts, 1952 Kern
_: County, California Earthquake, Horizontal
= Motion (Free-Field, Alternate Solutlon),

ii i iw, i 't! i,j ,,,iii lp H ,. _. IIIH -- .___
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4-3f Seismic Responses of Vertical Shafts, 1952 KernCounty, California Earthcluake, Vertical Motion
(Free-Field, Alternate Solution), Maximum
Acceleration = 0.05 g

4-4a Typical Seismic Responses of Horizontal Drifts
for 1952 Kern County, California Earthquake,
Maximum Acceleration - 0.10 g

&-4b Typical Seismic Responses of Horizontal Drifts
for 1952 Kern County, California Earthquake,
Maximum Acceleration - 0.05 g

4-5a Assessment of Underground Drift Stability,
Maximum Accelerator - 0.10 g

4-5b Assessment of Underground Drift Stability,
Maximum Acceleration - 0.05 g

4-6a Assessment of Unllned Vertlcal Shaft Stability,
Maximum Acceleration = 0.10 g

4-6b Assessment of Unlined Vertical Shaft Stability,
Maximum Acceleration = 0.05 g

@

o ....o o
IL_IL .... I IIII I III I I I II I II II I I IIII _ III I ,

.............. _n_n^_ nan ..... -_



i i iii , ..... iiii ...... iii ii
i i iii i I

0
.ni

ai

"" d1
....... ii illlll .,m, _

n

I

.d

0

,,a • • • * ,, o . . _ o e, i. • a. • . _, a. • i,

_ am ame lm* ml em

-.-.---- _ - • ,;

ell

.............. , .......... _,x_.-_

-.'--_,AA,A _A ,_ AAA A _ l , •

ii i i H ..........

': . '_

• _ _ e_ _ '_ i _*_,

, , nii ..... .----

" 1 i"-_ _ • -

.ii .. '

ai_malmlmllmal_-
............ ii i i i ii, ii j i l _

DOCUMENTNO, 76DSIOAA_O REV........... 9_ 1 ._;4rFT 39 • n¢ q_



i ii rl i ..... I I I IIIIII I

O

qB * * * * . * • * • ,, ,, • o •

1[--
.;., ...........

I

I_ _ r i| ii i ii

• q

II • -- . . . • . • • ,, . . • • • . J

_ _o • i

• • _°° ' -!!g_ .......
"4' _ O

(,ni:: • _ _*

a,., o - _ ........ -. .......

Ne,.,t ell Dm e,,a .....

i

a

O
' FORINFORMATIONONLY

..... i lUml i i i i , i

............... ,_v._. ,_, • _HEET "*_ 0F---98 _ .,,



i|111 iiii iii i i illlii _ i ii iii ii . ii

,!!_ ............
U i i i .uuu iu, i

0 u

I {,_ I_ (.11_ ,, , , . _ ,_n allII

I_ 1_4 I;= ...... '_O I

iiii ,ini ,, ,,i,, i i i LI i I I I II i

• .1 ,al _11

_

I

eL FORINFORMATIONONL{
i l i i i " i iii,ii i i i i ii

r_flr.oo_cuuY _e_ 7_T_I _ __r_nr_ q

". "";'..- • ,,mgg __ '" ur _,6



I I I I ii ii I • 11 I I

en,

D

_o

O!l
_1 FORINFO'RMATiONONLY........

. ._ . i i ii iiiiiii ___ i i i i i i

............... " _" _' " ..... ZiHEET OF



, • o

I I ill in i i i i iii ii i

i i iii i u ,

N N _ V'_ If_ # _(r Ip ) N N N _ _) N_ _

,_,_ ........

u ii li

0q aral a0 q4) _0 _0 V't _ _ V'_ _ V_l Vet V'_ ',4' '41'

M_ ....

_,,.4

d_,a qll _ l,,0 lh,, "q_

,_.= ,. - . =

_ ...i IHI I _ I m

_=,o=_.,,, = . _ = = =.,., = _ :_ ,,., .,,, _, o = o ,,,,-,,,

• I III II

l,

,.1,

|

• ii FO -INF'.ORN ATtON..0N,Lt
iI, Jllll ii i i li i i i ii ii i , •

uOI_UMENT NO. ' _,.s_._ts,,s,_-,-uuu REV. 0 --.,,-. SHEET 43 OF _ 98



- " ii . ] , i ......... - ........ _ ............... inmr l n IIn a _ linlnnlaL . adamI I

e
ma_m,,mo:).0! I rama_+,P_ ..IV .O,Oit

o .0,0,I - .tw"_ l=0,1t "" .r_ ,,+',m_aill

+pml_ =; q'fl.Spms"t para+T_t __ ii ] ] ii] i ............ --mm_lllWZ,llllmWA_

+ jg - ,
! .... r ....

+ ...... ? ii i i i_ li?tllm

-++_:.,.. | . ==_'-:-t'--". .......
1h
i

...... ii ii i _ ......... 5+
_JlllUllm_ m,l.UllN

• r

++ + ,+.,+.,_mlm,,.,,.+,i_ +_,mm_rli,

•, ,,, + ; =g....m.... =a=__ _.1,,_+,o _ p_=.+ o_. ie,. -- i
_ .,, ,+ - ._ +lw _ _ _ _+] . +.... ..... i ,t , , ,

= _,j +, _+_ o+ooo010oooo,',o0oo
e m .m l

+++ - , ....O " _ " "+'""+"++ _" g ". 5 = _ + _o o - o., ,.,,.,,.,..+.. +
+ _ " . ,+,++ +_' ,+,+._,_ o'-' < i -"1"

_m - i ;,
i

I, ml0il

I "-+."v, .; = ,,+ +,,+,_ ..... _'-- .
, , , , , .. , , . . , , ., . . , lP II

•. • +,-

............... i' __,__.._-_
, lm

" !+

"!i °"°°°+°'°._,,,,+ .,, ,.,
t_ 4P

I
| e Oi

+ "+, I "
i " t

_+ .. . ........ iiii li i 11 , , ,

+

_

• FORINFORP  ATION+1.............+.....................+ __..................................0P L
n,ocumEN'rmo._++_o+_-,+,u+__++.Ev._ s._+t +' OF 9++ l llll I _ + II _lmllm



. . ii iii aim-.., i i i 1. ,.., -- . _,_ ,..... i . [I i n

• "" _T'I I _ ml
,,_:r_ °OT.| me_uaO .Jt .O.OZ

| II I II

r;j .'-
_-- j | _

. I

i &...........

• .-- I

=;_" =- I ......_" II I II IIII .......

" .,9.,.: ....,,J

......._ , .

g_ .1.
i41 _I _'_ • , . . . .,_ •. • ,,, ,,, ,.,,,., ,,, . ..; _ .: ..; .: " ..; - ..'_'"r"

..... _4_dat

........ l,,, -'7"
.... ._,I

ill ... o,,.L., o...,.,.... ° "

_ •

elI Foa NFOR  AT ONONlY,
" III I I I I - II_l_ __. .... _.__ I ............ II

.......



..

lip I i III I iiii iiii iiii ....... i

II

--.--lr---------- - ,, ,t J,., , ,,, j, .

q _f ".f •. .
'lm, • i i i,,i i i, t, ,, .......

; _ ' ,,,, ,,,, + , , , + +
II li I I II il i i I ..... J

W

l",d ..,1 '4' .,.I. 110

+ + + + @ + @ • + _ _ + + + + +

! "

- . . _._. _.-: _ _ _,_ +_
v ,iii iml ,ml

g ,

++. - .p. ,_ _ , o , + + . . + , o , , , . .

I._ I II

!

Ill ,. i ii H,m,H,,.I, ' I -

Ill v

+_+- .......
g ,-

I_ t-. I _ l l I I I I I I I l I I l !

,,,,,, _
_J . Ill Ill J I J

.I+ |- ;- + ,..-++ ..._ .g _ ", '? +. +. + ,,. , +. , + .,+
llJ m , i,,., ,,.lm

5 +

,+, ++..+++ ..-= . _", . _. • ...... ....

t III [] l ,,,,,,,tt, tl l I

t .. . +.m,,, i i , , ,

• e,. I_ lP' ,4'

_': }_ ................,_ - ++ e+ ._ ,_ _ +- .. _ _ ,+ ,, ._ _ ..o_ -ul ell,m, lm

,_++.,,u+,+',"_,_. . ........... .-_--



O

a

u

: _1 FORiNFORMATIONONLY ,millI III ii
ii I I I ' II i

° DOCUMENTNg., 76_}SIOAA--O00,, , REV.. 0 ,, SHEET 47 OF _8 .....

, , ,_ , , , ....., , ,



iii iiii L_ . ml i I iiii I iii ilmR i iiii I1

0

• FORINFORMATIONONLY



ii ii ii

- |

g_ ,41 _ qP_ 0

3i :, .. - •,,, ,.,,,,, • ,_L---- _i_ II I I IIIII

ii ++.+='-'*++++++.'++=+_'.+. . . . - + . + ",; .

_, 3_ . ,+,+-,q'_s'+_'+_''P+_+'_'+
• "; _, _" .,, "- +" o 2 * +' " " " " °°_. _+.11 ,m g+ 0

ii _ W ,m_. _B = _* ' ' 0 0 ' * ' ' ' ' + '

ll_ t_+ II I I I Ii+ III

Ii" + "

_ =o..,,_ .:_.._ . .

i -
o .. .,, o ,+o o..,,, .,, _

+" |_ "_ " " " m ,,+_

_m _ _ ,_ 01_ _ll lm. 181 _P_ 0 aN ,,al ul_ P,,,. ,lP+
t_ "

....

FO' INFORMATIONONLY 'I -



.ii .,. .....

I I III i [i ii I I i _11 ___

ll_! FORINFORMATIONONLY '
iL_ -

_ II liNe iRl i I IlL lI ........... i_ii --IllIii II _ -- IIIii llli L ..... ill2 -

.._6D510&k-O00 a|V _ SHEET 50 oF 98_OCU._.T.O...........



I

o _ FORINFORMATIONONLY .
......... , .... _-_ ....DOCUMENTNO. ,,76DS10,k.A-"O00., .REV.._.Q___... SH ,,, I _ OF ,, O_ ___



.... _ l i l l II lll"l" ...... °, --k

e i

e

'Ii' 0 g'_

m mm
II

4' I I I

I _ I. l

ll,, _ll
m ili

O . - .......

,lm _.,

mim I_
II li

_- :,., _ _
Q t_ _l

Q

_i _ ' '

lp

D, ,w

. _- . ,, _ _
° tl

_.__

il FORINFORMATIONONLYl i i Illll II IIII IIII Ifll[ II -'_---I .__11 IIIII II -- ] II III I I 1 IIIrll II II

DOCUMENT NO. _ 76DJlOJl_lOOOrillli Iii ---- I REV. O_ SHEET__ .... 52 OF _B ........



ql t 0

......
-- _. _--,,.

• ! -_'_o-_-_....

i",2
_ -

.,ii i ii |

o _ _ _ _. -- "_ "

0 "_j ...........

'i _ I

li. ,_l

- '2.

I_ ,
0

....

• ii FORINFOR[,4A[iO!'_ONLY
'_L/ ,, ,...... ,,

DOCUMENT NO._ 76D51_-OO0 _ REVo. 0 SHEET .53 OF_. 98



, i jl,

iiiii i iii I i i ......... ill i i IpI m i

i

,,

f
ii

I Iii

ii' _ JPl JPl iii
iii

__[ II L .... .

i

__ ,_ ,,,,

Iii _ii

rf' - o- - _
f _ I I !

tiill

IL IIll[ I iL IIII

° Iii

M II

U'te Ok _ ,a 44 ,iii

I

• ._ _" == _ ",,_ _.I1
_ _ • , _,,.o

, i_. " - - " i.i.., I ?

,li .! ..........: ;:o..ii
O

_ iii i"l i " 5==Ill '--!

i,,,,i, iii

i v ii ,N m _.

= _-_ .

l _ J IIIIIII I J

mi

,.. , : - _

• _l,-
i i iiiii iii -

--_¢<, _ . . ..
, i

_ _ _ . _

, "i"+.r,'. - "' "
I_, .....

I

Ill FORINFORMATIONONLY
.... i IIH i L . I ii iii

DOCUMENT NO...76D510 _.-00011lllI -- REV._ SHEET 54 OF ,,__ , 98 ___



p

e .mi
,tamm

g'
mm

i i1| i

1114

lr

0 _ 104

,mm NI

EP v
tn$

i i i i

IV w

J;_ ,.L .,S ..= .° Z§
411 m_

, , , i._

3 .J ..... ="
.

,; ; .o

!:; ' =;' : r. - -

L " " ; "

ml

. _ ||."._ :r ", *;' ? ?
1¢ Ill

"; w

| ......

el' I FORINFORMATIONONLY '
i ii1 i I ii i iii I i ii til -

: OOCUMENT NO, -76:O$I0_--0l:)O _ REV, 0 _ SHEET .5.5 OF- 98 _





• __ ", a ,,_.. _ _
. i ii i .....

iii

li
,n I ii ,

i

JIl

_ ' i li , i.i cl -

l- - ,, :. -

Ul) -,,.-

.. __ ,

| - ..... --!o,

_ _;_:;_ _I _I _ _ _ '

,...... -._
_t q_ _i

_ ",2
lm

,m

; F

I

III

t

e FORINFORI ATIONONLY- _ i ......" i _ u , _ .i - ii ........

DOCUMENTNO. iGDSIOAA-OOO __FIEV.__,.0.._,_ SHEET ,57 OF______



--' ........... i __. IIH__ II IIII i III iii I L. III I I " III liP. I ii I,,I _ II i L I I I III , , ,,,=,,

6.3 List of FiouresFigure
No. _scri_tio n

3-1 Kern County, Cali£ornia Earthquake, 1952,
Bori_ontal Component

3-2 Kern County, California Earthquake, 1952,
Vertical Component

3-3 San Fernando, California Earthquake, 1971,
Horizontal Component

3-4 San Fernando, California Earthquake, 1971,
Vertical Component

4-1 Stratigraphic Column of _he WIPP Site Media

4-2 Time History Responses, 1952 Kern County
Earthquake, Horizontal Motion, Maximum
Acceleration = 0.10g

4-3 Time History Responses, 1952 Kern County
Earthquake, Vertical Motion, Maximu_
Acceleration = 0.10g

4-4 Time History Responses, 1971 San Fernando
Earthquake, Borizontal Motion, Maximum
Acceleration - 0.10g

4-5 Time History Responses, 1971 San Fernando
Earthquake, Vertlc and Statical Motion, Maximum
Acceleration - 0.10g

4-6a Peak Acceleration Envelopes, Maximu_
Acceleration = 0.10 g

4-6b Pe_k Acceleration Envelopes, Maximum
Acceleration = 0.05 g

4-7a Peak Velocity Envelopes, Maximum Acceleration -
0.10 g

4-7b Peak Velocity Envelopes, Maximum Acceleration -
0.05 9

4-8a Pe, k Displacement Envelopes, Mazimum

Acceleration - 0.10 9

= 4-8b Peak Displacement Envelopes, Maximum
= Acceleration = 0.10 g

°1
: DOCUMENTNO.76DSlOAA'OUU_._ REV. 0 SHEll " ur _g_ ....
=

,_



--. i ii 'I' ii iii _ ii . illl L Plllll ii I

Figure
._o. Descri_tlon .

4-9 Oblique Impinging P-waves

4-10 Oblique Impinging S-waves

4-11 The Mazimu_ Dynamic Stress Concentration
" Factors, P-waves

t

4-12 laeeJ Versus I a for Various v (Cavity Case),
S-Waves

4-13 Underground Drifts Subject to Earthquake Waves

4-14 Dynamic and Static Stress Concentration Factors
for Cylindrical Cavity Versus Poisson Ratio
(Compressional Wave)

4-15 Dynamic and Static Stress Concentration Factors
for Cylindrical Cavity Versus Poisson Ratio
(Shear Waves)

4-16 Vertical Shafts Subject to Earthquake Waves

4-1_ Maximum Dimensionless Tangential StresGes
Versus _a and Various .

4-18 Schematic of WIPP Underground Facilities
4-19 Details of Vertical Shafts

4-20 Original and Deformed Stratigraphic Column

4-21 Schematic of Typical Section of Underground
Drifts

4-22 Boundary Stress. Concentration for Circular
Tunnels

4-23 Boundary Stress Concentration for Elliptical
Tunnels

4-24 Boundary Stress Concentration for Ovaloid
Tunnels

4-25 Boundary Stress Concentration for Rectangular
Tunnels with Rounded Corners

4-26 Critical Compressive Stress Concentration for

Tunnels of Various Cross Sections,
= Unidirectional Stress Field, s_ - sv. sb- 0
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Figure
No., .... Description

• "4-27 Critical Compressive Stress Concentration
Tunnels of Various Cross Sections, Tvo-
Directional Stress Field (s h - 1/3 sv)

4-28 L'_itical Compressive Stress Concentration for
Tunnels of Various Cross Sections, Hydrostatic
Stress F2eld (sb - sv )

. 4-29 Critical Tensile Stress Concentration for
Tunnels of Various Sections, Two Types of
Stress Fields (M - o, M - 1/3)
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i AXIS OF STRUCTURE

DIRECTION OF P-WAVE
Y

YpCose ..... PROPAGATION
I

• I
I
I

YpSinO

Q
WHERE:

e . INCIDENT ANGLE

Y = PARTICLE EXCITATIONAMPLITUDE
P

, Cp ,,WAVE VELOCITY

YpCose = APPARENT COMPRESSIVEWAVE

YpSine = APPARENT SHEAR WAVE

e
J

FIGURE 4-9 OBLIQUE IMPINGINGP-WAVES
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Cs = WAVE VELOCITY
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ENGINEERING CHANGE ORDER
USE BLACK INK Page 1 of_u i .
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ECP Specification _)"_'1'7 I_

PO Vendor Data r'l

Others SDD [_

Others
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1.0 SCOPE

O 1.1 Descriptionof Work

This designspecificationis for the samplingof volatileorganiccompounds(VOC)
which may be emitted from the test waste bins to the mine ventilationsystem.
The t_st v/astebins are to be placed undergroundin Rooms i and 2 of Panel I.
The _,_,,_s_v_nconcept of the VOC SamplingSystem presented in the VOC Monitoring
Plait,,'_a,_,JteIsolationPilot Plant (WIPP)was preparedjointlyby Waste Isolation
Divis'ion,(WID) EnvironmentalPermittingGroup, Electrical Engineering,Radio-
activeWaste HandlingEngineering,and ITCorporation. This designaccomplishes
the objectiveof the VOC MonitoringPlan,meets the design interfacingrequire-
ments o.fthe waste bins,and meets the requirementsidentifiedinthe EPA Federal
Register,Vol. 55, No. 220 dated 11/14/90.

1.2 Definitions

The followingdefinitionsclarifycertainterminologythat might not be readily
understandableto the reader.

Bi___nn-Specially designed, transportable,sealed metal box equipped with
samplingports and instrumentation,and containingspeciallypackaged and
prepared TRU waste.

Matrix Dup!icate Sampling - A sampling event where the sampler unit
simultaneously fills two sample canisters.

P_LC_-Programmable Logic Controller

Sorption System- A bed of activated carbon acting as an adsorbent for
VOCs.

Spiked Matrix Duplicate Samp]_jn__.q-The act of sampling a known volume of
gas with known concentrations of five target VOC's in a Matrix Duplicate
Sample canister.

Suppliers .- Ali vendors supplying any equipment or part thereof for the VOC
monitoring system.

V__OC- Volatile Organic Compound

VOST- Volatile Organic Sampling Train

1.3 System Purpose and Design Objectives

The main purposeof the VOC MonitoringSystem is to fulfil the requirementsof
40 CFR 268.6,which allowsthe disposalof wastes otherwiseprohibitedfrom land
disposal,only if a demonstrationcan be made that, to a reasonabledegree of
certainty,there will be no migrationof hazardousconstituentsin excess of any
health based criteria from the disposal unit for as long as the waste remains
hazardous. CertainVOCs are consideredto be hazardousconstituentsand there-
fore a monitoring Klp'_mr_ed_ &o_b_w.i_l_eI_te.ci_,t_the_WIPP facilitywhich is

0 capableof detecti_r_e|4m_Wes|f_C_,._r_xn_L_,lh_n_x_i_,_i__nd_,r_l_iv'e_Yproviding evidencel-o_-Jn| _ig|a|_FJ o_V_)(_|_r_t_W_P_R_ c_e_n_rEions
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exceedtng health-based criteria. Thus, a VOCMonitoring System is absolutely

mandatory to enable the WIPP No-Migration Variance Determination to fulfill therequirements of 40 CFR 268.6. Atiditional VOCmonitoring will be performed to
quantify background concentrations and to monitor emissions from other test
programs. This will be addressed in a separate specification.

The primary objectives of the monitoring design are'

a. To successfully demonstrate that there is no migration of specific VOC
target compounds above any health-based criteria in the ventilation
exhaust airstream.

b. To provide data for validation of the proposed monitoring method for
the WIPP operational phase.

However, in the course of accomplishing the above objectives, the design also
n_eds to satisfactorily meet the following criteria for the test bin interface"

a. The VOCmonitoring system should have no impact on the gas analyses,
control, or release of gases from the bin experiments, as described in
the Test Plan and Test Plan Addendum (Section 2.3).

b. Each bin shall exhaust into a volume at approximately atmospheric
pressure.

c. The volume shall be large enough to accept approximately 2 liters of
gas per minute per bin. The gas will be released from the bin at a

maximum pressure of 0.5 psig.
d. The volume shall be available for venting each bin at any time.

e, The system volume shall attach only to the bin outlet tube/pipe.
Q

1.4 System Description

Figure I shows a one-linerepresentativeillustrationof the VOC 10 Bin-Scale
Test MonitoringSystem. The system essentiallyconsistsof the waste bins, the
manifold, a Helium make-up gas subsystem, the sorption unit, and the sampler
units. The following subsectionsdescribe the various components and their
operations in more detail.

1.4.,I Manifold

The manifold is constructedof stainlesssteel tubing. All gaseous flow from
each bin will be directedthrough a riser and into the manifold. The manifold
volumewill be approximately440 liters. This volumeand the controlschemewill
be sufficientto maintain stability,given the bin worst case gas generation
calculations. The binsworst case dischargevolumehas been calculatedto be 139
liters per day based on 76 bins (see AttachmentB).

1.4.2 Helium Make-Up Gas Subsystem

0 The make-up gas used FOll_%Ultlral_lil_W#li_Irli,llWi(l#zlP_ a_s1__a_o4_.g_cad__.)9!)99percent) hel ium with _ur|t|_ll _ l@e|s|_l_n_'_._a_ _p_r_J_ iop drEa_:_on

-2- D-0077 Rev. 4



less than one part per million. The helium make-up gas subsystem consists of a

helium supply tank, a pressure regulator, a flow meter and an air operated flowcontrol valve. The configuration of this equipment shall be such that the flow
from the helium supply bottle can be regulated and monitored. The PLC will
control the pressure by determining when the manifold requires the addition of
helium and will actuate the air operated flow control valve accordingly.

1.4.3 Carbon SorptionUnit

All gaseous flow from the manifold will be directedthrough a carbon sorption
unit. The sorption unit will consist of a main carbon bed and a series of
Volatile OrganicSamplingTrain (VOST)tubes connectedin parallel.

The main carbon bed shall be constructedof a 6" O.D. tube packedwith 26.4 Ib/
ft_ of carbon and fittedwith 20 mesh steel screenon both ends. The VOST tubes
will consist of three smaller tubes, in series with each other, packed with
approximately8 grams of carbon material identicalto that found in the main
carbon bed. The sorptionunit's pipingwill be configuredso that gaseous flow
from the manifoldmay be directedeitherthroughthe main carbon bed or the VOST
tubes via threeway hand operatedvalves. One placedat the inlet and the outlet
of the sorption unit. At specifiedtimes, and when the bins start to generate
gas, flowwill be directedthroughthe VOST loop for a predeterminedtest period.
The durationof the test periodwill be determinedby the amountof carbon in the
tubes and the quantityof gas anticipatedto flowthroughthem during this time.
The flow will then be redirectedthrough the main carbon bed, the VOSI"tubes
disconnectedfrom the loop and sent to an independentlaboratoryfor analysis.
This analysis of the VOST tubes will provide data as to the validity of the

sizing of the main carbon bed.

1.4.4 VOCSampler Unit

The VOCsampler will use four 6 liter passivated stainless steel canisters to ob-
tain regular samples of the gas exiting the carbon sorption unit. Each canister
will be filled in a 24 hour period by sampling at regular intervals and directing
a portion of the gas to one of the sample canisters,. The PLC will control the
filling of each canister and operate the appropriate solenoid diversion valves
to start filling the next canister as each canister is filled.

1.5 System Operation

As shown in Figure I, all bins discharge into a manifold of approximately440
liters by volume. The bins are configuredsuch that when the internalpressure
reaches0.5 psid a reliefvalve will open. This valve will remainopen for two
minutes and close, leavingthe bin pressureat approximately0.4 psid. (Actual
bin configurationand operationare described in detail in a Sandia National
LaboratoriesTest Plan" WIPP Bin-ScaleCH TRU Waste Tests and its addendum
labeledSAN90-2082,dated December,1990.) After a period of time (detailedin
Section3.2) or if the manifoldpressurereachesa predeterminedlimit (detailed
in Section3.2.2) the PLC will startthe samplepump and pull the gas throughthe
Carbon Sorption Unit. After the gas is "scrubbed"of VOCs by passing through
the carbon sorption unit, it will flow into the samplerwhere a portionof the
flow will be directed into a sampler canister for collection (and subsequent

testing) and the remainder exhausted into the ventilation system.

FORINFORMATION
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The PLC will be programmed to operate the sampler and associated valves. The

mass flowmeter in the samplerandmanifoldpressuresignalswill be continuouslymonitoredby the PLC. This will allow the PLC to maintain continuous control
as the system dynamics dictate. The manifold pressure will be maintained at
approximatelyatmosphericpressure.

During sampleroperation,there will be a reductionof pressurein the manifold.
This reductionin pressurewill be sensed by the differentialpressure trans-
ducer. If at the end of the samplercycle, the manifold is below0.0 psig, the
PLC will open the helium make-upgas flow control valve and hold it open until
the systemreturns to equilibrium.

1.6 ProgramResponsibilit__

The responsibilitiesassociatedwith the design, installation,and operationof
the VOC MonitoringSystem are as follows:

Sandia National Laboratories(SNL) will have full responsibilityfor the
bin pressure release manifold argon purge system and oxygen gettering
system. WestinghouseCorporationwill have full responsibilityfor the VOC
manifold system which includesall the components of the sampling system
with the exception of the VOST tubes. IT Corporationis responsiblefor
designing'theVOST tubes. Westinghouse-WIDpersonnelwill be responsible
for operating and maintainingthese units.

2.0 APPLICABLEDOCUMENTS

2.1 Order of Precedence

Unless otherwisespecifiedfor the VOC Monitoring System,this design specifi-
cation shall take precedenceover any of the documentslisted in this section.
Specific interfacesare noted elsewhere.

a. WP 02-10, WIPP VOC MonitorinqProqram Manual, (Draft)

2.2 Codes, Standards,and Practices

The followingcodes, standards,and practicesshall be considereda part of this
specification. Unless otherwisestated,the latest revision of each document
shall apply.

AmericanNational StandardsInstitute

ANSI/ASMENQA-I QualityAssuranceProgram for Nuclear Facilities

American Society for Testingand Materials

ASTM A269 Seamless and Welded Austenitic StainlessSteel Tubing
for GeneralService



, _-..._*,_*'"_ '; ,ld , ,L._,,_,,LI,, IU.,* _l,I, ,,I.h,_,,

Code of Federal Regulations

O Title 29, OccupationalSafetyand HealthAdministrationStandards
Part 1910 (OSHA)
(29 CFR 1910)

U.S. EnvironmentalProtectionAqency

SW-846 Test Methods for Evaluating Solid Waste, Physical/
Chemical Methods,Third Edition (1986)

Compendium The Determinationof VolatileOrganicCompounds (VOC)
Method T0-14 in Ambient Air Using SUMMA PassivatedCanisterSampling

and Gas ChromatographicAnalyses,May 1988

National Fire ProtectionAssociation

NFPA 70 National ElectricCode

WID Specificationsand Procedures

E-P-242 Basic ElectricalMaterial and Methods
E-P-243 Conduit and Fittings
E-P-244 Terminations
E-P-245 Cable (600V)
E-P-247 Grounding
E-P-309 InstrumentsCabinetsand Panels

O E-Q-281 InstrumentationCablesWP 09-021 EquipmentNumbering

2.3 ReferenceDocuments

The followingdocumentshall be considereda part of this specification. Unless
otherwisestated, the latest version shall apply.

Test Plan: WIPP Bin-Scale CH TRU Waste Tests, M. A. Molecke, Sandia
National Laboratories,Albuquerque,New Mexico,January,1990 and addendum
labeled SAN90-2082dated December, 1990.

VOC Monitoring Plan Waste Isolation Pilot Plant, IT Corporation dated
December I, 1990.

Formulas for calculationscome from the followingreferencedocuments:

Flow of Fluid Through Valves, Fittings,and Pipes, Crane Technical Paper
No. 410

Handbook of Chemistryand Physics,Weast

Standard Handbook for Mechanical Engineers,Baumeister& Marks

O TechnicaloFORooiNFO __?ie _ U _:"{__sp_.c_,!_ and._,.#.__',jInsurance=_::_,B_,,_#..,,.?,Co.
-B-



3.0 DESIGN REQUIREMENTS

This section describes the requirements for the design, maintenance, personnel
protection, material fabrication, packaging, and shipping, and also presents a
failure analysis.

3.1 General Requirements

The design of the monitoring system shall to the maximumextent possible: I) be
based on existing technology, maximizing the use of standard available com-
ponents, and standard design and construction for the service specified; 2) be
engineered, designed, built, and/or finally assembled by the organizations listed
in Section 1.6; 3) conform to this specification; 4) comply with recognized
industrial standards and practices; and 5) be ,_f sound quality.

Safety features shall be incorporated to provide for personnel protection during
testing, installation, and system operation.

There is a possibility that the gas atmosphere within the test bins may contain
small amounts of radioactivity coming from the waste contained in the waste
bins. The design of these bins is required to provide for adequate particulate
filtering of all gas lines which come from the bins.

Ali materials of construction will be suitable for use in the WIPP salt mine
and capable of performing their intended functions over the duration of the bin
experiments.

The manifold system must be closed to the atmosphere and controlled at atmo-spheric pressure. The sample system will sample all gasses released from the
bins or the helium make-up system. The sample rate will be adjustable to
accommodate all scenarios of sampling requirements. The sample rate, under
normal operation, will support the gas generation calculated by the worst case
scenarios and achieve normal sample requirements.

Alarm conditions, which impact operability, will be indicated on the surface in
the Central Monitoring Room (CMR). A two level alarm, with priority, will be
used t_ notify of an impending emergency situation or an emergency situation.
An impending emergency situation will be one in which an abnormal condition has
occurred or is occurring that will not detrimentally effect system operation or
does not require immediate attention. This impending emergency situation alarm
will be low priority. An emergency situation will be one in which an abnormal
condition or a system failure has occurred in which the system's ability to
control manifold pressure has failed. This emergency situation requires
immediate attention and will be high priority.

Manifold pressure will be read by the pressure differential transducer and con-
trolled, by the PLC to satisfy normal operation conditions as well as abnormal
conditions.

The helium system will be controlled by the PI.C to maintain manifold pressure.
The status of the helium flow control valve will be monitored by the system.

0 The PLC will be anFn__ _ea___e __n_a_.#_l_ Lt'_i_tW,,re_f_reuired that the_e _'a_ ..
req _e_. P_[_jy_"_m __W_ ._t_l 1

-6- D-0077 Rev. 4



times. These units shall have sufficient capabilities to monitor and act on all

required digital and analog signals, and have the ability to be expanded forfuture requirements. The I/0 cards that are to be used inthe PLC shall have the
quick disconnect type terminal board on the face of the cards to minimize down
time ii_ the event of card failure. The system will have the capability of being
progral_med on-line and off-line by; hand-held programmer and through the use of
a portable Personal Computer (PC) with the proper programming software and
cabling. The unit shall have a battery integral to the processor that is capable
of maintaining the integrity of the CPU's program during a power failure, and
that battery shall be replaced annually. Rack slot fillers are required for
all empty I/0 slots. The I/0 modules shall be of sufficient current carrying
capacity to meet the requirements of the field and local devices. Below are
listed the minimum requirements for each module type'

Diqital Input Modules - Nominal 120 VAC input range with ten percent over
and under range input capabilities. Provide 1000 volts RMSminimum optical
isolation between field devices and logic circuitry of PLC.

Diqital Output Modules - Nominal 120 VACoutput range. Each channel must
be isolated from the other. Provide I000 volts RMSminimum optical isola-
tion between field devices and logic circuitry of PLC. Must provide 2.0
amperes (internally fused) output capacity per channel,

Analog Input Modules - Must be capable of accepting a--i0 to +I0 VDC input
range. Minimum resolution of 25 mV per bit (least significant bit).
Provide I000 volts RMSminimum isolation between field devices and logic
circuitry of PLC.

3.2 P.rocess Control Requirements

The VOC samplingsystemdesignshall satisfyall the requirementsof the test bin
interfaceas mentioned in Section 1.3. This design satisfactorilymeets the
criteriamentioned in Section 1.3, and the technicalvalidationis presented in
AttachmehtB. The technicalvalidationconclusivelyproves that the monitoring
system will have no impacton the bin experiments.

The following calculationsprovide the technical basis on which the systems
control scheme is based. The value of worst case bin gas generation was taken
from the first two documentslisted in Section 2.3.

I. Worst case per bin gas generationper year is = 670 liters.

2. 670 liters/year*76 bins = 50,920 liters/year.

3. (50,920liters/year)/ 365 days = 139.5 liters/day.

4, (139.5 liters/day)/ (60 minutes * 24 hours) = 0.0969 liters/minute.

5. Manifold volume - 440 liters.

_ 0 6..0969liminutes, tenon R wii INaiFORMATsemaRlfold pressuie_y 1_ ' psi giI0 3LO'_
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7. The sample pump discharges approximately three liters/minute when

operating with a 20 psig back pressure. Therefore the pump willdecrease the pressure in the manifold .I psig after approximately one
minute of operation.

The sample pumpwill be turned on by the PLC once every 30 minutes for a duration
of one minute. This will _cause the pump to run for a total of 48 minutes over
a 24 hour period, pumping a total of 144 liters of gas from the manifold. This
will ensure that a volume greater than worst case bin gas generation is dis-
charged from the manifold every day based on calculation #3 and #7. Also because
the pump is cycled every 30 minutes, the manifold pressure will never exceed
.I psig during worst case bin gas generation based on calculation #6.

The sampler unit will divert 12 liters of this total daily flow to a sample bot-
tle. 12 liters will fill one sample bottle to a two atmosphere capacity. To
accomplish this 250 milliliters of the sampler pump's output will be sent to a
sample canister (250 milliliters/minute* 48 minutes : 12 liters). The remainder
of the sampler pump flow will be exhausted to the ventilation system.

Calculations #3 and #7 dictate that during worst case bin gas generation, the
manifold pressure will be returned to approximately atmospheric every 30 minutes.
In actuality the bins will probably generate little if any gas, 'leaving the
manifold pressure somewhere between 0.0 psig and +0.1 psig over a 30 minute
period. Now, when the sampler pumpruns for its one minute cycle, decreasing the
manifold pressure by 0.1 psig (calculation #7), the resultant pressure at the end
of that cycle will be between -0.i psig to 0.0 psig. Whenthis is the case, the
PLC (which constantly monitors the manifold pressure via the PDTcell) will open

the helium flow control valve to bring the manifold back up to equilibrium. Oncethe manifold pressure is sensed as being at approximately 0.00 psig, the PLCwill
close the helium flow control valve and continue to monitor the system until the
next cycle is scheduled to start.

Each of the four sample canister solenoid valves will have an associated push
button and status light on the control cabinet. Each light and push button will
be labeled and numbered in succession to reflect the order in which the bottles
will be filled. When the fourth bottle is filled the PLC will then cycle back
to start filling the first bottle again. As each bottle is being filled, the PLC
will flash the corresponding light to alert the operator that the solenoid valve
for that bottle is open. Once the bottle is determined to be full, the PLC will
stop flashing the light and hold that light on steady. This will alert the
operator that bottle corresponding to that light is full, the solenoid valve is
closed and the bottle is ready for removal. Once the bottle is removed and a new
bottle is placed on that sample port, the operator will depress the push button
corresponding to that bottle, informing the PLC that the bottle is available for
filling.

If the operator wishes to stop the filling of a bottle that is currently being
filled, he may, at any time, depress the push button corresponding to that bot-
tle. The PLC will then close the respective solenoid and proceed to fill the
next available bottle.

This system will also be capable of taking a Matrix Duplicate sample when

0 tl'hh_cOls_ _CNs__R_e__i_ing the_ample canisternecessary, et ' _he _i_Imf_l_ eachpreviousto '



canister in sequence, i.e. #I, #2, #3, #4, back to #I, #2, and so on. If the PLC

was presently filling canister #4, the operator would place the duplicate samplecanister at position #3. If the PLC was presently filling canister #I, the
operato'r would place the Matrix Duplicate canister at position #4, and so on.)
The operator will then be required to depress the button for that canister and
hold that button until the light starts to flash. This will take approximately
15 seconds during which time the light will come on steady warning the operator
that he is about to initiate a sample cycle on a bottle. This is done to ensure
that a solenoid valve is not inadvertently opened without a bottle being
attached.

The system shall be capable of allowing a Spike Matrix duplicate sample to be
taken. The system will be required to be able to perform a ten minute purge on
an operator selected sample canister port. The system shall also h_ve the
ability to suspend it's control over the sampler unit allowing the operator to
control the sampler unit remotely. There shall be a Spike Matrix status light
on the control panel that will inform the operator as to the mode of operation
that the system is in. If the status light is off, that will indicate that the
system is in it's normal or Matrix Duplicate mode of operation. If the status
light is on steady that will indicate that the system is performing a ten minute
purge on the operator selected sample bottle port. A Spike Matrix flashing
status light will indicate that the system has suspended it's control ov_.r the
sampler unit to allow for remote operation. The operator will also have a Spike
Matrixlpushbutton to initiate a ten minute purge and the suspended mode of
operation. If the status light is off and this pushbutton is depressed, the
system will suspend it's control over the sampler unit and the Spike Matrix
status light will flash. When the operator is ready to perform a ten minute

he will the sample bottle pushbutton to thepurge, depress corresponding sample
bottle connection port that the purge is to be performed on. The operator will
then be able to depress the Spiked Matrix pushbutton to allow the system to start
the purge cycle. After the ten minute purge is complete, the Spiked Matrix
status light will again start to flash, denoting that the system has again
suspended it's control over the sampler unit. During this time the sampler unit
may be disconnected from the system and the sampler may be operated by means of
a remote control unit. Once the operator has completed his work he will depress
the Spike Matrix pushbutton again, returning the system back to a normal modeof
operation.

e
3.2.1 Normal Operation

When the system is operating normally, the PLC will control the process and
maintain status lights for operator interface. Software status may be checked
by use of a hand-held programmer or a portable PC.

3.2.2 Abnormal Operation

High priority and low priority alarms will be sent to the CMRby the PLC. There
will also be a local alarm light found on the control cabinet that will flash on
either of the two priority alarms. The operator may distinguish which priority
condition has caused tile local alarm by contacting the CMR. However, the CMR
will not be al_l.e,J_o_!jstinguish the cause of the alarm, a .system diagnosis must
be performed _e _re_v#_!_iltl_i_._ ,W:mye,_larmcondition must be reset at the control

cabinet via tile li_]_n_Res_J_k _u_t_ l_h_ej_y,a,1_o clearing the alarms sent to



the CMR. The PLC will not allow the local alarm to be reset until the fault has

O been corrected.
The PLC will maintain the VOC monitoring system in all control modes. If the
system approachesoverpressurization,+0,3 psig, a high priorityalarm will be
sent to the CMR. If an under pressurizationof the manifold occurs,-0.3 psig,
(i.e. pump running too long), the sampler unit will be disabled and the high
priority alarm will be activated.

The PLC will also monitorvarious parts of the system's activitiesfor abnor-
malitiesand malfunctions. The samplepump'smotorcurrentwill be monitoredvia
a current transformer(CT), for an over-currentor an under-currentcondition,
If the sample pump draws more currentthan 1.9 amperes_the samplerunit will be
disabledand a high priorityalarm activated. If the samplepump is in an under-
currentcondition,less than 0.2 amperes,the PLC will assume the motor is not
running,disable the samplerunit and activate the high priority alarm,

The positionof the helium flow controlvalve will be monitoredby the PLC. If
the PLC has requestedthe valve to open and it has not opened in a 2.0 second
time period, the high priority alarm will sound and the sampler will not be
allowed to cycle as long as the manifold pressure is below 0.0 psig. If the
helium valve is called to close by the PLC and does not do so in a 2.0 second
time period,the high priorityalarm will sound. If this conditionis sensedthe
PLC will enablethe samplerunit to run as necessaryto ensure that the manifold
pressuredoes not exceed +0.4 psig,

The mass flow meter that measuresthe flow to the sample canistersis monitored

by the PLC. If the sampler unit is called to run and 'this measured 'flow deviatesplus or minus 100 milliliters per minute from the expected flow, (250 milliliters
per minute), the low priority alarm will be activated. If a "no flow"' condition
is sensed by the PLC and the sampler unit has been called to run, the sampler
unit will be disabled and the high priority alarm will be activated.

An alarm will also be generated if the PLC has determined that there are not any
more available bottles to be filled. If the last bottle is being filled and the
PLC senses that there are not any more available bottles, the PLC will activate
the low priority alarm. If the PLC has finished filling the last bottle, and
it senses that there are not any more available bottles to fill, the PLC will
activate the high priority alarm.

3.2.3 Sampler Unit Restart

As stated in Section3.2.1,the PLC has a batterythat will ensure that the pro-
, gram is not lost during a power'failure. This batterywill also enable the PLC

to retain the accumulatedvalues in all of its timersand counters. The PLC will
thereforeresume its action from where it left off when the power was lost.

3.2.4 jSample System Certification

The sample systemwill be certified "'clean"of VOCs, This will be accomplished
by laboratory analysis of an initial samples taken once the system is
operational,
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Subsequent certifications will be performed by obtaining a system sample by

injecting a known gas into the system and having that sample analyzed. If theanalysis shows that the system requires further inspection and/or cleaning, that
will be performed by sending the system to an independent laboratory for recerti-
fication. Operability of all components, within this document's tolerances, will
be ensured by the laboratory before the equipment is returned to the site.

3.3 _Instrument.ationRequirements

A mass flow meter is requiredto measurethe total flow out of the system. The
total flow from the systemis requiredto determineconcentrationof detectable
compoundsin the sample canister. By rationing,the amou_)tof compoundsin the
total mine ventilationflow can be calculated. A record of the mass flow must
be made and is required by paragraph6.1.5.2 of the VOC MonitoringPlan.

A record of the measured system pressure shall be made on the local chart
recorder. These data are required in order to have informationon the system
operation. This will give an indicationof the amount of bin gas generation,
show when a part fails, and show the effects of valve operationand helium gas
injection.

A currenttransmitterwill be used to monitor the sampler motor current. The
transmitterwill be used to track pump performance. Transmitteroutput will be
monitoredby the PLC and recordedby the chart recorder.

The recordswill be kept by strip chart recorder. The recordershall be capable
of keeping the record for severalweeks without replacingthe paper. A spare

channel shall be provided.6

An enclosureis requiredfor the electronicinstruments. The enclosureshall be
large enoughto house the PLC, chart recorder,amplifiersfor mass flow and DPT,
current indicators,and other components,as required. The enclosureshall be
corrosionresistant and equippedwith a fan and filtersto cool the instruments
and keep dust out.

Air to operatethe valveswill be obtainedfrom the plant air system. To assure
that the air is clean and at the right pressure,a drier and a pressureregulator
will be provided.

3.4 MaintenanceRequirements

The pressure irl'thehelium cylindershall be checked regularlyto ensure there
= is adequate helium for normal operation. If the pressure falls below 50 psig,

the cylinder shall be replacedwith a full cylinder.

Maintenancefor the remainderof the systemwill consistof'componentreplacement
with a few exceptions. On the valvesthe seals can be replaced as well as some
other parts which may wear. Pens and chart paper will be replacedas they are

, needed.

The carbon sorption bed is expectedto be replaced once a year. A greater or
lesser frequencywill be determinedfrom the VOST tube measurements.
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3.5 ElectricalPower Requirements

A 110/120 VAC, 15 ampere, 60 Hz power supply will be adequate for operating
all the units which need electrical power. Upon failure of site power, the
surfacediesel back-uppower systemwould be energized,supplyingpower to this
system. Extended loss of power would be covered in Section 3.6, Failure
Analysis.

3.6 Failure.Analysis

The PLC will maintain the VMS in all controlmodes. If the system approaches
overpressurization,an alarm will be sent to the CMR. If pressurecontinuesto
increase,a mechanical pressure relief valve will open at .8 psig. If under-
pressurizationoccurs as the result of the pump runningtoo long, the PLC will
send an alarm and disable the pump. A loss of power undergroundwill cause an
underv_Itagetrip, whichwill be resetmanuallyfrom the surface. A diesel back-
up generatorwill be able to supplypower for an extendedperiod to Room I in the
event of an extendedpower outage.

3.7 P'ersonnelRequirements

SpecificWestinghousepersonnelwill be trainedin the operationand maintenance
of the'system.

3.8 Material Requirements

The material chosen for all piping and instrumentationis stainless steel.

Although there is an abundanceof chlorine in the mine atmosphere,there is nohigh temperatureor high stress environmentfor this system. For this appli-
cation,wh,ichrequiresa five-yearlifetime,316 stainlesssteel is acceptable.

All stainlesssteel fittingsand valveswill be orderedwith the requirementthat
they be cleaned to ensure that they are VOC free. The stainlesssteel tubing
will be passivatedor be of chromatographicquality.

3.9 FabricationRequirements

The only specialfabricationrequirementsfor assemblyof the whole systemon the
site is that the fabricationpersonnelbe trained in installationof the lit-
'tings. The system shall be assembledon the site using standard maintenance
tools except for a hydraulic swagingunit required for one-inch and two-inch
tubing connections.

4.0 FIELD EXECUTION

4.1 S__Ls_temInstallation

The overallVOC sampling system includingall instrumentationand piping down-
stream,'ofbin relief valves shall be installedaccordingto work instructions
prepared by Westinghouse. All work activitywill use WID procedures.
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4.2 Field Inspectionand Testing

Two types of tests shall be performed by the organizations responsible for parts
of the monitoring system as mentioned in Section 1.6.

4.2.1 Leak Test

A leak test on the manifold piping shall be performed in accordance with work
instructions prepared by Westinghouse.

4.2.2 StartupTest

An acceptancetest shall be conductedto demonstratethat all design operating
criteria have been met and the monitoring system performs satisfactorilywith
respect to meetingdesign objectivesmentioned in Section 1.3.

4.3 PersonnelTraini.n_q

All associatedpersonnelshall undergospecialtrainingto become Familiarwith
the system,know the operatingmanualsfor variousequipment,and learn the steps
to be taken during failurescenarios. All personneldirectly involvedwith the
operationand maintenanceof this system shall be trainedto understandand deal
with the hazardousnature of VOCs.

5.0 QUALITY ASSURANCEREQUIREMENTS

In additionto to all WID proceduresand/orproceduresapprovedby WID,adhering
the followingproceduresshall be followed"

I. Pressureand leak test results shall be documented in a report.

2. Acceptance test results shall be documentedin a StartupReport.

3. Any changes to the design shall be verified through a design review
process by individuals excluding those who prepared the original
design.

4. All test procedures and conditions shall be established jointly by
Westingheuse,IT Corporationand SandiaNationalLaboratoriesto their
mutual satisfaction.

5. Review and approvalprocedureswill involveall contractorsas
appropriate.

6. Sampl_esshall be taken, handled, and analyzed in accordance with
• requirements specified in the WIPP VOC Monitoring Program Manual,

WP 02-10.

7. The testing specifiedin Section4.2 shall be witnessedby WID QA.
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ATTACHMENT B

" Page I of 4

TECHNICALVALIDATIONOF DESIGN

This attachment will demonstrate that the VOCMoni_,oring System will have no
impact on the ability of the bins to release generated gasses,

of VOCMonitorinq Desian on Bins

Any potential impact or interference with the bin experiments has been overcome
by using a manifold between bins and the VOCMonitoring System. The manifold
will be of sufficient volume to accumulate all gasses expected to be generated
in one day, worst case scenario. The manifold is of 2.00" OD316 stainless steel
tubing.

The calculations are as follows"

Reference CH TRUTest Plan dated 1-90

Gas released from bins = 670 I/yr each

Gas released per bin per day = 67___00= 1.835 I/day
365

76 'bins in RoomI 76(1.835) = 139.46 I/day total gas generation worst case

From the above calculations the manifold should be of a volume at least equal to

139.46liter. For ease of calculationsliters will be convertedto ft3.
I liter : .3531 ft3 139.46L(.03531)= 4.924 ft3

To determine the manifold volume the followingcalculationsare used.

The I,D. of 2.00" OD tubing is"

2°00" OD- 2(0.188wall thickness)= 1.624" ID

The manifold consistsof 1044 ft of 2.00" tubing

3 (212 ft runs) = 636 ft
38 ( 9 ft risers)= 342 ft (for 76 bins)
2 (33 ft runs) = 6___._66ft

1044 ft

Volume is calculatedas shown below"

Va- volume total in ft3
r - radius of tubing
L- length of tubing in ft

Va = zrr2L = _(.812 in) 2 ((1044 ft)(12 in/ft))
: n(.812 in) 2 (12528 in) : 25950.377 in g

25950 in 3 = 15.017 ft 3 15.017 ft 3 (28.32 liters/ft 3) = 425.281 liters

1728 (in3/ft _)
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From the above calculations it can be seen that the manifold volume is sufficientto both accommodate worst case bin gas generation and dampen any pressure spikes
that might be developed.

Minimum manifold volume to accept worst case gas generation is 139.46 liters.
Actual manifold volume is 425.281 liters,

The large manifold volume will ensure that the suction of the small diaphragm
pumpwill not be felt by the bin relief valves. In addition the sorption chamber
will act as a buffer or snubber to prevent the manifold from sensing any pressure
deviations caused by the stroke of the diaphragm pump.

The preceding calculations are based on 2.00" tubing upstream of the sorption
unit. This is the large volume chamber that the bins will initially discharge
into, For purposes of this attachment, this volume of tubing is referred to as
the manifold. To fully understand the control scheme, as dictated by system
dynamics, total system volume will now be calculated.

2.00" tubing in the manifold - 1044 ft. = 425.281 liters
Additional2.00" tubing in system- 2 ft. = .815 liters
1.00" tubing in system - 10 ft. = .869 liters
I/2" tubing in system - 3 ft. = .087 liters
i/4" tubing in system - 10 ft. = .053 liters
Total volume of tubing - 427.105 liters

Volume of the sorptionunit is as follows-
o

6.33 ft. in length = 75.96 in.
6.00 in. OD- 2(.250wall thickness)= 5.50 in I.D.

Va = nr2L _(2.75)2 75.96 = 1804.680 in3

1804.680 in3 = 1.044 ft3 1.044 ft_(28.32liters/ft3) = 29.566 liters
1728 (ing/ft3)

We know.thevolume of carbonin the filterto be 13.90 liters. (VOCMonitoring
Plan dated December, ].990by IT Corporation.)

29.566 Iiters
-13.900 liters (VOCMonitoring Plan, pg. 21)
15.666 liters volume availablein sorptionunit

427.105 liters
+ 15.666 liters
442.771 liters total volume in the system. For clarificationthis total

volume will be referred to as accumulatorvolume.

PressureDrop Due to Helium Flow

The helium used as a make-up/transportgas will only flow through a portionof
the 2.00" tubing. The 38 nine ft riserswill not have helium flow throughthem.

In addition flow will be divided between 2 of the 212 ft runs. So for purposes
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of these calculations 424 ft will be used as a representative number. The flowrate generated by the sample pumpwill be approximately 3000 ml/min. To deter-
mine the pressure drop in the accumulator due to this flow rate the following
calculations are used" (First the mean velocity will be calculated.)

V - mean velocity of flow in ft per min
qm - rate of flow in cubic ft per min at standard flow conditions
A - cross sectional area of tubing in square ft
d - internal tubing diameter in inches

The formula for velocity is"

V=_I_
A

I ml = 3.5315xi0 s ft 3 3000 ml/m (3.5315xi0 s ft 3) = .016 ft3/min
qm = 016 ft3/min

A = rrd_____ IT(1.624) 2 = 2.071 in. 2 = .0144 ft 2 A = .014 ft 2
4 4

V = .016 ft3/min : 1.143 ft per min
.014 ft 2

Using the velocity determined from above, an approximation of the pressure drop

due to helium flow through 424 ft of 2.00" tubing can be calculated. Helium at3000 ft above sea level and 68 degrees fahrenheit has a kinematic viscosity (v)
of 1.2566xi0 3 ft2/sec. To determine this pressure drop due to friction the
Reynolds number first must be calculated.

Re - Reynolds number
- internal diameter of pipe in ft

v- mean velocity in ft per sec
v- kinematic viscosity, square ft per sec

Re : D_v D = 1.624 in : .135 ft
v 12

v = 1.143 ft per min = .019 ft per sec
60

v = 1.2566xI0 "3 ft2/sec

Re : .135 ft(.019 ft/.sec) = 2.052
1.2566x10 .3 ft2/sec

A Reynolds number of less than 2000 indicates a laminar flow condition ;',d
implies very low friction losses. With a Reynolds number as low as 2.052 a_
essentially frictionless flow can be assumed. However, pressure loss will be
calculated using this number.
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D The fr_ctionfactor for laminar flow is calculatedas follows"
f- frictionfactor f = 6_44= 64 = 31.189

Re- Reynolds number Re 2.052

Darcy's formulaprovides the general equationfor pressure drop.

hL- loss of static pressure head due to flow of fluid, in ft. of fluid
f- frictionfactor
L- length of tubing in ft.

v2 - mean velocity of flow in ft. per sec. squared
D- internaldiameter of pipe, in ft.
g - accelerationof gravity (32.2 ft. per sec. per sec.)

Darcy's formula is hL = fL_ i ft H20 = .434psig
D2g

31.!89(424ft)(.019 ft/sec_ (.434 psig) : .238 psig pressuredrop
(.135 ft)(32.2)2

Actual pressuredrop throughthe carbon sorptionchamberis estimatedto be .072
psig. Combine this estimatedpressure drop with the calculatedpressure drop
through the tubing and it becomes evident that the helium make-up system can
easily overcomethe effects.

D .238 psig +.072 psig = .31 psig
I,

¢_I_T _:. ,
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ATTACHMENT C
Page I of 1

VOC SYSTEM TOLERANCES

Pressure

Pump start .I psig ± .05 psig
High pressure alarm - .3 psig ± .05 psig
Low pressure alarm - -,3 psig ± .05 psig
Pump discharge pressure- 20 psig ± I psig

Flow

Sample flow - 250 ml/m ± 20 ml/m

Curr ent AI arms

Pumpovercurrent - l.ga ± .la
Pumpundercurrent - .2a ± .ia

Priority I Over/underpressure
Over/underpump current
Helium FCV failure
No flow

No bottle

Priority 2 Mass flow
On last bottle
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l.0 SCOPE

l.l Descriptionof Work

This design specificationis for the monitoring of volatile organic compounds
(VOCs) at two locations; Panel l-Room l (S1950) and Panel l-Room l (Sl600).
These two locationsare shown in Figure l as Station VOC-B, and Station VOC-9.
The design is based on the concept presentedin the VOC MonitoringPlan, Waste
Isolation Pilot Plant prepared by InternationalTechnology Corporation of
Albuquerque,New Mexico, dated January 1990. It meets the samplingrequire-
ments outlined in the VOC MonitoringPlan and accomplishesthe objective of
satisfactorymonitoringof VOCs at the aforementionedsamplinglocations.

1.2 _Definitions

The following definitions clarify certain terminology contained in this
document.

Volatile Organic COmpound (VOC) -Organic compounds having saturatedvapor
pressuresat 25°C, greater than lO-_ mm Hg.

Sampler and A.qcessories- Air sampler unit with all the supporting items
requiredfor its installationand operation(as describedin a later section).

Secondary Module- Unit containing two sampling canisters used to increase

sampling capacityof the air samplerunit.
Suppliers- All vendors supplying any equipment or part thereof for the
samplerand accessories.

].3 .SystemPurpose and Design Ob.iective__

The main purpose of the VOC MonitoringSystem is to fulfillthe requirementsof
40 CFR 268.6, which allows the disposal wastes otherwise prohibited from land
disposal only if a demonstrationcan be made that, to a reasonabledegree of
certainty,there will be no migrationof hazardous co;istituentsfrom the dis-
posal unit for as long as the wastes remain hazardous. VOCs are considered as
hazardousconstituents,and thereforea monitoringprogram will be implemented
at the WIPP facility which is capable of detecting releasesof VOCs from the
bin and alcove experimentsand conclusivelyproviding evidence of no-migration
of VOCs from the WIPP in concentrationsexceedinghealth-basedcriteria. Thus,
a VOC MonitoringSystem is mandatoryto enable the lIIPPNo-MigrationVariance
Petitionto fulfill the requirementsto 40 CRF 268.6.

The specificpurpose of air samplingat these 'twolocationsis describedbelow:

a. Station VOC-8 will monitor VOC target compound concentrationsat
Panel l-Room l (S1950)in order to measure the background concentra-
tion of VOCs already existing in the ambient air drawn into Panel l
in the underground. Monitoringbackground concentrationsat the air
intake shaft collar area is not sufficientbecause certain lubricants,

solvents, etc. (unrelatedto the waste, but used in the WIPP under-ground)may also release additionalVOCs to the repositoryatmosphere.
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O b. Station VOC-9 will be deployed downstream in the Panel l-Room 1(S1600) passageway and will monitor any VOC emissions potentially
released from any leaks in the bin or alcove ducting systems. Sub-
traction of the VOC target compound concentrations measured by Station
VOC-8 from those measured in Station VOC-9 will yield an estimate of
VOCs released from the bin rooms and alcoves through leaks in the
ducting system.

1.4 .,SYstemDescription

The two sampling locations are shown in the general layout of VOCMonitoring
System Locations in Figure I. This section describes the components of each
sampling station and their precise location within the repository. The sam-
pling system includes the primary sampler with all controls and the secondary
module. The secondary module is used for increasing sampling capacity, and for
extended automated sampling up to four days (if necessary, during weekends,
holidays, etc.).

1.4.] Panel ] Air Intake and Outlet (Stations VOC-8 and VOC-9)

The components of Stations VOC-8 and VOC-9 as well as their arrangement are
shown in Figure 2.

As shown in Figure 2, Stations VOC-8 and VOC-9 are recessed in the ribs. The
sampler and the secondary sampling module are housed within a stainless steel
shelter box, and the entire system is Kept within the recess excavated in the

O in Sections and B-B. The size of the recess is approxi-
r I b s as shown A-A,
mately 75" x 70" x 30" and the size of the shelter box is 65" x 30" x 18"
without the supporting iegs. A clearance space of approximately I0 inches has
been maintained between the shelter box and the walls of the recess to fa-
cilitate easy dismantling of the system, if and when necessary. The sampler
shelter box must be kept within the wall recess to ensure that the sampling
station does not interferewith normal traffic, ventilation,or become damaged.

The assembly of the samplerand the secondarysamplingmodule within the shel-
ter box is shown in Figure 3 with the shelter doors kept open. The primary
sampler and the secondarymodule are roughly of the same size (20" x 18.5" x
lO"), and sit side by side within the shelter box. Clearance of 5" between
the samplers,and at least lO" between the samplersand the shelter box provide

= for adequate ventilation,connection of fittings,and for easy access during
routine service or maintenance_ Once the samplers are in place inside the

=

__ shelter box with all inlet and outlet lines properly connected, the shelter
doors will be kept closed. The doors will be weather stripped to prevent any
dirt or salt particulatesfrom entering the protective shelter and damaging
the sampling system or its parts. Flexible stainless steel metal hoses in-

: serted through 3/4-inch holes drilled through the sides of the shelter box
provide connection to the sampler inlet and outlet. The I/4-inch flexible
metal hoses will be inserted into the shelter box through a I/4-inch opening
in a 3/4-inch rubber grommet mounted on the shelter box. This will provide a
reasonable tight seal in order to prevent any salt dust from flowing through
the 3/4-inch hole. An exhaust fan mounted on the inside of tileshelter box

ensures that adequate air circulation takes place around the samplers for
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D filter mounted on the shelter box side opposite to that of the exhaust fan,
ensures that air drawn in by the exhaust fan will not contain any salt dust
from the drift.

The tubing interconnections between the primary sampler and the secondary
sampling module are shown in Figure 4.. The primary sampler has one inlet for
sampling and 'three pathways for exit air in the form of bleed air, purge air,
and a connection port for expansion. Ali connections are made by flexible
stainless steel metal hoses for ease of assembly, and also to facilitate easy
dismantling whenever needed. The expansion port is used to connect the
secondary module. The bleed air is taken out through a flexible stainless
steel metal hose out of the shelter box. No fittings are necessary on the
purge air connection because the low flow rate of purge air will be easily
withdrawn by the exhaust fan. Detailed description of the sampling unit is
discussed later in this section.

The layout of tubing inlet and outlet from the sampling stations are shown in
Figure 5. The flexible metal hose connected to the sampler inlet in Figure 4
is taken out through the 3/4-inch hole on the shelter box side and supported
on the drift wall by means of a supporting bracket. Thereafter, I/4-inch
straight tubing is connected to the flexible metal hose and is made to project
three feet into the drift passageway at a height of approximately nine feet
from the drift floor, and flagged for easy identification. The outlet side
does not have any need to exhaust away from the drift walls. Therefore, the
flexible metal hose from the secondary sampler outlet is withdrawn through the

D 3/4-inch hold in the shelter box. lt is then supported on the drift wall withsix feet of straight tubing added so that the exhaust air is downstream enough
not to be recycled back into the sampling system.

The VOC sampling unit is shown in Figure 6. lt is essentially an automated
four canister air sampler with the capacity to fill four 6-1iter sample
canisters. The sampler can collect up to four samples in 6-1iter sampling
containers (two in the primary sampler and two in the secondary module) using
separate timing channels for each container. The sampling pump and the inlet
and bleed air solenoid valves are operated by the third timing channel. A
proprietary design feature allows operation by the third timing channel. A
proprietary design feature allows separation of the three-way solenoid valve
for both the purge mode and actual sample collection. The unit will be op-
erated from a 120V AC power supply. Under normal operating conditions, the
sampler utilized normally closed solenoid valves that are energized and remain
energized in their open position. The valves do become warm but do not pose a
fire hazard. Ali pneumatic and electronic components are housed in the control
module and are accessible either from the control panel or upon removal of the
control module from the container housing.

Details of the sampling method and frequency of sampling are provided in the
document "VOC Monitoring Plan" listed in Section 2.0.

The sampler will also have a real-time clock which will have the provision of
shutting off if a power failure occurs. Thus, in case of a power failure going
undetected for any length of time, the real-time clock will give an indication

D of how many of the 24 hours of required sampling were actually carried out.Once this is known, adjustments will be made to compensate for the lost time.

FORINFORNCATIONONb1,,evo



1.5 S_.ystemOperation.

Once the system has been properly assembled, the only operating component is
the sampleritself as shown in Figure 6. The sampler is set for a sampling
cycle by plugging the unit into an available120V AC power outlet. The actual
clock time is set first and then the unit is programmedfor the sample col-
lectionof as many as four canisters. The sample collectioninto container
number one is operated by timing channel number one, and the corresponding
sample collection into container number two is operated by timing channel
number two. Timing channel number three operates the sampling pump and the
inlet and bleed air solenoid valves which open and remain open whenever the
sampling pump is operating. The secondarymodule also has a three-channel
timer for similar purposes.

The seven-day, three-channeldigital timer allows independentcontrolof the
sampling pump with the inlet and bleed air solenoid valves, and dedicated
timing of each of the two sampling channels. The three-waypurge solenoid
valve is operated separately by _ach sampling channel. The timer has a
batterybackup for memory, large LC display, and is easily programmable.

Purge air flow exits via the three-waysolenoidvalve purge port on top of the
controlpanel. This port is also used to set the flow and to calibratethe
flow controller. When samplinginto containernumber one or number two begins,
the sample air flow is diverted into the samplingcontainerat the flow that
has been set by the flow controller. The bleed air adjustment,and the related

pump head pressure (read by the 0-30 psig pressure gauge) are controlledby theneedlevalve locatedon the upper right side of the control panel. The flow
adjustmentis done via the set screw on the tamper proof flow controller lo-
cated on the upper left side of the controlpanel. The inlet plug, bleed air,
and purge air plugs are removed prior to sampling. The samplingcontainers
locatedin the bottom case are connectedto the solenoidvalve outlets labeled
sample #1 and sample #2 with the connectingtubes suppliedwith the sampler.
The digital timer LED lights up when a given channel is in use. The sampling
containervalves should be open prior to the beginningof the sampling cycle.

After completing the sampling cycle the container valves are closed using
extension handles. The connecting tubes are disconnectedand the sampling
containersremoved and replacedwith new ones.

1.6 Pr__Kg_gramResp_on_sibility

The responsibilities(see Attachment B, Meeting Minutes, 4/3/90) associated
with the design, installation,and operation of the sampler and accessories
are as follows:

a. Systems Design - HID/IT will provide technicalsupportto Regulatory
and EnvironmentalPrograms.

b. Systems Installation - Facilities Engineering will provide the
required supportfor installationof the VOC monitoring systems.

c. Systems Operation - Operation and maintenance of VOC monitoring
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I. Surface sample collection will
be performed by Facilities

Operations Technicians.

2. Underground sample collection will be performed by a Waste
Handling Operations Technician.

3. Handling and storage of used and new canisters, and shipment
of canisters to off-site laboratory for analyses will be
performed by an Environmental Monitoring Technician.

d. Program Management and receipt of analytical data from the laboratory
will be performed by the Environmental Compliance Section of
Regulatory and Environmental Programs.

2.0 APPLI_BLE DOCUMENT_

2.1 Order of Preceden__e

Unless otherwise specified, this design specificationshall take precedence
over any of the documentslisted in this section.

2.2 g_.#_es,Standards_an__dP_ractice_s

The following codes, standards, and practices shall be considereda parc of
this specification. Unless otherwise stated, the latest revision of each

docume:_tshall apply.

ASTM American Society for TestingMaterials,ASTM A269

SH846 EPA and RCRA Sampling Standards

Compendium
Method TO-14 EPA Procedure for VOC sampling

2.3 ..ReferenceDocuments

The following documents shall be considered a part of this specification.
Unless otherwise stated,the latest versionof each shall apply.

VOC Monitoring Plan, Waste IsolationPilot Plant, DOE, January 1990

HP-090-21, WIPP EquipmentNumberingProcedure

SpecificationNo. D-0077, EngineeringDesign Specificationfor VOC Monitoring
System, March 8, 1990

3.0 ._DESIGNR.EQUIREMENT_S

This section describes the requirements for the design, maintenance,

personnel, material fabrication,packaging,shipping,and handling.

FORINFOI MATION o
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3.1 General R.equirements

The design of the system shall be to the maximum extent possible" l) be based
on existing technology,maximizing the use of standard available components
and standard design and constructionfor the service specified; 2) be engi-
neered,designed, built and/or finally assembled by the organizationslisted
in Section 1.6; 3) conform to this specification;4) comply with recognized
industrial standardsand practices;and 5) be of sound quality.

Any filters connectedupstreamof the sampler inlet shall not absorb or remove
componentgases like volatileorganic compounds.

All materials of constructionfor the sampler and its accessoriesneed to be
suitable for use in the HIPP undergroundenvironmentand for performing their
intended functionsover the durationof the test phase.

3.2 I__ns.trumentationand Control,Requirements

All the equipment required as shown in Figures 3 through 12 are listed in
Table l in Attachment A. Unless otherwise specified,any original equipment
listed can be substitutedwith an equivalent. Table l also lists the costs
and delivery time for each item. In some cases the total number of items have
been multiplied by two accountfor the two samplinglocations.

3.3 _Mai.ntenanceRequiremen_

The sampling personnelwill have complete responsibilityfor routinesampler
maintenance. This includesbut is not limited to replacementof damaged or
malfunctioning parts, filter changes, leak testing, and any minor cleaning.
All major cleaning and sampler cleanlinesscertificationwill be the respon-
sibility of the laboratorycontractedfor post-samplinganalyticel'procedures.

Two complete spare units and a spare parts inventorywill be maintainedon-site
to mini_nizedown time due to malfunctionof any sampler.

The sampling system at each location will include sufficient collection can-
isters (approximately20) so that any delays due to laboratoryturn around time
and canister cleaning and certificationwill not result in canistershortages.

3,,4 Electrical.Requirements

A ILO/120 VAC, 60 Hz, 15A power supply is required for operating the sampler.
Therefore, app';opriatepower outlets are requi:'edin the vicinity of both
sampling locationsdescribedrarlier.

3.5 Personnel Requirements.

During installation,skilledpersonnelwill be required to drill and excavate
the small cavities in the repositorywalls to accommodatethe samplerand its
accessories.

Once in operation, the system can be programmed to be completely automatic

except for r°_i__nteianceN cFecksoR_NATandcanistei 0_''change°ut'I:_I_,_'_-b _ Rev. 0_'_,_.,_- ? | ' 'Once a sampling



is stored in that control will be executed until it isprogram memory, program
changed, cancelled, or a complete power loss occurs.

3.6 Material Requirements.

All piping and instrumentation will be made of stainless steel. The possibil-
ity of associated stress corrosion cracking is remote due to the nonexistence
of a high temper_.ture and/or a high stress environment.

Ali stainless steel tubing and piping shall be cleaned by the following pro-
cedure. The tubing shall be cleaned (passivated) be a nitrlc/hydrofluoric
acid wash at a maximumtemperature of 130°F and a minimum temperature of 70°F
for I0 to 15 minutes. The solution shall be made to the following concentra-
tions: nitric acid (HNO3) at 12 percent or 0.5 percent by volume; hydrofluoric
acid (HF) at 3 percent or 5 percent be volume. To inhibit the solution, 7 to
I0 grams per liter of iron may be added. The acid wash shall be followed
immediately with a demineralized water wash until the solution indicates a
neutral pH. (Reference: MIL-T-23226E Tube and Pipe, Corrosion Resistant
Steel, Seamless.)

Westinghouse Quality Assurance shall witness cleaning of the tubing. The
supplier shall notify 141Dwhen they are ready to perform.the cleaning process.

3.7 F__aabrjcationRequirements

The recessed area in the ribs will be mined _.ndleveledto accommodate theplacement of the sampler shelter as shown in the design in Figure 2. The
shelter box shall be fabricatedaccording to Figures 7 through 12. No other
special fabrication requirementsare necessary. The entire system excluding
the SIS Model TGS-2/A samplers shall be assembled on.-siteusing standard
maintenancetools.

3.8 Packaging. Shipping.and Handling Requir_m_e__n_ts

In general, all suppliers shall ensure that the componentsare packaged and
shipped such that they do not suffer any damage during shipment. All suppliers
will be responsiblefor any damage to componentsprior to installation.

Any tubing should be cleaned prior to packagingand shipment. All grease
and foreign substances shall be removeduslng the proceduresdescribed in
Section 3.6.

The suppliersshall ship the componentsto the addressprovided in the purchase
order.

Each crate or package shall be marked with ink, paint, or other indelible
material to indicate the equipment number, purchase order number, and de-
scription of the equipment. Weight, center of gravity,and liftingpoints of
packages shall be clearlymarked for fragileor heavy materials.

The suppliers shall assure that the size, weight, and configuration of

components shipped will fit within the WIPP C&SH shaft engineering accessrequirementsand requirementsfor transportationin the WIPP facility.
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4.0 FIELD EXECUTION

4.1 System Installation

The sampling systems shall be installedaccording to work instruction pre-
pared by the WestinghouseEnvironmentaland RegulatoryCompliance Section in
conformancewith the responsibilitiesoutlined in Section 1.6.

In addition,the followingprocedurewill also be followed:

a. Prior to use, the sampler collection units must be laboratory
certifiedto demonstratethat they are free of any contamination.

b. Prior to initiationof sampling,a StandardOperatingProcedure (SOP)
will be prepared by the contractedlaboratoryto describe the cleaning
and certificationprocedures for the sampling units both before and
after each samplingusage.

c. The system will be tested for leaks using a leak detector system
similarto Snoop. Any detected leads will be appropriatelyrectified.

d. A performancetest shall be carried out after complete installation
of the system to the satisfactionof the responsibleparty listed in
Section 1.6.

4.2 PersonnelTraining

All sampling personnel shall undergo special training to become familiarized
with the system, the standard operating procedures,and all emergency pro-
cedures wherever applicable. They should also be trained to understand the
hazardousnature of VOCs.

5.0 U{ZU___L_ITYASSURANCEREQUIREMENTS

All procedureswill adhere to the Quality Assurance Project Plan (QAPP) which
is presently under preparation. In addition,the followingprocedureswill be
followed:

a. All QA procedures already in place at the NIPP site will be strictly
followed.

b. All QA procedures will be consistentwith the QA objectives outlined
in the VOC MonitoringPlan document mentioned in Section 2.3.

*349+
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FIGURE3. Sampler Shelter Box with Samplers Inside*
*(Shelter Box Legs Not Shown)
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FIGURE4. TubingInterconnectionsBetweenPrimary
Sampler and Secondary Module
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FIGURE8. FabricationDrawingfor SamplerShelterBox

(Components- Left and Right Side)
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FIGURE II. Fabrication Drawing for Shelter Box Leg StiffenerFORINFOR_AT!ONO_LY_V.°





ATTACHMENTA
E-S-357, Rev. 0
Page 1 of l

Table 1

EQUIPMENTCOSTANDDELIVERYINFORMATION

Item _Quantity at Unit Price T9ta! Cost

Air Sampler, SIS Model TGS-2/A 2 at $9,000.00 $18,000.00
together with Secondary (These samplers have been
Sampling Module ordered by Purchase

Requisition No. 41205)

Shelter Box, 65" x 18" x 30", 2 at $1,773.00 $ 3,546.00
stainless steel, fabricated

Exhaust Fan Dayton, Model,2C634 2 at $67.69 $ 135.38

Flexible Metal Hose, I/4 x 32' 12 at $110.60 $ 1,327.20
Swagelok, SS-4HO-6-L4

I/4 Union Elbow, Swagelokl 4 at $27.25 $ 109.00
SS-400-4

Brackets for Wall Mounting, 50 ft. at $1.60 $ BO.O0

B-Line Systems, Formed Channel,B22SH

I/40.D. x 0.028 Wall 316 40 ft. at $3.94 $ 157.60
Stainless Steel Tubing, ASTM
A269, Degreased, Solvent Free,
ends capped for shipping

Disposable Glass Fiber 1 dozen at $15.22 $ 15.22
Air Filters, Size I0" x I0"

3/4" Rubber Grommet I0 at $ $_

I" Rubber Grommet 5 at $ $_

D_li very Schedu!_s

The first three items on the list will take 3 to 4 weeks. Ali other items
will be available within 1 week.
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MEETINGMINUTES
i r,l -- iii I Iiir' i , ,u

Name
Or_Jhll'l_ZJIIlOl_l _[,tl,_allll _I_ I ------

+

W. _. _O+r+er , WID L.R. F+_:_I

C. E. Conway WID T.W. Malverson
S. C. Coo=sr WID R. Kuginskie
L, Frank WID J.R. Walls
j. J. Gar_ia RWHE O.L. Cortes
R. F. Kehrman WID T.F. Kocialski
C. R. Kelley WID L.L. Reed
M. W. King RWHE "'
R. J. Ro_riguez RWME
S. C. $ethi RWHE

-- --- , (w_ _ m

, ,,,_ -_ , ..................... _;q;,i "_ _]_/,_e• i L "l_

Smoiec_ mr P_roose o¢ _Htl_ 1 _TtOn L O+te

VOC MONITORING_YSTEM - OPERATIONi STAFFING SCF ¢I_I_.C.
i{am ,iill, llli i Iii Iii i i i I . ii II II -- i I I _I N_rm_ Oil+_.,,li_o_ or _es_clctns Action av _8_CI

This meeCln+was called _:o assign resl_onsibilltles
for o=eraclngand maintainingRe VOC Monil:orlng
Sys=em and establisBs_afflngre(luiremen=s(Ref.

Lec_:ar no. HA:90:7096of March 15, 1990). I_resultedin _:_e followingdecisions:

l PWR's (030s)on all VOCMona=ors recluire_,boc_ on Kehrman
surfaceand unCerground,will be Issued by R. F.
Ke_rman. Does no_ _eed to Include_anel i Room _.

Z FacilitiesEngineerin_s_all _rovi_e _he re_uir_ Kocialskl
su=_or_for ins_alla_Ionof the VOC:Monitors.
RWHE is alreadywor_ingon the Room _-_anel i VOC
MonitorlngSys=em,

In a_ition '_o Room l-_aneli VOC Monitors,RWME Garcia
will also_rocure.all o_er. moni_orswit_ _wo
s=are uniCs.

£valuatlons_all be _erformedby M_. Kenrman's Kenrman ,
greu_ on: •

a) The need for =rovidlngaB alarm or alarms in
_e _R in case of failureof any of _e VOC

. Monlt_rs.

b) Re_luiredcorrec=iveac=ion in case of failure
of VOC Monitors individually/and collec=ively.

:0
' _"E_I_ _,_ev 0

,'+ _, ,,,'_:_'.,,_ ,

_:i.+--_: ...... T,.+....... , ; ..........................



ATTACHMENTB
E-S-357,Rev. 0
Page 2 of 2

e MEETINGMINUTES
(Continued)

i ii - ii I II ii i iii ii i 1 il|l _

•ettonav _a_e

:) _ossibilil:yof es=ablishinga teml=orary
on-siam gas analysis facility.

d) [s'cablishimgt_e aI:=r,oI:riatmnumberof
samI:lingbo==]esrecluirmd.

5. Was=m Han_lingOl:eratlonswill be rlsl:onsibl'efor Kuginskie/
ol:erating an:i main1:aining =be VOCMona=orang Kemrman
Sys1:mm. Samgling bo::les shall be toilet=rod by
Was1:aHam:ling O:erati=ns in accordancowii:l_
al_l:r:ved=rocsdures(to be devmlol:ed)and
deliveredto MP. Kehrman'sgroul:for analysis.
Mr. Ke#_rmanwill c=ordlna:icallec=lamand
transmi=:alof alI tesi;results.

6. The systm shill _rovide for automa:ic toilet':Ion Gar:la

e of 1 for 4 ta 11 weei_-en: andSamll es ul: to days a ow

. holiclaycoverage.

7. a) Was:e Handling"O=s. :ball detarminesi:afflng Kuginskio,
rI¢lu_rement;$and I:len=Ifyal:l:v'ol:Pia:m:'rainingfor
a_era=Ingand main_emanclpersonnel.

b) Regula:ory& [nvir=nmen=alI}r:gramswall ,ave Kehrman
a Systems[xI:er=.

c) Englneeringwill assign a Cognizan=Enginlev' Halverson
res=onsible for t_e sys=m.

• ' '''t '
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SPEC. NO. E-S-362

REVISION NO. o

O REVISION DATE lo-lo-9oSYSTEM EM05

VOC MONITOEING STATION LOCATED IN THE EXHAUST
SHAFT /LT STATION A

WASTE ISOLATION PILOT PLANT

Westinghouse Electric Corporation
Carlsbad, New Mexico 88220
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ENGINEERING CHANGE ORDER (i) cC&=D REVIEWS__

@ (USE BLACK INK) ECO- __,_#

LEVEL I 13)SYS/EOUIP NO,/BLDG 4) SOCIATED(2) IMPACT ( AS DOCUMENTS
[]LEVEL-.I--D-['EVEL-3 IE_OS"

LEVEL-2 1 O30
_.(SEES,DE 2 FOR APPROVALS),I RELATED ECO

(5) DOCUMENT NO. (6) SHEET (7) REV_IO_ ADVANCED EDT

DRAWING I::3 FROM _'___"TO- P.O,
SPEC _ -- FROM --- TO --"
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1.0 SCOPE

1.1 Descriptionof Work

This design specificationis for the monitoringof volatileorganiccompounds
(VOCs) in the exhaust shaft at StationA. This location is shown in Figure I
as StationVOC-I. The design is based on the concept presentedin the VOC
MonitoringPlan, Waste IsolationPilot Plant (WIPP)prepared by International
TechnologyCorporationof Albuquerque,New Mexico, dated January 1990. lt
meets the sampling requirementsoutlined in the VOC MonitoringPlan and accom-
plishes the objective of satisfactorymonitoring of VOCs at the repository
unit boundary.

1.2 Definitions

The followingdefinitionsclarify certainterminologycontainedin this
document.

Sampler and Accessories- Air samplerunit with all the supportingitems
required 'forits installationand operation (as described in a later section).

SecondaryModu]_ee- Unit containingtwo sampling canistersused to increase
sampling capacity of the air samplerunit.

Su__g.p_p_!jelier_.ss- All vendors supplyingany equipment or part thereoffor the
sampler
and accessories.

Q Volatile Orqanic Compound (VOC_ - Organic compoundshaving saturatedvapor
pressuresat 25' C, greaterthan 10"Imm Hg.

1.3 System Purpose and DesignObjectives

The main purpose of the VOC MonitoringSystem is to fulfill the requirements
of 40 CRF 268.6, which allows the disposalof wastes otherwiseprohibited from
land disposal only if a demonstrationcan be made that, to a reasonabledegree
of certainty,there will be no-migrationof hazardousconstituentsfrom the
disposal unit for as long as the wastes remain hazardous. VOCs are considered
as hazardousconstituents,and thereforea monitoring programwill be imple-
mented at the WIPP facilitywhich is capable of detectingreleasesof VOCs
from the bin and alcove experimentsand conclusivelyproviding evidence of
no-migrationof VOCs from the WIPP in concentrationsexceedinghealth-based
criteria. Thus, a VOC MonitoringSystem is mandatory to enable the WIPP
No-MigrationVariance Petitionto fulfillthe requirementsof 40 CFR 268.6.

The specific purpose of air samplingat this location is describedbelow"

• StationVOC-I will be deployedat Station A in the exhaustshaft area
to monitor detectablequantitiesof the target compoundsin the air
which will be exhaustedinto the ambient atmosphereoutside of the
facility at WIPP. Monitoringat the exhaust shaft is required to
demonstrateno-migrationof VOCs from the waste storedundergroundat

the WIPP. This will be demonstratedby quantitativelyshowingthat
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not greater than backgroundconcentrationsresultingfrom sources

other than the waste stored underground.

1.4 System Description

The samplinglocation is shown in the general layout of VOC MonitoringSystem
locations in Figure i. This sectiondescribesthe componentsof this sampling
stations and its preciselocation at the WIPP facility. The samplingsystem
includes only the primarysampler with all controls and does not requirethe
secondary samplingmodule. The secondarymodule is used for increasing
sampling capacity,and for extended automatedsampling up to four days (if
necessary,during weekends, holidays,etc.). Station VOC-I will be sampled
only once per week and does not requireextended sampling capabilities.
However, the sampling system design will allow for the expansionof sampling
capabilitiesif becomesdesirable in the future.

1.4.1 ExhaustShaft at StationA (StationVOC-I)

The assemblyof the sampler and a potentialsecondarysamplingmodule in
Station A at the exhaustshaft will not require a protectiveshelterbox. The
primary samplerand the secondarymodule are roughly of the same size
(20"xIB.5"x10"), and will sit side by side behind the existinglocationof
Skid A. lt is anticipatedat this time that the sampling unit(s)will sit on
the floor againstthe back wall of StationA. "Theprotectivestructurenow
housing the monitoringequipment in StationA is climate controlledand
protectedfrom the weather, dust, and moisture. No additionalprotectionfor

_ the samplingequipmentis required.

The tubing interconnectionsbetween the primary samplerand a potentialsec-
ondary samplingmodule are shown in Figure 2. The primary samplerhas one
inlet for samplingand three pathways for exit air in the form of bleed air,
purge air, and a connectionport for expansion. All connectionsare made by
flexible stainlesssteel metal hoses for ease of assembly,and also to facil-
itate easy dismantlingwhenever needed. The expansion port is used to connect
the main samplingunit to the secondarymodule if desired. The bleed air is
taken out of the main samplerthrough a flexible stainlesssteel metal hose
and is routed back to the exhaust air stream of the sampling systemof Skid A.
No fittings are necessaryon the purge air connection. The purge air out con-
nectionwill be capped after flow to the sample canister loop has been
adjusted to the desired volume using the mass-flow controller. Detailed
descriptionof the samplingunit is discussedlater in this section.

The layout of tubing inlet and outlet from the sampler to Skid A is shown in
Figure 3. The sampler inlet line will be attached using a SwagelokT just
upstream of the vacuum pump now installedin Skid A. Air will be drawn into
the sampler from the airstreamthat is now monitored by Skid A in Station A at
the exhaust shaft. The outlet airflowfrom the bleed port on the VOC sampler
will be routed back to the exhaust airstreamon the downstreamside of the

vacuum pump.

; lhe VOC sampling unit is shown in Figure 4. lt is essentiallyan automated
two canister air samplerwith tilecapacity for four 6-1iter samplecanisters

to be filled when the secondarysamplingmodule is utilized. The samplercan
collect up to four samples in 6-1iter samplingcontainers (two in the primary

sampler andu_w_i_he __b_m,._),euThin._ separate timing channelsfor
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each container. The samplingpump and the inlet and bleed air solenoidvalves

O are operated by the third Liming channel. A proprietarydesign feature allowsoperationof the three-waysolenoidvalve for both the purge mode and actual
sample collection. The unit will be operated from a 120V AC power supply.
Under normal operatingconditions,the sampler utilizednormally closed sole-
noid valves that are energizedand remain energized in their open position.
The valves do become warm but do not pose a fire hazard. All pneumaticand
electroniccomponents are housed in the controlmodule and are accessible
either from the controlpanel or upon removal of the control module from the
containerhousing.

Detailsof the samplingmethod and frequencyof sampling are provided in the
document "VOC MonitoringPlan" listed in Section2.0.

The samplerwill also have a real-timeclock which will have the provisionof
shuttingoff if a power failureoccurs. Thus, in case of a power failure
going undetected for any length of time, the real-timeclock will give an
indicationof how many of the 24 hours of required samplingwere actually
carriedout. Once this is known adjustmentwill be made to compensatefor the
lost time.

1.5 System Operation

Once the system has been properly assembled,the only operatingcomponentis
the sampler itself as shown in Figure 4. The sampler is set for a sampling
cycle by plugging the unit into an available120V AC power outlet. The actual

O clock time is set first and then the unit is programmedfor the samplecol-lectionof as many as four canisters. The sample collection into container#I
is operated by timing channel#I, and the correspondingsample collection into
container#2 is operatedby timing channel#2. Timing channel#3 operated the
samplingpump and the inlet and bleed air solenoidvalves which open and
remain open whenever the samplingpump is operating. The secondarymodule
also has a three-channeltimer for similarpurposes if needed.

The seven-day,three-channeldigital timer allows independentcontrolof the
samplingpump with the inlet and bleed air solenoidvalves, and dedicated
timing of each of the two sampling channels. The three-waypurge solenoid
valve is operated separatelyby each samplingchannel. The time has a battery
backup for memory, large LC display, and is easily programmable.

Purge air flow exits via the three-waysolenoid valve purge port on top of the
control panel. This port is also used to set the flow and to calibratethe
flow controller. When the sampling into container#I or #2 begins, the sample
air flow is diverted into the samplingcontainerat the flow that has been set
by the flow controller. The bleed air adjustment,and the related pump head
pressure (read by the 0-30 psig pressuregauge) are controlled by the needle
valve located on the upper right side of the control panel. The flow adjust-
ment is done via the set screw on the tamper proof flow controllerlocated on
the upper left side of the control panel. The inlet bleed air and purge air
plugs are removed prior to sampling. After the sampling flow rate is
adjusted,the plug or cap for the purge air port will be reinstalledto
preventany air from being dischargedto the atmosphere in StationA. The

O samplingcontainers located in the bottom case are connectedto the solenoid
valve outlets labeled sample#I and sample #2 with the connectingtubes
suppliedwith the sampler. The digital timer LED lights up when a given
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channel is in use. The samplingcontainervalves shouldbe open prior to the

beginningof the samplingcycle.
After completingthe samplingcycle the containervalves are closed using
extensionhandles. The connectingtubes are disconnectedand the sampling
containersremoved and replacedwith new ones.

1.6 ProqramResponsibility

The responsibilities(see AttachmentB, Meeting Minutes,4/3/90) associated
with the design, installation,and operationof the samplerand accessories
are as follows"

• Systems Design - Waste IsolationDivision/InternationalTechnology
Corporation (WID/IT)will providetechnicalsupportto Regulatory and
EnvironmentalPrograms.

® Systems Installation- FacilitiesEngineeringwill providethe
required support for installationof the VOC monitoringsystems.

• Systems Operation- Operationand maintenanceof VOC monitoring
systems:

- Surface sample collectionat StationVOC-I will be performedby
Waste HandlingOperationsTechnicians.

e - Undergroundsample collectionwill be performedby a WasteHandling Operations"Technician.

- Handling and storageof used and new canisters,and shipmentof
canistersto an off-site laboratoryfor analyseswill be
performedby an EnvironmentalMonitoringTechnician.

• Program Managementand receiptof analyticaldata from the laboratory
will be performedby the EnvironmentalComplianceSectionofi

Regulatory and EnvironmentalPrograms.

2.0 APPLICABLEDOCUMENTS

2.1 Order of Precedence

Unless otherwisespecified,this design specificationshall take precedence
: over any of the documents listed in this section.

2.2 Codes, Standards_ and Practices

The followingcodes, standards,and practicesshall be considereda part of
this specification. Unless otherwisestated,the latest revision of each
document shall apply.

=

ASTM A269 American Society for Testing Materials

_ SW846 EPA and RCRA SamplingStandards

i FORINFOt MATiON
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Compendium

Method T0-14 EPA Procedurefor VOC Sampling

2.3 ReferenceDocuments

The followingdocuments shall be considereda part of this specification.
Unless otherwisestated, the latest versionof each shall apply.

VOC Monitoring Plan, Waste IsolationPilot Plant,DOE, January
1990

WP 090-21 WIPP EquipmentNumberingProcedure

D-0077 EngineeringDesign Specificationfor VOC MonitoringSystem,
March 8, 1990.

3.0 DESIGN REQUIREMENTS

This sectiondescribesthe requirementsfor the design, maintenance,
personnel,
material fabrication,packaging,shipping,and handling.

3.1 GeneralRequirements

The design of the system shall be to the maximum extent possible: I) be based

on existingtechnology,maximizingthe use of standard availablecomponentsand standarddesign and constructionfor the service specified;2) be engi-
neered, designed,built, and/or finallyassembled by the organizationslisted
in Section 1.6; 3) conformto this specification;4) comply with recognized
industrialstandardsand practices;and 5) be of sound quality.

Any filtersconnected upstreamof the sampler inlet shall not absorb or remove
componentgases like VOCs.

All materialsof constructionfor the samplerand its accessoriesneed to be
suitable for use in the WIPP undergroundenvironmentand for performingtheir
intended functionsover the duration of the test phase.

3.2 Instrumentationand Control Requirements

All the equipmentrequired as shown in Figures 2 through 4 are listed in
Table I in AttachmentA. Unless otherwisespecified, any originalequipment
listed can be substitutedwith an equivalent. Table I also lists the costs
and deliverytime for each item.

3.3 MaintenanceRequirements

The samplingpersonnelwill have completeresponsibilityfor routine sampler
maintenance. This includes but is not limited to replacementof damaged or
malfunctioningparts, filter changes,leak testing, and any minor cleaning.
All major cleaning and samplercleanlinesscertificationwill be the respon-

sibility of the laboratory contractedfor post-samplinganalyticalprocedures.
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Two complete spare units and a spare parts inventorywill be maintained on

I site to minimize down time due to malfunctionof any sampler.

The sampling system at this locationwill includesufficientcollectioncanis-
ters (approximatelyten) so that any delays due to laboratoryturn around time
and canister cleaning and certificationwill not result in canister shortages.

3.4 ElectricalRequirements

A 110/120VAC 60 Hz, 15A power supply is requiredfor operatingthe sampler.
Therefore,appropriatepower outlets are required in the vicinity of the
exhaust shaft sampling location.

3.5 PersonnelRequirements

Trained personnelwill be required to operate sampling equipment,maintain and
repair equipment, and to collect qualityassurancesand other air samples.

Once in routine operation,the system can be programmedto be completelyauto-
matic except for routinemaintenancechecks and canister changeout. Once a
samplingprogram is stored in memory, that control programwill be executed
until it is changed, canceled,or a completepower loss occurs.

3.6 Material Requir.ements.

All piping and instrumentationwill be made of stainlesssteel. The

possibilityof associatedstress corrosioncracking is remote due to thenonexistenceof a high temperatureand/or a high stress environment.

All stainlesssteel tubing and piping shall be cleaned by the followingpro-
cedure. The tubing shall be cleaned (passivated)by a nitric/hydrofluoric
acid wash at a maximum temperatureof 130oF and a minimum temperatureof 70oF
for 10 to 15 minutes. The solution shall be made to the followingcon-
centrations: nitric acid (HN03)at 12 percentor 0.5 percent by volume;
hydrofluoricacid (HF) at 3 percent or 5 percent by volume. To inhibitthe
solution,7 to 10 grams per liter of iron may be added. The acid wash shall
be followed immediatelywith a demineralizedwater wash until the solution
indicatesa neutral pH. (Reference: MIL-T-23226ETube and Pipe, Corrosion
Resistant Steel, Seamless.)

WestinghouseQuality Assuranceshall witness cleaning of the tubing. The
supplier shall notify WID when they are ready to perform the cleaningprocess.

3.7 FabricationRequirements

There are no special fabricationrequirementsfor the VOC monitoringsystem to
be installed in StationA. The only requirementis attachmentof the sampling
inlet and outlet tubing to the existingmonitoringequipment on Skid A in
Station A.

® FORINFORMATIONOi;LY
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3.B Packaqinq.Shipping.and HandlingRequirements

.......In general, all suppliersshall ensure that the componentsare packaged and
shippedsuch that they do not suffer any damage during shipment. All
suppliers
will be responsiblefor any damage to componentsprior to installation.

Any tubing should be cleanedprior to packagingand shipment. All grease
and foreign substances shall be removedusing the proceduresdescribed in
Section3.6.

The suppliersshall ship the componentsto the addressprovided in the
purchase
order.

Each crate or package shall be marked with ink, paint, or other indelible
material to indicate the equipment number, purchase order number, and
description of the equipment. Weight, center of gravity, and 'lifting points
of packages shall be clearly marked for fragile or heavy materials.

4.0 FIELD EXECUTION

4.1 System Installation

The sampling system shall be installedaccordingto work instructionspre-

pared by the WestinghouseEnvironmentaland RegulatoryComplianceSection inconformancewith the responsibilitiesoutlined in Section 1.6.

In addition,the followingprocedurewill also be followed:

• Prior to use, the sample collectionunit must be laboratorycertified
to demonstratethat they are free of contamination.

• Prior to initiationof sampling,Standard OperatingProcedures (SOPs)
will be prepared by the contractedlaboratoryto describe the
cleaning and certificationproceduresfor the samplingunits and
sample canisters both before and after each samplingusage.

• The sampling systemwill be tested for leaks using a leak detector
system similar to Snoop. Any detected leaks will be appropriately
rectified.

• A performancetest shall be carriedout after complete installation
of the system to the satisfactionof the responsibleparty "listedin
Section 1.6.

4.2 PersonnelTraining

All sampling personnelshall undergo special trainingto become familiar with
the system, the standardoperatingprocedures,and all emergency procedures

: wherever applicable. They should also be trained to understandthe hazardous

nature of VOCs and the sensitivenature of the T0-14 samplingmethod.

FORINFORMAT)ONONLv
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5.0 _QUALITYASSURANCE REQUIREMENTS

All procedures will adhere to the Quality Assurance Project Plan (QAPP) which
is presently under preparation. In addition, the following procedures will be
fol I owed:

® Ali Quality Assurance procedures already in place at the WIPP site
will be strictly followed.

• Ali Quality Assurance procedures will be consistent with the Quality
Assurance objectives outlined in the VOCMonitoring Plan document
mentioned in Section 2.3.

S00406
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ATTACHMENTA
Page I of I

Table I
EQUIPMENTCOSTANDDELIVERY INFORMATION

, ............. , ,, ,,,, "i' ' i" ' ' ,,

Quantity at
Item Unit Price Total Cost

ii t ' , , ,t ,, ,, , ,, . , i I ' ',"_'"' ,..,,,,,,'"""

Air sampler, SIS Model TGS-.2/A I at $g,O00.O0 $9,000.00
together with secondarysampling (These samplers have
module been ordered by Pur-

chase Requisition
No. 41205.) ......... ,. i _ ,.i i,

Flexiblemetal hose, I/4 x 32 4 at $110.60 $442.40
Swagelok, SS-4HO-6-L4.......... ....

]./4union elbow.,.Swagelok,,Ss-400.4 4 at.$27.25 . . $!09.00

I/40.D. x 0.028 Wall 316 stainless 15 feet at $3.94 $59.10
steel tubing, ASTM A269, degreased,
solvent free, ends capped for

z

shipping ................

Deliver..y.Sched.ules

The first item on the list will take 3 to 4 weeks for delivery. All other

items will be availablewithin I week........ Z ' i_ I I I I III I I I I[ I I I I I 'I I I I II I [ ....... " r , ', I .......... I IIII I i , li _I II
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ATTACHMENTB

Meeting Minutes Page I of 2

MEETING MINUTES Page 1 of .---------
Atlenaees DismDut_on

Name (Drgan_zatJon Attenoees Plus

W. P. Poirier WID L.R. Fitch

C. E. Conway WID T.W. Halverson
S. C. Cooper WID R. Kuginskie
L. Frank WID J.R. Walls
J. J. Garcia RWHE O.L. Cordes
R. F. Kehrman WID T.F. Kocialski

C. R. Kelley WID L.L. Reed

M. W. King RWHE
R. J. Rodriquez RWHE
S. C. Sethi RWHE

"_'re_arecl BV i Da{:

Sethi I 4/3/90

iii i I

VOC MONITORING SYSTEM - OPERATION & STAFFING SCR } 4

i%_m Numoer O_suc$1_on$or F_osolutton$ AcI_on By

This meeting was called to assign
responsibilities for operating and

maintaining the VOC Monitoring System and
establish staffing requirements (Ref.

O Letter no. HA:90:7096 of March 15, 1990).it resulted in the following decisions:

1. PWR's (030s) on all VOC Monitors requiredr Kehrman
both on surface and underground, will be
issued by R. F. Kehrman. Does not need to
include Panel 1 Room 1.

2. Facilities Engineering shall provide the Kocialski

recszired support for installation of the
VOC Monitors. RWHE is already working on
the Room 1-Panel 1 VOC Monitoring System.

3. In addition to Room 1-Panel I VOC Monitors, Garcia

RWHE will also procure all other monitors
with two spare units.

4. Evaluation shall be performed by Mr. Kehrman
KehrzLan' s group on:

a) The need for providing an alarm or
alarms in the CMIR in case of failure of

any of the VOC Monitors.

b) Required corrective action in case of
failure of VOC Monitors individually and

collectively.

®
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ATTACHMENTB
Meeting Minutes Page 2 of 2

(Continued)

O MEETING MINUTES o,_:
Item Number Action By Date

c) Possibility of establishing a
temporary on-site gas analysis facility.

d) Establishing the appropriate number
of sampling bottles required.

5. Waste Handling Operations will be Kuginskie
responsible for operating and maintaining Kehrman
the VOC Monitoring System. Sampling
bottles shall be collected by Waste

Handling Operations in accordance with
approved procedures (to be developed) and
delivered to Mr. Kehrman's group for

analysis. Mr. Kehrman will coordinate
collection and transmittal of all test
results.

6. The system shall provide for automatic Garcia
collection of samples for up to 4 days to
allow week-end and holiday coverage.

7. a) Waste Handling Ops. shall determine Kuginskie
staffing requirements and identify

O appropriate training for operating andmaintenance personnel.

b) Regulatory & Environmental Programs Kehrman
will have a Systems Expert.

8. c) Engineering will assign a Cognizant Halverson

Engineer responsible for the system.
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WIPP RCRA Part B PermitApplication
DOE/WIPP 91-005

O Revision1
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Drawing or Report Number Title

DOE-WIPP 91-059 (Report) WIPP Underground Storage Area, Panel 1, Room 1

WP-04-ED1341 (Report) Site Backup Power System

23-C-001-022 Project Location Maps

23-C-003-003 North Access Road, Orientation Plan (Sh 01 of 02)

23-C-004-003 North Access Road, Orientation Plan (Sh 02 of 02)

23-C-014-003 Access Roads, Details

23-C-161-05A Access Railroad, Plan & Profile
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1.0 EXECUTIVESUMMARY

WIPP is designed to provide a full-scalefacility to demonstratethe technical
and operational principles for permanent isolation of defense-generated
transuranicwaste, lt is also designedto provide a facility in which studies
and experimentscan be conducted.

Dry Bin-Scale Tests are being planned as a portion of the WIPP Test Phase
Performance Assessment Program described in the WIPP Test Phase Plan'
PerformanceAssessment (DOE 1990 b). TheseTests are anticipatedto be conducted
for a periodof up to sevenyears. Room i of Panel I of the UndergroundStorage
Area is to be used as the location of the Bin Scale Tests to investigatethe
generationof gas from the waste that is proposedto be storedat the WIPP in the
near future.

The originaldesign for the waste storagerooms in Panel I provided for a limited
period of time during which to mine the openings and to emplace waste. Room I
was scheduled to be filled in fewer than five years before being sealed.
Initiallymined to rough dimensionsin 1986, Room I was later mined to finished
dimensionsin 1988. Informationobtained from the Site and PreliminaryDesign
Validation (SPDV) program indicatesthat the rooms in Panel i should remain
stablewithoutground supportand that creep closurewould not adverselyaffect
equipmentclearancesduring at least five years followingexcavation.

The demonstrationphase was later deferredand an experimentalprogramincluding
Bin Scale Tests was added for Panel I. Delays in the test schedulehave revised

the date for first waste receipt. Therefore,based on the timing and scope of'thetest phase, an additional seven years of useful life may be required to
completethe tests in Room I, Panel I.

To assessthe long term stabilityof Panel I, a panelof geotechnicalexpertswas
convened in April, 1991. The final report of the panel was issued on June 5,
1991. The panel agreed that the WIPP geotechnicalmonitoringprogramas used in
the SPDV Test Rooms is adequate to provide early warning of deteriorating
conditionsin Panel I. The panel reviewedthe design and stabilityof the rooms
in Panel I and concludedthat these rooms could be expectedto provide a useful
life of at least seven years from the time of excavation(up to 11 years with a
decreasinglevel of confidence)with routinemaintenance(DOE, 1991). However,
the panel also agreedthat groundsupportmeasurescouldbe used that would allow
the Bin Scale Tests to be carriedto completion. The test period as currently
defined is up to seven years, thus requiringa room life of'up to 12 years from
when the roomwas mined. The followingoptionsor their combinationsrecommended

• by the Expert Panel have been evaluatedto extend the life of Room I of Panel I
o and to provideadded confidencein its ability to supportthe test program'

• Relying on the currently installedrock bolt system and upgrading, if
necessary,basedon the resultsof the geomechanicalmonitoringprogram.

• A ground supportsystem using resin anchoredrock bolts.

" • Interlaced grout anchoredwire cables and wire mesh to control rock
falls.

• Cutting slots in the back and/or floor to relievethe lateral stresses.
z
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• Yieldingsupportsystemsuch as timbercribs or steelyielding supports.

• Roof truss system.

• Mine new rooms.

In order to extend the life of Room 1, Panel i, a ground supportsystemneeds to
consider the past historyof Room I, the on-goingdeformationsin the room, and
the potentialroof failuremode. Also, the supportsystem must be designed to
accommodate the bins and test equipment, including forklift access for bin
installationand subsequentmonitoringactivities.

To be acceptable,the ground supportsystem must:

• Be capableof fully supportingthe anticipatedroof wedge such as that
produced in SPDV Room I.

• Be capable of yielding in a manner which would accommodatethe future
closure and deformationof the roof rock.

• Accommodatethe bin scale equipment,includingforkliftsand ancillary
equipment.

• Extend the life of Room I to allow completionof the experiments,for
an additionalperiod of up to seven years (from July 1991).

The initialroof supportconceptdevelopedfor Room i of Panel I involvedtimber
"cribsets"with interconnectedsteelbeams. After furtheranalysis,timbercrib
supportswere abandonedin favor of yieldableroof supportswhich would provide
more uniformroof support. These supportsconsistedof resin anchoredsteel rock
bolts and steelcross beams,with yieldingsteel columnsas commonlyused in the
coal mining industry. More importantly,the rock bolts could be continuously
monitoredusing load cells and adjustedto accommodateFurther room creep.

As the design processproceeded, it became clear that the majority of the load
would be carried by the rock bolts. The yielding columns were therefore
eliminated. The steel beam was modified from an initialI beam configurationto
an inverted channel, thus eliminatingthe complex attachment plate structure
needed for the I beam.

The final roof supportdesign contained in this document consists of 8.23m (27
feet) long 15 x 40 steel channelsupportsets installedlaterallyacross Room I
on 2.44m (8 feet) to 3.05m (10 foot) centers. Each channel set is divided into
three nine footlong segmentswhich are boltedtogetherin place usingconnecting
plates. Each supportset is securedby eleven3.96m (13 feet) long Dywidag steel
tendons (anchorbolts)that are resin anchoredin relativelystableground above
the Anhydrite "b" clay horizon. [he channel support anchor bolts are designed
so that their loads can be monitoredand adjustedto accommodatecontinuingroof
deformation. To allow for differentia) lateral deformations, each tendon is
located in an oversized .076m (3 inch) diameter hole which extends from the hole
collar to the Anhydrite "b" clay horizon.

The area between the channel support sets is covered by a network of steel wire
lacing cables underneath a mat of steel welded wire mesh and expanded metal.
This mat is held in place by the channel support sections. Its function is to
contain loose rock in between the channel support sets.

I-2
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Chainlink wire mesh pinned to the ribs (sidewalls), is provided to contain any

minor spallingdown to approximately2.13m (7 feet) above the floor.
Aconservative approachhas been used throughoutthe design process. Areas where
this has been done includethe following:

® A minimum .76m (3 Foot) grouted bolt length has been used where tests
have shown 18 inchesto be sufficient.

• The manufacturer'sminimum yield load has been used for bolt design -
tests give results22-28% higher.

® The supporteffectof the existing3.04m (10 feet) mechanicallyanchored
rockboltsand the meshing and lacinghas been disregarded.

• The wedge-shaped salt beam has inherent strength which has been
disregarded.

As designed, the supplementaryroof support system incorporatesthe four ac-
ceptance criteria stated above as well as five out of the seven Expert Panel
recommendations.The supportsystem can also be installedconcurrentlywith bin
operations. Figure I-I provides an isometricview of the support system for
Room I, Panel I.

The geomechanicalmonitoring system represents an integral part of the roof
support system design. The monitoring system is designed to monitor loads on
each rock bolt, measurecontinuingcreep and deformationin and aroundthe room,

identifystress loadson the rock and deflectionsof the steel channelsupports.
The monitoring system allows for adjustment of loads irlthe rock bolts to
accommodateroom creep and to provide early indicationof any unusual closure
activity.

The test bins, within the standardwaste boxes, are stacked two high along the
ribs of the test room. The spacing is sufficientto allow personnel access
betweenthe bins for groundsupportinstallation,inspection,and routineground
control maintenancetasks.

In addition to the monitoring program, a testing program was implementedto
confirm the validityof rock anchor calculationsand 'installationprocedures.

The testing program includeddestructivetestingof rock anchors and a mock-up
installationof a portionof the entire system.

The WIPP is committedto safely providinglong term roof support.
o
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2.0 INTRODUCTION

WIPP is designed to provide a full-scalefacilityto demonstratethe technical
and operational principles for permanent isolation of defense-generated
transuranicwaste, lt is also designedto providea facility in which studies
and experimentscan be conducted.

Bin Scale Tests are being planned as part of the WIPP Test Phase Performance
AssessmentProgramdescribed_n the WIPPTest Phase Plan: PerformanceAssessment
(DOE 1990 b). These Tests are anticipatedto be conductedover a period of up
to seven years.

Room I of Panel i of the UndergroundStorageArea is to be used as the location
of the Bin-ScaleTests to investigatethe generationof gas from the waste that
is proposed to be stored at the WIPP in the near future•

The originaldesignfor the waste storagerooms in Panel I providedfor a limited
period of time during which to mine the openingsand to emplacewaste. Room I
was initiallymined to rough dimensionsin 1986. Informationobtainedfrom the
Site and PreliminaryDesignValidation(SPDV)programshowedthat the roomswould
remain stable withoutground supportand that creep closurewould not adversely
affect equipmentclearancesduring at least five years followingexcavation•

The demonstrationphasewas later deferredand an experimentalprogramincluding
Bin Scale Tests was added for Panel I. Delays in the test schedulehave revised
the date for first waste receipt. Therefore,based on the timing and scope of

the test phase, up to seven years of useful life are required to complete thetests in Room I, Panel I. This documentpresentsthe design for a supplementary
roof support system for Room i of Panel I of the UndergroundStorage Area.
System design and its implementationprocess is presented in Figure 2-I.
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FIGURE2-i. Roof Support System Design and Implementation
Room I, Panel I
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3.0 DESIGN REQUIREMENTS

3.1 DESIGN CRITERIA/CONSIDERATIONS

The supportsystem must be designedto accommodatethe followingcriteria'

I) Providea suitablesupplementaryroof supportsystemto ensure that the
Bin Scale Tests conducted in Room I, Panel I, of the Underground
Storage Area will not be interruptedduring the seven year period
startingJuly 1991.

2) The basic design parameters are determined by geotechnical
considerationssuch as the age of Room I, existing and future ground
deformationsin and aroundRoom I, and the prevailingstratigraphyand
stress conditions.

3) l'hesupport system takes cognizance of the recommendationsof the
GeotechnicalExpert Panel.

4) The support system takes cognizanceof Design Spec. No. D-0087.

3.2 DESIGN SPECIFICATIONS

Design specificationsare contained in Document entitled "Design Spec., No.
D-0087, SupplementaryRoof Supportfor Room i of Panel I."

3.3 DESIGN BASES
The SupplementaryRoof SupportSystem for Panel i, Room I, is a yieldabletype
supportthat consistsof evenly spaced sets of 15 x 40 inverted steel channel
sectionssupportedby eleven rock anchors.

z

The design for the SupplementaryRoof Support System for Room i, Panel I, is
based on the following"

3.3.1 General

® The support system is able to be installed concurrently with bin
operations.

• Safe access is providedfor a minimum of seven years from July 1991.

• A minimum access heightof 3.45m (11 feet, 4 'inches),is providedafter
z

seven years.

• Support installationprocedures take into account working within RMA
boundaries.

• Corrosion 'isa non.-impactivefactor for the duration of the system
installation,based on experiencegained at the WIPP and in the potash
basin mines.

_ • Because of accessibilitylimitations and RMA requirementsduring the
testing program, only the center portion of Room I located between the
ventilation bulkheads has been considered in this supplementaryroof

3-I
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support design. Roof control for the remainder of the room will be
addressedelsewhereat a later date.

rill

3.3.2 Rock Mechanics

. The zone of rock betweenAnhydrite"b" and Anhydrite"a" is sufficiently
stable to provide a good anchoring base for the support system rock
anchors.

• Horizontal and vertical virgin stresses are equal at the repository
horizon of 655m (2,150feet).

® The geology and stratigraphyat Room I, Panel I, are similar to those
in the SPDV Test Room area.

• Observationsand measurementsfrom the SPDV Test Rooms will be used as
the bases for describingthe deformationmechanisms occurring in Room
I, Panel I.

• Creep deformationsarise from differentialstressescreatedas a result
of excavatingan opening of the given shape.

• Low-angle shear fractures will occur in the immediateroof rock, and
once these have formed, roof movements into the excavation are
increasinglyassociatedwith gravityrather than salt creep.

• The supplementary support system accommodates past and future room

deformations. 0
• The roof failure mode is expected to be that of a detaching wedge,

triangularin section,10m (33 feet)wide and 2.13m (7 feet) high at the
center. However,the designwill accommodate,as a worst-casescenario,
a rectangularsection33 feet wide and 7 feet high.

• The densityof the immediateroof rock above Room I, Panel i, is 2,160
kg/m3 (135 pound per foet 3) for all calculations.

• The rock anchor holes have a 7.6mm (3 inch) reamed-out section below the
grouted portion that will be sufficient to prevent shearing of the
tendons that may arise from differential lateral deformations that might
take place in the roof rock.

• 'The roof expansion between the anchor horizon and hole collar is assumed
to be 38mm(1.5 inch) per year.

• The maximum lateral differential deformation below Anhydrite "b" is
assumed to be 12mm(0.5 inch).

3.3.3 System Design

• The systemof rock anchorsconsistof resin grouted rock anchors,grade
60 steel, anchored above Anhydrite"b" horizon.

• Minimum resin bond length between anchor and salt is 0.91m (3 feet). I

• The steelchannel set assemblywould act as a surfaceplate systemthat:
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- Is capableof accommodatingthe design load

O - Is capableof accommodatingmonitoringdevicesthat would allowcontinuousmonitoringof bolt load

- Allows detensioningof anchorloads as and when required

- Assists in distributingthe load betweenbolts

- Is capable of supporting the lacing and meshing.

• Each rock bolt anchor extends downwards through the channel section
plate for a distance of 18 inches to provide for a downward adjustment
life of seven years. This accommodates the expected 38mm(1.5 inches)
per year of roof expansion as well as the bearing plates and load cell
assembly. If required, couplings will provide for additional
adjustment.

• Rock spalling in between sets is controlled by a system of wire mesh and
lacing.

® Floor maintenance will be carried out as and when required.

® The transverse 16 mm (5/8 inch) diameter wire lacing ropes will be
adjustable.

o Rib spalling that may occur is contained by a wire mesh system that

O extendsdown to a heightof approximately2.1m (7 feet) above the floor.
• No stabilityproblems are expected from fracturing of the ribs, based

on experiencegained at the WIPP since the opening of the project.

3.3.4 Installationand Maintenance

• The bolt loads are readjustedwhen the load on a bolt reaches 1.1 times
the design load.

• Existing3.04m (10 foot) rockboltsmay be removedin order to facilitate
installation of the supplemental rockbolt supports.

• Existing instrumentation fixtures, installed cables, and piping will be
relocated to the sides of the room to avoid damage during system
installation and maintenance.

• Rock anchor holes will be drilled vertically with a tolerance of + 2
degrees measured in such a way that the ends of the holes will not be
closer than O.5m (20 inches).

• Drilling tolerance for the depth of tile hole is + 25mm(I inch).

3.3.5 Testing and Monitorin_q

• A completefull-scalemock-uptest will be carriedout in Room 2. This

will have at least five channel sets.
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• Quality controland creep tests will be carried out on each bolt. The
test load will be taken to 1.33 times the maximumdesign load.

• The monitoreddata from Room I will be evaluatedon an ongoing basis.

• The design loads for the rockboltsand associatedanchoringsystem have
been confirmedby the destructivetests that have been conducted.

® The geomechanicalmonitoringsystem is designed as an integralpart of
the supportsystem and will:

- Monitor tileload on every rockbolt

- Measure ongoingcreep and deformation

-Allow an assessment of the length of room life that might be
obtained beyond seven years.
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4.0 SYSTEM DESIGN

4.1. GEOLOGYAND ROCK MECHANICS

4.1.1 Rock Mechanics

Much of the understandingre_ardingthe performanceof excavationsin salt at the
WIPP has been gained from observationstaken in the Site and PreliminaryDesign
Validation(SPDV)Test Rooms. The case study presentedby the roof fall in SPDV
Test Room I, togetherwith numericalmodellingresults,providesthe information
for de'Finingthe size and shape of the rock wedge that must be supportedby roof
supportsystem. This is assumedto have a triangularcross-sectionas shown in
Figure4-I.

The virgin in-situstresses are one of the basic determiningfactors governing
the rate of deformationin and around the mined opening.

The initialstressstate at the repositoryhorizonis establishedfrom Helms Rule
for weak rocks (Hoek and Brown, 1980). This ruleestablishesthe verticalstress
as dependent on the depth of overburden and its average density, and the
horizontal stresses to be equal to the vertical stress. Taking the average
densityfor the overburdenat the WIPP site as 2160 kg/m3 (135 pound/foot_),the
initialstresses at the repositoryhorizonare about 2000 psi.

When a room is excavated "insalt, the local virgin in-situ stress field is
disturbed. The immediateinitialresponseof the rock is to set up stress as i'F

it were in an elastic rock, the so-called "time zero" response. Differentialstressesare created aroundthe excavationand it is these stress differences
that drive the subsequentcreep deformationsthat.result in closureof the room°

With time, the stressesclose to the excavationare relievedby creep of the salt
intothe excavation. Shear stressesdevelopat the stratainterfacesdue to the
differencesin the mechanicalpropertiesof the differentrock types and lead to
slippageat these contacts and eventuallyto bed separation. The presence of
these strata interfacesfurtherleads to the concentrationof lateral stresses
in the roof and floor beams "leadingultimatelyto the developmentof low angle
shear fractures. Once the s!_earfractureshave developed,roof movements in an
excavationare increasinglyassociatedmore with gravityeffectsthan with salt
creep. At this stage there are two processes at work in the strata above the
excavation. These are"

• Creep of the salt - Salt creep is still occurringin the competentsalt
above the rock wedge and above the ribs.

• Kinematic movement of the immediate rock due to gravity - The rock
wedge, if it is unsupported,will move down under its own weight.
Figure 4-I.

Inclinometermeasurements, in vertical and horizontal boreholes, give the
horizontaland verticaldeflections of these boreholesin tilerooms roof and
ribs respectively. The effect of the 2.13m (7 foot) clay seam can clearly be
seen as a large relative horizontal difference in the movement of the salt

immediatelybelow the clay seam.

4-I.
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Extensometerslocated in the roof, ribs and floor measure the extensions at
differentdistancesalongthe lengthsof their boreholes. Closuremetersmeasure

closure of the either between roof and floor rib to rib. A
the rooms, or

compositepictureof how the rock is deformingand moving into the excavatedroom
is obtained when inclinometer,extensometer,and closure measurementsare put
together. The ExpertPanel unanimouslyagreedthat the mechanismof deformation
at Room I, Panel I would be very similarto that experiencedat the SPDV Test
Rooms. For furtherdetailed discussion and information on Geology and Rock
Mechanics at WIPP, refer to Appendix A.

4.1.2 Stratigra__b_

The proposedundergroundstoragefacilityis located655m (2,150feet) below the
surface in bedded salt of the PermianSaladoFormation. This formationconsists

primarilyof halite,argillaceoushalite,minor anhydrite,and minor polyhalitic
units. Over 365m (1,200feet) of impermeableevaporiticdeposits separatethe
facilityhorizonfrom the first overlyingsedimentaryrocks and 620m (2,034feet)
of evaporites lie below the facility horizonand provide a barrier to Permian
limestones and sandstones. Figure 4-2.

The facility horizon lies within a 12m (39.4 feet) thick unit consisting of
halite, argillaceoushalite,and polyhalitichalite (Figure4-3). A thin, O.3m
(.98 feet) to O.Sm (1.64 feet) thick layer consisting of anhydrite and
polyhalite,and identifiedas Marker Bed 139 lies about 1.5m (4.92 feet) below
the floor level. Anhydrite beds (less than 10mm [.03 feet] thick), called
anhydrite"a" and "b" occur about 4m (13.12feet) and 2m (6.56 feet) above the
roof. Thin clay seams called Clay G and Clay H are associatedwith 'thebottom

of these beds. In addition,an intermittentthin clay layer identifiedas ClayF is Found in the immediateroof of excavations.

The anhydrite and clay layers have a significant impact on the mechanical
performanceof excavations. The clay layersprovideinterfacesalongwhich slip
can occur whereasthe thick layerscan providea stiff anhydritebandwithin the
stratasequencethatdoes not deform plasticallywith time. For furtherdetailed
discussion and informationon Geology at the WIPP, refer to Appendix A.

4.1.3 Vertical Movements

The vertical movementthat the roof supportmust accommodateare a combination
of salt creep, dilation of the salt due to fracture development,and gravity
effects once fractureshave formed.

The total roofexpansionthat has to be accommodatedhas been taken as 38mm (1.5
inches)per year at r,lidspan.

4.1.4 LateralMovements

Lateral displacementsoccur at strata interfacesand within the immediateroof
beam where discrete fractures have formed. These lateral differential
displacementshave been observed up to 15m (50 feet) into the roof at strata
changesparticularlythe clay/saltcontacts. The largestshiftsare found at the
clay/salt contact below the Anhydrite "b" layer. Lateral shifts can also be
expectedwithin the immediateroof beamwhere fracturesform. The supportsystem

has been desi]nedto accommodatea lateralshift of 12mm (.5 inch) per year andbed separation of 25mm (I inch) per year at the clay/salt contact below the
Anhydrite "b" layer once the bond at the interfaceis disrupted.
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FIGURE 4-2. Generalized Site Stratigraphy I
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4.1.5 Anchor Horizon

The zone in which rock anchors were to be installedhad to satisfy three main _h
criteria'

® lt had to be relativelystable,in thatthe creep deformationsoccurring
in it should be low.

. The effect of installing anchors in it should not induce loading
conditionsthat would increasethe creep deformationssignificantlyor
reduce the overall strata stabilityat that horizon.

• Penetrationof roof stratigraphyshouldbe kept to a minimum.

The reasons for going into the zone above Anhydrite "b" can be summarized as
follows:

• Rock mechanics data from extensometers,inclinometers and borehole
surveys have shown that the zone above Anhydrite "b" is relatively
stable. This was in part due to the fact that the well-definedclay
seam associatedwith Anhydrite "b" served to concentratedifferential
stressesin the immediateroof rock below Anhydrite"b". The reasonFor
this phenomenon arose from the inabilityof the clay seam to sustain
shear stress.

• Large numbersof 3.04 m (10 feet) mechanicallyanchored rock bolts had
been installedat a fairly preciselydefined horizon,some .91m(3 feet)
above Anhydrite"b". After more than two years of installation,during
which time the rock bolts were known to have developedload, there was I
no evidencefrom rock mechanicsmeasurementsof roof stratadeformations
that this concentrationof anchoringloadwas causing any separationto
occur.

• Sandia National Laboratoryhas a requirementthat Anhydrite "a" should
not be penetrated if this can be avoided.

• No separationhas been observed to date across the Anhydrite"a" layer.

• The difficultiesinvolvedin drilling,reaming,and installingthe grout
anchored rockbolts increase rapidlywith depth. In order to meet the
requireddesign requirementswith a highdegree of confidencethe anchor
horizon chosen is that above Anhydrite"b".

4.2 CONCEPTUALDESIGN

Room I of Panel i is currentlyfive years old and must remain accessiblefor an
additionalsevenyears in order to supportthe Bin Scale Testingprogramwithout
interruption. In order to extend the life of Room I, a supplementaryroof
support system has been developed to minimize the possibilityof any roof fall
during testing.

On February 4, 1991, a substantialsectionof roof fell in Room I of the SPDV
area. Geotechnicalinstrumentationhad indicatedacceleratedroomclosurerates
for some time, and the roof fall had been anticipated for several months. At
that time, the room had been open for almost eight years. Tile four SPDVrooms
had been mined to exactly the samedimensions as the waste storage (and disposal)
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rooms 91.4m (300 feet) long, I0.05m (33 feet) wide, 3.96m (13 feet) high in
Panel I, in order to simulate,monitor, and studytheir behavior in responseto

lithostatic(overburden)pressure over time. No ground support, such as rockbolts, had been installed.

In responseto the rooffall in SPDV Room I and to assess the long-termstability
of Panel I, Westinghouseconveneda panel of geotechnicalexperts in April 1991.
The final report of this panel was releasedon June 5, 1991. The expert panel
agreed that the WIPP geotechnicalmonitoring program as used in the SPDV Test
Rooms is an adequatetool for giving early warning of deterioratingconditions
in Panel I. Based on collectedgeotechnicalmonitoring data, panel members
concludedthat the rooms in the panel are likelyto have a total life of seven
to eleven years from the time of excavationusing the currently installedroof
support system, consistingof 3.04m (10 feet) long mechanicallyanchored rock
bolts. Mining of Room I, Panel I, began during the second half of 1986.
"Therefore,as of July 1991, the remaininglife of Room I is anticipatedto be
betweentwo and six years. However, the panel agreed that measures could be
taken in Panel I that would give a reasonableassurancethat the Bin Scale"Tests
could be carried out to completion. In order to carry out the Bin Scale Tests,
a solutionto the supportproblemhad to be found to extend the requiredlife of
Panel I for up to seven years. The expert panel suggestedalternativeactions
which includeduse of the following:

® The use of full column resin or resin anchor bolts;

® Grout anchored cable with lacing and wire mesh;

® Slotting and/or relief entries;
® Yielding support;

• Rely on currentlyinstalledsupportand upgradewhen necessary;

• Roof trusses;

® Mining new rooms.

They also indicatedthat the measuresshouldbe augmentedby a monitoringprogram
that would regularlyassess the geomechanicalconditions and that maintenance
should be carried out as a routine activity in the rooms as they aged.

The WIPP projecthas evaluatedthe supportsystemssuggestedby the Geotechnical
Expert Panel.

The initialevaluationslooked at support systems (woodencribs, wooden cribs
with steel beams) that could be installedwithin the room and would provide a
passivesupportas the rockdeformsinto the room. These systemswere eventually
abandonedbecausethey interferedwith the functionaluse of the room largelyas
a result of the physicalsize of the supports. They limitedthe number of bins
that could be placed in the rooms and more importantly,the supportcould not be
placed where it was most needed (i.e., midspan where the largest loads are
developing)without eliminatingequipmentaccess to the bin locations.

Another form, a yielding support system,was then considered. This eliminatedany need for bin removaland provideda more uniformsupportof the roof strata.
The yielding system consistedof deep grout anchored rock bolts supporting a
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steel cross beam with supplementalsupport being provided by yielding steel
columns. The beam anchor bolts were designed so that their loads could be

monitored and adjustedto accommodateroom deformationby lowering Icontinually
the beam. As the design processbecame more detailed,it became clear that the

v

major share of the load was carried by the beam support bolts; the yielding
columnswere in fact unnecessaryand were thereforeeliminatedfrom the design.
The beam itselfwas also modified from an initial I-beamto a more structurally
convenientinverted channel section. This eliminatedcomplexattachment plate
structures needed for the I-beam suspension system. Any roof rock spalling
between the steel sets is contained by a network of steel wire rope lacing
underneatha mat of steel meshing and expandedmetal.

As designed,roof supportfor Room I, P_nel i, is providingthe following:

® Progressivesupport of the detaching triangularwedge of roof rock as
it develops.

• Containmentof the detachingwedge of roof rock and safe controlof the
rate at which the detachingsection moves downward based on the creep
rate produced by the roof strata above.

• Accommodationof lateralmovements in the roof strata above.

Throughoutthe design process,a conservativeapproachwas used. The design is
largelybased on the room deformationsand subsequentroof fall that took place
in SPDV Test Room I, which is seen as a worst case scenario. Previous resin
grout anchor tests ilaveshown that an eighteen inch bond length of grout would
be sufficient,whereas a minimum .91m (3 feet) bond length is used in this
design. The rock bolt design is based on the manufacturer'sminimum yield
strengthof 209,000N (47.4 kips),whereas the destructivetests carried out in
Room 2, Panel 2 gave actual minimum yield strengths 22% to 26% higher. A
continuouschannelsectionbeam is used where individualplates would have been
sufficient. Very little supportcapabilityhas been assignedto the meshin(ijand
lacing,whereas it is certainthat this will be capableof a considerableload
carryingcapacity. No strengthhas been assignedto the wedge-shapedrock salt
beam formed as a result of roof fractureformation, lt will have an inherent
strength,thiseffect beingenhancedby the existing3.04m (10 foot) mechanically
anchoredrockboltsas well as the steel meshingand lacing° The existingsystem
of 3.04m (10 foot) mechanicallyanchoredrockbolts,installedon a 1.2m (4 foot)
by 1.5m (5 foot) spacinghave considerableload bearingcapabilitywhich has been
disregardedin the design.

The net effectof all the above factorswhen addedtogethermeans that 'thedesign
is very conservative,thus reducingthe risk of potentialfailures.

4.3 DESIGN DESCRIPTION

The yieldingroof supportsystemfor Room I of Panel 1 is designed to contain and
supportthe det_,chingload while allowing it to be lowered. The system is not
designed in any _vayto preventthe creep of rock into the room. The roof support
consistsof 27 steel channelsupportsets installedlaterallyacross the room on
2.37m (7.8feet) to 3.04m (10 foot) centers. The actuallocationof the channel
sets will be determined in the Field during their installationbased on the
location of the existing roof bolts which are installedon a 1.2m (4 foot) by
].Sm (5 foot) pattern. This is to minimize interferencewith the existing roof
bolts.
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Each supportset is securedby 11 Dwyidagsteel tendons (anchorbolts)that are
4.0m (13 feet) long. The resin groutedanchor bolts are anchoredin betweenthe

Anhydrite "a" and the Anhydrite'°b"horizons. The channel supportanchor bolts
are designed so the load of each bolt can be monitored and adjusted to
accommodatecontinuousroof deformation. System adjustmentis accomplishedby
keeping the tension on each anchor bolt within the design limits which are
calculatedto supportthe detachingload. Once the tension in the anchor bolt
reaches the design limits, the bolt load is then relieved. Each anchor bolt
extends .46m (18 inches) below the roof to accommodate downward movement of the
roof due to creep. Roof strata extension measurements have shown that the anchor
bolts will have to accommodate approximately 38mm(1.5 inches) of movement per
year. To allow for differences in lateral deformations, each tendon is located
in an oversized .08m (3 inch) diameter hole extending from the hole collar to the
Anhydrite "b" clay horizon.

In order to cater for the possibility of shear and bending at Anhydrite "b"
exceeding these limits, a set of five test anchors and four observation holes
will be installed in Room2 as a part of a mock-up. Periodic proof testing of
the test anchors would be conducted when observations indicate that shearing and
bending of the anchors are occurring.

The roof area between the channel sets is covered by a network of steel wire
lacing cables underneath a mat of steel wire mesh and expanded metal. This mat
is held in place by the channel support sets. Its function is to contain any
rock spalling in between the channel support sets.

4.3.1 Steel Channels

Eachroof supportset consistsof a structuralsteel channelplacedwith the web
flat againstthe roof, running across the room (rib to rib) and 11 rock anchor
bolts. The set is designed to accommodatethe triangularlydistributedwedge
load. Eleven rock anchor bolts are required to support the channel. In the
unlikelyevent that the roofdetachesas a rectangularshapedsection,the anchor
capacitiesare sufficientto cater for this extra load.

The support channel is a 15 x 40 channel section 8.2m (27 feet) long. Each
channelset consistsof three 2.7m (9 foot)long sectionsconnectedtogetherwith
four .19m (7.5 inch) by .0Sm (3 inch) spliceplates. Two of these splice plates
are welded to each end of the section center. The other channel is then
connectedby a .02m (.625 inch) bolt passingthrough the un-weldedend of the
plate and through the flange. The plates are placed on the outside of each
flange and have a .04m (1.5 inch) long slot in which the bolt passes through;
this allows for a small horizontalmovement in each of the sections without
affecting its performance. The channel has been divided in to three equal
sections for ease of transportand installation.

The rock anchors are fastened through the centerline of each channel. The
anchorsare spaced every .61m (2 feet) in the middle of the roomand every .76m
(2.5 feet) or .91m (3 feet) near the ribs, Each rock anchor passes through a
.04m (1.5 inch)diameterhole in the channelwhich allows for a .O06m (.25 inch)
tolerance in placingthe anchors in the salt.

Each rockboltwill be tested to ensure its qualityof installation.These tests

are described in section 6.1.2.
Detailed channel supportcalculationsare given in Appendix "C",
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4.3.2 Rockbolts

The rock anchorsthat supportthe roof load are the most criticalelementof the
design. The rockboltsare 4.0m (13 feet) long threadedNo. 8 Dywidagrods with
a 209,000N (47,400pound)minimumyield strength. The rock anchorsare inserted
3.5m (11.5 feet) into the roof and anchoredbetweenAnhydrite"a" and Anhydrite
"b" horizons. The rock anchorsare anchoredby resin which bonds at least o91m
(3 feet) of the bolt to the salt using one .84m (33 inch) long resin cartridge.
Each rockboltextends .46m (18 inches)below the roof to allow the back to expand
downwardswhile supportingthe load.

Since the assumedpatternof the detachingload is uneven_the design tensionin
each rockbolt is different. However, the suspensioncapacity of the rockbolts
is such that all bolts can handlethe maximumloadwhich would be the case if the
detachedwedge was rectangularin section. Each anchor is 'tobe monitoredto
ensure that the nuts are relieved before the tension rises above the designed
limit. Further details regardingthe design of the rockbolts are provided in
Appendix "C".

4.3.3 Wire Mesh and Laci.n_

A mat of wire mesh and lacing is installedbetweenthe channel sets. The primary
functionof the mesh and lacing is to keep smallpieces of salt from fallingdown
fromthe roof. The lacing ismade of .02m (.625inch)diameterwire ropes placed
not more than .91m (3 feet) apart in both the longitudinal and transverse
directions.Above this, a layer of .10 x .10m (4 inchx 4 inch) welded wire mesh
is placed.And lastly,a 10 gauge small apertureexpandedmetal is placedagainst

the salt. 0
The transversewire lacingropes are approximately9.1m (30feet) long and extend
from rib to rib. Each rope is anchoredin place by 2.4m (8 feet) resin anchored
rockbolt. For ease of channelinstallation,the wire mesh and expandedmetal are
temporarily attached to the existing 3.0m (10 foot) roof bolts and/or Hilti
bolts.

4.3.4 Rib S_ort

The fracturingwhich is occurringin the ribs along potentialfailureplanes,is
similar to those in the roof. However, based on experience elsewhere at the
WIPP, this fracturingis not expectedto resultin any seriousstabilityproblems
over the anticipatedworkinglifeof Room I. Small scaleflakingand peelingoff
of small pieces of rock will take place, these being expected to have a nuisance
value as well as posing somethingof a threat to installedpiping and cabling.

Wire mesh is thereforeextendedfrom the end of the channels in the roof, around
the corners, and down the rib to a height of approximately2.13m (7 feet) above
floor level. This extra wire meshing is pinned to the wall with 1.2m (4 feet)
mechanical rock bolts. The mesh and bolts do not prevent the flaking from
occurringbut contain it and allow subsequentremovaland maintenance. This is
standardpractice in the WIPP undergroundto accommodaterib spalling.

4.4 DESIGN CALCULATIONS

Detailed design calculationfor the Room i of Panel I roof support system are
included in Appendix "C".

4-10



.DOE/WIPP91-057 DESIGN IMPLEMENTATION

5.0 DESIGN IMPLEMENTATION

5.1 SURVEYINGAND MARKING

The locationsof currentlyinstalledrock bolts, and instrumentationequipment
that may interferewith supportinstallationhas been accuratelysurveyedand is
shown on a map of Room I (Drawing No. 54-D-OO3-WI and 54-D-OO3-W2). These
drawingswill be used to locate the positionsof the channel support sets and
their associatedrock anchors. Roof profileswill be determinedat each channel
supportset location. Once the channel set locationshave been plotted on the
room map, they will be transferredundergroundand marked on the roof and ribs
of the room. Individualrock anchor holes will thenbe accurately'markedto
determine precise locationsof the anchor bolts. Experiencehas shown that a

: minimum accuracy of + .063m (.25 inch) will be achieved while marking the
positionsof the boreholes.

5.2 RELOCATIONOF_F_INSTRUMENTATION,CABLES AND PIPING

Any damage to the existing instrumentationinstallationsconsistingof electric
cables, gas piping, distributionboxes and lighting fixtures must be avoided
during installationof the support system. For that reason, the suspended
cablingwill be moved to the side of the room and attachedto the rib, and the
pipingwill be lowered. Relocationof these fixtureswill not affectthe testing
and monitoring program. Conveyorbelting suspendedfrom the rib will also be
used to provide additionalprotectionto the existing equipment.

5.3 SYSTEM I_._NSTALLATION
5.3.1 Rock Drillinq

5.3.1.1 Steel Channel Anchor Bolts

° Each channel set has been designed for 11 bolt anchor holes which are to be
installedvertically, lt is requiredthat all bolt anchor holes are drilledtc
a specified depth of 3.55m (11.5 feet), measured from the hole collar. An
allowable vertical alignmenttoleranceof 2 degrees and a depth tolerance of
.025m (I inch)are expected. Deviationsof anchorbolt holes are to be addressed
on a hole-by-holebasis so that the distanceapart at hole ends will not be less
than 20 inches. In order to achievethe specifiedverticaltolerance,collaring
alignment holes are required. The holes shall be drilled as accurately as
possible to vertical and to a minimum depth of .076m (3 inches). After
completingthe collar alignmentdrilling, a .035m (1.375 inch) diameter pilot

-- holes of the correctlengthwill be drilled. These will then be reamedto .076m
(3 inch) diameter to a depth of app_'oximately2.13m (7 feet). To ensure that
there is an acceptableannulus in the anchoragezone, all .035m (I.375 inch)

__ I{).030 diameter finishing bits will be properly gauged. Drawing No. 54-D--OO3-W2
provides details of the drilled hole.

5.3.1.2 Cable Lacing Anchors

- The support system requires that lacing across the room width and length be
= terminated with resin grouted rock anchors and be provided with means for
= _ tensioningthe cables. Lacingcable terminationanchorswill consistof a truss

plate fastenedto the roofby a .016m (5/8 inch) diameterand 2.4m (8 feet) long
= resingrouted bar. An adjustableeyeboltwill pass througha truss plate and the

5-I
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lacing cable will be terminated through this eyebolt as shown on Drawing No.
54-5-003-W5. The terminationanchor holes will be drilled at 45° angle to a
depth of 2.4m (8 feet) with drilling accuracy of ±.025m (I inch). Drilling
detail for lacing holes anchorsare shown on DrawingNo. 54-5-0003-W4.

5.3.1.3 Rib SupportAnchors

The rib anchorsare installedto hold the chainlinkwire mesh against the rib
from the top corner down to approximately2.13m (7 feet) above the floor. The
chainlinkmeshing is installedto supportsmall pieces of loose or broken salt.
Chainlinkmeshing is currentlyused at the WIPP as a standardpractice for rib
maintenance underground. The rib anchors are standard 1.22m (4 feet) long
mechanicalanchors. Rib supportanchorholes are drilledon approximately1.52m
(5 foot) pattern and are 1.22m (4 feet) deep to accommodatethe anchors.

5.3.1.4 RecoveryOperations

In the event that drilling tolerancesor anchoragecapacitiesare not met, the
hole depth will be extended an additional .91m (3 feet). The anchor will be
reinstalledat this depth.

5.3.2 InstallationSequence

5.3.2.1 Steel Anchor Bolts

Installationof the roof support system in Room I, Panel I, will commence with
drilling of the steel channel anchor holes and installationof Dywidag anchor

bolts.

Correct installationof the Dywidag anchors is critical to the whole support
system. The minimum bond length of .91m (3 feet) is required in order to
maintaindesign load capacityof the supportsystem. This has been confirmedby
the destructivetests describedin AppendixB of this report. Aminimum of .457m
(18 inches)of the anchor bolt measuredfrom the hole collar will protrudefrom
the mouth of the drill hole. Both the Dywidag tendons and the resin will be
installed according to the manufacturers specifications. Following anchor
installation,each bolt will be quality checked to confirm its anchorage
capacity. Details regarding quality control testing are included in Section
6.1.2.

5.3.2.2 Wire Mesh and Lacing

The wire mesh and lacingwill be installedafter testing of the anchor bolts is
completedand advanced enough to provide adequateworking space for wire mesh
hangingoperations. Thiswould allowfor simultaneousinstallationof wiremesh,
cable lacing,and drillingof anchorholes. The wire mesh systemconsistsof two
layers, a layer of .10m x .lOre(4 inch x 4 inch) welded wire mesh and another
layer of expandedmetal which is installeddirectly against the salt and above
the welded wire mesh layer.

Both layers are attached to the existing 3.04m (10 foot) rock bolt plates in
order to provide temporary suspension until the lacing and channel supports are
finally installed. Drawing No. 54-D-OO3-W5shows the installation detail of the
meshing and lacing. The wire lacing rope will be doubled back through one of the
eyebolts attached to the anchor plate, and the free end clamped with three crosby
clamps. The loose end will then be passed through the opposite eyebolt and snug
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tensioned by means of a come-along and clampedwith three crosby clamps. The
transverselacing will be installedbefore the longitudinalropes.

5.3.2.3 Steel Channel Sets

The .381m (15 inch)by 177.92N(40 pound)channelsteel set will be installedin
three 2.74m (9 foot) long sectionswith the flangesdown. Each sectionwill be
joined in place by the splice plates located along the flanges. An .356m (14
inch) wide by 2.743m (9 foot) long by .0191m (.75 inch) thick treated plywood
gasket will be placed on top of the channelwith .038m (1.5 inch) holes drilled
to coincidewith the hole patternof the channel. The plywoodgasketwill first
be fitted over the anchor bolt ends, thus forcingthem to be correctlyaligned
before installationof the steel channel is attempted. The steel channel
sectionswill be installednext, by passingthe protrudingDywidag anchor ends
through the .0381m (1.5 inch) pre-drilledholes. The final step will be the
installationof the fasteningnut assemblies,together with their associated
plates and load cells. Drawing No. 54.-D-OO3-W3shows the channel support
details. A settingload of 4448.22N(1000pound)will be appliedto the anchors.
Steel spacerswill be used to ensure contact at the rock anchor positions.

5.3.2.4 Rib Support

Installationof the rib support system will commence witlldrilling of the rib
anchor holes followed by hanging of the chainlink mesh together with anchor
installation.ApprovedcurrentWIPP installationproceduresfor rib boltingwill
be followed.

Since the rib support system is intended for protection against small scaleflakingand peelingof small rock which are of nuisance value, its installation
sequencewill depend more on conveniencethan on a rigid schedule.
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6.0 TESTING AND MONITORING

The most importantcomponentof 'theroof supportsystemdescribedherein is the 0
rock anchor system. After each Dywidag rock anchor is grouted, both in the
mock-uptest as well as duringactual Room 1 installations,the rock anchorswill
be subjectedto performancetests. The testingwill be carried out using as a
guidelinethe specificationslaid down in "RecommendationsFor PrestressedRock
And Soil Anchors", 1989, produced by the Post-TensioningInstituteof Phoenix,
Arizona.

Monitoringof the loads on the rock anchorswill be done during the test phase
as well as prior to the actual installations. The informationwill be used to
determinewhen and by how much the loads shouldbe adjustedin order to keeppace
with the deformationof the salt rock into the room. In addition to monitoring
rock anchor loads,deformationsin and aroundthe room as well as deflectionsof
the supportingchannelswill also be monitored. These measurementswill enable
a clear picture of the room stabilityto be obtained.

Three inchdiameter,12 foot long observationholeswill be 'installedto monitor
the development of shear offsets within the immediate roof, particularlyin
relationto the potentialimpactof such shearingon rock bolt performance. Any
instrumentationthat is destroyedor becomesdefectiveduring the operationof
Room I will be replaced.

6.1 TESTING

6.I.1 M_)ck-upTest

A mock-up test will be performed in Room 2 of Panel I and will include
installationof five completechannelsets. The objectivesof the mock-uptests
are as follows:

• Provide informationnecessaryto evaluateexisting equipment;

• Establishpracticaland safe installationprocedures;

• Installand test monitoring equipment;

• Check the performance of the overall system as well as individual
componerts;

• Establishproceduresfor rock anchor performancetests, and ensurethat
personnelare proficient in the use of these tests.

-(

6.1.2 uQ_u_a].__rol Testin9

The purpose of Quality Control testing is to ensure that every rock anchor
installed is capable of handling at least 1.1 times the maximum design load.
Becauseof the large numberof bolts (approximately300) to be installed,these
tests have to be done as quickly as possible.

After a rock anchor has been installed for a minimum of 8 hours, it will be
loadedto 26 kips (1.1 times the design load). The 'loadingarrangementis shown
in Drawing No. 54--D-OO3-W2.The load will be measured by the load cell and
convenientlydisplayedduring loading. After reaching26 kips, the nut will be
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tightenedand the loading ram removed. The load will be continua'flymonitored
for a minimum of I hour to checkwhether there is any loss of load due to creep.

If there is load loss, the loadwill be reappliedand monitored. This will be
a

repeateduntil all "slack"in the system has been removed,or the rock anchor
installationis deemed to be unsatisfactory. Recoveryoperationsas detailedin
Section 5.3.1.4 may then be instituted. The above proceduremay be modified
based on field experience.

6.1.3 DestructiveTests

The main componentof the supportsystemdescribedin this designdocument isthe
rock anchor system.

The primaryemphasisof the anchoragesystemtestingprogramis to guard against
the most probablemodes of movementthatmay lead to its failure. The importance
of field validation tests of the anchorage system has been recognized as
essentialto the successof the whole supportsystem.

The rock anchor system was tested by loading correctly installed bolts to
destruction. These destructivetests determinedthat the anchoragecapacityof
the No. 8 Dywidag rockboltstested in Room 2 of Panel i, are equal or greater
than guaranteedmanufacturersspecificationof (47.4 KIPS) yield load or (71.1
KIPS) of ultimateload used for supportsystemdesign. Detailsof the tests and
the resultsobtained are given in Appendix B.

6.2 MONITORING

Since the support system will be adjusted during its operational life, it isessentialto ensure that the loads on the anchorsdo not exceed the working loads
specifiedby the design. The two main parts of tilemonitoringprogram will be
observationsof room performanceand of support performance.

Room stability will be determined from data that will establish the rock
mechanics performance of the excavations in terms of room closure, rock
deformationsin and aroundrooms,the developmentof fracturesand bed separation
at strata interfaces.

The supportsystem performancewill be determined from tests that will provide
input data from field tests for the design, from tests to prove quality during
installation,and from a programthatwill monitorloads thatdevelop in the rock
anchorsand on the lacingduringthe workinglifeof the support. The evaluation
of the rock mechanics data characterizingroom performanceand of the support
performancedata will establish the effectivenessof the support system. A
descriptionof the GeomechanicalMonitoringProgramincludingspecificationsfor
the instrumentsis given in Appendix "D".

6.2.1 GeotechnicalMonitorinq

Geomechanical instrumentationcan adequately establish the performance of
excavationsat the WIPP and provideadequatewarningof deterioratingconditions.
This has been demonstratedby the early warnings provided in SPDV Test Room I
prior to its roof fall, and was confirmed by the views expressed by the
GeotechnicalExpert Panel convened to establish an estimate of the life of

Panel I (US DOE, 1991 91-023). The geomechanicalinstrumentationfor Room I,Panel I, has been upgraded based on a monitoring program presented to the
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GeotechnicalExpert Panel (US DOE, 1991 91-.023). The basis of the revised
monitoring program is"

® The measurementof deformationsacrossthe Anhydrite "a" and "b" layers
in the roof in order to assess the developmentof bed separationsat
these strata interfaces.

• The measurementof room closure in order to assess the developmentof
closure rates that exceed bounding levels and to establish the
developmentof asymmetric room closure that may be an indication of
fracturedevelopmentalong one rib and rotationof the roof slab. These
measurementswill be made by convergencemeasurementsof roof/floorand
wall/wallclosure.

• The observationo'Fconditionsin the roof in observationboreholes in
order to establishthe extent of fracturingand bed separation.

• The measurementof lateraldeformationswithin the pillarsto establish
'thecompetencyof the pillars. 'Thesemeasurementswill be made by means
of boreholeextensometers.

6.2.2 Support System Monitoring

Monitoring of the support system under working conditions in the field is an
integralelement to ensure its successfulperformance. The moI_itoringprogram
consists of measurementof:

• The load that develops in each rock anchor. This providesthe basis for
adjustingthe tension on the anchor so that the load build-up does not
exceed the design limits of 1.1 times the design load while
accommodatingthe continuedmovements of the salt. The load will be
measured by means of load cells locatedat the anchor nut.

• The load that develops on the lacing and mesh. This will be evaluated
over selected lengthsof the room. The load will be measured by means
of hydraulicflat jacks locatedat cross-overpoints of the lacing.

• The extensionof the cables due to the developmentof the load due to
the detachingwedge. The cable deformationwill be measured by means
of a calibratedstandard length and dial indicator.

® The deflection of the channel support arising from the action of the
rock anchor supportsand the load transferredby the lacingand meshing.
Tiledeflectionwill be measured by precise surveyingtechniques.

The purpose of the monitoring of lacing and meshing loads and extensions is to
gather informationfor later analysis. Initially,the monitoringwill be carried
out daily but this frequencywill be adjusted as data becomes availableon tlle
load changeswith time. The measurementfrequencywill be based on observing
load changesequivalentto 2 percentof maximum workingload. The measurements
of the loads will be compared with the criteria presented in Appendix "D" to
establishwhen loads in the rock anchorsmust be adjusted,and the extent of that
adjustment:

®
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lt should be noted that these criteria are preliminary. Field tests and
analytical computationswill be performed in order to more effectivelydefine

Q these criteria and the method of load adjustmentthat will be based on them.

The criteria and the adjustmentto the loads will be reviewed as data becomes
availableand may be changedto be more effective. The process by which these
factorsbecome adjustedwill requireapprovalby the manager of Engineeringfor
theManaging and Operating Contractor with concurrence from the managers of
Operationsand Safety.

6.2.3 Instrumentation

GeomechanicalInstrumentationinstalledin Room I of Panel I will include:

• Beam supportrock bolt load cells - Rock bolt load cells will be used
to monitor the axial loadingon the rock bolts. Loads on the cells are
measured by means of resistancestrain gages bonded to the cell in a
full bridge configuration. The load cells are capable of monitoring
'loadsof up to 444,800N (50 tons) with an approximate instrument
sensitivityof 88.9N (20 pounds). In order to maximize the adjustment
range of the support system,a low profiletype cell will be used.

• Pressurecells or flat jacks - will be used to monitor loadingon the
cable lacing and mesh as a resultof creep displacement. Pressurecells
will be constructedof stainlesssteel and be capableof monitoringthe
range from 0 to 70 MPa (0 to 10,000 psi) with sensitivityof 0.4 per
cent.

• Extensometers-- Five borehole extensometers are installed in Panel I,
Room I, to monitor rock mass deformation adjacent to the excavation.
Three extensometers are installed in the roof to monitor possible bed
separation within the roof beam. These extensometers are installed
along the centerline in the middle at approximately I/4 length locations
of the room. Horizontal extensometers are installed in each wall at the
center' of the room.

• Convergence points - Convergence measurements will be taken from
installed convergence points throughout the room. These measurements
are used to determine the amount and rate of closure at selected points.
Monitoring of horizontal and vertical convergence will allow for a
comparison of the performance of the support system in response to the
actual room closure.

® Level survey - Changes in elevation will be monitored at selected
locations along the support beams and the rock surface. The elevation
surveys will identify areas of differential movement which, in addition
to the results from installed geomechanical instrumentation, will
establish the response of the system to creep closure.

Due to the large number of instruments, a data acquisition system will be
installed. [his system will be capable of monitoring up to 330 resistance strain
gaged rock bolt load cells. The data loggers will be incorporated into the
Geomechanical Instrumentation System which will allow for timely monitoring and

reporting.
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7.0 ADDITIONALREQUIREMENTS

Quality of instal'lationand monitoring is of key importanceto the successful
performanceof the supportsystem.

• In order to providecontinuityto all the activitiesand assure future
systemperformancea ProjectControlGroup shall be assembledto oversee
all installationand monitoring activities. This group shall include
representativesfrom Mine Engineering,GeotechnicalEngineering,Mine
Operations,QualityControl,Safety and an outside i_rojectconsultant.

• Collected monitoring data shall be routinely reviewed and results
comparedwith design parameters.

• Periodic progress reviews shall be conducted to evaluate system
performanceand to define possible changes to the system not Foreseen
during design stage.

• Possible further testing might be required to define performanceof
individualcomponents.

• Further steps shall be taken to develop and validate a mathematicalor
numerical model which would more easily describe the behavior of the
support system.

02080 0
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GEOTECHNICAL DESIGN SUMMARY REPORT

1.0 INTRODUCTION

The purposeof this report Isto providethe geotechnlcalbasis forthe des3gnof a system
to supportthe rock in the roofof Room 1, Pan_ 1. The system mustensurethat the room
meetsthe functloru_Jrequirementsnecessa_ to supf:x_ Its use as snundergroundlaboratory
for thestudy of gas generationh'omCH TRU radioactivewaste (Molecko,1990).
researchprogram, calledthe BinScaJeTestlr_ Program, Is underdevelopmentat the_eserl
tameand theexpedmentsare expectedto startIn the secondhaft of 1991. Room 1 of Pa_t
I fscurrently5 yearsdd andmustremainaccessiblefora _rther7 yearsInorderto
supporttheblnscaJetestingprogram.

' The GeotechnlcaJDesign SummaryRepo41Interpretsthe geologic and rockmechank_ data
presentedIn the annual GeotechnlcaJRe4dDataand A__r'sls Reports(USDOE, 1991==;US DOE,
1990) andother occaslonaJreports (US DOE, 1991b) and presentsthe geotechnlcalassumptk_
that have been made for thedesign. The geotechnlcslInvestlgatlor_at the WiPP a_
comprehensiveand provide deta_edInforrnatJc_on the site conditk'_ that ksno( typtcaly
avallableforan englneerlngdeslgn.Thlshasenableda phenomenologlcaJmodeltobe
establlshedthatex_alnstheperformanceofopenings.Thismodelestablishesthe
mechanlsmsthatmust be addressedbythedesignofthesupportsystemInordertocontrol
theroofcondltlor_InRoom I,PanelI.

Followingthecollapseon February4rh,1991oftheroofIntheSiteandPre_ImlnaryDesign
Validatlon(SPDV)TestRoom Ithatconfirmedthec-o,_ernsralseclbytheGemechnical
EnglneedngSectionconcemlngthecapabl_ItytomalntalnthePanelIroom forthepedodof
theblnscaletests,a panelofGeotechnJcaJexpertswas formedtoevaluatethelife
expectancyoftheundergroundroom Inwh}:;,_zi_etestswglt.-_kepiace.Thepanelconcluded
thatIfnoadditlonalremedialmeasuresweretaker,,therooms InPanelIarellkelytohave
a totalllfeofseventoelevenyearsfromthetlmeofexcavationusingthecurrentJy
Installedroofsupportsystem,consistingofrockbolts.MinlngofRoom I,PanelIbegan
dufingthesecondhalfof1986,Thereforetheremainingllfeofthlsroomfsanticipatedto
be between_o and stxyears(US DOE, 1991b),The mostcurrentgeotechnlcaJf_ datafr
thisroomdoes notindicatethatItsgeomechanlc..aJperformancediffersslgnlficantlyfrom
thatobservedinSPDV TestRoom I.On thlsbasis,theremaininglifeforRoom Ias
currentlysupportedfsabouttwotothreeyears,

The panelmembers agreedthatmeasurescouldbe takenthatwouldprovldereasor_ble
assurancethatthebinscaletestscouldbe carriedouttocompletloninPar'elI.They
suggesteda number of alternativeactionsthat could be taken and recommendedthatthe WiPP
project evaluate the alternativesand select one, or a combination, of measuresthat would
assure continued use of the roomsover the pedod of the tests. TheyalsoIndicatedthat
the measuresshould be augmented by a monitoring program thatwould regularly assessthe
geomecl_anicalconditions and that maintenanceshould becardedout asa routineactivityIt=
the roomsas they aged.
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2.0 STRATIGRAPHYOF REPOSITORYHORIZON

The proposedundergroundstoragefacllty 18located 655m (2150feet) below thesurfaceIn

beddedsattof the PermianSsJadoFormattork A gene_lzed _mtlgmphy l_lng thefacllty level Is givenIn Figure2.1. Over300m (1000 feet) of Impem'_ble
depositsseparatethe facl_ hodzon fromthe ovedyln9 sedlrnenta_/rocksand 6_Om(2000
feet)of evaporitesliebelow the facilityhorlzo_and prov_e a barrierto Permian
limestonesand sandstones,

HalitefsthemostabundantmineralintheSaladoendoccursinthickbedsintercaJatedwith
thinnerbedsofpo4yt_tteand anhydrite.SaladohaJltefsrarelypureand usuallycontalnl
traceand mlnoramountsofforelgnmaterialtncludlngclay,anhydrlteand pdyhaJlte,
Halltecrystalslz__nd morphdogyvaryconslderab_,andvariouslargeandsmalle<_Je
sedlmentaryfeaturesareabundantthroughoutoutagoftheSaladoSalt.A detaled
dlscusslonoftheGeologyofthe8aladoformatloncanbefoundIntheGeo_oglcMapplngof
theAfrIntakeShaftattheWasteIsolationPllotPlant(U,S.DOE, 1991c).

Thefacgltyhorizonlleswlthlna 12m (40feet)thickunitconsistlngofhallte,
arglllaceoushalite,andpo_yhalitlchallte.Figure2.2Identlflesthetypicalgeology
withinthisunlt.ObservationsIndicatethatthesegeologicconditionsareconsistent
acrossthesltcattherepositoryhorizon.Rgure2.3a,b,andc providethestratigraphy
exposedinRoom I,PanelI.

A 0.5m(20inches)to0.8m(32inches)thickpersistentbed ofsulfate(anhydriteand
polyhaJlte),_3antlfledasMarkerBed 139liesaboutI.Sm (5feet)belowthefloorlevel,
Conslderablelater_vadabiZltyIncompositionandthicknessexistswlthlnthlssulfatebed

- at boththe regional_ndrepositorys_':J'e.The varla_tty in thiclmessIs associatedwtth
the top of the depositand undulationsupto 150mm(6 Inches)havebeen observedin 100mm(4
Inch)diameterbore (Holt,1991). The bottomof the MarkerBedissubhorizontaland 18

O by Clay
underlain lIE1 °

Anhydritebeds,caJledAnhydrites"a"and "b"occurabout4m (13feet) _.nd2m (6.5feet)
abovethe roof. Thinday seamscalledClay G andClay H areassociatedwiththebottomof
these beds. In addition,a thinday layerIdentifiedas Clay F IsfoundIntermittentlyIn
the immediateroofof excavat_

TheMarkerBed 139 andthe day layerscan havea significantImpacton the rnechanlcal
performanceof excavations.Theclaylayersprovidesurfacesalongwhichslipcan occur
whereasthe MarkerBedacts asa unitthat does not deformptaslk:_Jlywithtime. In
addition,the undulatingnatureof thetop of the Markerbed winresistshearmovements
alongthe interfacewiththe overlyingsaJt.

3.0 PROPERTIES OF ROCKSAT REPOSITORY i-_ORIZON

The referencemateda]propertiesfor therepositoryhortzonrocksare providedinTable
3.1, Thesepropertiesare basedonlaboratorytestscarried outduringthe site
characterizationphaseof theWiPPProject(Kreig, 1983). Thetestshavedemonstratedthe
rangeof mechanicalpropertiesassociatedwith theWIPP strata,and in particularhave
definedthetime dependentbehaviorof the salt.

Salt isa materialthat flowswhensubjectto highconfiningpressuresanddeviatoricstress
cond_tlons.Thisbehav'lo_has longbeen recognizedtn the miningindustry(Ba.ar,1977;
Dreyer,1981)and consIderableeffortshave been made to characterizethisresponsefrom
laboratorycreeptests. However,extensiveexperiencewtthlnthemining Industryhas

O demonstratedthedifficultiesInvolvedin establishingIn situpedormancebasedonthelaboratorycharacterizationof saltcreep(Baer, 1977).
2
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PROPF.J:tTIESOF THEREPOSITORYHOJ_IZON

DIMENSIONS _ _

.'DHERMALPROPERTIES 0
Therm¢ConducUvCyW/(m,K) S.O 4._' 1.4

SpecificReid J/(kg.K) 860 860 860

Coef_k_ ofUrw_r
E.xp_nston K-1 45.0E.8 20.E6 24E-8

MECHANICALPRO_[IF._

Young'aModulus Po 3.1E+ 10 7.5E+10 5.5E+ 10

Polsson'sRatio dlmensloNeu 0.25 0.35 0.38

BulkModulu= Pa 2.1E+10 8.3E+10 6.6E+10

Shea.rModdus PI 1.2E+10 2.8E+ 10 2.0E+ 10

Denstty Mg/m3 2.3 2.3 2.3

_PROPERTIESFOR SECONDARY(_REEPFOR $AL!

= O_ ne'Q/RT

Where: _ = effectivecreepstrainrate 0

= effectivestress

T = temperatureindegreesKelvin
D, n are empiricalconstants

D = 5.79E..36Pa"4'g/sec
n=4.9

QIR= r_OK
Where: Q = the effectiveactivationenergyforsail

(caJ/mole)
R -theuniversaJgasconstant,(caJ/rr_e.K)

Furtherexplanationofthedefinltlonsforeffectivecreepstralnrateandeffectivestressareprovidedin
DOE.WIPP-8_-010,theDesignV_Idatk_FlnaJRei:x:x'LAppendb<C.

Referenceparametervaluesarebasedon:
Bransterter,LJ., "SecondReferenceCalculationfor theW1PP"SAND83-2461,SandiaNationalLaboratorie.,
Albuquerque,New Mexico.

Krleg,R.D., ReferenceStratigraphyand RockPropertiesforthe WasteIsolationPilotPlant(WIPP)Project"
SAND83-1908,Sandia NationalLaboratories,Albuquerque,New Mexico.
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The _ responseo__ MJtatthe WIPP hasbeen chamct_ed by lt tie.:b/m
creep lawthat_ dwelop,d Inrho _ lt_O'e tWlabo_tor_ creeptem onthe
Mit (Hanu_ 19'/_; Hanson and M_egcrd, 1979; Herm_nn _ al, 1980). 1"hbconCJtutlve
law re_atu creep _J'alrt=to otrou and tom_raturo. The r_dat_p Ignore=transte_
creepeffect=thai wl I,nfluencoe,arlytime defotrr_tlo_ and doe= no(Includedlattonof

O the _ that_ occurwhen the rockIs _Ject to devlatortcstressesandlowpressure=.The _eady statecreeptawhaz been usedIn the model=_udleeto estab_lzh
pcedictlor_of thestructuralperformanceof the opening=,

Reid observationsat theW1PP(CookandRoggenthen,1991) and intheCadsbadPotashBasin
(Greenwaldand Howarth,1938) haveshownthatthe brlttJebehaviorof saltunderdevialod¢
stresseswlthlowconfinementcanbe a slgnlflcantfactorcomrlb_Ingtothemechar_
performancecloseto excavatton¢ This bdttlebehaviorof saltIs generagynot
characterizedby laboratorystudies,andtherefore,the constitutivelawdevelopedto define
the creepbehaviorof salt at theWIPP does not Includefracturedevelopmentor rock
dilation. Theevaluatk:)nof performancemusttake Intoconsiderationthelimitationsof the
constitutivelawappliedto thesalt. ProvidedthattheseIlmltatlonsareunderstood,and
the structuralresponsesof otherstratigraphlczonesare propedyrnod_ed, ltwlflbe
possibleto establishusefulmodelswith whichto predict the structuralperformanceof
excavationsat theWIPP.

4.0 IN SITU STRESSREGIME

The Initialstressstateat the repositoryhorizonisestablishedfromHelmsRuleforweak
rocks(Hoekand Brown,1980). Thisruleestablishesthe verticalstressasdependentonthe
depthof overburdenend Itsaveragedensl_/,and thehodzontaJstressesto be equalto the
verticalstress.Takingthe averagedensttyfor theoverburdenat theWIPPsite as 2130
kg/m"O (135Ib/ft_), the Initialstressesat the repositoryhorizonare about14MPa (2000
ps).

O Measurementsof virginin sJtustressin saltare difficultto achievesincethe measuringtechniquesassumethat rock behavesinan elasticmanner(HoekandBrown,t980) whereassalt
deformsplastically.However,hydraulicfracturingtestshavebeencardedoutin boreholes
in salt at the WIPP inorderto estimatethe stresses(Wawersikand Stone,1986). Although
data Interpretationwasdifficult,lt wasconcludedthat the virgininsitustressstateat
the WiPPis approximatelyuniforminalidirectionsandthat thes_ressmagnitudes
correspondto the weightof the overburden. Thisconclusionconfirms,theassumptionsused
for designpurpo_s at the WiPPProject (US DOE, 1986).

5.0 STRUCTURALRESPONSEOF EXCAVATEDROOM

Field obsentatlonsform the basisfora phenomenologtcalmodel of tl_ structuralperformance
of the undergroundexcavations.This performanceisbest characterizedby datafrom the
SPDVTest RoomPanel. These testroomsare amongthe oJdestexcavatk>nsunderground,having
beenconstructedin MarchandAprl, 1983. Therooms havethe samesizeandshapeas those
In the proposedwastestoragepanelsandare locatedat the samegeologichorizon.They are
relativelylargeexcavationswitheachroomhavinga nominalhelghlof3.95m,(13feet)width
of 10m (33 feet),and a lengthof 91m (300 feet). The roomsare separatedby30m(100feet)
wide pillars. This configurationresultsinan extractionratioIn the TestRoompanelof
about 25 percent.The roomswere excavatedIn orderto confirmthegeology,validatedesign
assumptionsfor the underground,and providedata,where necessaryforrevisionof the
design.



-- i J

o • e

N {%1



Observation=of the performanceof these roomaI'=vt beenroutinelymade ovw the pe.st
year¢ They havees_t_iahed room performance In t_rn= of room ¢k_gJ_, rock movwt_erU
the developmen_of fracturesIn the knmediatevicinityof openings(US DOE, lgSO;US DOE,
1990; Cook and Roggenthen,1991), SPDVTest Room1 hasprovidedthe most ten.ere picture
of the structuralperformanceof an excavation. Measurementsweretaken In thls room overa

O period of aJmosteightyears,from Immediatelyf_owing It=excs'vatlonuntila majorroofoccurred. Differentstages In theperfcxmanceof theroomcan be relatedto b
roof/floor closurehistory(seeRgure 5.1), Otherrooms8re showingthe =mmsgener_
behaviorbut noneothers(outsideof the SNLexperimentalarea wheredlffere_ conditions
exist)have yet failed, SPDVTestRoom I providesthe mostdetaled example of the
performancethat canbe expected from otherroomshavingsimilargeometrk_.

Inaddition,numedcaJanalyseshavebeencardedouttoevaluatethestructuralper_om_nce
intermsofstressandstrainredlstrlbutlontaklngpiaceaboutexcavatlonswlthtlrne.The
analyseshaveusedthe nearreposltoryhorizonstratigraphydescrroedInSectlon2.0and the
mechanicalpropertiesof the rocktypesprovidedInSection3.0. Of particularsignificance
to the Interpretationof the model,are:

o the timedependentrelationshipgoverningthemechanicalresponseof the salt

o the propertiesthatcontro_bed separationsat thestratainterfaces

The field observationsand the numericalanalyseshavebeen usedto develop8 modelof the
mechanismsthat occurInthe roofof an excavationwtthtime, The model ispdrnarllybased
on the performancemonitoredinSPDVTest Room1, Itsvariousstagesare shownInFigure
5.2. The field and analyticaldata supportingthisphenornenologlcalmodel are givenInthe
foflowlngsectionsof the report.

lt is expectedthat roomshavinga geometrysimilarto theSPDVTest Roomsandthe waste
storageroomswill eventuallypassthroughali thestagesidentifiedinRgure5,2 unless

O remedial actions aretakento controlroofdeteriorationand roof movements,The roofsupportsystemforRoom 1, Panel 1 is basedonthe controtof the conditionsidentifiedby
the model.

5.1 ROOM DEFORMATION

Roomswith similargeometrieshave shownrelativelyconsistentdeformationcharacteristics.
AlthoughactuaJmagnitudesof the roomclosuresshowa rangeof values. The variabgityin
the closureratesisdemonstratedinTable5.1 whichlistsratesof closure at mid room,mid
spanfor the SPDVTestRoomsand the roomsinPanel1 ali ofwhichhavesimgargeometries.
The highestclosureratesappearto be relatedto the roomsclosestto the banderpillars
and are lowerinthemiddleof panelsandatthesotidabutments.At present,no
correlationhasbeenestablishedbetweenc_osurerateand variablessuchas excavation
sequenceandvariationsin stratigraphythat mightexplainthesedifferences.

The changesin roofproRehavebeen correlatedwith time,basedon data fromSPDVTest
Room 1. The roomdeformationisinltiaJiysymmetricalaboutthe roomcenterbutafter about
five years,the roof/floorclosure,become assymmetdcwithone sideclosingfasterthanthe
otherside. Thisbehavioridentifiedfrom$PDVTest Room1 hasbeen measured inother
locationswilhinthefacgity,andmay beconsideredtypicalof the performanceinthe wider
spannedexcavationsat theWIPP.



$._ ROCK DEFORMATIONS ABOUT ROOM

Deformationmeasurementsshow that the rock mesade_orTnSwith time and that rockmoverne_
generaJlyreducewlthdistance froman excavatk>nsurfaceaJlhoughthb behaviorlomodlf'_d
at strataIrrterfaces.Movements occurbothnormaland parallelto excavationsurface¢ In

,' particular,the Anhydrite'b' Inthe roofand theMarkerBed 139 inthe floorsre associated
withrelativelylargevertical and lateraJdeformatlon¢ T_ inclinometerdata froma
roomcrosssectionare shownin Rgure 5.3 coved_ the period from 1983to 1967. Figure
5.4 providesthe datafor roof extensometer=.

Bedseparationhas been identifiedat the Anhydrite'b' In _ roofafterapproxlrr_tety
three yesrs. Verticalseparationat the clay/_dl Interfacebeneaththe a_ydrfto 'b'
appearsto Increaseat a rate of about25rnmper year once the bond acro_ the interfaceb
broken.

The geotechnlcaldata showthat theroofandfloorof an excavationact as a earle=of
flexingbeams separatedbyzones or _anes acrosswh_ lateraldifferentialmoverne_
occurs. This islargestat the Anhydrite'b'but doesoccur at otherhorizonsaboveand
below the excavationsin associationwithstrataInterfaces,generallyclay/salt
interfaces. LateraJshiftsIn the roofIndicatethat beam flexurewasstilloccurringat =
depthof 15m. In the floor,deflectionswerenot as pranced, and have largely
disappearedat a depth of 1Sm. DtflerentlaJlate,,almovementsof about 12 mm peryear have
beenmeasuredinthe Immediateroof beam,fiveyears after excavation. Theseratesof
movemerrthavebeen confirmedbythe monitoringof lateraldisplacementsInoldexcavatlomz
(U.$. DOE, 1991a), Rock deformationsabouta room alsoIs governedbyfracture
development.Thetypical fracturedevelopmentobservedIn thewide excavationsIsshownin
Rgure 5.5. Themostsignificantfracturesare lowangled shearfracturesdevelopat the
rib/roof interfaceof excavations. In SPDVTestRo,(:_'n1,these fracturesbecamesufficiently
persistentandcontinuousthat a detachedwedge formedin theroof of SPDVTestRoom1.,dh,
Thiswedgefelleightyears after the excavationof the room. Precisesurveysof the roof qlP
in SPDVTestRoom 1 followingtherock fallare shown in Rgure5.6 and Indicatethe
geometryof the roofcross-sectionsto be archshaped. The conditionof the roofinRoomt,
Panel'i LsshowninFigure5.7 as of thesummer1991.

M_DEL DATA

Roof/floorclosurefor the model is comparedwiththe field datain Figure5.8. Roof/floor
closureratets0.1 rnper year (4 Inchesperyear)and does notvary significantlywith
time. This ts probablydue to the limitationsofthe steady stateof thecreep lawusedfor
the calculations.A more sophisticatedconstitutivelaw that Includestransientcreep
effectshasbeendeveloped by$NL andwouldprovidea moreaccuratesimulationof theearly
timeperformanceof the excavations.

Bedseparationprovidedby the modelat theAnhydrite'b' levelindicate that theeaparat]on
ksat a maximumabove the mid spanof the excavaUonand increasesat about12rnmperyear.
Themodel iscomparedwith the fielddata inFigure5.8b. Themodel alsoshowsthatbed
separationIsoccurringat the clay beneaththekJ'lhydr#e'a' layer. ThisIs not conslstent
withthefieJdobservationswhichdo notindicatebed separationatthis level. Further
lrwelstigationsof the performanceatthis layerare required.



The shear=tmlm w'= _ in Figtn S.9. _ buld up wth tln'_ u u'Np oocu_ under
re_atk,o_ycons_r_ commie _ in _ _Jato roof besm and the co_o4_ of
effectivestralnsindicatepotentialfalum _ These_ 8_ conststen_wtth the
fracturedevelo_ thatoccursIntheroofofexcavat_ withtim4,

5.3 STRESSES AROUND ROOM

Pr_:xto excavation,the strataat the reposltory horizonare subject to an In81tustress
fieldthat tsuniform InaJ1directionsand hcs a vaJueof about 14MPa(20(X)psi)which IS
equlvaJentto the oved_Jrdenloading. I_lately the excavationb made,thestres_
adjust to an elastic distrlbutk)n. Of partict,darImportancesuet_e high shearstress
concentrations that develop In the comersof the excavaUon(ME_, 1991), These may
provideincipient fracturingthat later developIntodiscretefracture_ WithUme,
the stressesIn the immediate',4clnltyof the excavation reducedueto stressrdlef as the
saltmoves Intothe opening. TheexcavaUondisturb=the stressesand the redistribution
continuesover time dependentpropertiesof the sail The principalmaximum_ minimum
stressesInduced atO,3 and5 yearsfollowlr_",xcavatlonsreshown_nFigures5.10and
5.1I.TheseplotsindlcatethechangesInstru_thattakeplscewithUme.

The Influenceof the stratigraphyon thestressdistributionsIsevidentImmediatelytt_t
the excavationisformed. The MarkerBed 139 modifiesthestructuralperformanceof the
floorand the anhydrtte'b' effectsthe stressdistdbutlonIntheroof.

In the floor, the MarkerBed 139actsas a stiffunit whichdoesnot exhibittime dependent
behavior. The variable elevationinthe upper boundaryof the MarkerBedIndicatesthat a
hlgh resistanceto shearmovementsat this boundarydevelops. These Immediateeffectswere
also observedin numericaJanalysespresentedby Mcklnnon(U.S.DOE 1991b)at the
GeotechnlcaJExpertPanelMeeting Thesaltaboveand belowtheMarkerBedwilldeformwith
time anddepending onthe slippagebetweenthe saltandtheanhydritewill maintainhigh

compressivestressintothe MarkerBed. These high stressesmaycausebrittlefractureofthe MarkerBed 139anditsfailurewhichwouldresultin floorheave.

The clay beneaththe anhydrite'b' Introducesa plane of lowfrictior_l resistanceintothe
stratasequence. Theplanewillnot support shearstresses,andthis isolatesthe Immediate
roof beam. The plasticflowofthe clayensuresthat high shearstressescannotdevelopat
the interfaceandthe lowbond strengthbetween the clayandthe saltleadsto separatk_nat
the Interface. OncetheImmediateroof beam becomesisolated,the lateralmovementsof the
pillarsmaintainthe lateralstressesin the beam. With time, theshearstrainsbuildup in
the beam and eventuallyresultin thedevelopmentof failurealongparticularsurfaces.
Thishai]ureInitiallyoccursat roommidlength. TheiocaJLzedfailurerelievesthe
lateralstressesin the beam. However,due to the continuedlateralcreepof the salt,the
roofbeam continuesto be subjectto compressivestress. The failurespropagate_nthe
longitudinaldirection,gravttyeffectstake over,andthe weightofthe unsupportedsecttort
of the roof spanningIncreases.At somecrttica]length,thestrengtho_the beam cross
sectiontsexceededandtherooffallsas a unlL
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(LO PERFORMANCE REOUIREMEN'TS FOR SUPPORT BYgTEM

A geotechnk_aldesignbasishasbeendev,Wopmdfromthed_DcuuJon#presentedInSectionS.
Thedesignprovk_esm systemsupportoftheroofInRoom I,Pane/Itorneelthefunctlonj

requirementsdescribed inSection & 1. The geo_echntcaJdetdgnbasisisas follows: i

o The supportsystem shagsupporttheweightot thedetached rockwedge that fo_ns in
the roof as a resultof the developmert of low tangledfracturesfrom the dbs.

o The supportsystemshallaccomn'Kx_teverticalmovementsof the roofthai Indude boch
dlfferentlaJandtoUddlsp_acementz,

o The supportsystemshagaccommodatelateralshlft=

TheserequirementsarediscussedInthefollowlngsectionsinterm=oftheboundingvalues
that encompassthe condltl<_s _ed to be encounteredIn the fletd.

ROCKLOADTO BE SUPPORTED

The weightof the detached rock wedge that formsIn the roofdepends on the orientationof
the fracturesthat develop. The estimateIsbasedon the _tton8 of the rockfaa
geometryseenin SPDVTest Room I andthe interpretationcontoursof shearstrain inthe
roo_('Miller,1991). Thewedge geometryconslstsof an archedortriangularshapethat
forms fromlowangledfractures startingat the the dbewhose propagatk_ is boundedand
controlledbythe bed separationoccurringat the Anhydrite'b°.

VERTICAL MOVEMENTS

Theverttca.Imovementsthat the roofmustaccommodateare a combinationof saltcreep,
dnationof the saltdueto fracture development,andgravityeffectsoncefractureshave

•, formed.

Theto_ dis_acementhasbeentakenas38mm peryear(1.5inchesperyear)vertk::aJ
loweringoftheroofatmidspan.Thedifferent_movementistakenasthedifference
betweendisplacementoftheroofatmidspanand thatclosetothedbs.Thedifferential
movementtobeaccommodated bythedesignhasbeentakenasa maximum of25mm peryear
(Iinchperyear).Roofdlsp_acementsarenotalwaysa maximum atmidspan.Once
fracturingbecomesvislbleIntheroofalongonerib,thenthefielddatashowsthatthe
roofdeformsasymmetrlcaJwithonesideloweringmorerapk:flythanmidspanortheother
side.

LATERAL.MOVEMENTS

Thelateraldisplacementsoccuratstrata Interfacesandwithintheimmediateroofbeam
wherediscretefractureshaveformed.Thesetater-alshlftsmay be associatedwlththe
wideningo(fractureaperturesand bedseparation,ThelateraldifferentlaJdlsplacernents
havebeenobservedup to15m (50feet)Intotheroofat,stratachangespartlc_arlythe
day/saltcontacts.The targestshiftsarefoundattheclay/selfcontactbelowthe
Anhydrite'b'layer.LateralshiftscanaJsobeexpectedwlthlntheimmediateroofbeam
wherefracturesform.The supportsystemshouldbedesignedtoaccommodatea lateralshllt
of12mm peryear(05inchesperyear)and bedseparationof25fT_nperyear(Iinchperyear)
attheclay/saltcontactbelowtheAnhydrite'b'layeroncethebond attheInterface
dlsrupted.

, @
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iNTERNATIONAL MINING SERVICES INC.

RETYPED FAX RECEIVED FROM HAMISH MILLER

._ONCLI._ION_; FROM DESTRUCTIVE ROCKBOLTTESTS

The curvesofloadvs. extensionwere plottedfor the 10 roc_ thatweretestedto "hilum'.
Thepointsbeyondwhich non-linearbehavioroccurred,were notedandthesevaluesare givenIn
Table 1 below.

TABLE1

TEST NO. "YIELD"LOAD BOLTSTRESS
AT"YIELD"

X t,O00LB PSIX 1,000

1 58.045 73.475
2 58.045 73.475
3 56.81 71.911
4 58.81 71.911
5 60.52 76.608
6 58.045 73.475
7 58.045 73.475
8 58.045 73.475

e 58.045 73.475
9
10 58.04.5 73.475

NOTE: "Yield"representsthe point on the LOAD-EXTENSIONcurveswherethe curvedepartedfrom
Iineartty.(seeattachedtest results).The manufacturersof theDywldagboltsgivethe
"YieldLoad"as 47.4 KIPS,whichwitha cross-sectionalarea of 0.79 sq.Ins.,givesa yield
stressof60,000 psi.

The resultsthusIndicatethat the modeof failureisthat of boltyieldand notfailureof the
resinanchorbond,

Thereare dight kclicationsof non-Iinearityinsome of the test rest_ butlt isfeltthat
theseare dueto deformationsof theplateandthe "bedding-lh"of theplateonthe sail

Thetest "yield"stressesare between22% and28% higherthanthe ASTMyieldstressof 60,000 psL
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O Deserve _%ST_ OF RESlhlAN_
P_e 1 of 7

1.0
i

A representative sample of resin anchored D_'lda8 tendons will be

pull tested to destruction. This will be achieved by installing
the rock anchors in Room 2, Panel 1 in conditi_s as simi/ar to

chose in Room 1 as possible. The results will be used as basic

input data in the deslsn of the supplemental support system
proposed for Room i, Panel I.

2.0

The objectives of the destz_tlve testtn_ are expected to yield
results that:

o pro_-Ide data on both the mode and load at failure of the

halite/resin/tendon bond.

o establish the allowable design load for the rock ar_hor

system.

_ In addition, other in situ tests are expected to provide resultsthat:

0 check for interaction effects between rock a_chors.

o provide short term creep response of the rock anchor system.

3.0 SAFETY _,IEI_rI'S

3.1 Persom_l Safety - Ali personnel participatia_ in or observing
destructive testing shall be properly equipped.

3.2 For the safety of observers, personnel not actively paz-ticipatlng

in the destructive testing are requested to stay outside the

designated work a1"ea. The __ for a desi_ated work area ig
to be established at least fifty (.SDS)feet away.

3.3 During the performance of tl_ dest_Jctive tests, safety chain or
cables shall be attached to each item of test equipment weig_Lng

more than 10 lbs. t_mt =my be violently released or fall as a
result of testing.
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4.0 TEST }t__

4.1 Resin: Geltlte Lockset Polyester Resin C_'tridge

High Viscosity, Code (H) =_,_Gel Time, Two-to-Four Minutes Code (90) O_O&

Cartrld&e, 3212

, QA Verification: __ __.

For ackiitional Information refer to Attachments 1, 2, and 3 for
Material Safety Data Sheets, installation instructions, and

product Information.

4.2 Tendons: Dywidag Post-Tensionin& System
_ _ (LHT), AS_ A615 G_ 60
F_L LOADA_ NUTS FOR _DE 60 THR.EADtt,_

, qA Verification: _/_ // , ._

5.0 TEST EO_XPF_T AND TEST ._

5.1 A minimum of ten (i0) rock anchors shall be installed, and loaded
to failure. Initially, only one set (of five) rock anchor
installations shall be tested in any given twenty-four (24)

hours. The losd will be recorded ali the _._y to failure.

5.1.I The la flute mode is to De determi_d by pulling terdor_
completely of the bole.

5.1.2 Foc the pu_se of destructive testing, faGure is

defined as sn increasing or conti_ous deformation with
no £ncre_e of the applied load.

.5.2 There is to be a _Itlr_ period of at least C_enCy-£_ (24)
hours between resirVanchor activation and the commencement of

destructive t.estln_. The waitin_ period _ssu_es that the resin

has cured and is app_oachln_ ulti_ste strength. Fully cured
resin develops compressive stren6th of 14,000 psi and tensile

strength of 5,000 psi or more.

QA Verification: "_,I___.._,_

5.3 The testing equipment includes a hydraulic ram _th a 60 ton
capacity, a pressure _U_e readable in 200 psi increments, and a

® -dial indicator _t_e for a_-_tsuringdeformation in increments of
0.001 inch. Rock/resin a_chor deformation will be .measured by
means of the dial indicator.

" QA Verification: _____
n
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5.4 Installation of properly calibrated Geotechnical Instrumentati_
may be used where required.

5.5 All instru_nts m_i devices used for ._asurir_ or recording loads
or deformation during the temt shall have been properly

calibrated with tags affixed indicating calibration due date.

_ Verification: __

6.0 r_jLLXNG AND AN_SIN m_AI_TIC_ XN_TRUCTIO_S

6.1 Drill each test hole as per Attachomnt 6 in accordance with

applicable sections as prescribed in WF 04-220 and provided by

factory representative's instructlons.

6.1.1 Test bole locations shall have non less than four (4)

feet. spacings.

6.1.2 The 1-3/8 inch diameter bits shall he 5auged prior to

drilling above Anhydrite "b'. Gauging assures the

O snr_ar tolerance needed for a mirdm_ bond ler_th of,) three (3) feet.

6.1.3 Holes s|mll he drilled to a depth of II feet 6 inches

with I inch tolerance, for test purposes only,

6.1.4 The perperKilcular bole tolerance shall be 5 de_rees as
s_ _m Attachment 6.

6.2 Initially, only one set (of five) rock anchor installations shall

he tested in any given twenty-four (24) bo_rs. This may he

changed sub,ect to improved installation performance 5aired lay
experience and sisTed by cognizant er_eer or his designee.

6.3 Resin and threadhar will be ir_talled in accordance with t_e

marL_acturers' re_ommendatlons. A manufacturer' s representative

will be present during resin/anchor installation and destructive

testin(_.

6.4 Insert required number of resin cartridges (3 _) through

plastic or steel pipe and fsd into the end of the hole. The resin

is then followed by t_ threadbar with spin adapter.

Care must be taken to avoid rupturin_ the resin cartridges,

6.5 Start rotation at about 50 rpm or more and 5radually insert the

thremdhar bolt into t/leresin cartridge to rupture the cartridge.

6.5.1 Advance threadhar bolt at an approximate rate of 2 to 4

i_ches per second or as recomerded by the factory

, representative.

_
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6.5.2 Hold bolt in the bole and hold until the resin sets,

approximately for two (2) to four (4) minutes.

6.5.3 Threadhar should have approximately ei_iteen (18)
inches of thread protn,ding from the hole in its final

positlo_.

6.5.4 Thorough mixlng of the resin Ingredients is essential.

6.6 There is to be a waiting period of at least t_en_-four (24)

hours bet_'eenresin/anchor activation and destructive testis.

A waitin6 period assures that the resin has cured and is

approachln_ its ultimate strength. W_en fully oared, the resin
develops a compressive stre,_th of 14,000 psi and tensile

strength of 5,000 psi or more.

QA Verification: _,_

7.0 _ TEST INR_RUCTIONS

7.I Preparation for tests

7.1.i Al/ instruments and devices used for measuring or

recording loads or deformation during the testing shall

have been properly calibrated with tags affixed

indicating calibration due date.

7. I.2 Prepare data sheets. Applicable information and test

data shall be recorded on data sheets, Attachment 7.
See Section 8 for QA verification.

7.1.2.1 Record at least the follow_,_: rock bolt

r_mber (i. e., _)7"@); mine; rock type;
hole location; orientation; hole length and

diameter; bolt gracle, length, and diameter;
installation date and time; test date and

time; resin type, ms.,_act_'er, r_,,_,_ber of

resin cartridges; and, identify test
equipment by serial number and indicate
calibration due date.

7.1.2.2 Measure the hole length and record.

7.1.2.3 When testir_ is complete, sulmKt the data

sheet to Mine Engineering.

7.1.2.4 k_en testir_ is complete, submit WP Form 2014

to Mine Er_ineering, Attachment 8.
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7,1.2.5 Mark the final depth of the threadbar at 11
, feet, 6 inches with 1 inch tolerance frm the

anchor end and record.

7.1.2.6 Estimate hole orientation and rouf)e_sl
(i,e., vertical and smooth) and record.

7.2 PULL TEST

7.2.1 Install a bearing plate a_alnst the rock followed by
placing the ram over the threa_har followed by another
bearlr_plateand load cell and bearingplate,and
finally torquethe anchor nut.

The anchor nut shall be ti_tened to the nutnufacturer's
recommendedtorquevalues (150 ft-lbs to 300 ft-lbs),

7.2.1.1 Fasten safety chain or cable to all equipment
w_ighir_ more than I0 Ibs and anchor to
adjacentrock bolt plates.

O 7.2.2 The ram alignment should be near parallel to the axisof the testedbolt and within the limits allowed by the
installation.

7.2.3 Make hose connections from the hydraulic pump to the
rare.

7.2.4_ Hake load cell and other instrumentationconnectionsto
data lof_er.

7.2.4 _ Apply 1,000 Ib load on the ram to eliminate apparatus
slack.

7.2.5 Attach a ms_et mounted dial indicator gauge on the ram
with the point set in place on the bolt or to a f"ixed
referencepoint in the salt. _Just the dial indicator
gauge to zero.

7.2.6 Test loading shall continue to be applied starting with
1,000 lbs end increased by 1,000 lb ir_:reaents up to
_0,000 lbs. Loads are to he held for approximately one
(I) minute before recording the load and deformsti_
data. Record the test data, Attachment ?.

7.2.7 From 40,000 Ibs, the load shall be applied in 500 Ib
increments. While approachln_failure, data readings

I be taken often.ma}, more

7.2.8 Testin 8 the resin/rock anchor to failure is the
acceptan_ criteria. The test is accepted as complete
at failure.
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7.2.8.1 For the purpose of destructive testing,
failure is defined as an increasing or
conti_muousdeformation with _o Incre_useof

applied load.

7.2,9 Terminate testing.

7.2.10 Remove equipmentand pull bolt frc_ hole, if possible

7.2.1l Continue testingof the next installation.

8.0 TESTDATA. IIIJJS'I_ATIONSAND REPORTS

8.i The data sheet form (Attachment 7) shall be filled out for each

test.bolt installation. The data sheet shall be keyed tO match
the rock anchor pull test number (Fl_yy-@).

QA Verification:____

8.2 Each test shall he identified by rock anchor number and plotted

O on an appropriate scale. Each data point s_mll he plotted withthe horizontal (x) axis s_-_r_ displacement_hLle the vertical
(y) axis in ,Icates load.

8.3 Pl_tographs of a typical rock anchor installation shall be
referencedto the rock anchor test nuaber0

B.4 A report shall he prepared by Mine Engineerin_ summarizing the
test results and certifying the i,_tallation procedures and
resin/rock anchors that have been tested and approved for
installationat the WIPP.

8.5 The resultswill be used as basic inst data in the design of the
supplemental sut>poz_ system proposedfor Ro_ I, Panel I.
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Mine Kngineering Mine

S. C Sethi, Manager
Mine Er_Ineeri,_

I
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SECTION: _ " PRODUCT IDENTIFICATION _D USE

MANUFACTURER: CELTITE TECHNIK USA CANADIAN CONTACT: FOSECO CANADA INC.

150 CARLEY COURT GUELPH, ONTARIOGEORGETOWN, KY 40324
(502) 863 - 6800

MANUFACTURERS IDENTIFICATION CODE:

20, 35, 37, 40, 45, 50,70,90, 0204, 0510,1530
PRODUCT NAME: LOKSET POLYESTER RESIN CARTRIDGE

CHEMICAL FAMILY: Polyester Resin & Catalyst
PRODUCT USE: Anchorlng Compound
WHMIS CLASSIFICATION: Class D, Division 2AI Class B, Division 3

SECTION 2 - HAZARDOUS INGREDIENTS
ACGIH/OSHA TLV NTP IARC

INGRED IENT % TW A STE___LL,CAR C CAR C CAR.___CC
Polyester resin I0-30 N.E. N.E. NO NO NO
CAS| N.R.

Styrene monomer 5-10 50P 100P NO NO 2B
CAS# 100-42-5

Benzoyl Peroxide .5-1.5 5M N.E. NO NO NO
CAS# 94-36-0

Calcium Carbonate 60-100 N.A. N.E. NO NO NO
CAS| 471-34-i

Propylene Glycol .5-1.5 N.E. N.E. NO NO _O
CAS# 57-55-6

units - P suffix denotes PPM and M suffix denotes rag/m3

suffix denotes and c suffix denotes value
mppcf ceilingm

N.A.- Not Applicable N.E.- Not Established N.D.- Not Determined
CARC- Carcinogen N.D.F.- No Data Found N.R.- Not Reported

NOTE: See SUPPLEMENT for SARA Section 313 reporting information.

This document is prepared pursuant to the OSHA Hazard Coamunicatlon
Standard (29 CFR 1910.1200) and the Canadian Workplace Hazardous
Materials System [WHMIS). In addition, other ingredients not
'Hazardous' per these standards may be l lsted.

SECTION 3 - PHYSICAL DATA

APPEARANCE: Tan or black re:_in mortar and white paste catalyst in
plastlc package.
ODOR: N.A. ODOR THRESHOLD: 0.I ppm as Styrene
PERCENT VOLATILE: ii SOLUBILITY IN WATER: N.A.
VAPOR PRESSURE(mm}Ig): 4.5 @ 20C(Styrene)SPECIFIC GRAVITY: 1.75-1.85
VAPOR DENSITY: 3.6 as Styrene EVAPORATION RATE: N.D.
BOILING POINT: 29_F FREEZING POINT: N.D.

pH: Acidic COEF. OF WATER/OIL DISTRIBUTION: N
PHYSICAL HAZARDS: Organic peroxide; Combustible Liquid

LOKSET POLYESTER RESIN CARTRIDGE PAGE I OF 4
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SrC "ON ") - PREVENTIVE MEASUR¥"

SPECIAL PROTECTION ZNFORMATION:
RESPIRATORY: Use MSHA (NIOSH) approved respirator if application
produces vapors, mists, or fumes above the TLV.

VENTILATION: to prevent build-up above the TLV.
Adequate vapor

PROTECTIVE GLOVES: Chemlcal resistant polyethylene or equivalent.
EYE PROTECTION: Safety glasses or goggles as required to prevent eye
contamination.
OTHER: Use protective clothing to minimize contact vlth skin. Wash
contaminated clothing before reuse.

SPILL OR LEAK PROCEDURES:

SPILL: Ventilate area. Remove all sources of ignition. Absorb vlth inert
material and collect.

WASTE DISPOSAL METHOD: Dispose of in accordance wlth Federal, State, and
local regulations.
STORAGE: For maximum shelf-llfe avoid storage in direct sunlight,
elevated temperatures or near sources of heat such as steam pipes and
_adlators. Store in a cool, dry yell-ventilated area.
OTHER: Since the product is a sealed cartridge, handling hazards are
minimal unless product is damaged or nisused.
SHIPPING INFORMATION: Not Applicable

SECTION 8 - FIRST AID MEASURES

EYES - Flush wlth water for at least 15 mln. Consult a physician.
SKIN - Wash thoroughly vlth soap and water.
INGESTION -Consult a physician immediately.
INHALATION - Remove to fresh air if effects occur. Call a physician if

effects persist.
SECTION 9 - PREPARATION DATE OF MSDS

Revision date: 12/11/89
Previous revision date: 01/01/89
For further information contact: Leo Hickam
Phone number: (502) 863 - 6800

SUPPLEMENT:

HAZARDOUS INGREDIENTS Continued_,,

The following chemicals are subject to the reporting requirements of
Section 313 of Title III of the Superfund Amendments and Reauthorizatl
Act of 1986 (SARA) and 40 CFR PaCt 372,

Maximum

Chemlcal Na;_e CAS# , %_ by w__ei_q_ht_.

Benzoyl Peroxide 94-36-0 1,5%
Styrene 100-42-5 i0,0%

@
LOKSET POLYESTER RESIN CARTRIDGE PAGE 3 Of 4 --
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e GEORGETOWN, KY : 150 CARLEY CT. 403245021863-6800
PRINCETON, WV' Rogers St. ii, Capeflon Ave. 24740 _04-42_7501

GRAND JUNCTION, CO 144_0Winters Ave. 81501 303.245-4007

INSTALLATION INSTRUCTIONS FOR CELTITE RESIN CARTRIDGES

1 Measure am0 merk 0rill steel 1" tOn_ll.rthin boll tenglh. Note Th_ bo<l I. AJwly_ wear sJfoty gLMMtSO_eye shekel when in_allm_ retonbolts.hoaeshould be Ihortene¢l acco_00nglywhen hea0ert or thsk plaN.| are
utal_.

2 Inlet, reou,wK r,uml_r Of cart;,Oge$arC Sacs _ ,nlo the bin of the 9 To sth,eye mai0mum I;NlrlofmsnCeleteclion of boll dtame:e_,csrlr_og_e
l'_el:_h,n¢;r_erlsln, l)_ en¢lret,ile_.1ho_ed_srr,e_e,srevery*mDortant. CalRIIe' tKhntCl I

ropre_entjlfves are Ovl*laL_ to aSSISt I('1 _ _NI¢I1011 O_ Ih4D ¢Ofre¢l

3 With lt_ betel of tl_eboll placKI firmly =nthe ShuCkSt the boiler o__na b,.st<m of components, basso on specff,c SpplicatK_S.
i_n_n wrench, push th_boilinistheI'_ Slowro_st_'_iirecommen_
e¢ but not requ[rKI fO_a0equate m_x,ng.

10 Noto Iof_tol_r ConlaCl Cell_te_ techncal reprHantahve.
4. When the bolt reach(ta just below the roof,SlO_ul:_.er¢lmovement an_

I_n the _ raptly tot five 10ten =o(:¢,r_ (See IH:Hetor |tOpee.)

S. _oo ro(stes &n_ _ the bo_ upwarOw_, the_ thruslfio_ the machittO 11. Fo__.___ap._licetio_tsother than ful!y groule¢l boris, Celtit_ lech_c.al
reprelentat[m will inSlru¢l m[n_ pOrlla>nn_lm ¢0--eCl m=tallalK>n

ar_ head until the ream letS. proce0ure,

6 H th_ beetter_s tOdrop Out_ the holeIfle_ the Shuckof ldapler is red'KN.

@0 Simply push _1back UP mis the h_e an0 hO_ until the res,n letS. 12. Canr_d_s sr;ouk:lbe slued _nI ¢ooi. well.ventilated an_ d_yarea away
fiO_ dirl¢1 I.unhghl. H_ghtemDeralureco,ndot_onsP..41nt_luce sh,tri hfs

7 NEVER re-rotsle the beetafle_ the final t_n, as damage tO the parlially, of canrK_eS Slock retie,on =SrecommenOe¢lso that o_deslSlo,c_ ts
se_ ret,_n may occur, used hfir.

CAUTION: Dc) r;ol open or punct_t,_e'ca,lrtd_e$ Contents of canridges may cause mild _rrital,onarcl I_hOuldbe evo_(_e0Eye lxotect[o_ shout0 ak,,.eysbe use0
_hen bo_t[r_ If t_=_ r_ontacts[f_ tyes. flush tmrneOiately w_th water for at teul 15 mmute$ C_II s phy_¢mn.

We t>ehevethat the inlorma_iOncOnt_ne,_herein(w_¢h supersedes ali prewOus inlosmst_onon thissubjecl) istrue lhd reliable. We cannot be held respo_,ibae
tor any k:_. Injury, Ordamage r¢*$ulhngfrom d$ use. as. of necesttty, the ,nf_mat_on g_ve_is of I general nature, sothat users are adviseOto c_nsullus about
theirl_ctl,r,p_obiems.

C_l,te* _ar-a'll$ that tta Dro0uCt$al _hetime of sh,pment, conform to the apphcable descr=pIK>_shereir, en0 a:e free from 0elects in mater=alsen_ workman.
Sh*p %0 OTHERWAR_ANTY. WHETHER EXPRESS. IMPLIED OR STATUTORY. iNCLUDING ANY WARRANT OF MERCHAN'_ABILITY OR FITNESS FOR

e A PAR'rlCULAR PURPOSE SH/_LL EXIST IN CONh,ECTION WITH THE SALE OR USE OF ANY CELTITE_ PRODUCT, AND ALL SUCH WARRANTIES ARE

HEREBY EXPRESSLY EXCLUDED.

IN NC_EVENT SHALL CELTITE_ BE LIABLE FOR INJURY TO PERSON OR PROPERTY, LOSS OF BUSINESS OR PROFIT ON ANY OTHER DIRECT,INDIREC1. INCIDENTAL. SPECIAL OR CONSEQUENTIAL DAMAGES,

U S P6'en; Nos 3731791. 3¢3152'97Ca",aca N¢ 872075 Othe, Wor_ Pal@nta 00.-00-03
0_.2;.BE



The Lokset' Polyester
Resin Ca ....... ge Anchor System •......... rtrid_

This system 's slmplicity of "l'_e retting time of the resin ADVANTAGESlt/on enables bolts components can be controlled. A -

_,arious lengths to be combination of fast and slc_'._rtingcartridges makes possible the sin,ml. Accuracy, Ali Anchorages can no_
anchored and grouted in taneous operation of anchoring, he accurately designed with Celtit¢
one easy operation, with grouting and tensioning a rockboh. Technik resins having reproducibk
no need for injection Th_ simplici_ of this method of strength characteristics.

equipment, anchoring'grouting eliminates theneed for cumbersome injection
The Cehite Technik system con- equipment. Speed. The fast.gelling LoksetS re.

sists of an easib_'handled "cartridge," sins enable rapid installation to he
containing a highly reinforced poly. carried out, a significant advantage
ester resin component, together with APPLICATIONS in the area of tunnel bolting and rock
iu catalyst, in accurateb¢ measured slope stabilization. Application d
quantities. The components are iso- • Rock bolting in mines and load can be completed within mi.
lated from each other by a physical, tunnels, nutes.

_- emicM harrier _ich prevents

_. reaction _een the components • Perrn;_nent rock reinforcement Permanence. The resins protect the
;. until required. The cartridges are on highway rock cuts, dams embedded bolt from corrosion due

sau_ge.shaped and designed for and underground rock strut.
rapid insertion into a range of bore tufts (power-houses and ma- to acid.bearing water, sea or ground
hole sizes, where th_' may be readily chinerb' galleries), water. Atmosphere is precluded from
pushed to d'_e extremitb' at any angle the bore hole, preventing further dc.
above or belc_ the horizon. There. • Integral ties between reinforced terioration of the strata.
fore, optimum bolt anchorage in a concrete and rock faces above
wide range of rock or concrete or below water.
strengths is easihr' achieved simph' by Safety. Millions of Lo'ksets resin
adjusting the length of the resin art- * Vibration resistant anchorages anchors are used every year for celt.
chor :one. /or attachment of "critical" ical jobs such as roof suppor_ or

No reaction takes place until the equipment to concrete or rock. permanentmines,tunnelsr°Ckandreinf°rcementfoun,htions,in
roof or roc"ld_oh is rotated through • Anchorage for electrical trans.
the cartridge, mixing the compon- mission tower_. Vibration. Cehite Technik anchors
ent._ and initiating the curing action.

are not affected by vibration and rt-
The chemical nature (thixotropy) of • Uplift ancho_ges for near sur- quire no rttensioning even after clo_the Lockset t cartridge allo_'s the face structures.
contents to be easily mixed yet proximiW blasting.

minimizes resin displacement after • Immediate post.tensionlng of
mixing is complete, steel reinforcements in to,ck or Stress-free. No internal stresses are

The mixed resin totally fills the concrete structures, set up in the rock or concrete by resin
area (annulus) around the bolt, anchors.

which for standard "point" anchor ___

ages will be firmly bonded to the sub-
_, str'ate and bolt within minutes. TECHNICAL SERVICE

Celtite Technik isavailabk to discuss
¢" with you both installation techniques

and the .,.election of proper Lok.,,et"

representatives art reach' to re_'iew
your applications and help you to

"_ develop successful, economical
anchorir_g _'stems.
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Installation of Cela'te To nchieve maximum anchora_ !.£_,,¢t' cartridges can he applied

Technik polyester resin car, strength btt_ctn bolt and concrete in underwa_t anchora_ a_-
or rock, the difference in diameter cations over 24 inch_ in hni_h, in

t_'dge_, in rock and concrete between ho|e and boh should be kep_ both concrtt_ and rock. Conmk

!. ,g_,_'e,'rangg'd,t ." from appb'catJoa,, r to a minimum. This aho insures CELT1TE ° TECHNIK fla"_,:tfs_t_ot't._J4 rech rebar stane better mixing of both catahtst and s_'cificj_ requitemenrJ.
I J'AIP' ' PP
I b._ taro concrete to I 3/8 resin.

diameter bolts for rock rein. Standard gebarorThreadl',arbolts APPLICATION EQUIPMENT
forcemenl, measur/ng 55' in (conforming to ASTM A.615

specifications) art u_d without Thehole.drillingequipmentmtn-
length, weighinfl over 300 further refinement. Deformations tioned in this brochure h gene_l_
pounds and f-u//)' embedded in on the bar serve to _fl_,xtivelv mix suitable for spinnin| in bolu.
ect.s/n! the cartridge components during the equipment should be rotary l_rcut-

"spin-in"or insertion cycle. (SEE sire and have ptm'ision for indepen.
BOLT SELE£'TION ON PAGE 6). dent rotation to maintain 100 rpm

Spin adapton are available from under load. Under no circumstanc_
several manufacturers. Consult should the bolt bc dmpb/ pmhcd
CELTITE a TECI'E_K /'or source through the resin caru'idges as ira-
information, proper mixing can result, proviellnl

for possible anchora_ failure.

RESIN ANCHORAGE CHARTS
Typical anchorage loadings" in rock for point anchored rocld.,ohs u_d in accordance with the manuf_-
turer's recommendations. Intended as a guide for site a'ials, which _-ill establish the working specit3cadons

O _ ....... - ---- A_, ';000PSI A,.e,_eStr_nlth._.Bond1.*arch(C,o_N'm

- _l : ...... - ..... C.rbonifcrous . : - .. ]
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O =-=
/__

Avemlle Anchorage Lo_dh_ • Maximum (Ki_) • .....

_ __ MNIm _ < ........

Weak ¢ompacl_l

.....

0 0 A.'er_e /_n<hor, e I_.dlnl • M...|mum (K/p0)
Roci_ _lrrr_rh_ an_ Jn unia._f_l compression |erm_. Informs.
_,n I_a_J on _ coe_d.,'led b}' lml'a'rf_l CoBe_r. [_.ndfon

(197Ob, J, A. Ftan/,/in, B,5.C., M.$c., Ph.D, D.I.C.
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LEFTHANDTHREAD
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PHYSICALPROPERTIES

lt EFFECTIVEAREA: 0.79 SO.IN.
ULTIMATESTRENGTH:90 KSI -

ULTIMATELOAD: 71.1 KIPS

YIELDLOAD:47.4 KIPS
+ WEIGHT:2.67 LBS./FT.

MAX. BAR_ INCL.RIBS: 1.1Z IN.

, AVERAGECORE_: 0.95 IN.

| PITCH: 0.49?. IN.]

L-_ ....

' ATTACHNENT 4,
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Ov_illO&G SYSTEMS INTERNATIONAL U.S,A., IN¢.
/

e

TABLE: COMPARISON OF BAR MECHANICAL PROPERTIES

i

Bar Size/Grade #7/GR 60 #7/GR 7S _8/GR 60
ASTI¢ A 615 F 43Z A61S

e -- _ Imll _ ........ "" ....... _. _" _ I' L 'I I, II I I , | , .

Yteld Tenstle Elong. Yield Tensile Elong. Yield Tenslle Elong.
(kips) (klps) (t[) (ktps) (klps) (Z) (ktps)(ktps) (|)

Guaranteed
per ASTM 36 54 8 45 60 8 47,4 71.1 8

e Avg. actual
Der mill cert. 42 65 12 4? 72 9 55 B3 ]3

6/24191
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VERTICAL ALIGNMENT-.(TOL. 5°)
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•UNDERGROUHDDR;LL]NGHOLE F%ELD DATA SHEET

Date: ............

Room/Oftft: - -

Purpose of Hole: ...............................

, ,,,, _ , ........ :__ _L .... _ -- __ _ _ J _ ,, ._

Location:
\

\ Depth at Completion: ......... -
Diameter: .........

ApproximateCollar Coordinates

VerticalAng]e:

Direction/Azlmuth:__ ------

Remarks"

Signature/Department:

!_P Form2014; lO/15/go

Q Page I of I /
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),|.S |travel|eS ehel| petnL_ oeflye8neee_'a°t_lls_leRemeeeemev_ile eteem
O_ uD e! etpoltmes_e |J emse|eevol|e| reaL|ave0 LN _be re_dis_ee e| the

e_ ORQ _&& jt| efd ke&_ verse and neJ_eets
etpe|neo&41 oleae.

]. I Cenftlvti_Lta d t®een_Lat_lPaitUl, ea

3,_,.& Oeaeee_ t_oel_|e_ VnielStlreuRi

&_ 4eetbe lemuRS |p_U_ No. 9 4¢|11 I_ele e_¢|eee
e_evet|en ts 411_._le. Title |e 1401 ft shove seen ees
|eve1.

The e&etege oleo _81001 tO 6pFles, 8,&_O f& be%ev _he
lEeua4 eur_ece. T_O flnal !sre| e_ the eseavettene
shell le ae 4e_,e_m_ne4lr/ tbr eeatleoslJ_ oiliest.
A|_ eaeevet|e_e e_ell be pelelle| &e &he esle_lmg
beedin_ p_eaee vt_htn elleve)le &oleraneee. To _he
esten_ plastisol, e nnr_er bcl in the eseevetlen¢_b
v&ll be 4et_ne4 oa &be reference pions frn vt_telmLhe
ezeave_eo shell be eoa_nued. Zm eidt_en, _e_qe
e_oll _e dr|lieS Into _he f&ee| e_d _eef of lhr
excavationfor de&srm|nea&enof the &eee_|ea et

Nar_or |oi t- 1,3t) en_ &be olaf eeeu a_eve _ho _eef.
O_8' coring of _eee solos m_ell beV|m before sheeelt_inu®_e,il_etaivoaeee Rote &he_ 810 feet fire| the

"" |eees_el_,

lasso e_ &he el|l&|alo &he sterile 4|p o| &he
eed|nente_y bode in _ho _nOer_Eeund arose viii be
eppres|ne_ely t persons &e the eeu_ reel.

,.J.8 s81; ceopesl_&em en_ nenei;y

The b_lite |e _eles|vely fees ef loputl_tee vl_ _e
esee_Ltea of eeeamtoael shin bus separate l_yefe e_
&&s_s|7 iatelepeteed ergll_seeeue uesertale (rF &o
es) end of pely_el|_e Circe _hel &_), Hall_O _e else
v&dely in_er_eeOoe v&t.tJ leye_e of e_yi_i_e leaf|ag
_e_ e fe_ _seheo to eevetel feel In _te_aeee. T_e
everell selectee eem_e_ _e e.e_.

Fe_ _u_peeee of eseevet_en esleule_leae _be el& tinpiace le oeeuned _e have e eene_y ef _S II) _eu f qP

(%.Olt_ &e_|/e_J MO).

)._.) Creep Al&eraser

Sseavatton dtmene|ene shell Include oa el&evener ees

O i_ salt eeeep et I £_ titeke vo|&tei| _&nene&ea and nine
thebes In _e _o_vlre4 t_t4tsof a11 seeM.

D-$_-V-O& Rlrv. | lheet _ e_ 141
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e ."._IL| _ 7,efa,_'eaIii' _lllII_.ir_It:gfl idi_i_llfl, N6 _IIIl_81 '611_OJlllk|11, _IQi_ItRlll _,ImllllRlle.,flll, If'Icl _IOfO F_I|IGI_ lli_i, latllmi_lll
i i i -

:r "'; )J"ll eP '." J '.e_..r_ V_eI _tClI,_l_. _,tli_'_¢ 'q _J"m_i,, _ :,ii :''.t_

_..¢t "- _P4r_' _:e,11 IrOa =_e'_"iltllr s,_.;),;_) ._,e.',';l ,,s ';': I, ,_l,i e

e__ il;ac r :I -, 'r, ,.t- r.

• _ i......, i ._

' .._ ) .._ : ..... _ , _;, , .,_ ,.

) ) S?O •.'CO :,'1 ,I'_2 , I"_.0 !_!0 ".'S=
) : ¢0 ' ';._ ' "0 l :_4 ),'_ ;:!_ ,_J,
',) ¢ Jt3 ',;'" _ _" ) _00 2J_tl :.;_a "_(I"
' ' SJ"3 ' ¢',1 ' !(% _ _:0 _ td; : =,"" " _40
'_ " _S ' _.;: _ :li S.12 ' '.'S : :tS "_tl

3 kn `1na[ys_smay E,: ,'nndeb.v :he purch_cr frcm 6._ The sl:ac;n;,_e:ght, and _=pof d_formationssl_="
:,,_,_,¢o_.,_rs.Th_::ncsphor'd4content:busdc:¢,"mzncdshall conform lo the ."J:,uirQments0rc,_:_l:edm Tat)lc ;.
:_,,[,x,:;::d that ,¢ec_liedin :_.l laymerethan ,:_ %

". 'klca_urgmcnfso#')[:_i',_rm_liuns

n. R,',_um:m©ntsf,)r Defornuzfion.,i ".[ The ,_vc.-'a;cspac_ni[of d¢fi_rmauonslh_&[b_ dozer-
|s I

6' Oe='oralation=shallN sra_.'lalo,ilg:hebaratsul::stan.,,'n,nedbydividin;=measured,=n!I,hoi_c ha('i_¢:;mcn)y
t);_{iv'jni|'o_ll_istanc_,The def_r,'naticnsono_:¢csn¢s_dc_ th_nunlbcr06mehv_dualO:|'ormationsandfractionalparts

• ofd_:tbrma(ionson any one sidectt1_)atsc,:c_mcn,.k
J('eh,:iearshallL'_sz=afar_nsl_,ea,_ds_ape.
61 T'_edc,eormauonsshaiIN ;lacedw_threspecttothe measuredl¢ng:hcffl_e)atslxcsn_cnsh:II)ec_nsldc-cd(he

,_:(,s_,"ehebars.thattheinclude_zngte:sno(h.'.'.'_than,II'. distanc_froma pointcn a defonllntionto,Icorrespondinipoint on _nyoi!eord_:)brmaz*onon the s_.'ncsi,". ,_.the_,ar.

O _,_,h¢_thelinecfdeform=uons_u,,_s._n',ncludcdan{lc '_w,h Seac;ngmcasu;,.'mcn'ssi_l| nutt:_ma_ overa _arareathe axLs of lhc iear 0£ from 4) tc TO" incius/ve, If'le conia/nin$ i_r .T.arki,i symL_ols(nvoi_n) Ic:tc,"sor _um-_:,"orma'ionsshall alternalelyreverie in direc::cn on each
s_¢c.or _hoseon one sidesh:dibe rever,,ed:n dir_:tion from _,'1.,,e "1,... Tllca,,¢rn;eh,:i;ht0("d|:x-ormat;.cnsshall_ dcter-
[[Ics¢on theo$:)_c;siteside.Whe_ thelineox-dc(or_atit:nis ro*redfromme.'uur_menisrhodeonnot:cssthanr,wo t?p_cai
over"0'.,_reversalindir_zion_ ,_otrequired, det'ormai)nns.)cir,'n,_mal)onssllail)e)_d cn fllrce):ca.
5.3T;)caveragespacin;or distance_.c:'.c=ndex-ormationssuremcnts;ct¢c:_n_at;.on,one atthe_,".tcrct"t[-eovcr:_II

on eachsideo( the)arsMIInote.xcecdwen tenthso("abc lengthandtheo(h_:rv.voaith_:quarter;,.;imsoftheover:iii:lomh",nldiameterox-the._ar.
len_lh.

6.4 Th_ over_IIeMthot'deformatio_ _all_ sucht_t %3 Insu(li¢icnt h¢:Ght,insu:lic(¢ntc;.'¢uni('¢r_:ntialc:,v-
th_;=p_cv.vecntheendso_"thede£ormatio_cn opposite eraGc,orc._ccssi_cs{:ac_nlaGdc;'or'_a::c.".ashallnotconst:.
s)dcsoi"the _ar sha)l not exc=_ l)'/_ % OX-lhc nominal tute c_us¢for _)ection .'_':es__,,has_c=n,f.eart.vcsta_:l',shc_
;c,-,m_:t:roi"the _ar,Where the earlsterminatein m hy _c:.'r,.'mrationscn eachlot (Nob:J):eszed',haz(':;:,:ai
:ong::udinaihb..'.e .aqdthof the long:v,._dinalrib rJ-,al]t:c de:',.)rr:-.,aucnh,:ight.;:.lp).ct seat;riGConot conform :o :.".e
:,:r,s_de_¢thela;).Whore ,,"ao__a.-itwo|onsitudinalr;,l:sminl,"...urnretie;rcn:ca,ts:re.s_:ni:cdm S_:Lon_,No re:ca'ten
:zr::nvoi'.c_the:o(;I|',vic_thof;iJ|!onlpv,_dir.a[nl:sshallno(
Jxccu'.,l._.__ Of the nam|nai penme'cr oX"_e bar, fur',hef n,ay )c ._lad,::,n :he_'asis;X-,"neasurcmenU:X-:'c'._crthan :er.
._'kore.the .iummatio,,,.oX-laPSb_allnot exc,"t'd:5 % oX-the :_."_:_centd,¢','orm.ltionson :ach side oz"the tearar_ =eas_r¢.:.
-_:.-:na[ ;cr,..,nc:_:roi",h__ar T'ncnominal;e,"imeter,=fthc ._r,-_ _,.-._ Inr ..I ,:'¢_r,cd _ _il :::¢ jars :£ ._ _.lr _u,._cr _.',,:
:at s;_a,| _ ,_.' .1,;i_,lP.._:he _ol'll:rlaJ Ji;l_o:,_. _a:_crn oCJc_rmat;cn "¢._z.iar_<_l:n .1_ .n,J,,,:J,4i s_;¢c,rt.,&re:¢.'um¢Jr

g_¢C_ntor:ct.

T,l,_Ll_ 2 Tensile RilCia,romllnla _l. Tensile R_quircm_:n,_
" i,.xco _" ;..mea,,'.. _¢nca "S_ - _].', T:'_e r:'..:,t:.".l[..is "'-rest"'-'......... ":'.. t.',_ *_s;*.::."r.¢_.3.
",, ;:, ;:_erq:; .-,",. :_ "q XO kO tC,: ':¢ :_ _ha_] ,:cn:'_,.-ll ",- t_¢ :¢qt;_::._:c_._,; ",;: t_:ns_:: pr£,;¢:"..'.i

Ece,;.'mcnn ii n.. _. t.
=_,_, 3" The ' 'y:c,,.,;,.:l:'.tcr v_c:,ds,tc._Gthshall )c Ze'e.._.._r.c'.

1 '_ ) _v _.n¢ Of/he : '.ci,owir.g m¢ih_:_:
' _ '_ "_ ) ; :. l Th,: ',lcld pc_:',tsl:aft _e Cc:¢,.'-.,:_cCb_.Zr:l: "( the- ] ] • .

• _ .... _r ..=,t:_ the _ =.) : ....... "1"" :f the tCS;',._g?.t:J.".,.'.e.

:,.:ce,: :,,rs:.,,_,.r'._e_:_vr :,:am: "':.,;- : .':_d ;:'_.".t.the ' 'e'g _;r:,";,'.h $_,;.1-.c ._et.',".-r.:.".¢__t :x:':'.

D , - .
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3.2.3 F_:torl of Safety

The Oes4gn IOaO ;_ fOr the anc-or eauals the T_e e,'g,,"eer snou_cl ',ct comoou,,o ,4,0_
,_ax,mumant|c_pateoloaOaDpl,ec'ot_eancnor fao:ors of _a'etv _nen ce$,g,',n_ an t"c-:.,,,-

e t:mes the factor of safety useO ,r, ",e :es,gr_ O_ st'.Jcture "r-e .,rce"a,_". 3_'c - _. !=.':¢ t'_-'"e a_cr'oreO structure The val..e -f _re'3c'3, cf ._,.'_ '"e ,..-',, .:- :.. = =" . ..-.; - --- :.=..;- -
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sa'e', 'ct '-ea_c-or _,,, _'a.e :-:-:,- --, ... .--
"eS_it,r_ ,_ a_ o_,erlv cc_ser.3,..e :es ;-

3.2.4 Anchor Tendon Design

1"_etenaon s_ze,sc:eterm,ne0such t,atthe ,"'_eload ,n an anchor tendon _av e,t-er
aes_gn lOaoa for theanchor ODes not e_ceea 60 ,ncreaseor aecreasew,tnt,meoeoeno,ng:r,t"e
percent of t_e guarantee(:ult,matetens,le :,enav,oroftnestructure
strengm (GIJTS)ofme tenoaonT_e Ioc_offlOaCl
W_CR sr_all De Oeterm_neoa Oy the Oes,gn
engineer, may De larger or Smaller than the
oes|gn load The recommenoaahons for Corros_o_
protection g,ven ,n Sect,on 6 0 Corrosion
Protect,on ' slnall Decons,oereo

3.2.S Free Stressing Length

The free stressing lengt_ s_oulO not _e _esst_an T_e m_n,mum stressing lengt_ recommenOeoa,s
15 feet [4 572m ] to prevent s_gn,f,cant reoauct_ons_ntransfer load

cl_etOstress,ng anchorage losses or move,",ent

3.2.S Bond Length
The boncl length can oe est,matec_ _y t_e T_'e_oncl_e,',gtnnorma_ly,snotlesst_.an_0fee;
follow=ng equat=on P'or -3rma= aol3_cat_ons the _onc =e;wee" t_e

:enCon ar_c:arc_.3r _rOU: ,S "Ct _r:_,cal

p P..i!.O_: :es:s "'av :e '..se_ ": :e:e'',"e "-_LO =
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LD : Don(: length anchors are "este-'. as cescr,cec ,,',_ec':o," 3 "
P = Oes|gn toao for tlneanchor
rr : 3.14
C_ : oa|ameter of tl_eoar=li_'o_e
r. : worK,rig hondastress ,n the ,nterface

between rOCKar_oa grout

The working Dc-C Stress usecl to _e!erm,ne the Wtne,n se_ec: "; :"e _,_,,_ _ -. : _'--:s.= "-_
OOnOlength _s orma==y25 tO 50 percent of tlne eng;reer src==: c=_s,=er ""e :,,;,ca, "a:..'e -
ultimate bona stress t",e anc,*'or ac=.,cat,on var,a:,crs _" ""e "3c,

croDer_tes ZnC"-e r'sta,,a: c,r :':.ce.:._'esT",e ult=mate Donc_stress ae_encs or_t,"e

1 Shearstrengt;,of :herCCK
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stress space (:,T) where _ and T denote normal a6d shear stresses, and v_k4/r_'c
sn envelope Ls drawn tangent to the circles representing the u_tlmati -_A,d_)7_-#_,

shear stress o6 any value ol conlininq pressure. 1f'7tf

When the data l!romTables 9.2.4-I and 9.2.4-2 are p_otted, three Monc's

circles which a_e normai for SE:_M cock salt are ol_talned In Figure

902.4-2A in stress space (:,Z) . The ultimate stresses can be

apptox_ated by a straight line (Coulomb) envelope of ti_ form

T • C • : tan :. in conventional -ngineering terminology, C Is called

the cohesion and _ , the anqle ol internal friction. In this case, at

ambient temperatures, rock salt from the 2,100 foot level hal an apparent

cohesion ol aRprox_ately 1,000 psi and an angle ol internal friction ol

]3 ° . Similar data for other rocks are being used _or mine pilltr

design. _iowever, it s_ould be reco<jnized that the v_lidity ol these

ultimate stress analyses rests on two assumptions. (1) failure ii

independent ol the intermediate principal stress, and (2) failure is

de_i.._.=d solely in terms ol stresses and Independen_ o_ strain, strain I
rat_*, and t_e. Both oi these ass_ptions are currently bein(3 evaJ.ated

_o_ rock salt.

In cont=ast to other _ocks, it _s important to remember that cock salt

undergoes large deformations lon_ before the ultimate stress is reached.

S_nce these deformations ca_ exceed 1St even at ambient temperature_ _t

_s conceivable that a practial _ailure condition ._ght incorporate a

._axzmu_ delormation criterion. _o Illustrate t._is case, i Coulomb

envelope was constructed (Figure 9.2.4-2B) whic._ defines t._e stress

magnitudes at an arbitrarily chosen _onstant value ol st._ain

_ _- 2.5t). This value is the average strain at the ultimate stress ot

samples tested in uniaxial compression at ambient temperature and a

loading rate o_ 30 ps_/min. _t can be seen that F_gu:e 9.2.4-2B is

different from the ultimate stress envelope _n _igure 9.2.4-2/_. Clearly,

t_e shapes o_ the bloh_ envelopes a_e hig_ly dependent on _silure

criteria. The values obtained also depend on the manner _n which the

_o_r's envelope is drawn. In Figure 9.2.4-2A, a "best _It" straight line

tangent to the clrcles _as drawn; ,_i-. in B, a parabola was drawn

tangent to t_e circles.



O APPENDIX C - CHANNEL SUPPORT DESIGN

The finaldesignof the steelbeamsupportsystemwasthe resultof anevolutionaryprocessthat
startedby consideringan I beam. The originalconceptcalledfor an I beamthat wouldbe hek_In
piace byeightrockanchorsandfour yleldablesteetpos_ Thisdesignhad severaldlfflcultkm
with It:

o Each I beamwouldweighabout2,000 pounds,makingthe installationprocessdifficultlind
potentiallydangerous.

o The supportingrock anchorscouldno( beattachedto the centedineofthe I bearR
Instead,therock anchorswouldhave to beattachedby means of a separateplateto the
flangesofthe I beam. Thiswould havegeneratedexcessmomentsinthe beam u wellsl
introducingtorqueforces,whichwould havebeendifficultto calculate,

o The yleldableposts would have been difficultto test,andas theywere not performingany
functionthatthe rock anchorscouldnot provide,theywere eliminatedfromthe design,

The finaldesigncallsfor a 15x 40 channelwith11 rock anclx)rsthat are fastenedthroughthe
centedineof the channet.

The channelwillbe made ofthree9 foot sectionsbo_edtogetherwithfour7.5 inchby3 inch
splice plateswhichallowforgreaterease inthe handlingandplacementof the channel.

O The beam hasbeen designedto accommodatethe unequaldistributionof the rock load, and the rock
anchorswillbe tensionedto accountfo_"the fact that mostofthe detachedload is inthe middle
of the room.

The supportchanneldesigncalculationsare givenbelow.

O
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1.0 INTRODUCTION

A system to supportthe roof in Room I, Panel I has been designed on the basis
of the rock mechanicsdata that is given in Appendix A. The design itself,is
presented in Chapter 4 SupportSystem,UndergroundStorageArea, Panel I, Room
1. The supportsystem accommodatesa controlledyield of tileroof rock as the
creep of the salt takes place. The successof the plannedsystemreliesheavily
on a monitoring program that will determine not only the geomechanical
performanceof the room but will also assessthe structuralperformanceof the
support system.

The supportsystem is designed to carry the dead weight of a rock wedge that is
forming in the roof of Room i. The development of this wedge has been
established from the rock fall that occurred in SPDV Test Room I and from
observationsof fracturedevelopmentinother parts of the undergroundfacility.
The wedge is not yet fully formedbut experiencein would indicatethat it will
form within the next 7 years in Room I, Panel I unless fracturedevelopmentin
the roof can be controlled. The supportsystem in Room I has two purposes, lt
is designed to minimize the development and propagation of roof fractures
thereby,ensuringthat the rock remainsself supportingfor as long as possible,
and secondlythe systemmust have a capacityto carry the dead weight of the rock
wedge once it forms in the roof while accommodatingboth vertical and lateral
displacementsdue to far field creep effects.

The geotechnicalmonitoringprogramwill establishthe loads that are developing

in the supportand the deformationsof the rock that are takingplace around theroom. The geotechnicaldata will be used to ensure that the supportsystem is
performingin a controlledmannerand to establishthe load adjustmentsrequired
to the support system in order to accommodatethe creep movementsof the salt,
and to confirm that room performance remains within satisfactory bounds.
Geomechanicalmonitoring of a room can give indicationsof its deterioration.
Monitoring of the performanceof excavationsat the WIPP has already provided
early identificationof such conditions. SPDV Test Room I showed evidence of
worsening conditionsat least 3 years prior'to the roof failure in that room.
In addition, the Geotechnical Expert Panel has expressed confidence that
instrumentationin Panel I can give adequate notificationof deteriorating
conditions (US DOE, 1991).

This plan describesthe geotechnicalmonitoringprogramthat will be implemented
to evaluateboth the room performanceand the performanceof the supportsystem.
The plan describesthe instrumentationthat will be installedin the room, and
it discussesthe criteriathatwill be appliedto ensurethat the supportsystem
is adjusted in a controlled manner and that room performance remains
satisfactory, lt shouldbe noted that asmore data becomesavailable,especially
on the interactionof the supportwith the room, then the criteriathat are the
basis for adjustingthe loads on the supportmay requiremodification.

The plan has been developed and will be implemented in accordance with the
general requirementsFor the control of test activities as described in the
GeotechnicalEngineeringProgramPlan (Westinghouse,1991a). The Geotechnical

EngineeringProgram Plan supportsthe QualityAssuranceProgram implementedatthe site (Westinghouse,i991b)and covers the eighteencriteriathat arc,defined
iN the Q,,__!ityAssur_nrpPrngramfor NuclearFacilities(ANSI/ASMENQA-I-1989).

D-I



2.0 MONITORING OF ROOM PERFORMANCE

The program for monitoring room performance has already been developed and
implemented in Room I, Panel I. The basis for the monitoring is that the
measurementsand observationsare simple to make; that minimal maintenanceof
instrumentation is required; that instrumentationis easily replaced if it
malfunctions;and thatconditionsthroughoutthe room are known. The data should
provide data on geomechanicalperformance features that have been identified
elsewhere in the undergroundfacility, especially in the SPDV Test Rooms as
features that should be comparedwith other data collected at the site. Room
performanceis being characterizedfrom the following"

• The developmentof bed separationsand lateral
shifts at the interfacesof the salt and the clays underlying
the anhydrites"a" and "b".

® The establishmentof the room closure rates and determinationif they
are acceleratingwith time or exceedingexpected rates.

• The assessmentof the behaviorof the pillars.

® The assessmentof fracturedevelopmentin the roof and floor.

The instrumentationin Room I, Panel I was upgraded during the summer of 1991
from the originalmonitoringprogramestablishedfor the panel in 1988. At that
time, limitationswere imposedon penetrationsthrough the Anhydrite"b" in the
roof° These limitations were in effect for waste storage considerations and no
longer apply to the use of the room as the location for the bin scale tests.
Roof conditions are now assessed from observation boreholes and from extensometer
measurements. Measurements of room closure, rock displacements and observations
of fracture development in the immediate roof beam can now be made and used to
evaluate the performance of the room. The upgraded monitoring program was
presented to the Geotechnical Expert Panel who considered that it was adequate
to determine deterioration within the room and could provide early warning of
deteriorating conditions in the room (US DOE, 1991).

The location of the instrumentation monitoring room performance is shown in
Figure 2-I. The specifications for the instruments are given in Table 2.1. A
summary of the installation requirements including tolerances, workmanship and
national codes and standards that the instrumentation monitoring system must meet
are given in Appendix A. Figures 2-2 and 2.-3 provide the instrumentation cabling
layout for the convergence meters and extensometers respectively°

2.1 RoomConvergence Measurements

Vertical and horizontal convergence stations will be installed at seven cross
sections throughout the room to monitor roof/floor and wall/wall room closure.
The locations for the instruments are provided in Figure 2-i. At each cross
section, roof/floor convergence will be measured at mid span and at room quarter
points and wall/wall convergence will be measured at mid wall height, 'The
convergence measurements will establish the rates of room closure for comparison
with predicted rates and will be evaluated to determine asymmetric roof/floor
closure of the room. W

- D-2



Each convergencestationwill consistof a mechanicalanchor fixed about 150 mmbelow the rock surface. Detailsof a typicalconvergenceanchor installationare
given in Figure 2-4. An extensometerconsisting of a wire or tape stretched
under a constant tension and an accuratedistancemeasuringdevice is attached
betweenthe anchors . Changes in length betweenthe anchorswill be monitored
periodicallyto determineroomclosure. The convergencemeasurementscan be made
manuallyor remotely. For manualmeasurementsthe extensometeris put in place
only for a reading and is subsequentlyremoved. For the remote readings,the
extensometerremainsin positionand the manual extensometermeasuringdevice is
replacedby a electronicdevicecapableof measuringlengthchanges. In Room I,
a potentiometerreadout with a range of 36 inches will be used where remote
readings can be obtained. Remote readings cannot be made at all locations
becausethe permanentinstallationof wires across the room will interferewith
access into the room.

2.2 ExtensometerMeasurements

Boreholeextensometerswill be installedin the roof and the walls of Room I.
Roof extensometerswill monitorbed separationsat anhydrites"a" and "b", and
dilation and creep movements within the immediate roof beam of salt. Wall
extensometerswill monitor the lateraldeformationswithin the pillars.

Within each borehole, five measuring points will be anchored to the rock to
monitor rock movements towards the room. Details of a typical borehole
extensometerinstallationare shown in Figure 2-5. In the roof holes, the
anchors are nominally fixed at depths into the hole of O, 2m (6.5 feet), 2.3m

(7.5 feet),4m (13 feet), and 4.3m ( 14 feet), for the purposeof monitoringbedseparationacrossthe anhydrites"a" and "b". In the wall holes, the anchorsare
fixed at depthsof O, 1.5m (5 feet),3m (10 feet),4.6m (][5feet), 7.6m (25 feet)
and 15m (50 feet). The specificationsfor the drilling of boreholes, the
installationof extensometersand for the instrumentsare given in Table 2.2.

Calibrationof the measuringdevice for the multiplepoint extensometerswill be
carried out either by the manufactureror by the Site CalibrationLaboratory.
Calibrationwill be traceableto National Instituteof Standards and Testing

• (NIST).

Readingswill either be taken manually with a readout device provided by the
manufactureror will be performedremotelythroughthe automaticdata acquisition
systemthat ismaintainedin the underground.Measuringfrequency,once the room
is in use as a laboratoryfor the bin scaletests will be carriedout every week.
This frequencymay be adjustedto meet any changesthat develop.

2.3 Survey Measurements

Survey measurements will be made in the room by the surveyors from Mine
Engineering. These measurementswill be used to separate roof and floor
deformations. The measurements will be taken on a routine basis, probably at
intervals of about 3 months.

J 2.4 FractureMapj)jn_.qof ObservationBoreholes

Three observation boreholes have been drilled into the roof of Room I, Panel I.
Additional boreholes will be installed at the existing locations to monitor the
behaviorof the roof cross-section. Observationsof bed separationand lateral
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strata shifts will be made on a routine basis at intervalsof about 3 months.
The boreholeswill be monitoredusing a scratchprobe that has been used for the
ExcavationEffect Program (U.S. DOE, 1986). The holes can also be viewed with
a borehole camera if the fracturesrequirevisual observation_

In addition,the boreholesfor the rock anchorswill be observed for fractures
immediatelyfollowingtheir drilling. Thiswill be carriedout using the scratch
probe and the boreholecamera.

2.5 Data Acq.u!sition

The instrumentationmonitoring room performance, is currently read manually.
Conversionto remotereadingof instrumentationisplanned. This conversionwill
take place once the data acquisitionsystem for the monitoringof the support
system is installed in the room. lt may not be practical to convert all the
instrumentationto remote readings. The roof extensometerswill be convertedto
remote reading. The ancillaryequipmentto allow remote readingof the quarter
point convergencestationswill be installedbut a finaldecisionon installation
of the wires will depend on establishingthat they will not be damaged by
personnelmaintainingor samplingthe bins. The roof/floorconvergencestations
at midspan i.e. down the middle of the central access way and the wall/wall
convergencestationswill not be monitoredremotely as theywould interferewith
access,

Remote instrumentation will be monitored from a data logger located in an alcove
in S1950 of Panel i between Rooms 4 and 5. The data logger is part of the
GeomechanicalInstrumentationSystem installedin the underground. The system
is controlledfrom a computerlocatedon the surface. The data loggerthat will
be used to remotelyread the instrumentationmonitoringroom performancein Room
I is already in place. The specifications to which the datalogger is
manufacturedare provided in AppendixA.

The results from the instrumentationin the room will be evaluated on a
continuousbasis. Documentationof the resultswill be providedannuallyin the
GeotechnicalField Data and Analysis Reports.

3.0 MONITORINGOF SUPPORTSYSTEM PERFORMANCE

The monitoringof the support systemperformanceprovides an assessmentof the
manner in which the support is controllingroof movements includingthe breakup
of the immediateroof. The monitoringprogram in Room I, Panel I will evaluate
the following:

• The performanceof the structuralsystem that supportsthe roof.

• The load that develops in each rock ar_chorfor the purposeof adjusting
loads so that the build up is controlledin a consistentmanner.

The basis for the instrumentationwill be that the measurementsare simple;that
instrumentationis easily replacedif it malfunctions;and that the performance
of each anchor can be continuously monitored and readily compared with
performanceof other anchors. The instrumentationlayout for monitoring the g
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support system performance is provided in Figure 2-6. Cabling layouts areprovided in Figures2-7, 2-8, and 2-9.

The most importantof these measurementsare those that determine the anchor
loads. These measurementswill be used to adjustthe anchorsto ensurethat they
are not stressed beyond the allowableworking stresses and that the roof is
loweredin a controlledmannerthat accommodatesthe continuedcreep of the solid
salt.

The measurementsof cable elongation and pressuresdeveloping on the sheeting
will be taken to determine how these components of the support system are
performing. No adjustmentsare planned on the basis of these measurements.
However,if they show load buildup,additionalactionsmay be considered, lt is
not expected that breakupof the roof rock will be excessive, it appearsmore
likely that the rock will remain primarilyself supportinguntil the detached
wedge in the roof fully forms, lt is not expectedthat this will occur within
the next two years based on the experience obtained from SPDV Test Room I
Therefore, it is not believed that loads approachingthe full weight of the
detachedwedge will developon the expandedmetal sheeting and the cables.

3.1 Rockbolt Load Cells

The rockbolt load cellswill monitorthe axial loadingon the rock anchors. The
measurementswill be made on each anchor and will be the basis for adjustingthe
load on each anchor, should an adjustmentbecomenecessary.

Each load cell consistsof a cylindricalbodywith a centralannulusfor the rockanchor. The loadmeasuringelementis a spoolof high strengthsteelor aluminum
on which electrical resistance strain gauges are bonded in a full bridge
configurationthat providestemperaturestabilityand compensatesfor off center
loading. A steel outer cover and 0 ring seals protect the strain gauges from
mechanicaldamage and water penetration.

The load cells shall have sufficientcapacity to measure up to 50 kips with a
sensitivityof 0.02 kips. In order to maximize the vertical adjustmenton the
tendons,the heightof the load cells shall not exceed 75 mm. The typicalload
cell installationis shown in Figure 2-10.

3.2 Pressure Cells

PressureCells willmonitorthe pressuresthatdevelopbetweenthe expandedmetal
sheeting and the salt roof. The measurementswill be made in selected areas
within the room that are expectedto have the greatestroof movementsand hence,
be more susceptible to the development of loads due to the breakup of the
immediateroof rock. Typicalpressurecell installationis shown in Figure2-11.

Each pressure cell is manufacturedfrom two steel plates welded together. The
space between the two plates is filled with de-aired antifreeze solution or
hydraulic fluid and is connectedvia a high-pressurestainlesssteel tube to a
pressuregage and/orpressuretransducer. A pump is used to inflatethe pressure
cell and press the cell against the rock. A change in load on the cell will

cause a deflection of the diaphragm which results in a change in the fluidpressure. The pressurecells, in Room I, will be installedbetweenthe rock and
the mesh to monitor the pressuredistributionon the cable lacing and mesh.



The pressurecells will be constructedfrom corrosionresistantmaterialssuch
as stainlesssteel. The pressurecell can be modified for remote monitoringby
replacingthe pressuregage with or adding a pressuretransducer.

The pressurecells will be placed betweenthe rock surfaceand supportmesh. An
importantfactor to take into considerationwhen installinga pressure cell is
to ensure good contactwith the surroundingmaterial and to avoid localizedor
point loading of the cell. To avoid point loading,each pressure cell will be
encapsulatedwith a concrete based grout. After the grout has set up, the
pressure cell will be placed between two steel plates in order to evenly
distribute the load on it. The pressure cells will be pumpedup so that the cell
is completely filled with fluid.

Pressure in the cells will be monitored using pressure gages. Monitoring of the
pressure cells can be changed from manually read to remotely read with the
addition of a pressure transducer to the cell.

3.3 Cable Elonqation

Crack meterswill monitorthe elongationof the cablesthat supportthe mesh and
expanded metal sheeting. The measurementswill be made at selected sections
within the room that are expected to have the largest deformations and
subsequentlyload the mesh an cables. Typicalcrack meter installationis shown
in Figure 2-12.

3.4 Data AcquisitionSystem

The data acquisitionsystem shall provide for remote multiplexingof the load
cells at locationswithin the room. The data acquisitionsystem shall be capable
of handling the requirednumber of multiplexers. The data acquisitionsystem
shall be configured to monitor 33 rows of load cells, each row containing 11
loads cells.

The data loggerwill consistof a programmablecontroller,switchingunits, and
a readoutdevice. To prevent thermal deterioration,the switching units must
multiplex all signal functions for each instrument. Continuous connection to a
constant-voltage power bus is not allowed.

The data logger will include a Racai-Vadic Model VAI251G/K modemfor data link
connection to the surface data logging computer.

To facilitate compatibility with existing GIS equipment, existing communication
parameters, protocol, and programming must be incorporated into the data logging
components.

A Racal-Vadic ModemModel VAI251G/K will exchange ASCII character data over the
datalink cable via the following parameters:

• Baud Rate - 300
• Parity - Even
® Stop Bits - One

• Word Length - Seven Bits
IF

The two panel switcheson the Racal-VadicModem are to be set as follows"
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® Analog/DigitalLoopback - OFF• Transmit Reversal - OFF

The modem's RS-232 interface will connect with the supplier-providedcontrol
units to ensure proper data communications.

The surface dataloggingcomputer has been programmed to communicate with all
undergroundcontrol units through an exchange of ASCII character data. The
computersends a two characteraddresssequencedown the datalink cable through
the surfacemodem. Each control unit then demodulatesthe character sequence
through its modem. Each controlunit is uniquely programmed(via a PROM chip)
to respondto its own addresssequence. Upon receiptof its address sequence,
each control unit will poll its instruments, perform any necessary data
reduction,and send instrumentreadingsthrough the modem as a string of ASCII
characters.

4.0 ADJUSTMENTOF SUPPORTSYSTEM

The anchorswill be set to a nominalload of 500 kg (1000Ib) after proof testing
to 1.33 times their working load. The purposeof the preload is to ensure that
the lacing and meshing under the channelis secured firmly in position. As the
loads changetheywill be comparedwith an estimateof conditions. There are two
cases to be considered. These are the controlof load during the detachmentof
the wedge when the full loads have not developedand the case when the wedge has
detachedand the workingloads havebeen reachedand any continuedbuild up would

be dependenton the creep of the solid salt onto the wedge that createsa stressbuild up in the support systemthat must be relievedby the controlledyield of
the support.

Initially, the roof will be self supporting as the fractures will not have
developed sufficientlyto define a detached wedge, lt is likely that this
conditionwill be maintained for a period of years, especially if the bolting
systemsare able to reducethe wideningand propagationof the fracturesthatdo
develop. However, for worst case conditions,it will be assumedthat fractures
will propagateand that graduallythe degreeof self supportof the roof will be
lost. As this occurs,the rock anchorswill provide increasingroof supportand
loads will build up in the anchors. Once the roof wedge becomesdetached,then
the rock anchorswill be fully supportingthe wedge and will have reachedtheir
working loads. Control of anchor loads must consider the adjustmentsneeded
during load build up when the wedge is not fully detachedand load distributions
may not be as expected, and those requiredonce the wedge has detached and is
subject to both vertical and lateralmovements due to the creep of the solid
salt.

In addition,the wedge shape must be taken into account when estimating the
adjustmentsthat must be made to the anchorloads. Two possiblegeometricshapes
have been proposedto definethe wedge that develops in the roof of excavations.
A triangulardistributionidentifiedfrom visualobservationof the roof fall in
SPDV Test Room I, and a parabolicdistributionbased on surveydata of the roof
of the room after the fall. For the purposeof assessingthe adjustmentsto the

anchors in Room I, both distributionswill be compared with the field data todeterminewhich is more appropriate.The comparisonwill be carriedout on a row
by row basis and also over time since the geometry of the wedge may depend on
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locationwithin the room and load distributionwithin a row of anchorsmay change
with time as fracturesdevelop.

4.1 Criteria for Load Adjustment

The preliminarycriteria for adjustingthe loads in the anchors are as follows
for the two cases 'thathave been identified:

CASE I: Load distributionbelow Maximum Working Load

This case will occur as the load develops from the nominallyapplied loads due
to the increasingsupportprovidedto the wedge as the fracturesdevelop. During
this stage it is not obvious preciselyhow the loads will build up, but it is
expectedthat theywill developslowlybecausethe rock is still self supporting.
Based on these assumptions,the following criteria will be applied to load
adjustmentsfor a row during the build up to maximum working loads:

• No adjustmentswill be considerednecessaryto a row of anchors until
the load in one anchor exceeds 27.5 MPa (4 kips.)

• If the load distributionwithin a row of anchors is consistentwith a
triangular or a parabolic load distribution, then no adjustment is
necessary. Consistent is taken to mean, variations from the load
distributionof less than 20 percentfor all anchors in the row.

• If the loadingfor a row of anchors is consistentwith a triangularor
a parabolicdistributionbut with a variationfrom 20 to 25 percentfor
an individualanchor, then no adjustmentis necessary,but an analysis
shall be made to establish the rate of load increase for all anchors
within the row and to estimatewhetherthe variation is increasingand
the time that it will take to reach a value of 25 percent above the
remainderof the distribution.

• If the load distributionfor a row of anchors is consistent with a
triangularor a parabolicload distributionbut with a variationof 25
percentfor an individualanchor,then an adjustmentto that anchor will
be carriedout. The load on the anchorwill be reducedby not more than
50 percent.

• I'Fthe load in one anchor exceeds 27.5 MPa (4 kips) and the load
distributionwithin the row is not consistentwith either a triangular
or a parabolic distribution, then a study will be carried out to
establish whether an alternative plausible load distribution can be
established. If this is possible,then this distributionwill be used
to determinethe adjustmentto the anchor load.

For example, if the loads developon one sideof the room due to asymmetricroom
closure, then an asymmetric load distribution may be found to be a more
appropriatebasis for load redistribution.

CASE 2: Load Distributionat Maximum Working Loads

Load distributionat maximum working load is consideredto have developedwhen 0
controlled adjustment of a row of bolts cannot reduce the anchor loads below
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levelsthat are consistentwith the weight of a detachedrock wedge. Once thisstage has been reached,then the followingcriteriawill be used to adjust the
anchors in each row:

• If the measured load in an anchor is 10 percent or more over the
allowableworkingload for that anchor,an adjustmentto the load will
be made. The load on the anchor will be reduced by not more than 50%
of its allowableworking load.

• If the load distributiondoes not conformwith a triangularor parabolic
distribution, a study will be carried out to determine whether the
measured distributionis reasonableand can be explained in terms of a
geometricwedge shape that is appropriate.

These criteriaare based on our expectationof the performanceof the roof rock
and of the support system and their interaction. A mock up demonstrationis
planned in another room in Panel I. During the demonstration,loads in the
anchors will be adjusted to establish the effects of changing loads by a
controlled amount on the loads that develop on nearby bolts. Should the data
from the demonstrationindicatethat the criteriado not provideadequatecontrol
for supportsystemadjustments,then alternativecriteriawill be developed. The
applicationof the modifiedcriteriato the adjustmentof the supportsystem in
Room I will requirethe approvalof the Managerof Engineeringfor the Managing
and Operating Contractor for the WIPP with concurrencefrom the Managers of
Operations,Safety, and QualityAssurance.

4.2 ANALYTICALEVALUATIONFOR LOAD ADJUSTMENTS
In parallelwith the monitoringof actualloads in the rock anchors,a studywill
be carried out to determinethe load transferthat can occur between anchors.
The studywill includefield tests and analyticalcomputations. The field tests
will investigate how load changes in one bolt affect adjacent bolts.
Computationalanalyseswill look at load transfereffectsbetweenbolts. These
studieswill be completedbeforeadjustmentsto anchorloads are requiredinRoom
I, Panel I.

Computer simulationswill assess the effectsof adjustingthe loads within the
tendons . This will be done on a row basis, since the availablesoftwarecodes
are based on two dimensionalmodelling. This assumesthat interactioneffects
betweenrows spacednominally10 feet apart will not be significant, lhe codes
thatwill be used are VISCOT,a finiteelementcode and FLAC, a finitedifference
code. Both codes were developedfor the structuralanalysisof geologicmedia.
The VISCOT code which is a version of a publicly available code originally
developedby Owen and Hinton (1980)was modifiedfor used in the Salt Repository
Program for the disposal of high level radioactivewastes. The FLAC code
(ITASCA,1991) is a proprietarycode developedby ITASCA, Inc. to simulatethe
behaviorof geotechnicalmaterialswhich may undergoplastic flow.

The codes will be used to determineinteractioneffectsbetweenbolts supporting
the isolatedrock wedge. They will establishif adjustingthe load in one anchor
within a row will changethe loads in other boltswithin the row and by how much.

They will also assess whether asymmetricload distributionscan developdue to
lateralor differentialverticaldisplacementsof the salt and how these effects
can be compensatedfor or minimizedby adjustingthe anchor loads.
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A preliminary assessment of load redistributionhas been carried our using _&
VISCOT. For the case of the fully detachedwedge reductionis bolt loading of
will be redistributedamong the other bolts in a row without overloadingof any
bolt. The redistributionsfor a number of cases are shown in Figures4-I. lt
should be noted that the study of bolt load adjustment will be an ongoing
activityand that field data will be assessedto determinethe effectivenessof
the analyticalevaluationsfor load adjustments.
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FIGURE 2-11. Typical Pressure Cell Installation
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FIGURE2-12. Typical Crackmeter Installation 0
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FACILITY OPERATIONS WP 04-ED1341

OSR/SAZL 2 Rev. 0

O TITLE: SITE BACKUP POWER SYSTEM
i. 0 PURPOSE and SCOPE

i.I The purpose of this procedure is to provide
instructions for Facility Operations to operate the

Site Back Up Power System during loss of (Utility
Power) Public Service Power at the Waste Isolation

Pilot Plant (WIPP).

1.2 The scope of this procedure includes safe operation

of the following:

• The Site Back Up Power System during loss of

(Utility Power) Public Service Power

• Alternatives for energizing the site with and
without the Plant Sub buses

2.0 REFERENCES

2.1 BASELINE DOCUMENTS

25-J-020-W, (Sheets 1-9) WIPP Site Primary Power
Distribution - One Line Diagram

O 2.2 REFERENCED DOCUMENTS
• WP 04-EDI021, Site Surface Electrical

Distribution System

• WP 04-ED1221, Operation of Site Surface
Electrical Distribution Breakers

• WP 04-ED1301, Operation of Diesel Generator
No. 1

• WP 04-ED1321, Operation of Diesel Generator
No. 2

• WP 04-ED1621, Normal Underground Electrical

Distribution Lineups

3 .0 DEFZNITIONB

3.1 ACRONYMS

• CAM - Continuous Air Monitor

• CB - Circuit Breaker

• CMRO - Central Monitoring Room Operator

O • DG - Diesel Generator

- e LTS - Load Interrupter Switch

INFORMATION -
: ONLY CO.TROLLEOCOPY .
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FACILITY OPERATIONS WP 04-ED1341

OSR/SAIL 2 Rev. 0
TITLE: SITE BACKUP POWER SYSTEM PCN 00-02

O • OPS - Operations

• PS - Plant Sub

e SUB - Substation

• U/G - Underground :

• VIS - Vacuum Interrupter Switch oO

4.0 EQUIPMENT LIST

NONE

5.0 PRECAUTIONS AND LIMITATIONS

5.1 High Voltage is present in switches and breakers; use

CAUTION when positioning these devices.

5.2 LIS(s) SHALL NOT be operated from CLOSED to OPEN

position with a connected load.

5.3 Under NO circumstances SHALL an attempt be made to

override or defeat KEY interlocks without Engineering
concurrence.

O 5.4 Operation of Site CBs SHALL be performed in
accordance with WP 04-ED1221.

5.5 U/G Switching and lineups SHALL be performed by
Procedure WP 04-ED1621.

5.6 Breaker and system interlocks SHALL NOT be relied

upon for safe operation of site Electrical Systems.

5.7 Utility Sub CB-I SHALL NOT be CLOSED paralleling 1 or

2 diesel generators with Utility Power.

5.8 The sequence of CB operation OR substation

energization will be at the FOSS's discretion.

5.9 Any CB or switch which is Danger Tagged or Locked Out

SHALL NOT be operated.

5.10 When starting or energizing equipment identified in

this procedure use the specific procedure for that
equipment.

5.11 Inspect for missing or improperly installed panels,
doors or hardware.

O 5.12 Inspect relays for flags and ground loss indications
(95 relay light normally ON).

5 __ _ n_ _nm _T._ _ _ that has a f la_.
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O 5.12.2 DO NOT energize equipment being served by the

tripped CB with a flag.

5.12.3 Notify the FOSS of any relay flags found.

5.12.4 Reset relay flags after Maintenance and

Engineering concur, with the exceptions of
the following:

A) When a 27 (under voltage) relay flag and

a 86 (lockout) relay flag are BOTH

present due to a known power outage,
AND

NO other flags are present.

B) Make only one attempt to RESET 86

(lockout) relay.

C) When an 81 (Under Frequency) relay flag I_

is present, due to a known power outage, l_J
I

5.12.5 Plant Sub 13.8 Kv breakers feeding U/G will o

NOT CLOSE if the U/G 13.8 Kv switchgear panel *_
is OPEN. This will cause the 95 (ground

check) relay light on corresponding PS CB to

O be OFF.

5.13 The performance of this procedure requires
coordinated activities between Surface Facility

Operations and U/G Operations. The Central

Monitoring Room Operator (CMRO) will be the contact

point and coordinate these activities.

5.14 Perform Section(s) of procedure as directed by the
FOSS.

6.0 INITIAL CONDITIONS

None

INFORr  ATiO  I
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7.0 PROCEDURE

7.1 ENERGIZING SITE WITH BACKUP POWER USING 13.8 Kv

CABLES (NOT using PS).

7.1.1 IF U/G is manned,

THEN notify U/G Ops VIA CMRO to align the U/G

for receiving power from the Exhaust Shaft

Feeder,

Configure for one (I) 860 fan in filtration

7.1.2 Verify Utility Sub CB-I is OPEN.

NOTE: Attachment 1 SHALL be completed in

conjunction with Steps 7.1.3 through 7.1.19.

7.1.3 Reduce loads per Attachment 1.

7.1.4 Start Diesel Generator No.1

OR

No. 2.

7.1.5 Verify the following Plant Sub CBs are OPEN:

O • CB-10
• CB-I

• CB-2

• CB-3
• CB-4

• CB-9

• CB-5

• CB-6

• CB-7

• CB-8

7.1.6 Verify SB Air Compressors 45-G-400A/B are OFF

at control panel.

7.1.7 Verify SB Air Compressors 45-G-403A/B are OFF

at control panel.

7.1.8 Verify Air Compressors 41-G-021A/B are OFF at

control panel(s).

7.1.9 Verify Chilled Water Pumps 41-B-891A/B are
OFF at control panel.

7.1.10 Line Up Sub 2 by verifying the following:

O A) OPEN Sub 2 LIS 25P-SWI5/2A.
B) CLOSE Sub 2 LIS 25P-SWI5/2B.

C) CLOSE; _b_ _, CB, l:Main Breaker.

0 t"_[ _ CONTROLLED COPY
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O TITLE: SITE BACKUP POWER SYSTEM
D) CLOSE Sub 2 CB-2.

Water Chiller, 41-B-890A.

E) CLOSE Sub 2 CB-3.

Air Handling Unit CH Area,
4I-B-812.

F) CLOSE Sub 2 CB-4.

Air Handling Unit CH Area,
41-B-813.

G) CLOSE Sub 2 CB-5.

WHB Overpack, 41P-MCC04/5.

H) CLOSE Sub 2 CB-6.
Water Chiller, 41-B-890B.

I) OPEN Sub 2 CB-7 (Spare) .

J) CLOSE Sub 2 CB-8.
Mech. Equip. Room WHB,

41P-DPO4/3.

7.1.11 OPEN Sub 4 CB-I Main Breaker.

Q 7.1.12 Line Up Sub 6 by verifying the following:

A) OPEN Sub 6 LIS 25P-SWIS/6A.

B) CLOSE Sub 6 LIS 25P-SWI5/6B.

C) CLOSE Sub 6 CB-I Main Breaker.

D) OPEN Sub 6 CB-2.

Switchrack 7, 24P-SWRO4/'7.

E) CLOSE Sub 6 CB--3.

Hoist, 33P-HMO4/i.

F) OPEN Sub 6 CB-4 (Spare).

G) CLOSE Sub 6 CB-5.

Switchrack, 33P-SWRO4/I.

7.1.13 Line Up SB Sub by verifying the following:

A) OPEN SB Sub LIS 45P-SWIS/IA.

B) CLOSE SB Sub LIS 45P-SWI5/IB.

C) CLOSE SB Sub CB-I Main Breaker.

O D) CLOSE SB Sub CB-2.

Elect. Equip. Room SB,

ONL", __ co,=,v
.... '.... ,, ,i, , , ,, , . rl,_
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E) CLOSE SB Sub CB-3.

Mech. Equip. Room WHB,

41P-MCCO4 /6.

F) CLOSE SB Sub CB-4.

Hoist Control Room WHB,

3 IP-MCCO4 /I.

G) Verify SB Sub CB-5 is OPEN and LOCKED.
Tie to Sub 3 CB-I.

7.1.14 Line Up Sub i by verifying the following:

A) CLOSE Sub i LIS 25P-SWIS/IB2.

B) CLOSE Sub 1 LIS 25P-SWIS/IBI.

Tie To Sub 3 Top Side of the

LIS 2SP-SW15/3B.

C) CLOSE Sub 1 CB-I Main Breaker.

D) CLOSE Sub 1 CB-2.

SB, 45P-MCCO4/3 .

O E) CLOSE Sub 1 CB-3.RH Waste Area, 41P-MCCO4/I.

F) CLOSE Sub I CB-4.

Operating Gallery,

4IP-MCCO4/2.

G) CLOSE Sub 1 CB-5.
Mech. Equip. Room WHB,

4 IP-MCCO4/3.

H) CLOSE Sub I CB-6.

Air Handling Unit RH Area,
41-B-803.

I) CLOSE Sub I CB-7.

Air Handling Unit RH Area,
41-B-804.

J) Verify Sub 1 CB-8 is OPEN and LOCKED.
Tie to Sub 3 CB-18.

K) CLOSE Sub 1 CB-9.

Bldgs 482, 41P-MPC03/3

and EOC 462, 45P-DP04/27.

0
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7.1.15 Verify CLOSED LIS 25P-SW15/11 Exhaust Shaft

Feeder.

7.1.16 Line UP Sub 3 by verifying the following:

A) CLOSE Sub 3 LIS 25P-SWI5/3A.

B) CLOSE Sub 3 LIS 25P-SWIS/3B.

C) OPEN SUB 3 CB-8 Main Breaker.

D) OPEN Sub 3 CB-10 Main Breaker.
i

E) OPEN SUb 3 CB-5.

EFB, 41P-MCC04/7.

F) OPEN SUb 3 CB-6o

Safety and Emergency Bldg.,

45P-DPO4/25A and 45P-DPO4/25B.

G) OPEN Sub 3 CB-12.

Engineering Bldg. 486

45P-DP04/50.

Q H) OPEN Sub 3 CB-13.
Switchrack 6, 25P-SWR04/6.

I) Verify Sub 3 CB-I is OPEN and LOCKED.
Tie CB to SB Sub CB-5.

J) Verify Sub 3 CB-18 is OPEN and LOCKED.
Tie to Sub 1 CB-8.

K) CLOSE either Sub 3 CB-7 if DG 1 is

operating,
OR

CB-II if DG 2 is operating.

L) CLOSE locally Sub 3 CB-9 tie breaker
between Sub 3 Buses A and B.

M) CLOSE Sub 3 CB-5.

EFB, 41P-MCC04/7.

7.1.17 I__PU/G is manned,

THEN notify U/G Ops VIA CMRO that Exhaust

Shaft Feeder can be energized.

7.1.18 CLOSE SUB 3 CB-8 Main Breaker, energizing "Izo!0

Exhaust Shaft Feeder. 6

O 7.1.19 Verify Attachment 1 is complete.

O ',ILY CONT.OLLEDCOP,,
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7.1.20 CLOSE Sub 3 CB-10 Main Breaker energizing

Subs 1, 2, 6 and SB.

7.1.21 Start Air Compressor 41-G-021A
OR

41-G-021B.

7.1.22 Start EFB Air Compressors 41-G-022A
AND

41-G-022B (as required).

7.1.23 Verify LPUs 835 and 836 are operational.

7.1.24 verify UPSs 335 and 336 are operating with

invertor supplying load. t_

7.1.25 Start the Underground Ventilation and _

Filtration System (UVFS)in accordance with "]_
WP 04-VUI001.

7.1.26 Start the following:

• Start Vacuum Pump 41-G-040A
OR

O 41-G-040B
• Start Vacuum Pump 41-G-040C

OR

41-G-O40D

• Start WHB Exhaust Fan(s) as directed by
the FOSS

• Start SB Zone 6 HVAC

7.1.27 I__F<900 Kw on operating DG,

H_ AIS Hoisting operation may begin as

required.

7.1.28 Perform load reduction list Attachment 2 as

required.

= 7.1.29 Perform the following:

® Shut down EFB Air Compressors 41-G-022A
AND

41-G-022B

• Verify Diesel Fire Pump Shut down MODE

switch in AUTO/TEST position.

0
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7.1.30 At the completion of hoisting, pick up

available perimeter lighting.

7.1.31 Experimental loads and additional equipment

may be energized at the direction of the
FOSS.

7.2 RETURNING SITE TO UTILITY POWER.

7.2.1 I_FFU/G is manned,

THEN notify U/G Ops VIA CMRO that Exhaust

Shaft Feeder is being de-energized.

7.2.2 Shut down filtration.

7.2.3 Shut down operating fan 41-B-860A
OR

41-B-860B

OR

41-B-860C.

7.2.4 Shut down the following:
z

• Shut down operating Air Compressor
41-G-O21A

O OR41-G-O21B

• Shut down operating Vacuum Pumps

• Shut down operating WHB Exh. Fan(s)

® Shut down Zone 6 SB HVAC

7.2.5 OPEN Sub 3 CB-8, Main Breaker de-energizing
Exhaust Shaft Feeder.

7.2.6 OPEN Sub 3 CB-10 Main Breaker de-energizing
Subs i, 2, 6 and SB.

7.2.7 OPEN Sub 3 CB-5.

EFB, 41P-MCCO4/7.

7.2.8 OPEN Sub 3 CB-9.

TieBreaker.

7.2.9 OPEN either Sub 3 CB-7 if DG 1 is operating,
OR

CB-II if DG 2 is operating.

IL 7.2.10 Shut down operating DG No.l

g OR

DG No. 2.
J
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7.2.3.1 Realign substation CBs and LISs in accordance

with procedure WP 04-ED1021.

7.3 OPTION i ENERGIZING SITE WITH BACKUP POWER, USING PS.

7.3.1 IF U/G is manned,

THEN notify U/G Ops VIA CMRO to align the U/G

for receiving power from the Exhaust Shaft
Feeder,
AND

Configure for one (1) 860 fan in filtration.

7.3.2 Veri_y Utility Sub CB-I is OPEN. -_

NOTE_ Attachment 1 SHALL be completed in

conjunction with Steps 7.3.3 through 7.3.22.1

7.3.3 Reduce loads per Attachment i. _

7.3.4 Start Diesel Generator No.l
OR

No. 2.

7.3.5 Verify the following Plant Sub CBs are OPEN:

O e CB-10
• CB-I

• CB-2

• CB-3

• CB-4

• CB-9

• CB-5

• CB-6

• CB-7

• CB-8

7.3.6 _II Sullair Air Compressors are NOT to be

operated, skip Step 7.3.7 and proceed to Step
7.3.8.

7.3.7 Perform the followzT_g lineup:

A) Verify Sullair Air Compressors 45-G-009
AND

45-G-010 are OFF at control panel(s).

B) Verify Sullair Air Dryer 45-K-001 is OFF

at control panel.

D) CLOSE Sub 5 CB-I Main Breaker.

_

-- !! 'YORI,, ,'Jlgi't
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q

E) OPEN Sub 5 CB-'2.

Switchrack I, 24P-SWR04/I.

F) OPEN Sub 5 CB-3.

Salt Handling Hoist House.

G) OPEN Sub 5 CB-4.

Switchrack 2, 24P-SWR04/2.

H) OPEN Sub 5 CB-5.

38P-DP04/i.

I) OPEN Sub 5 CB-6 (Spare).

J) OPEN Sub 5 CB-7 (Spare).

K) OPEN Sub 5 CB-8.

Switchrack 3, 24P-SWRO4/3

L) OPEN Sub 5 CB-9.

Bldg 485, 45P-MPCO4/I.

M) OPEN Sub 5 CB-10.

Perimeter & Street Lights.

O N) OPEN Sub 5 CB-II.
....... Switchrack 8, 24P-SWR04/8.

O) OPEN Sub 5 CB-13.
Switchrack 9, 24P-SWRO4/9o

P) CLOSE Sub 5 CB-14.

Compressor, 45-G-010.

Q) CLOSE Sub 5 CB-15.

Compressor, 45-G-009.

7.3.8 Verify SB Air Compressors 45-G-400A/B are OFF

at control panel.

7.3.9 Verify SB Air Compressors 45-G-403A/B are OFF

at control panel.

7.3.10 Verify Air Compressors 41-G-021A/B are OFF at

control panel(s).

7.3.11 Verify Chilled Water Pumps 41-B-891A/B are

OFF at control panel.

7.3.12 OPEN Sub 4 CB-I Main Breaker.

'0 7.3.13 Verify CLOSED LIS 31P-SWIS/I Waste Shaft
Feeder.

I. FORr...ATiCL
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7.3 .14 Verify CLOSED VIS 25P-VISI5/II Exhaust Shaft In
Feeder. c

7.3.15 Line UP Sub 3 by verifying the following: _

A) CLOSE Sub 3 LIS 25P-SWI5/3A.

B) CLOSE Sub 3 LIS 25P-SWI5/3B.

C) OPEN Sub 3 CB-8 Main Breaker.

D) OPEN Sub 3 CB-10 Main Breaker.

E) OPEN Sub 3 CB-5.

EFB, 41P-MCC04/7.

F) OPEN Sub 3 CB-6.

Safety and Emergency Bldg.
45P-DP04/25A and 45P-DPO4/25B.

G) OPEN Sub 3 CB-12.

Engineering Bldg. 486

45P-DP04/50.

O H) OPEN Sub 3 CB-13.Switchrack 6, 25P-SWR04/6.

I) Verify Sub 3 CB-1 is OPEN and LOCKED.
Tie CB to SB Sub CB-5.

J) Verify Sub 3 CB-18 is OPEN and LOCKED.
Tie CB to Sub 1 CB-8.

K) CLOSE either Sub 3 CB-7 if DG 1 is

operating,
OR

CB-II if DG 2 is operating.

L) CLOSE locally Sub 3 CB-9 tie breaker
between Sub 3 Buses A and Br

M) CLOSE Sub 3 CB-5.

EFB, 41P-MCC04/7.

7.3.16 I_FFU/G is manned,

notify U/G Ops VIA CMRO that U/G Feeders

can be energized.

7.3.17 CLOSE Sub 3 CB-8 Main Breaker Energizing
Exhaust Shaft Feeder.

-g 7.3.1,8 Start EFB Air Compressors 41-G-u2zA
AND

41-G-022B (as required).
--
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O 7.3.19 verify LPUs 835 and 836 are operational.

7.3.20 Verify UPSs 335 and 336 are operating with

invertor supplying load. 1___

7.3.21 Start the UVFS in accordance with

WP 04-VUIO01.

7.3.22 Verify Attachment 1 is complete. ._

7.3.23 CLOSE Sub 3 CB-10 Main Breaker energizing SB
Sub and Waste Hoist Sub.

7.3.24 Verify OPEN PS CB-9.
Buses A & B tie breaker.

7.3.25 CLOSE PS CB-4.
.... Energizing PS Bus A.

'7o3.26 CLOSE PS CB-3.

Energizing Subs 2 and 6.

7.3.27 CLOSE PS CB-2.
Salt Handling Shaft Feeder.

O 7.3.28 CLOSE PS CB-7. Energizing PS Bus B.

7.3.29 CLOSE PS CB-6.

Energizing Sub i.

7.3.30 CLOSE PS CB-5.
Waste Shaft Feeder.

7.3.31 CLOSE PS CB-8 IF Sullair Air Compressor is to

be operated.

=
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7.3.32 Start the following:

• Start one Air Compressor 41-G-021A
OR

41-G-O21B

OR

41-G-009
OR

41-G-010

• Start Vacuum Pump 41-G-040A
OR

41-G-O40B

® Start Vacuum Pump 41-G-040C
OR

41-G-O40D

• Start WHB Exhaust Fan(s) as directed by
the FOSS

• Start SB Zone 6 HVAC

7.3.33 IFF <900 Kw on operating DG,

TXEN AIS Hoisting operation may begin as

O required.

7.3.34 Perform load reduction list Attachment 2 as

required.

7.3.35 Perform the following:

• Shut down EFB Air Compressors 41-G-O22A
AND

41-G-O22B

• Verify Diesel Fire Pump Shut down MODE

switch in AUTO/TEST position

7.3.36 At the completion of hoisting, pick up

perimeter lighting.

7.3.37 Experimental loads and additional equipment

may be energized at the direction of the
FOSS.

Q
v
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7.4 RETURNING SITE TO UTILITY POWER AFTER PERFORMING

OPTION i.
/

7.4.1 IF U/G is manned,

' THE____Nnotify U/G Ops VIA CMRO that U/G Feeders

/ are being de-energized.

7.4.2 Shut down filtration.

7.4.3 Shut down operatir_q fan 41-B-860A
OR

41-B-860B
OR

41-B-860C.

7.4.4 Shut down the following:

• Shut down operating Air Compressor
41-G-021A

OR

41-G-021B

OR

41-G-009

OR

O 41-G-010
® Shut down operating Vacuum Pumps

• Shut down operating WHB Exhaust Fan(s)

• Shut down Zone 6 SB HVAC

7.4.5 OPEN the f.±lowing PS CBs:

• CB-2

• CB-3

• CB-4

• CB-5
• CB-6

• CB-7

• CB-8 (_f CB was closed)

"7.4.6 OPEN Sub 3 CB-8 Main Bre_:Ker de-energizing
Exhaust Shaft Feeder.

7.4.7 OPEN Sub 3 CB-10 de-energizing SB and Waste
Hoist Sub.

7.4.8 OPEN Sub 3 CB-5

EFB, 41P-MCC04/7.

O 7.4.9 OPEN Sub 3 CB-9.
Tie Breaker.

-
O[',;LY CONTROLLED COPY
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'7.4.10 OPEN either Sub 3 CB-7 if DG 1 is operating,

OR

CB-II if DG 2 is operating.

7.4.11 Shut down operating DG No.l
OR

DG No. 2.

7.4.12 Realign substation CBs and LISs in accordance

with procedure WP 04-EDf021.

IICFORIAATION
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7.5 OPTION 2 ENERGIZING SITE WITH BACKUP POWER, USING PS

BUS A.

A) IF U/G is manned,

THEN notify U/G Ops VIA CMRO to align the

U/G for receiving power from the Exhaust
Shaft Feeder

Salt Handling Shaft Feeder
AND

Configure for one (i) 860 fan in
filtration.

7.5.1 Verify Utility Sub CB-I is OPEN.

NOTE: Attachment 1 8_LL be completed in

conjunction with Steps 7.5.2 through 7.5.19. I_

7.5.2 Reduce loads per Attachment i.

7.5.3 Start Diesel Generator NOol
OR

No. 2.

O 7.5.4 Verify the following Plant Sub CBs are OPEN:
......... • CB-10

• CB-I
• CB-2

• CB-3

• CB-4

• CB-9

• CB-5

• CB-6

• CB-7

• CB-8

7.5.5 Verify SB Air Compressors 45-G-400A/B are OFF

at control panel.

7.5.6 Verify SB Air Compressors 45-G-403A/B are OFF
at control panel.

7.5.7 Verify Air Compressors 41-G-021A/B are OFF at

control panel(s).

7.5.8 Verify Chilled Water Pumps 41-B-891A/B are

OFF at control panel.

O
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7.5.9 Line Up Sub 2 by verifying the following:

A) OPEN Sub 2 LIS 25P-SWI5/2B.

B) CLOSE Sub 2 LIS 25P-SWIS/2A.

C) CLOSE Sub 2 CB-I Main Breaker.

D) CLOSE Sub 2 CB-2.

Water Chiller, 41-B-890A.

E) CLOSE Sub 2 CB-3.

Air Handling Unit CH Area,
41-B-812.

F) CLOSE Sub 2 CB-4.

Air Handling Unit CH Area,
41-B-813.

G) CLOSE Sub 2 CB-5.

WHB Overpack, 41P-MCC04/5.

H) CLOSE Sub 2 CB-6.

Water Chiller, 41-B-890B.

O I) OPEN Sub 2 CB-7 (Spare).

Ji_ CLOSE Sub 2 CB-8.

Mech. Equip. Room WHB,

41P-DPO4/3.

7.5.10 OPEN Sub 4 CB-I Main Breaker.

7.5.11 Line Up Sub 6 by verifying the following:

A) OPEN Sub 6 LIS 25P-SWI5/6B.

B) CLOSE Sub 6 LIS 25P-SWIS/6A.

C) CLOSE Sub 6 CB-I Main Breaker.

D) OPEN Sub 6 CB-2.

Switchrack 7, 24P-SWRO4/7.

E) CLOSE Sub 6 CB-3.

Hoist, 33P-HM04/I.

F) OPEN Sub 6 CB-4 (Spare).

G) CLOSE Sub 6 CB-5.

O Switchrack, 33P-SWR04/I.
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7.5.12 Line Up SB Sub by verifying the following:

A) OPEN SB Sub LIS 45P-SWI5/IB.

B) CLOSE SB Sub LIS 45P-SWI5/IA.

C) CLOSE SB Sub CB-I Main Breaker.

D) CLOSE SB Sub CB-2.
Elect. Equip. Room SB,
45P-MCC04/4.

E) CLOSE SB Sub CB-3.
Mech. Equip. Room WHB,

41P-MCC04/6.

F) CLOSE SB Sub CB-4.
Hoist Control Room WHB,

31P-MCC04 /i.

G) Verify SB Sub CB-5 is OPEN and LOCKED.
Tie CB to Sub 3 CB-lo

7.5.13 Line Up Sub 1 by verifying the following:

O Sub 1 LIS 25P-SWI5/IBI is OPEN.
A) Verify

B) OPEN Sub 1 LIS 25P-SWI5/IB2.

C) OPEN Sub i CB-I Main Breaker.

D) CLOSE Sub 1 CB-2.
SB, 45P-MCC04/3.

E) CLOSE Sub 1 CB-3.
RH Waste Area, 41P-MCC04/I.

F) CLOSE Sub 1 CB-4.
Operating Gallery, WHB
41P-MCC04/2.

G) CLOSE Sub 1 CB-5.

Mech. Equip. Room WHS,
41P-MCC04/3.

H) CLOSE Sub 1 CB-6.
Air Handling Unit RH Area,
41-B-803.

I) CLOSE Sub 1 CB-7.

O Air Handling Unit RH Area,
41-B-804.

.p.T,:!..y co,'r,oL,Eocopy
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J) UNLOCK and CLOSE Sub 1 CB-8.

Tie to Sub 3 CB-18.

K) CLOSE Sub 1 CB-9.

Bldgs 482, 41P-MPC03/3

and EOC 462, 45P-DP04/27.
z

7.5.14 Verify CLOSED VIS 25P-VIS15/II Exhaust Shaft 19
Feeder.

19

c

7.5.15 Line Up Sub 3 by verifying the following:

A) I_FFU/G is manned,

THEN notify U/G Ops VIA CMRO that U/G

Feeders can be energized.

B) OPEN Sub 3 LIS 25P-SWIS/3B.

C) CLOSE Sub 3 LIS 25P-SWIS/3A.

D) OPEN Sub 3 CB-8 Main Breaker.

E) OPEN Sub 3 CB-9.
Tie Breaker.

e F) OPEN Sub 3 CB-10 Main Breaker.

G) OPEN Sub 3 CB-5.

EFB, 41P-MCC04/7.

H) OPEN Sub 3 CB-6.

Safety and Emergency Bldg.

45P-DP04/25A and 45P-DPO4/25B.

I) OPEN Sub 3 CB-12.

Engineering Bldg. 486,
45P-DPO4/50.

J) OPEN Sub 3 CB-13.

Switchrack 6, 25P-SWR04/6.

K) Verify Sub 3 CB-I is OPEN and LOCKED.
Tie CB to SB Sub CB-5.

L) UNLOCK and CLOSE Sub 3 CB-18.
Tie to Sub 1 CB-8.

INFORMATION
--- ,o'_ l e q %0
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M) CLOSE either Sub 3 CB-7 if DG 1 is

operating,
OR

CB-11 if DG 2 is operating.

N) CLOSE locally Sub 3 CB-9 tie breaker
between Sub 3 Buses A and B.

O) CLOSE Sub 3 CB-5.

EFB, 41P-MCC04/7 .

P) Start EFB Air Compressors 41-G-022A
AND

41-G-O22B (as required).

7.5.16 Verify LPUs 835 and 836 are operational.

7.5.17 Verify UPSs 335 and 336 are operating with

invertor supplying load. _I

[!Z

7.5.18 Start the UVFS in accordance with

WP 04-VUI001.

7.5.19 Verify Attachment 1 is complete.

i 7.5.20 IF U/G is manned,
TH___ENnotify U/G Ops VIA CMRO that U/G Exhaust

Shaft and Salt Handling Shaft Feeders can be

energized.

7.5.21 CLOSE Sub 3 CB-8 energizing SB Sub, Waste
Hoist Sub and Exhaust Shaft Feeder.

7.5.22 CLOSE PS CB-4.

Energizing PS Bus A.

7.5.23 CLOSE PS CB-3 energizing Subs 2 and 6.
z

7.5.24 CLOSE PS CB-2 Salt Handling Shaft Feeder.

_,; .: ,: CONTROLLED COPY
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• Start Air Compressor 4 I-G-02 IA
OR

41-G-021B

• Start Vacuum Pump 41-G-040A
OR

4 I-G-040B

• Start Vacuum Pump 41-G-040C
OR

41-G-040D

• Start WHB Exhaust Fan(s) as directed by
the FOSS

• Start SB Zone 6 HVAC

7.5.26 I_FF<900 Kw on operating DG,

THE___NAIS Hoisting operation may begin as

required.

7.5.27 Perform load reduction list per Attachment 2,

as required.

O 7.5.2B Perform the following:

• Shut down EFB Air Compressors 41-G-022A
AND

41-G-022B (as required).

• Verify Diesel Fire Pump Shut down MODE

switch in AUTO/TEST position.

7.5.29 At the completion of hoisting, pick up

perimeter lighting.

7.5.30 Experimental loads and additional equipment

may be energized at the direction of the
FOSS.

7.6 RETURNING SITE TO UTILITY POWER AFTER PERFORMING

OPTION 2.

7.6.1 IFF U/G is manned,
TBEN notify U/G Ops VIA CMRO that U/G Feeders

are being de-energized.

7.6.2 OPEN PS CB-2 Salt Shaft Feeder.

O 7.6.3 Shut down filtration.

INFO,,,,',,J,ON
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7.6.4 Shut down operating fan 41-B-860A

OR

41-B-860B
OR

41-B-860C.

7.6.5 Shut down Air Compressor 41-G-021A
OR

41-G-021B.

7.6.6 OPEN PS CB-3 de-energizing Subs 2 and 6.

7.607 Shut down the following:

• Shut down operating Vacuum Pumps

• Shut down operating WHB Exh. Fan(s)

• Shut down Zone 6 SB HVAC

• OPEN PS CB-4 de-energizing PS Bus A

7.6.8 OPEN Sub 3 CB-8 Main Br,eaker de-energizing SB
Sub, Waste Hoist Sub and Exhaust Shaft

O Feeder.
7.6.9- OPEN Sub 3 CB-5.

EFB, 41P-MCCO4/7.

7.6.10 OPEN Sub CB-9.
Tie Breaker.

7.6.11 OPEN either Sub 3 CB-7 if DG 1 is operating,
OR

CB-II if DG 2 is operating.

7.6.12 Shut down operating DG No. 1
OR

DG No. 2.

7.6.13 Realign substation CBs and LISs in accordance

with procedure WP 04-ED1021.

Ot'JLY' co.'r.oLL.EDcoP'
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7.7 OPTION 3 ENERGIZING SITE WITH BACKUP POWER, USING PS
BUS B.

7.7.1 _ U/G is manned,

T_EN notify U/G Ops VIA CMRO to align the U/G
for receiving power from the Waste Shaft

Feeder,
AND

Configure for one (I) 860 fan in filtration.

7_7.2 Verify Utility Sub CB-I is OPEN.

NOTE: Attachment 1 SHALL be completed in

conjunction with Steps 7.7.3 through 7.7,20.

7.7.3 Reduce loads per Attachment I.

7.7.4 Start Diesel Generator No.l
OR

No. 2.

7.7.5 Verify the folLlowing Plant Sub CBs are OPEN:

• CB-10

O • CB-I
• CB-2

• CB-3

• CB-4
• CB-9

• CB-5

• CB-6

• CB-7

• CB-8

7.7.6 _]_ Sullair Air Compressors are NOT to be

operated, skip Step 7.7.7 and proceed to Step
7.7.12.

7.7.7 Perform the following lineup:

A) Verify Sullair Air Compressors 45-G-009
AND

45-G-010 are OFF at control panel(s).

B) Verify Sullair Air Dryer 45-K-001 is OFF

at control panel.

C) CLOSE Sub 5 LIS 25P-SWIS/5.

D) CLOSE Sub 5 CB-I Main Breaker.

O E) OPEN Sub 5 CB-2.
Switchrack i, 24P-SWR04/1.

A,': rL,_"_,_.ii.h ! _LJ__, CONTROLLED COPY
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F) OPEN Sub 5 CB-3.

Salt Handling Hoist House.

G) OPEN Sub 5 CB-4.

Switchrack 2, 24P-SWR04/2.

H) OPEN Sub 5 CB-5.

38P-DP04/I.

I) OPEN Sub 5 CB-6 (Spare).

J) OPEN Sub 5 CB-7 (Spare).

K) OPEN Sub 5 CB-8.

Switchrack 3, 24P-SWRO4/3.

L) OPEN Sub 5 CB-9.

Bldg 485, 45P-MPCO4/1.

M) OPEN Sub 5 CB-10.

Perimeter & Street Lights.

N) OPEN Sub 5 CB-11.

Switchrack 8, 24P-SWR04/8.

O O) OPEN Sub 5 CB-13.
Switchrack 9, 24P-SWRO4/9.

P) CLOSE Sub 5 CB-14.

Compressor, 45-G-010.

Q) CLOSE Sub 5 CB-15.

Compressor, 45-G-009.

7.7.8 Verify SB Air Compressors 45-G-400A/B are OFF

at control panel.

7.7.9 Verify SB Air Compressors 45-G-403A/B are OFF'

at control panel.

7.7.10 Verify Air Compressors 41-G-O21A/B are OFF at

control panel(s).

7.7.11 Verify Chilled Water Pumps 41-B-891A/B are

OFF at control panel.

7.7.12 Line Up Sub 2 by verifying the following:

A) OPEN Sub 2 LIS 25P-SWI5/2A.

O B) CLOSE Sub 2 I_TS 25P-SWI5/2B.

C) CLOSE Sub 2 CB-I Main Breaker.

.... "" _'_*:+_: P"J' +" CONTROLLED COPY
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D) CLOSE Sub 2 CB-2.

Water Chiller 41-B-890A.

E) CLOSE Sub 2 CB-3.

Air Handling Unit CH Area,
41-B-812.

F) CLOSE Sub 2 CB-4.
Air Handling Unit CH Area,
4 I-B-813.

G) CLOSE Sub 2 CB-5.

WHB Overpack, 41P-MCC04/5.

H) CLOSE Sub 2 CB-6.
Water Chiller, 41-B-890B.

I) OPEN Sub 2 CB-7 (Spare) .

J) CLOSE Sub 2 CB-8.

Mech. Equip. Room, 41P-DP04/3.

7.7.13 OPEN Sub 4 CB-I Main Breaker.

O 7.7.14 Line Up Sub 6 by verifying the following:
A) OPEN Sub 6 LIS 25P-SWIS/6A.

B) CLOSE Sub 6 LIS 25P-SWI5/6B.

C) CLOSE Sub 6 CB-I Main Breaker.

D) OPEN Sub 6 CB-2.

Switchrack 7, 24P-SWRO4/'7.

E) CLOSE Sub 6 CB-3.

Hoist, 33P-HM04/I.

F) OPEN Sub 6 CB-4 (Spare).

G) CLOSE Sub 6 CB-5.

Switchrack, 33P-SWR04/I.

7.7.15 Line Up SB Sub by verifying the following:

A) OPEN SB Sub LIS 45P-SWI5/IA.

B) CLOSE SB Sub LIS 45P-SWI5/IB.

C) CLOSE SB Sub CB-I Main Breaker.

O D) CLOSE SB Sub CB-2.
Elect. Equip. Room SB,

45P-MCC04/4 .
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E) CLOSE SB Sub CB-3.

.... Mech. Equip. Room WHB,
41P-MCC04 /6.

F) CLOSE SB Sub CB-4.

Hoist Control Room WHB,

31P-MCC04/I.

G) Verify SB Sub CB-5 is OPEN and LOCKED.
Tie CB to Sub 3 CB-I.

'7.7.16 Verify CLOSED LIS 31P-SW15/1 Waste Shaft
Feeder.

7.7.17 Line Up Sub 1 by verifying the following:

A) Verify LIS 25P-SWI5/IBI is OPEN.

B) CLOSE LIS 25P-SWIS/IB2.

C) CLOSE Sub 1 CB-I Main Breaker.

D) CLOSE Sub i CB-2.

SB, 45P-MCC04/3.

O E) CLOSE Sub 1 CB-3.
RH Waste Area, 41P-MCC04/I.

F) CLOSE Sub I CB-4.

Operating Gallery, WHB.

41P-MCC04 /2.

G) CLOSE Sub i CB-5.

Mech. Equip. Room WHB,

4IP-MCC04 /3.

H) CLOSE Sub 1 CB-6

Air Handling Unit RH Area,
4 I-B-803.

I) CLOSE Sub I CB-7.

Air Handling Unit RB Area,
4 I-B-804.

J) Verify Sub 1 CB-8 is OPEN and LOCKED.
Tie to Sub 3 CB-18.

K) CLOSE Sub 1 CB-9.

Bldgs 482, 41P-MPC03/3

and EOC 462, 45P-DP04/27.

0
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7.7.18 Line Up Sub 3 by verifying the following:

A) OPEN Sub 3 LIS 25P-SWIS/3A.

B) CLOSE Sub 3 LIS 25P-:_WI5/3B.

C) OPEN Sub 3 CB-8 Main Breaker.

D) OPEN Sub 3 CB-10 Main Breaker.

E) OPEN Sub 3 CB-5.

EFB, 41P-MCC04/7 .

F) OPEN Sub 3 CB-6.

Safety and Emergency Bldg.
45P-DP04/25A and 45P-DP04/25B.

G) OPEN Sub 3 CB-12.

Engineering Bldg. 486
45P-DPO4/50.

H) OPEN Sub 3 CB-13.

Switchrack 6, 25P-SWR04/6.

O I) Verify Sub 3 CB-I is OPEN and LOCKED.Tie to SB Sub CB-5.

J) Verify Sub 3 CB-18 is OPEN and LOCKED.
Tie CB to Sub 1 CB-8.

K) CLOSE either Sub 3 CB-7 if DG 1 is

operating,
OR

CB-II if DG 2 is operating.

L) CLOSE locally Sub 3 CB-9 tie breaker
between Sub 3 Buses A and B.

M) CLOSE Sub 3 CB-5.

EFB, 4IP-MCC04 /7 .

7.7.19 Start EFB Air Compressors 41-G-022A
AND

41-G-O22B (as required).

7.7.20 Verify Attachment 1 is complete.

7.7.21 CLOSE Sub 3 CB-10 Main Breaker energizing SB
Sub and Waste Hoist Sub.

O Energizing PS Bus B.

7.7.22 CLOSE PS CB-7.

7.7.23 CLOSE PS CB-6 energizing Subs i, 2 and 6.
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7.7.24 IF U/G is manned,

notify U/G Ops VIA CMRO to align the U/G

for receiving power from the Waste Shaft
Feeder.

7.7.25 CLOSE PS CB-5 Waste Shaft Feeder.

7.7.26 Verify LPUs 835 and 836 are operational.

7.7.27 Verify UPSs 335 and 336 are operating with
invertor supplying load. z

7.7.28 Start the UVFS in accordance with

wp 04-vu1o01.

7.7.29 CLOSE PS CB-8 IF Sullair air compressors are

to be operated.

7.7.30 Start the following:

• Start Air Compressor 41-G-021A
OR

41-G-021B
OR

O 41-G-009OR

41-G-010

• Start Vacuum Pump 41-G-040A
OR

41-G-040B

• Start Vacuum Pump 41-G-040C
OR

41-G-040D

• Start WHB Exhaust Fan(s) as directed by
the FOSS.

• Start SB Zone 6 HVAC

7.7.31 IF <900 Kw on operating DG,

THEN AIS Hoisting operation may begin as

required.

7.7.32 Perform load reduction list per Attachment 2,

as required.
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7.7.33 Perform the following:

• Shut down EFB Air Compressors 41-G-022A
AND

41-G-022B

• Verify Diesel Fire Pump Shut down MODE

switch in AUTO/TEST position

7.7.34 At the completion of hoisting, pick up

perimeter lighting.

7.7.35 Experimental loads and additional equipment

may be energized at the direction of the
FOSS.

7.8 RETURNING SITE TO UTILITY POWER AFTER PERFORMING
OPTION 3.

7.8.1 IF U/G is manned,

THEN notify U/G Ops VIA CMRO that Waste Shaft
Feeder is being de-energized.

7.8.2 Verify OPEN PS CB-5 Waste Shaft Feeder.

O 7.8.3 Shut down operating fan 41-B-860AOR

41-B-860B

OR

41-B-860C.

7.8.4 Shut down filtration.

7.8.5 Shut down Air Compressor 41-G-021A
OR

41-G-021B.

7.8.6 Shut down the following:

• Shut down operating Vacuum Pumps

• Shut down operating WHB Exh. Fan(s)

• Shut down Zone 6 SB HVAC

7.8.7 OPEN PS CB-6 de-energizing Subs 1 and 6.

7.8.8 OPEN PS CB-7 de-energizing PS Bus B.

7.8.9 OPEN Sub 3 CB-10 Main Breaker de-energizing

Sub 2, 4, SB Sub and Waste Handling Sub.

O 7.8.10 OPEN Sub 3 CB-5.

EFB, 41P-MCC04/7.
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O 7.8.11 OPEN Sub 3 CB-9.
Tie Breaker.

7.8.12 OPEN either Sub 3 CB-7 if DG I is operating,
OR

CB-II if DG 2 is operating.

7.8.13 Shut down operating DG No.l
OR

DG No. 2.

7.8.14 Realign substation CBs in accordance with

procedure WP 04-EDf021,

7.9 OPTION 4 ENERGIZING PS BUSES USING PS TIE CB-9.

NOTE: This note applies to option 4. Option 4 MAY

BE used with Options 2 or 3.

7.9.1 PS tie breaker CB-9 MAY BE used if the

following conditions exist.

A) Both PS Buses are in a condition to be

energized.

O B) PS CB-9 can be CLOSED IF ONE or more ofthe following CBs or LISs are open:

i) Sub 3 CB-10.

2) Sub 3 CB-9.

3) Sub 3 CB-8.

4 ) PS CB-7.

s) PS CB-4.
6) Sub 3 LIS 25P-SWI5/3B.

7) Sub 3 LIS 25P-SWI5/3A.

7.9.2 CLOSE PS CB-9.
Tie Breaker.

7.9.3 At the direction of the FOSS available PS CBs

MAY BE operated.

8.0 REVIEW

None

9.0 RECORDS

No Quality Assurance records are generated by this

procedure.

0

' ,',.',._.I I _',_ CONTROLLED COPY



WASTE ISOLATION PILOT PLANT PAGE 35 of 36

FACILITY OPERATIONS ' WP 04-ED1341

OSR/SAIL 2 Rev. 0

O TITLE: SITE BACKUP POWER SYSTEM
ATTACHMENT 1 Page 1 of 1

BACKUP POWER LOAD LIST

NOTE: De-energize Attachment 1 in any order or concurrently if
desired.

1.0 SB Elevator at 45P-DP04/2 (Room 226).

2.0 SB HVAC System at the Local Control Panels.

3.0 WHB HVAC System at the Local Control Panels.

4.0 Vacuum Pumps 41-G-040A, B, C & D at the Local Control
Panel.

5.0 WHB Lighting Panels at 41P-MCC04/6.

6.0 Forklift Battery Recharging Station Dist.

Panel 41P-DP04/21 at 41P-MCC04/5.

7.0 Perimeter Lights in 45P-LP04/5 CB 8/10, 16/18, 22/24 and

21/23 (Overpack & Repair Room).

8.0 Trupact Maintenance Facility 41P-DP04/4 at 41P-MCC04/5.

O 9.0 Safety Building Chiller 45-E-646 at
Local Control Panel.

i0.0 Engineering Building Chiller 45-E-407 at Local Control
Panel.

I"FOR ., ATION
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ATTACHMENT 2 Page 1 of 1

ADDITIONAL LOAD REDUCTION LIST

NOTE: De-energize Attachment 2 in any order or concurrently if
desired.

1.0 SB Water Heater 45-E-402 at 45P-DP04/I (RM 116).

2.0 SB Lighting Panels at 45P-DP04/I (PM 116).

3.0 SB Cart Chargers at 4SP-DPO3/11 CB26, 32 and 36 (RM 116).

4.0 WHB Mech. Room Unit Heaters 904, 905, 906, 907 and 908 at

41P-DP04/3.

5.0 CH Area Unit Heaters 935, 938, 939 and 941 at 41P-MCC04/5.

6.0 Met Tower At 41P-MCC04/7 (EFB).

7.0 Perimeter Lighting at 41P-LP04/11 CB-8/10 and CB-9/11

(EFB).

O
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(9) Descript'ion of change (continued)

Scope

A Hood Vent System is being implemented at each Trupact
dock, see EC0-3850 and specification D-O070. The purpose of
this ECO is to provide the design and drawings required to
implement the Inlet Manifold Duct and the ductwork interface

between the Trupact Hood Vent System fans and the existing CH
area HVAC exhaust duct.

Desc rip t ion

The basic design has been provided by the Hood Vent
System supplier,, EDS. See Attachment A for a copy of their
preliminary design information and calculations.

The design information contained in Attachment A has
been used to produce the ductwork layout shown in the sketches
on pages 4 through 17. These sketches are to be the basis of
new drawing 41-B-oo__-W. "

The sketch on page 18 is to be used to create a

new flow diagram .or the additions to the CH area HVAC system,41-F-022-014, Sht. 2 o_ 2. E_isting flow diagram 41-F-022-014
to be labelled Shf. 1 o_ 2 and is to be revised to show the
changes required by pages 19 and 20.

The sketch on page 21 shows the new automatic dampers
that are to be installed in the eH area HVAC system exhaust
duct. Drawing 41-G-305-014, Rev. D is to be revised
accordingly.

The sketch on page 22 shows the revisions that are
required to P. & I. D. 41-F-059-014, Rev. E.





























...... "....... IIH " + 'I .,i

,, _, i ....
l......... I 4 +...................., ,-,+- _ _- :_.:-_:.____---

, I . II"_ , .I I_ _ _ ""

, ,_ _,,,,, +" |

...' _ _ ._++
!

....... -4- ........................... ,+;-'-71_,"_ ....... '-_' --"

" I_I.!i
i_%,Ji

"- ' "i + .......... _Ir-l_O_ .... '+ ' "

,,' . ',,i _ -_

"_"_ _....... "T_V-_O_.- ., -- .............. -_ .- ' +

---_'-_o_ ....................... ,, '

• <_

- \_" ¢_._-_ _'. e-'. _.. ' : "' _'- ............ "_-", ....... 1;_l.-h,_ ............. ._

I ,, , ' _ ,, .,, ,, ',, '....... _"_'-+, ,,,_,, ...... .,,,+ _,, ,n,,, .... i+."





...................... , .................... 1.......I
'_ "" i ILia L_.___ '



i
i





I4'FI:;.r:'APE.t:, i:.,3F:

O F,ewc:,l-t.: N,:_, DI;t.-;,':(),, ].

F i 4-_1::'e._"(._.q _:.,'

I..",.IE],r4F'Eh'J._l,-i,, DE'.'-i,[GN ,_i,._:,r-2[EI,1E_



I

I'hl_ll':'kJ"T L:L:tl._ _,:l,:)_:, ',/Ehl_ 'B, :_."'EH ' LqF.....),:l,:, t
Lir'rJet' r,J_:.,, , ?:;W_'".:':._,,',;_':1::_:'r..', Pebr' u i,r /.- t :."-_:,

0
"I'HIZ(..EZ [31: COl,/l'f'"hll'3

E:'-'3__4
:t, ':_ ]:r_t: r' ,':,du C I: ! ,:_r, .[

'",, _:i f.P_v,,,_[ ,, _._1._ ,!, " :_'_,::,.:'_ _.._,':;l'_,:.i :_

4_ I'l ¢' 4,

H',__.:_C,x_'_,:l Ii:.]. ,.:.:,t:,_.._._ ,:;e.]. ?5,, '_-_":_;.._1_ _.,

A I'T&CHI'IE, I t _:,,_

L!_. F' : ,:J, F:,-"Z, I'"_+I ,:.t;,]. ,:._r_ L:lh ;._._"t. 9

1::, +:,::',rr"e-.,C£I rjr"_ _:_ _:.,::,r_ 1 I
w

ii . ., _ .._.,...... .

F:, 1L_Mcf' ,'.c,,,_]._:J_,:-r :'.1:] (",F_.

F.' [',',v._'r"_l'lQ'l_',l"l,.'J,:_:,Cj _, t"i._:.::] III1.,_!I1 [ll.,!fZ

r..,, i.:]. ,.:.:,.,._,.._,=L H,::,,s;.__F r' 1c:L._(:)n I..o _ 2 l.:,_.lc ,:. 20
l

H. /L_.,mL:,r"]. d .l_e _:_t:,,:_.:,k(._t._._Fl 1 t._r ,.._:

I ,, F i ,a, ..... I F ," z ,,::!.::_c:,r_ Ch _ r"t 2 4
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i•0 INTRODUCT ION

"i';_l_. design r-ei:,,::,,'"t pr",::, ,]. de. =. t",e pr'el l_'_l_'_r,, ir'+c, rm=.4:_,:)r , a_",d

T L.IH',,'E, r:,=1_ _',::] ,:)r', d _"';,:'Lt_:,"_1 ,:'r'__._ ,'1 ,r 1 r, g I: I"i:.'.; _,_ c:,p,:, r._a 1 ,.'_r, ,:J + _',e 1 r.,i P i a 1

r.;._.t._. _,.':,r' the _.,_._te,_ _,,_zL L C.e.3?0 ,:'+,_l, "lhi._ i_ e' pe,::F.'.e(J tc, ,,-"_11o_,_
._-c)r" c:,pq'""a(: i ,::,,'_ ,:.,_: ,:h,e :_., ,_:t:,..:,m w_. _:1", thr,'._e c:,!:,_i.),, ,,_..r.:,.:'e'.-._.c._p,z)t' t ._ l r', the
h,:3C.,;J ,..ff.,r_t u'c,r',P.,:_l :",,il_l_t ,::l"_iy_b_.'_,l. _r"_,:l _/,.'Jdi 1:1 c,r,a], c.:_.D_,".I ty .ii ,::,t ,. _,"l ©Ll_

le_._i',:..,.._e,L-: .:..,_._,'._t!-,_::, hc,,'.:,G ,,.,:_,1",<r.:,:,r_talr,,_,er':l:, cl-,a,r,b¢:.r al: the ,,.ertlr_aJ.
c:Z[o_u_ e _._.:.,,, -,.,-,,,-] L.h,:_, L_::,l:: ._,,l'ld I:,,_'_.t:,:_r, ,_t a,c_:_E(_._.r' dr'awl:,al"_<l ,::,3n_'._,.{:L
,._..tt .¢._,.,"e:P,.,J-t._, tP.(:. TF;L.Ir';_CI'-.I I c.,-_._"i:+,Q_, c,:,r,t, aic'_,__er_t_,

The _,,. :._.tem ,: ,:l ,,',l::.,.:,l ".e_",_::_ Al-,::!,.. :1.r.:l_}_ .! _1:L(.:_.;_:_[3 1 _)'? ,::,_.t:)_.._,1:._]. :L :[ t'._.' rf.', -:_:1 ]l.., _t. .tl'i_

"FI,,:.., act,.ta]. _, _t: _,v, . ',..':,_.,_r,:-_qui ',"em_'._,,t _ _.r'q-. _.l'_t i,:1 l:,aP..ed +'c, var-', _r,D(r',
_.,:., ] l t tj. ,_. a,.:- 10':, ,::_,',, t..:. ,:::,,,.e_ Su(, ,:::_:m, _:_mQr',g _:a,::tor'"_ 1 nvol ,,'_:,d ,i n

I,n_sP._;_].i:'_,ti,.:.:,t,._:.,:.hr',_q,J,_,_._,n,.imbe_"c._ ac,ze_ pc,r't_. o_,er, c,r ,:Iosecl,

a_';,'_ c!_ (]a!_: ,::..2! ].<_cL,, r.:,_i re.q,.._lrerner,':...;., e_ the TRUPACF-,I I pacl.::'._.ge

O [::,_,,1 ,-._,.,J dr', ,m..: Ma," ,ii [ r_ ha_.-. beer', r',r',:, i ,:l=-d 'F,:'.,r _ her ,,.at i a_ l r.',r,=d,F ,I .......1,'" 1.g:,:. t2 ,:_,.,]......... _'¢"(.:i*Y_ ,_,'" 4", ,.,.,%/ C,I:)g.l"',.'_'_'.........1,:_n 06 I. I",e "rF,I, ._I[:'I._CT - ]: [ [.:,_:_:: _:,_,.q_=.... _.
C_/,].,.':,_.(.I__,g -.':;,:::'li i ', J.I:.: e-.'i:,,

7 _,e e t.,-emeJ. :,. _._1de rar'_,-:l,:_::,,:,_" [:_".e_..:L_rC-.> ar.d _:1 rpl, "eq!._i r-'e0,;2r',t.=, t.c._ be
e., ;:,_,_"_ el-,,::,z.,:! t::,,, tl-,!i:, ,:,_ ;_.',r','_.i]. _ y._i.P.e_r_dc:, i-,cl:. 1_c,,:] Eheff_'_.e]. Ye._. Ez., the

nc..rIT_,.]. ,'J(._._zQr', _r,,:l ,st'._.,t i ,-:,l-_r' ,,.' b_,.l a.r'_,.::.r--_©_ a F,¢L,F_]_._'_I _'7"_:_,n dE,_i ,_r",
(:.l:;¢.:._- :?,.1:1 r_'.:l [:,,::):L C_: , T,.:, ._:_.,Z 'Z "l:,_'Tllll C,d,._,".:_:? 'El", ], _':' ','_i <j,;.: r" ._,C, ,_[J,._ ,:::,F r:c,,"ld :LP. i c,n _ ,

.:,: =,"_j,.._.:1:..2_R:,l_g. 4 I o,,,_ damper h::.:,_, been c,r c:,',,i d;;::,,::! at ear'_'h 4:1 ]. fief" e'{ i t
v',E,::, the dc,,:, k ¢,,ar,: _ ,ul ,:1 :._.F,,_at tl',e b l ,D_.'.,r" e_..] t: _':c.,,:._dt,._'_g :[ r'_t';:, tl',,-...

4.:"_c].1 '1.L,. H',,';.,,-. _:,,'ster_ ,._ulp_:,] y. clL_,2!",

1



T_UPACT DOCK HOOD 9ZNT SYSTEM A_-OCO1
O_der No. 75_30818ZX February-1990

®
3,0 P_rDZTZ_8 and JdMSI_IPT_I_S

The followin6 igeam depic_ _hl ffacili_7 condA_lons s%ated tor _he
Carlxbad area and o_l_a,,r assum_tion8 abou_ _he design teacups.
This da_a As presented so _ha_ _e onsineer may understand _e
nature o_ selec_Aon and _he flexibilA_7 o_ some o_ _he pa_aae_ez_m
used i,n" a_rd, y,'Lng a'l: _he _er_or_nce of _he various eye,en
operating condl_Aons,

_*_=_ughou_ this report regerence will _e made to va_icu8 _igures
or _able Itee_e _hlch a_e u_ed as :regerenceda_a. Cople8 of _he
_elec_d _ages a_e Included as at_achn_uzta and a_e referred _o by
_hei_ own identification as used _n the _d_AF_ Handbooks, _he
T_ane AA_ CondAt_onAng Manual, vendor catalogs, e_c.

Facility C_udition_: Eleva_io_ = 3,40_ f_.
Teapera_ure = _az, %00 F d_r bulb &

?% Y _ bulb
MAn, 18 Y dry bulb

_AC : 0.I ins. w.g

Ad_s_aen_s _or Temperature _, _leva_ion:
A

Frca _e Psyc_roae_ri_ C_a_: s_.vol. = %_.32 ou f_/ib

(L00 F db & 73, F dh)

Frca Fig. C-5 Cha_: Te_era_uz_ Co_ec_!on Factor = 0,98
(A_ach_an_ 3) Eleva_ion Co_eo_lon Factor : 0,80

CoabLne_ Facto: (Tu_ z _lev) : 0,85

Relative H_AdA_y affea_ wall no_ be £na!uded f_om advice of
ASh'RAE Handbook (Ref. ID81 Yunda_en'_als Volume , Page 33.8)
(A_ac_en_ C)

O_.her _ource BuGges_ed/Recommended OI;era_,Ang Fea_,ures -

Cap_u_e Velocities for Eye,station _ro_ Tank_: 50 _ t_ _
(Pet. lgOa ASHRA_ SYSTEMS HA_B(X)K, PaCe Z0.2. A_,_,achaea_,D)

Ocn'_aLu_u_ Transpor_ Velocities f_r Vapor_, Gases _ Smoke: _Z
(Ref. 1984 ,_ SI_T_ _TD_KDK, Pap 20.8, A_aah_ea_ _)

(Trane Air Condisioning Hanual) RJ,ser Duc_s, _00-?00,
(Attac.bzaenC F)
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Cr,:IE.! 1'4,-_ "75kl """ ",__...._ E' F_br'Ltar"., _ _ _',.,

... I-,_., :'_' :3 - -'

3.0 ANALYSIS and DISCUSSIONS

Tt_e r_o,r, ln_l ,de_!,nr, atr {.l,--,w r'at.e _,,,. I 1 bq, ":.',,:_(, c.'m. Tr," .:-al lowE,

f,:,_" _ r,l:,e._n 9...-.,.:(.-:._-':_p,:,rl:_: ID-J.._e,:_ or', a. !50 'CD,r, ,"_l:.t_J.re -,,-,! :J,-_ t : ,J._e.:l

I n th__ _:,r',',p:.::.E_] ,:_! r:"! .'_r : ,'-,r', tc, ,::,_b:,te._ _7 tP.E" E:_.h.t_uEt r'<_,'._Ul re,lb_.'.t- ,"__+

1,3'.:) ,::_ff, _r" p,:'-,r't.., 7"t',1'..'_ 1-:- ,:oO=_,a_ ,-.._.t ,,,-?, _-: m,::,k__'.<l 1_7 '_:._.:t._o _ :L.(: 0

.of -_k _L_,#9._._Ee:,J .L._pt. ur._. ,, e[ ,L.,,::1 L ', ,'_4 %:0 t,'-, I.':)<' { _;_, bL(t &l _ '::,W._. -.'._.

-_',-¢._'-";_. D,:z;r"_ '.5. F_,ICJ] f l.',r_.l ,,mO_..: _ t',_".'J _11r',_'_ i_l_ ] "_ _1 _.,,", __r'l_-,2t- 9P,_.,

qP_-.T,.,r,L_-,r -3.1° t i,;.; ,...f._", ,_--..... :_.f'_,l ] .:)wer ,dr,_w _P..F _m,.7_.,"b--_r;,_4_ ;_ +1"_ :[ ;:'. _ ._n,.-.I

,'._[: ¢)e ;" ]. p ;, £-.... , _,_, ; ,::I.., w I : I d Z _ .1:_ 1 b ,_,t e £.-o m::: _ F,_:1 ,-_,w ,.,-, a. t ,:1 1 r ,

,- ,4..._,:-I:. [ r.li <.-._ #:I..<. ,i, .,P._.... d,"L.'nl g-A':_:,'Z-P._tc.L_:9.r,.d LI',,£. ,'::. _,"_QL.:.:.I:..p<,rt ,9.t tri,?.
!_-_ :.1_, _.

r4i"7_ I .--, --

A'_.:_,._r,,.... ';.)_s,_= ,__. 4 '',,::.-, t, b, _ i e,.: i L, 1 e.. ,:iu,:.t -;:r,:,n Lne r-h:?.mL, er t,-_, the

: I I:;__r _:_r',Lr" ,,. ¢! ::_" ! .:,t_ Lhc. ,:1.:-_,c_, I.._l'_,_.L_i ,'__: ,:.lLt ,'- 't: tr3 b_2 L'.:___d _';_ 1 !. b,z_
' #,::,_.:._;.. a_ ", e a 'z_'._!- ,:.,-.' -::_+- vl!F'F-' Jar, u....,r y "51_, i _':tt,, _.r,,t z r,,: I ,._de_ or:e -q'u

II

,7,-.,"_,"_.._2 t!,.TFi,:_ ' "_.'R,_ ; _'-1' ',_ ] k.", 9wr_', k,r,:-:,.'.., di _(r,_'.t__,t-_ '

FrO,l, P._,.-_ _ l , Ar-_':..,:l-,:h._:,r,_ Fi. ;.:'_l_-t.ac.,'-,_ = _ i1"_ _- t,,_ ,_ _.E'_- 1 1")'_ _¢@Ot.

('qtr'-._.Z,:._P,f c:,_-_._.l ";". ' F;'M_:[ _: b._c_r'r' := 5 ;.: ' " W •................. • .' ,.,e _.. • -

_ _ _;; CI_I.._.m_,t_2r _F _ C:,r;, C:h-._._t :::, At ', al-.h,r,e.r-_t r:i: F.'.eSl -.-.t ar,,-__;- = ., . _.

' i :;,.j) 'J;_':3" -_(-:: L_:+f'r:) I--.,:l 'l. ' L':] +)'! = _ % ..... ._ .. '. . .... , .. ;..: 4- :=: ,.:, ::, _:t
'-'- -' _;

T,::_t=,I =" _'> -'::=' + _" 1-' = = ,:b 4"_ i " ,.q. . , .... , . , ,lD r-l_, bl, . ,

HE_:,-, !z_ Lcr IDr'e_'..cr-e: dr-,:,p _r",::,,T_ cL,.r-v,a 5].,:,tf.:a,:_ ,_::,l." # I L-'.T'q-I/:I'"__': ,
(','e_,do_ ,J._-.ta, gtte,::hmer, t H)

, AL ":":' ,::t(l_., F-'_'':-?_:i'F. d_".DrD .= O, _'4 _r;_, _*', 9.

Filter- _:,,'] t elbow re_:zE.tance estimated at 4 ,-11_,_,:_e)rE,. Fr-O,T. F" ,_D,

C-I :,:_tLa,:h,,n,gr, _. I, #r:L,-tlon i,._'..5'.=. ,::har't F,z,r du,::tln.:j,
LC,_S = O,,SE' imr:h_J'_/'l'::_('. ._ _ct, ,_;< _ inr, t-,_S X 4 = "2 @t,

._ . _ "10:', = :h :',1._,,, ir;'_ w ,:].Lr',,.'ss = (:' _5 ; _., ........

F_Iter :2;.',l'telbow ,'j_.tn,perar,d conne,_-tlor,_: re,_,.star, c_ e_L_nTated at

';' diameter-_=., Frc.,;, k-l,:l, ,Z-l, I_:-,_! = 0.,__3,-'10,., tL. _,. "_" .. 4 = .S Ft,

LI,-_ S = _:'" C16I L S ' i (;':' ---- O" ':'2'''4 i r,S. W. g.

" - - f('_ ,'l_,"_: _ the bl,',wer tr,.__1 _ t'h_ d",-_ i17,g ,_m]._-_rj _.r-C.,.t_,:J ..... ,::r',n_....... _ *- _ ------ ..........

brzng air #low vel,-,ct ty near recommended low ,,elocitv range.,

(_lg. C.-_, ,qf:ta,:¢7,r_ent J) . Fro,',', 'tlqe clo,'-I, draw:ng_..'s_ etche,_=.

proviOed o# the WIPP Do,:_.: and pr-,:,po_Jed duc:t r-,"z,utir',q, the length

O+ _u:ct wa_ deter,_,_me,J a5 _,_',llow-_:

Straight settler-,= = 52-i,'2 #t.

r 17r- e e _ 5 d,.P.,gr"e e e 1 b ,:,w _: = 4 d i a,r, et e r ._._e a,: h >.: 3 = 1 2 ,_11. ,:_,s.
m

Or, e, tr-ar,=_itz,-__n ',"-.er, t:_ v = 4 dzameter5 _
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TRI_ip'Ar-T DOCk F!CIr."JL, VENT S'fSTEPI ,qF;--,.,_',i,1

e O rd e r" N o., 7 5 N !-_:'_7.,b6 ! :-]E _. F _._._ t- u.a r" ,,' - ! ? _,,

Ar, B inch ,:Jlame.'ter- duct wa:-_ ch,_-:___r,#of the:. I.O,Z,,-#m 4 I,'-'_to

bg. I-,e;kF I'l-,e i,:.,_'l /_jl ,7,,:1 t", r" ._.ln,3.t_ Ol'l _.:h,_,._ cch_._-'l:.,

_ .. "_ '" _1,:, C1,.':,'_ .:._ ,':.;',12 ' := 5'"-_ "' + 1.':'"",'7EqLii v, L.gi"t',, = 52 ....i,"......... . .... '
". ,5"', ! :" _t. , r-o,.,.r,d up t,J ,'-:4 _t.

I.._'_=E -'- O.l,=,C-. lng:. _'J.,:j., 1':',:, #'t.

= ,>..t,__ ....... ,::,4. !,>,) = ...._, 1'>:';,",....... 1.r",=., w. ,'1.

The _eier_"l"r.2.r.1 b[,::,_,Jr-+:" pr'_=.,!"_L!t-,.-2 ci_._ at :50,) C#fl,, iS 4,.2 i.,",_. W.rJ.

Gor' +:.h,_. r.,w,..-tE,.... ]. F,._- 1.,)A L,._.l i-_I.._ .._. '.," i I-,,.:lq :.... 2- ''_,,' #_ J.r'_"z:h WI';_-',':2j. ,'_pe'"_.._.!: _ ri'Zt..

at _-',45'. _ rpn_ .:PC'.+ • #_t ;- _c.'.-,n_er',t. _::.: . B1 c:.wer" i m ]. e..',t Dor't i -_-- ,,k I r_c:!,
O. [}, -.,r" ._ the ,._, .LL :{ .:=. .., i r,,-'h u, L' ,,, r,l.....-i mu,li p,-.._,,_r- re,m,_,.i, red ,_,.*- _r'._.:.-.-
#],:,_'_ :l_: ] _.'_-= +'h ..... "' ..........

...,, • _ . _ ...... _ ,..... ,

"' ' . .. fhe b-,1,mw_r t,=, thef:_ ci-,;-2,-zT_J :.,_£:-L. ,T_4,,.JE. '.'_T fr"_e" pr'e___.Ltt"e ] ,-'_,=%_._:r'O_ _ _ _

bL,.z].din..-I H'.,:';:,:I .Br ._,,]i_[:, ,:.'_:,'IB t.t:{:Ll'_g e. .._ J. lq'ch diameter' duct .:o match
blower o,..tf!_t ,j_:.,.,neter, Tt,e re_:,._lt'.ant vel,__ci+:.y i_: 22'>0 _,m __n,:j

Lhe _.r'e_'-:_L:r"e ]. r-,_: :=. ,' ':_ i • .!., ]. n-:_'.. w, g, peY- 1,)0 fee_t, Nr.:,'.Le : Tr, z ._ l _.

r', ;.':................_,-..,-...:4_: o4 tfr,, _, b.1 ,-lh=, ,,eZ ,'_r-...... i t ,, t anq_.:._. .=r,d.... =F, OL_I d r"_ot_ he LiS_.?d ,..Wi 1 1

e L.er, d t.<:. ,_,zl,__ ,e',rce:.-'._ .',_, r-,c'.i-_e tc:. Lhc wmr" _ @.r'e=, r-edJc:e _ Ic,t.,_ ,T,ar'g lr;
!I_ L h e % :,._ t. :.-,m d c,:-_ ,z',.r e ;__. .;._r, d i r",d L_.,::._.? U r, d e ,_ I r" &4b ie _ t t- e _ _ C'n t h e

,.:..:,_T_l:, C:,l-,e !-, f: _ 4:rhr- t h }. _ .3.(>[;:..[].,'-.-.,.e ! ,Di", _ ,

','h e o:._ P.] ,;2L ,D_ I:_,e b 1, :, _,_e ,- ,:, h a 1 1 r, e e d a t r a n s Z t i c:r, p i e ,: e t ,::,

t r_,'-r'e:,.'_,.--: the ,tiL,.,:!: ,:or'_r',e,:::t i ,.:,__ to an 8 '[ r_,',('i .'..fl1 c_.m('-',t_er ttj fed J,:e

.,elc.c;t., , ft-i,:t._,_-,r_ 1,-:,_:_ and e..::._:,e,:ted m,:,i_e, The. d,__rzt, ing #r,-Jm the

Ic31 ;Z,W e ¢ L.'.['-' t "", t.'Lh 6? I3 L'.. i .]. ,£._i I'i q H v #-1,.. _ }-I a i. 1 b e S :L Iq ,._I'1 'ZJ1 ;! ff'_e 'L' e r" ,

Frc-_,_, _'-i,-.I, r- ....:;., F'ri,-_t_,z,r, Lo=__ Chart:
,_ "3,_,) ,_':+_[i ar,d _ J.r4,c'r_ ,_1! an'_e'L",-,r cIu.,.':'k_i r_,g

t_,c,._:-_:i = _:,, 1,',_:, Lr',5, _,'L]. per" 1:)O _:1::.

A d,.:,_..........].r._r;cj_'h ,",_ "_,._, 4eel. p Iu,= .........._,fldit:Lc, r'!-_l ler,_._h , i".' ft . ._ 4or"
el,_-,,z,_w w.-._ as=.Limed +or the d,Jct r-u_r, +rc,,n t.r',e bl,::,wer to the

inl:ake n_: the H'/AC duct .e.L the c,.'?::_l.tng.

Lo__._ = O, 1 6_ ;; I[ _'_.-_5 ¢ !:', II 4" 1 2 # t II ) /" i (:)([) "_" (:) I (::1_ [ 1 I'}=._ • _lJ I g •

The # ri. c-t i _:,n $,'--sses 1 F,_'ol ,..eel wiLh the cc_ml:,,Dr',er,_': cc_,r',r;e,:zt ion:{ and
trar,_it.i,-,r,._ in either ]._q o# the .system ha,,._ b_':_m esezmated

c,=,n!=_'.er,_.tively at .;*. _[,, 1 ir'_,::l-, w.g. los_ each ,[c).2 for" da,nper£) to

account Tor addJ. ti,-,r',al d:,.namic losse_= that these cor,4iguratioms
wili add t,u the #l,::,e_ re_-l'._tar,,::e. There J.tem_: are l:_sted t,__

i dent i_ :,.the qL!.ar,t i ty o¢ #eat.ur es con._i dered Zr, the __:/stem
est zmate.

O c, Er, tr_, at, tl-,_-, .le.:.ible e'.:haus.t ho_e ,:c,r;r,ecti,z,r, to the hood
_. _r;t: ,-,or;t,'__.irlment c.lq,3.01bel.- e)._].t,

o Exit c,# th- _le:'ibl-_-, _".:haL!_t ho_e ,-or,r,_,rtir-,r, lr,t,, t .... '_.....- _. ......... I I_.'ff,..... FI _.;,,F I"-'t

fi leer inlet port;._--

- c, Damper- flrj_ device at the filter elbow e;:.it to the. doc_::

- 4

: ,', : ............ ,_ ........ ,..":,.---,_,"',,_; :_ ::'_'.., '; "_L_--



""R!JF_C r /:,ULh _C,,:.'L, "'ENT S','STEP1 ,_P'-C":,,: £
J.)_- ,jet I',JQ. 7 5,,,JP -_,.::,_;_ 1 ,_,E X ' F'eL, r j :._.r" '/ - t ':;":;',:,

0
0 Dock ,_:.r',i_':,id t_',.'._,r',_1t zor, c,-',r_rle,z:ticn ,._-ed,..(ce_.,t.::.Phe ,_.,zrich

o [) a,'r,p e r "::1 c:,_ ,:.1_..:_,..'i ,::--':, a t: t !', e h ! ,:__..Je r o,_!t 1e t'. p ,:,_"t.
C_ _[ ,::)I,_:_V" 5 _.c_<:l'l Ct ]. " Ii'_,}_I.:._f" ,:_l.t i': [ (.?t: rV" 9,1"1!_i '1:L Oi'l ,:,'._l'/ri .r.-,,::k. L .m.l-i

_-_ C',( ._2f",l _t-r_t" ) t',", ..,I _ ,.:, IF':C_'I _C_,I:i ]. it"_' di'C_ t"ilr'irllr, f3 i _., #r', th_',

b _i ].cii ,_,a H:.+'_:,l.::

eEt i ma ted t,:, ad,::l th,-_ eq_.,i ',.a.! ct',+: ,:::,t: ,_2.1nc,l:.he_" 0,, i3 1.r,:2, _,_,,:l, .l .,_
added to the _:,ste,:,. _'r,e ac:t:u_al lc',+:_ (;,-I. t.he thre:-:_ adjk_table
d:9.n',l::,er'.:." _,_-I 1 be e. ,: ,./r_,::l: i (:,r', ,st the p,:Js i. t l. ,-.,r",'.-:!....,: ]. 9=_j.re ch.::,,aerl alL!t- J. I'l!_

ir,].l:ia]. :,per ., l:.l or, .n.+ t.!"_:.-, ,::(:.mple.te __'/_.__tem. 'l"x_e bla_wer' ize ch,D_=eln
l",,.9.,=..Pl'l,o.. ..ml'!.._,.-Ap),gl_.i.......... l ]. f v +,D.. pr',::,,/.i, r:lle ;._ rfl,i_r q ir'_.. l.l'l the ':,_',._.'lc.......... p_"_!-:_.._t-m..,..
re,:l,.._i r e,:J f,::,r ,.::,F.:,erat:_.,::,r, ._1: "El ear, f Z 1ter" _z,{.it,_,,n pr'essure 1,:,eses.
7 h i. _ mar,-I ]. ,-i can :-,.,::,::,:)m,nod_a_.:_.'._mc:,t-e thar'i 1, (.:' i in(::ii i i'i,:l_ea_e i r'l
p r _ .--'_;_.._r........ r;; r' r.:._i :.:',_........::r",,",-_ as e ,',,=, + i 1 _.er b e,: omes 1 oad =,d_ utp _i th
C C)fl t: .9._n1 In ;:._r'l t £_,

7 h ,a .I.......,--,e a ]. _.;"_ _..i ,: m.r e ._,.=:u r e.. i r-,_ ,z.-,_=m e =_t i ,TJ--,.+'.e d £n t Pie s .,',.'-_t. e m {..w i t. h
all ,:Jaml:)ers .i.n th_ _:,..I].l. open pos_.tzon) i,_._cal,::ula'ted _:,:._he'

t.o=_.":., _,",tal: ,:_.4S:' + 0,_;',':1. + ,:,.,,l.:,,.fi. +' _',,,:_ 04 + _'1 1,":'5e + ,:', 0._1 -- 0 '-

...... ' 42 ir_,::,w,,:,'.

The blow_-r _tatic pre_ure c_pabilitv' at :2;:)0 dr,T, i._= 4,2 ins. v_,g.
(F,'e+, A_:t:a,'l'iment. _::) _._h:i.c:h al 1,:._w_ for' =....om_'_..,._.ddi4"i,::)nal_ mal_,_ir_ ove_"
the r eq!.!ir.eme.i-,ts wit.l", a loa,:Jed filter ( .....4:2 it,s. _._.g. ) . Fhi
I:,r'r-,v i de!-:! _rl,_._.-¢lJ.r, for 'P..he e_._ ect the :L,,,O cl,-_.gree t-._n',per'atL_.re and
", 40_' _:,::,<,t _le'_. ati on .actc, r-_'.., h,a ve on the bl r'j_,_er' pe, r-_ormar_ce
, ,), ,.r___,', , N,"_+",.e.: tP, e -,4el ,:)c i t...."./ _,P',:._._U.I"'_. ,':C)(I',[D':.Df't(¢r'+'_.: #: (DP'" 4._ "["+' ,'..t: J1 +_[ Q_,_

_-ate i_ of, l,,. ,:,,,:)1 ir',s, w,g, _:F,e., Attachment. L),

The blower' o._'l:put damper' will a],!c_ the oper'ator t<, adju.=_t the
_x'stem to the d_.-i_.ired fiow by increasing the s,yste,'n static
pr-essu.re ri=e at the blowel'- by the dt._ference ,of the blower"

p_._r.ormance c,__r,,,e and the it, stalled =v:.tem_._ re._-.i.s*ar,ce_ _ ,;_,2 - _.42
= l,.:'-'_ i,r',s, w.,:.], adde,:l bv. ,:le:r,per' c:l_,_J,ng..... ,ad],.._-.-.-,t,'nen+' . The fil_er_
e.:._itdamper_ car, also p,rc:,vide additional adjustment flexibility

in the operat. J.or] ,'Jr the ._.':/_t.em as e.,ztiv:it._e_ observed at. the Inood
vent contair, ment ,_-I,amb_.._,_.-ma,_ r'eclL{ire.

@
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TRUPACT DOCK HOCD _NT SYSTEM AR*0001

O O_Ler No. 75WRB36818EX February-le90

4.0 Sye_e_ In_eEface Data for HVAC and Ile_Ical Bys_ams

Blc-er Motor 51ao: 3/4 HorsepoweE, 480 7AC, 3 _:_ase

Blower Oen_erllne Heights: Inle_ = 11-i/2 inches
Ou_lec = 4-15/16 cr 10-I/16 inches

21cwec Inlet/Outlet BAses: %nle_ = 8 inch O,D,
Ou_le5 = § inch O,D,

Dock IHDB duct dissever _o be 8 inches O,D,

EEPA Fi!_e: Damps: Ocnnec_ion Duct, Diame_ec = S inch O,D,

HEPA YLl_e: Deraer_Ho_ison_al Run Cen_erlAae Dimension

_Ok cen_e_llne 8"
f:_a Deck _-_-e_,,o_o _ • . O_ d_Asmoker

ID_PA _ll_er Duc_ Horlsontal Run Position;

_es_ Dock: Duc_ aen_erllne 1_0 be 8 I/2 inches _or_h
: o_ 103-A3R beam edge, Duc_ cen_erline

_o be T in.es Scu_h of 103-A3L beam

O edge,
Filter loca_ion _o be cenleced in _,he
EAST-WE_T dizeo_ion a_ '_he 2nal panel
position of each dock corner (nea_
column OIOB).

HEPA fil_e_ cu_le_ elbow d_pe_ duc_
conne_,ion posl_',_on _o dcc]_ _anifold _o
_e 22 inches WEST of fil_er oen_erllne.

Eas_ Dock: Duc_ cents:lAne _;o be 11 in_he_ 8ouCh o_
203-A5 bea_ edge. Du_ oen_erllne _o be
7 inches Sou_h o_ 203-ASR beam edEe.

FAl_e_ location I:o he cen_eA-ed in _he
.. EAST-WEST dlrec_Ion a_ _he 2sd panel

_o|i_ion o_ the 8curb dcak oo_'2zez',

¥1l_e= location _,o be g inches East of
c_oaa me_be_ at _he 2sd panel po_i_ion
of She Hoz_h doom co_ne_ (near column
_OB).

_;EPA fll_,er ou_ler_ elbow damper duc_
eonneotioa po_i_on _o dock nani_old _o
he 22 inches F_T o:_ filtec o_ntezline,

-O

,, ', ....... , , ...... n ......... ,.,; : . _.,,, ,,-_, .,. - ,.-,-_.,.....
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ATTACHMENT A

Trane Air Conditioning Manual

PSYCHROMETRIC CHART o
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ATTACHMENT B

ASHRAE Handbook

1981 Fundamentals

FIB. C-5 Friction Chart °

Correction Factors for

Elevation and Temperature
(Page ,.,J.48)
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20,2 CHAPTER 20 1984 Systems Handbook

Table I Range of Cap!ure Veloeltles" . _,.:-., ..... _..

Cm_dltton _li __C_ptur_' t(.'untrr_ll _ ,docile,

C'onlimlnanl Dt_perslrm I_xamples ,!pm m s

R_leaseclu,lth ,_sseniiall``no ,,_o_:ll_ E', _Doration Irom t_n_',, decreasing, ._Olo IUO _*,'._Io iJ.
_nlo slill ..ttr p,la,lm_z

R_leizs_Uai Io_ _,cloclI', _nlo mou_r. C'dllllzll_ef fill hl, Io``,,,,_ee_.1con,,eyor I001o _00 _ ,_lo i u
dlel', _lfll air _rlzrtslers, ``_,eld,l_il.

.s,,'l_,.,__efler;:llcon¢fl(o_on_ ol r_d Barrel lillm_,, _hule loadli1_ ol 200 Io 500 I U IO _.._
ali" r1'1ol_ort ,.*orwevor_,,,.;rushlnil, ,.,ool_h_keou(

!cry [ap.!cl _' mollori hoI _l'lak_oul

In _izch ,.'tic,or', ado,, e. a_an_ oi ,..,.ID(urc_,_lclclll_s i_ ¢,ho_,rl, l"Ji_proper ,:_olc_ ol ` _̀lues depend,, offsei'era110,ulors;"

Luwer End oi Rantle L'pper End of Rtnlle

I Roomalrcurrenlsorla``orablelocaplure, i. DtslrU_lrltlroomalrcurrenls,
2, Coniarnlnanls ol Io_` ÌO_l_,ll'_or ol ntll,i_nc_ _,all.le o13v. _, Cor'itamlflar1(._ oi _i_lh (o._i¢l(v
.I Inlermlllenl, lov,,_rociu,.,'tlon, J, Hlllh producllorl, heav_,'use,
4._ !._ar._e_ood.lar_e air mas_,in mollon. 4. Small hood-local control unh'.

nant. Hood performane_ll,e,, how well ii controls the con.
lamlnan|) should be checked by an Industrial hygle_llSl,

I C=plure Velocities
Enoughair per unt_time mustbeexhaustedthrougha hood

to establishan air veloclty (calledcapture velocity) at or be-
yond thepointoi"contaminantreleasestrongenoughtocarry
the contaminantwith it into the hood,Capturevelocitiesfor
typical operationsare listed in Table l.: Thesevelocitieshave
a ran6eof valuesfor eachsituation,dependingon the room
air currents,the contaminanttoxicity, the hood'st.tserate and
thesizeof d_eair massin motion, Therefore,thereisno single
value for the capture velocity, Etch situation is determined
separately,
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ATTACHMENT E

Q

ASHRAE Handbook

1984 Systems

Duct Considerations
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Tabl e 2

Contaminant Transport Velocities

(Page 20.6)
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Industrial Exhaust Systems 20.5

overhang equal to 40m0 of the distance from the hot process to twice as large) than indicated by Eq, (16) and are used only if
the hood Face on all sldes, '_ The hood flow rate can be in- :he low canopy hood cannot be u_,ed. The total flow rate ex.
creased by uslngl hausted from _he hood should be evaluated using Eq, {I3) _f

Qr = Qo "_ V,(At -,4_,)C/ 131 (_olsreplaceflb.vQ:,

where Special Situations
Qr = _otalrlowrateentermgnooct.ct'm(L,s} Some operatlonsmay reouircexhaust',olumesd}fferent

Qo = t_eflow,razec1etermlneclbyEq.{8)ori12) from thequantitiesgeneratedby theaboveequations.T),'pxcal
V, = iI_edes)rea )nara)t veloc)ty through the perimeter area, )pm reasons for different flow rates include:

_m/s} I Inductedatrcurrentsarecre_teclwheneveranvth)n_tsprojectecl,4/ =' nObelface area, tl: lm" )
.4_) = plan v,ew area bl Eq. (8) or (12) as d)scussed above into an atr space. For example, )',tshspeecl rotat)n.e mac_)nes such as
c/= I(IO(X)) pui,,erlzers,h)ghspeeclbeltmaler).tltranslersystems,lalhmzManular

materzals, and escapingcompressec_air )tompneumanctoolsali pro.
A minimum lndraftvelocltyof lO0fpm (0,._m/s)shouldbe Juceatrcurrents.Theslzeanarill'ect)ono!theaaf)lowshouldb¢con.
used for most designconditionsHowever, when room a)r s)cleredmnhoc_deszgn.

' ".Exhaust_olumesthaiare msulficient{o dilutecoml:)ustlble
currents are appreciable or if the con_mln=nt discharge rate _apor-alr mt,xturescoless(nanabout 25_0of theIov,erexplosive hmlt
is high and the design exposure limit is low, higher values of of thevapor._
_, might be requffeci, 3, Room anrcurrentscausedby crossclrafts,compensatinga_r,soot

Sutton=( reported that the volumetric flow rate for a high cool)n.=or motion of the machineryor operators.This is _pectallv
canopy hood [more )ban lO ft (3 m) above the process)can be ¢l._mficantwhenclesigntngh)ghcanopyhoo_ls)or notprocessexhaust.
predicted empirically From round, square or nearly square
sources by DUCT CONSIDERATIONS

" Q. = c/Z )': q_' } (I ,_) The second component of a local exhaust ventilation system
where _s the duct through which contammated a_r _s transported

O From the hood(s). Round ducts are preferred because they (1)Q: = _olumetric)lov, rateat anyelevat)onZ, cim (L,,s) offer a more umform air velocity to resist settling of materialZ = _erc_caldlstance(seeFig.",). Ftlm)
._ tr= : 4(8,0) and (2) can w_thstand the higher stat:c pressures normally

Z can beobtainedFrom: Foundinexhaustsystems.When designlimttatonsrequirerec-
!an .... to widthratio)should

Z = Y+ 28 ().¢.) " ,

whereY = d_tanceFrom the hot process(o,hehood face(see
Fttta)

B = maximum dimensionof the hot processplan view(see
lil(m)

At Z. the risinga,rstream willbe nearlyround, with"_....._e-duc;-vol_m;-and,duct\_¢,oc;ii-;_.;"duct"ie'a'ltag;;"_,hich/
diameter determined by _e

D. = c/Z °u (161 leak, (..I) fan ppage,
where whlch could r,. ',_ce fan volume and (41 re-entralnment of set-

D. = dow ('hameter ai any elevat)on Z above the apparent r)o)nt fled particulate, caused by improper operation of the exhaust
,ource. it lm) _ysterT_. Design velocities can be higher than the minimum

c/= o,_ (0.,,$3) Iran,_port velocities but should never be st_:nificantly lower.
Standard duct s_zesand fittings should beused for econom-

High canopy hoods are extremely susceptible to room air ic and delivery time reasons, Information on available sizes
currents. Therefore, they are typically much larger (often and the cost impact of non-standard sizes should be obtained

from the contractor(s),

=

1,=_
=
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20.6 CHAPTER 20 1984 Systems Handbook

Table 2 Contaminant T_nsport Veiocittn s.

Minimum Trznsporl _ Hoc._

Nature of Contaminant [,ltamptes fpm m,

Vaf,>ors, l_ases,smoke -_11_apors, i_asesancl smokes Any _,nv

Fumes Zinc anctaluminum ox|de fumes 1400 lo ._000 fo 10

_,cry line hehl dust Co(Ion lint, u,ood tlour, htho powder "000 to ._.SO0 10(o I J

Dry dusls and .oo_,ders Fine rubber dust, Bakelite rnoldin= powder dust, jute ".,sO0lo 3._O0 1.1lo I_
hnt, cotton dust, _havtnlls Ilillhtl, soap dust, leather
shavm_s

Average indusirsal dust Sav.dusl heavv and wetS, @rlndin8 dust. buffing lint .I_O0to 4,000 18 to ._O
(dr.vl,v.ool )uie dusl Ishaker wastc),coffee beans, shoe
dust, =ran.¢ dust, silica flour, general material
handhn¢, br=ck cutl=ng, ,:lay dust, Foundry (genera,l),
hmcston¢ dust, packaging and we=ghlnll asbeSlOSclust
_ntextile tndusLrxes

Heavy dusts Metal turnings, Foundry tumblinll barrels and a4_O0to 4500 ,_ to 23
shakeout,sand blastdust,wood blocks,hullwaste,

,, brassturnmgs,ca.stironburros dust,leaddust

Heavy or tools{dUS_S Lead dustwlthsm=lichips,moist cement dust, 4_0 and up :3and up
a.sbessoschunks from tr=ns=tcplp¢cult|n|machines.

buffin_ hnl ISllck.v_),_ulck.lime dusl

O

' " "' ' ' " ' " ' " ,,' t, ,.... =r , _,, ' ,, ,,, , , . . ' , ,.... _,,I, r,, rl r . "c_ uHI,,li_l,,, ,'q' i," i_ '_-_'_'_T....... _--_
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Table 9-3

Recommended And Maximum Duct

Velocities For Conventional Systems

_ICO.MtNOZOV_LOC,T,ES__.
............. sc_o6Ls'_ ..... ---

OCS,_NAT,ON T_ATE_S.,NOUST.,AL
_ts,otNc_s ,,,u.,..,c .u,_o,N_s

BUlL.DINGS
..... , .. ,,, - i i i ! i _

OUTOOOR A*R ;NTAK_S _ 5OO 500 5OO

F_LI'[RS _ 250 300 350 .
HEATING COILS t,2 450 500 600

COOLING COtLS _ 450 500 600
i _ _ . _ - -- ., m, m_ _,_ i

A,R WAS_[_S _ 500 500 504;)
F'_N OUTLETS 1000-1600 ,1300-2000 1600-24,0_

,., _ i,_., , _, _ ............

MAIN OUCTS 2 700-900 ,1000-1300 12OO-18OO

8RANCH DUCTS _ 600 600-900 8OO-1OOO
BRANC_ _S[RS _ 5OO 600-700 800

MAXIMUM V[LOC|'I"IE$, F'PM

OUTDOOR AIR INTAK[S 1 800 _00 I_OO

FILTERS ) 300 350 350

M[ATING COILS I_2 500 600 7OO

COOLING COl L,q I 4_0 500 600

AIR WASH[RS I SOO 500 SOO

FAIN OUTLETS 1700 1500-2200 1700-2800
= _, _ ,_ : ,, _ _. _1 -

MAIN Ouc'rs 2 800- | 200 I I 0(_- 160() | 300-2200

_RANCH OUCTS 2 700- ! 000 8(X)- 1300 ! OOO- 1800
BRANCH RIS[R$ 2 6._0-800 OOO- | 200 |000-| 600

_TNI[II[ VKI.OClTIEE &ill FOR TOTAl. FA¢;[ ARIA, NOT _'H[ NET _r_11[[ AREA; ¢)TNKR ¥[1_O¢1.

Tll[_ IN YA_t.[ ANl[ FOR NKT lrllil[l[ A_II[A.

_P'ON LOW VEL, O_IT_ IYIT[MSl ONLY,

Reprinted with permission from I965 ASHRAE Guide And
Data Book

@



'_1 _ _1' ' _]r_,r P. _T [.,I-IF_: :_,IZZ.Ir_',L_'.?EJ',_'I' _,.._. IELI_I _,_'-,:1,':,_;)_

ATTACHMENT G

g

The Fle_,,_aust Company
TC 8b0-2o 5

Fle,'(aLlst Hose Friction Loss Data



T'F-:L)F'ACT D_]r..',l.: I-t].r'r.', ',,'ENr '_.f.'t._l'EH (41;.-,_O,:, l.
r"lr-,.,,..-r No -'" E_E F_L,r ,_,r,_ ""': . .,.'",WF';"_",:::.",:;:_1 .,'.: .. "-I':,__-;,'

Q
FLEXAUSTHOSEFRICTION LOSSDATA
In thedesignof mostdustcollection,a,rconditioning, industnalventilationandfume removal systems,air flow
catculat=onsare an integralpart of the planningfor high efficiencyoperation,This_nformat¢onts provtdedas a
generalgu=deto the fnct_onlossvaluesfor ali J_lexausthosetypes.

The airflowthroughflexibleductingis C H A R T 1
dependentupon=tsdiameter,length,intenor
wall surfaceconditionandconfiguration.
When straightlengthsofFlexausthose are FRICTIONLOSS-- STRAIGHTRUNS
used, resistancevaluesmaybeobtained ,, ,, ,, , _ _ , _ , ,,.,,..-, I . .

,,_ , ,_ _ ,, ..... _._.,_- , _ .. , .,,
, i , , , _ , _ , \ , _1_.¢"- J_,'_ _ ,

from Chart 1. w>oo...,:.._,., ..:.._ _ !,..._,_,',,..,,.'_./_..:,_ .....................
EXAMPLE 1 -- STRAIGHTRUNS ,_oo, _ ,'_','_"'.>'"_._'_,_.._"_,_ " i
Q, What_sthe resistancein _nches,w. g,,of ipp=.,, . , '. _,,,,,'. /

a 25 ft,stra,ghtlengthof 4 in, lD Flexaust ' ' -_"'_-_"_ _ -'x- '" _ - -,<,_o-- .,__.7,_ •.-,,y-<- -,-= ...............

A. ValueobtaineddirectlyfromChart 1 Js ,,, ,ooo.,__.t,,_/. _,,,_. :,, _ _ _,$_. ..................
i k _ .\', ' ' \,.' I" .........,o,,w. . ,, ,--, ........

'_' ',;,r"-' \ '_", .... _..........

,.=ooJ'_.,_'-_Y-'_'v"_",_,"-'_:"_ _,_,_"T--".....

2" "' ' " "I0 .-_ '
O,I 0.1' 0 _ I_ 1,0 'J.O ii} ilo *,MO _=0

., , J

When thehose lengthcited =nExample1 includes a bend, itsresistanceis increased. This increase is
calculatedas equivalentaddedlength tothe actual straightlengthof hose,and is shownon Chart2 as a

: number ofequivalentdiameters.These are converted to length in feet,for which the appropriate resistance
value is then obtainedfromChart 1.

EXAMPLE2 --BENDS CHART 2
Q, What isthe resistancein inches,w.g., for

samehoseas in Example1,same FRICTION LOSS -- BENDS
velocity,but having in its lengtha 90= ._. u_,o
elbow with centedinebendingradius of , ._. =.¢ .c,_• > ,'
two hosediameters(8_ns.)? ***

A. I_.I Valuefrom Chart2 = 75diameters , ,, / • , ,1_o,HI_,,OuPmlII_",7.5 X4 ins. = 2.5ft. ; ! I / \ ¢c ,=o,=(No.,o=_,,'o=_' I
(3) Value for 2,5 ft, (Chart1)= 0,10ins. _.=..... ! I " _ ...... \ ................... -]

I t _ _, :
W.g, |, ........ 1..i 1." ___. ..... \ ..........................(4) Resistanceof straighthose plus
resistanceof elbow1.0plus 0.10is _ I _, \ \

" An alternateprocedureisasfollows:t°talresistancefactor= 1.10ins.w, g. =_..............................................__-!\_-_X'" I_-X i(5} Add2.5to 25 -' 27.5 ft. ,,,,_=_, ..... ,,,._,..............
Usingvalue fromChart 1 as above

2"/',5x4 - 1,10ins,w,g, ' ........ " _"........._':'_
o, -- " ,11o

iii .....I_I_ISTAN_I _O_ li.BOwl _m_ -';-'_,-,', ,',=-_,_r_ _r wIO_UE_T[RS
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Chart

For Average Ducts
(Page "_3..._..44)
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O :..m Engineering,vl_J 887-8194

0are February 27, 1990
_LJo1_,_:INDEPENDENT REVIEW OF HOOD VENT SYSTEM HVAC DUCTING

"; J.J. Garcia G.W. Pohl
T, W. Halverson K.A. Ealdon

cc' A. E. Gallegos M. J, Leroch

Engineering Design and Systems (EDS), 2012 S. 314th St., Federal Way,
WA, 98003, is the basic supplier of the Hood Vent System (excluding
ductwork). EDS designed the entire system which included sizing of
the ductwork system. However, the EDS scope does not include detail
design, routing under the TRUPACT docks or attachment to the HVAC
system.

The major ductwork routing path, in general, was per Specification
D-O070. Specifics of the routing path were jointly finalized during

O an interface meeting with EDS which included Radioactive Waste
Handling and Facilities & Construction Engineering.

The principal scope of this review (of submitted package principally
consisting of sketches from which ductwork drawings will be
generated) was to determine if collective sizing information provided
by the EDS preliminary design package has been correctly interpreted
and applied.

An independent review was performed by the undersigned in accordance
with WP 09-018 (DESIGN VERIFICATION). The design has been reviewed
and found adequate for performing the intended function as specified
per Design Specification D-O070. The HVAC ducting details as
depicted per submitting sketches are consistent with the design
basis.

Radio Active Waste Handling Engineering
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"_':mEngineering
,vi:,887-8163
:-_'_ February i, 1990
s,.o!=._..TRUPACT HOOD VENT SYSTEM DUCTWORK INTERFACE WITH CH AREA HVAC SYSTEM

" T.W. Halverson

cci K. Ealden

As required by procedure WP 09-018, Design Verification, Facility and
Construction Engineering submits for your concurrence, the design
verification plan for the inlet manifold duct and CH area HVAC system
interface duct associated with the Trupact Hood Vent System.

Design Verification Plan'
Descriotion of Equipment - The inlet manifold duct will be located
beneath a Trupact II dock and will provide connections for component
parts of the THVS.

The CH area HVAC system interface duct will provide the ducted i
connection from the THVS fan to existing CH area HVAC system exhaust
duct.

The scope of the verification plan is to provide independent review of
the design of the inlet manifold duct and the CH area HVAC system
interface duct.

Reviewers

The independent review is to be carried out by the Radioactive Waste
Handling Engineering Cognizant Engineer for the Trupact Hood Vent
System.

G. W. Pohl, Manager
Facility & Construction Engineering

KAE'rs

HA'90'04036

I do "J do not concur with the verification plan.

T, W, Ha!verson, Manager
Engineering
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- O (15) COG ENGINEER (PRINT) (,12) PHC,NE (16) DRAFTING REQUIRED DATE
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(1 7) RELATED CHANGES: INDICATE TIlE DOCUMENTS, INSTRUCTIONS OR PROCEDURES

0(OTHER THAN THE DRAWINGS OR DOCUMENTS IDENTIFIED IN EITHER 5 OR 9)
THAT WILL BE AFFECTED BY THE CH,ANGE DESCRIBED IN BLOCK g, ENTER THE

DOCUMENT NUMBER(S) IN BLOCK 18,

YES NO N/A YES NO N/A
I_ COi"ICEPT1JAL DESIGN REPORT i-'1 [] 1-#']10 TRAINING MANUAL

[]lZ:l _2,[] [] VENDOR DATA (WP 09-025) [] [] 17111.OPERATING PROCEDURES

F"I _1--}/5, FSAR I-'1 [] 1-:7112. SPARES/MULTIPLE UNIT LISTINGS

F-I [] 12_.._,SEISMIC/STRESS ANALYSIS _ I__ 1E]I"3'DO SPARES NEED MODIFIEDE_.
[--li[D12_5, DESIGN REPORT # [] 14 TEST PROCEDURES/SP ,"_"

[] Fq 6, INTERFACE CONTROL DWGS. i--115,COMPONENT INDICES
[] [] [i_7, CALIBRATION PROCEDURES E] [] 12116,ASME CODED ITEMS
[] [] E_118.INSTALLATION PROCEDURES [] [] i2117,HUMAN FACTOR CONSIDERATIONS
[_F'l-]F_3 g. MAINTAINANCE PROCEDURES [] [] []18, COMPUTER SOFTWARE

(18) RELATED DOCUMENT NO.; INSTRUCTION NO,; IDENTIFIED IN BLOCK 17. (,CHANGES TO
DOCUMENTS LISTED 11',4BLOCK 18 WILL NOT BE INCOPRORATED BY THIS ECO).

DOCUMEN _ NO.JREVISION

l
t
i

i_

II

(! 9) DISTRIBL.TIOI",I (20') SIGNATURE REQUIREMENTS

NAME '"'_":. KEY ECO # _____-_
, A=APPR,

_. /,Z.',e,' ,__.,_____ _'-'Z" DOE ___z' _ .....
• 1 - _ w

DEPT, MGR, __._--//" , .... _, __
OPERA TIONS ___._,"_d_o_,,_"P.-, /cK _ / YF.,#

- SECUR r , .., ./ __

(21j DESiOti VERIFICATGOI'I _EOUIREb4ENTS (PER WP 09-O18)

__ REQUIPEME,"4TS SATISFIED BY REVIEW/APPROVAL OF DESIGN DOCUMENT

i 12',I_iDFF'E,,'4DENTREV1EW
3. ALTERf.IATE CALCULATIONS

: 4 DE'VELCPMEi',IT TEST_,._C_.,
5. E;ESIG_; REVIEW
6. OTHER
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- (Side 2)

" , i, i,, ,,li irl '1,1 li[ h lit II ' II i tl ,,, ' ii r ,.,, ,, ........ , ll[llll, i.lll_q,lltlI ........ iiIPiii ,,- ......



iJ

(_--

5

_ i _ III I . -_ _: I __ ] ...... ii I ; _

_u=: ":" :"ce_"................... __ '.....









:::_-4 ] J801,5/4" C
MECHANICAL EQUIPMENT

I

, "'-'

1

STA,R ..... ,/_: m______.: __H! ,II

_--. c.E-:

"'-P'_" ,D_'S _ ....



i

II

1"4 _ /Lt CO
i / 'r--'*

., %

I 'I
I

015-02
_ ce'

//" _

// ,-.--

c9 ,
i

d3

=----4 1JS0 1,3,/4" C

MECHANICALEQUIPMEN
=



- "I -- I '' =I, --I .... l

-°°-_--__oo ) )
SEE _\__) __U SEE

I

.': 9 NOTE 9 ------ T,-, NOTE 9
0.2/20A 0.2/20A

I_ 17.3-1 _ 15.... 12_I: l..HP I KWl I HP I KWl
cS

zo _-o_o c,,,l(:_ _o

(DO:: t_1 -,_ r'Dl_

Z._j Z ....j

_ r-_c_) ,--d <

_ _z__
mi I

13_ O ,_,._(_ I:::D rOI

• @ _ _<_ "%T'" "---







' ' ATTACHMENTZ
MP 09-021. Rev. Z
Page I of 2

EI_JIPHENTNUMBERREQUEST 0

O'I_ DITIOH I--i DELETION

1. EQUIPMENTNUMBER_/P"M.DC,93,/3

2. DESCRIPTION(Isr 26 characterson EquipmentLog)

,tV]lZl__l.rl IPlDI.k/t_..I_.J /CI_IA/..L._7"I_I_I I l .1 I I / 1 I I

NARRATIVE: SYSTEM: _ EZ) i)..z/'- .

3. DRAWINGNUMBER
P&ID _ . _ ,,
LOCA'T"I'ON-_.,'_8:' ,_J,_,V,/2_' ,/u/,c__ZZ,_N/N_ -_C, HAl(,'/C,11Z._ _,t I

4. MANUFACTURER_,_ou,o,._._ "_" C_HDA/Jt_.. iii i

5, MODELNUMBER./vIP_/,0 _'_Z) F SERIAL NUMBER_ ]VyA

6. I_ELATEDCCP ,/1//4 SPEC NUMBER .........

7. PURCHASE REQUISITIONNUMBER_ X//A ,. _ ,
DATE PURCHASED........ i..... m ,,,,---- - , i i

PURCHASECOST
CHARGE ACCT. NUMBER

8. COG MGRIENGINEER _ ,7",_IN_ E_ . ,
/

9. ORIGINAL SUPPLIER

I0. DESIGN CLASS QUALITYCODE

: II. CRITICAL EQUIPMENTIOSR YES vl/ NO
ASSOCIATEDFSARIF'EIS(TECH) SPECS

- /12. SPARE PARTS IDENTIFIED YES NO

POSSIBLE SUPPLIER S#v_'Z?' Cx)

13. LOCATION: BLDG. _// ROOM NUMBER

_ 14. ELECTRICALDISCONNECT OR BREAKER

: 15. O&M MANUAL IN FILE ROOM YES v//NO

16. EQUIPMENTLABELED YES ._____NO

HP Form 1723; 4/20/90
Page 1 ot' 2
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' PAGE I OF

ENGINEERING CHANGE ORDER (I) PEV,EW "
O (USE BLACK iI_IK) ECO- .. ,_Tz_',_

(2) IMPACT LEVEL (.:3)SYS/EOUIP NO,/BLDG (4) ASSOCIATED DOCUMENTS

[_ LEVEL-I E] LEVEL-3 PWR01015
[] LEVEL-2 UH01_/NA/311 _,_/ 030
SEE SIDE 2 FOR APPROVALS) ......."i_/ RELATED ECO

(.5) DOCUMENT NO, (6) SHEET (7)REVISION ADVANCED EDT

DRAWING _ FROM ..... TO P.O,
SPEC [] FROM TO
O&:M MANUAL E']
SOD _ r-1 (8) DOCUMENT13TiE
____31-D,004-W _ _ WS Ke.y..Lower Tel l-Ta]esL.

31-R-002-01D _Z_ WS Lining and Key Section Details
31-D-003-W i_,#_ u WS and Key Construction Proqress

Y/N
(9) DESCRIPTION OF CHANGE [] _ ELECTRICALLOAD LIST (25-X-DOI-W)

[] _ PANEL SCHEDULE (INCLUDE MARK-UP)

T o 4" I_ cores drilled through the liner penetrating the rock at
_" above and below the -834 level construction joint. Hol se

,_._(_r'e to be inclined at l:r_--t_e_10°._. Holes are located at 265° (N=0°).

NO
,-,, MODIFICATION IN PROGRESS

OT TO BE INCORPORATED)OO  L TE
(ECO RELEASED FOR INCORPOR#(TION)

(I0) JUSTIFICATION

Drilling cores through the liner into the formation is required to
determine the nature and extent of concrete deterioration.

Drilling two 4" diameter cores at the -834' level are considered non-
impactive not effecting the design integrity of the liner. See attached
document fr_n Bechtel.

(11) ORIGINATOR (PRINT) (12) PHONE (13) ORGANIZATION (14) DATE

: D. Galbraith 8185 ART/Mine Engineri_ng__- 10/4/90

-- 0 (15) COG. ENGINEER (PRINT) (12) PHONE (16) DRAFTING REQUIRED DATE

D. Gal brai th 8185

WPFORM 1200A, REVISED3/8/gO (Side 1)
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PACE 2 OF

(17) RELATED CHANGES: INDICATE THE DOCUMENTS, INSTRUCTIONS OR PROCEDURES
(OTHER THAN THE DRAWINGS OR DOCUMENTS IDENTIFIED IN EITHER 5 OR g) ljTHAT WILL BE AFFECTED BY THE,CHANGE DESCRIBED IN BLOCK 9, El,ITER THE
DOCUMENT NUMBER(S) IN BLOCK 18,

YES NO N/A YES NO N/A
E_ [_ _. CONCEPTUAl. DESIGN REPORT [] I_ lE] 10. TRAINING MANUAL.
[] [] [] 2, VENDOR DATA (WP 09-025) F] [] _11, OPERATING PROCEDURES
L-] F'] [] ..t. FSAR [] [] F_12, SPARES/MULTIPLE UNIT LISTI:,GS
[] [] [] 4, SEISMIC/STRESS ANALYSIS [] [] I_ 15, DO SPARES NEED MODIFIED
E_ [] L-x] 5, DESIGN REPORT [] [_ []14, TEST, PROCEDURE5/SPECS.
[] [] [] 6 INTERFACE CONTROL DWGS. [] [-] _ 1,.5, COMPONENT INDICES
[] [] [] 7, CALIBRATION PROCEDURES [] [] [] 16, ASME CODED ITEMS
[] [] [] 8, INSTALLATION PROCEDURES [] [] 1_]17, HUMAN F_,CTCR CONSIDERATCNS
[] [] [] 9. MAINTAINANCE PROCEDURES [] [] I_ 18, COMPUTER SOFTWARE

(18) RELATED DOCUMENT NO,; INSTRUCTION NO,; IDENTIFIED IN BLOCK 17 I CHANGES TO
DGCL;MENTS LISTED IN BLOCK 1_ WILL NOT BE INCOPRORATED BY THIS ECO),

; oEg__C_U.,u_F.N.: _NO/REvsSlON

(19) DISTR,BUTION (20) SIGNATURE REQUIREMENTS

NAME ORG, KEY ECO # __f__,_

: R=REV1EW A_ COG. ENGINEER . /
coo,FNOR.Mc,

-- ":,' -:'-'° -
•_l DOE
__, SAFE T'Y

" _--, DEPT, MOR,
OPERATIONS
SECURITY

_ _,_. _. "y q,. i,.;,.-c -_-'_'_'tl -f_
I

(21) DESIGN VERIFICATION REQUIREMENTS (PER WP 09-O18)

1, REQUIPEMENTS SATISFIED B'f PEVIEW/APPR©VAL OF DESIGN DOCUMENT
2, INDEPENDENT REVIEW
..! _LTERNATE CALCULATIONS
4, DE'v_:J_LOPMENTTESTING W
6. OTHER . . from A&E

EDT# ....]
(Side 2)
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OCTe5 'ge J.4_3_.IECH_'EL GRO_.,F, _',-,.,

Bectatel National, Inc.
sym_.l Et_mml- _

e SJmF_ Cat_rni_

October 5, 1990

Westinghouse Electric Corp.

Waste Isolation Division
P. O. Bo_ 2078

Carlsbad, N.M. 882_1

Attention: Dick Sc_aringor
Sr. Procurement ,qfmcialist

Subject: BechtelJob.No. 20585-002 WEC/WIPP Project
WEC P. O. Number 75WGM01520SG
Task_ 006, Waste Shaft Kev Concrete

Dear Mr. Scharinser:

On Monday, October 1, 1990, I endeavored to contact Hardy Bellows
to obtain a clarification and better understanding of the scope of
Task 006 as oudined in your letter of intent to extend the Bechtel

subcontract to December 31, 1990.
On October Isr, I didn't reach Hardy but did receive calls fron_
Doa Ga!braith and Subash Sethie. Don ,_,plained that orders were
issued to investigate any deterioration of the concrete in the Waste
Shaft Key and determine the causes. Two cored holes were to be
drilledimmediately,one above and one below the constructionjoint
at the 834 level.

I agreed that core drilling the two 3" or 4" diameter cores through
the conczete and into the rock would not be detrimental to the
intc_ity of the key or liner. The holes should have an edge distance

= to the consmacdon joint of at least two hole diameters. If blowout
preventers could not be readily obtained, the coring should bc
discontinued at least one hole diameter before reaching the concrete-
rock contact and a small pilot hole drilled through the concrete and
into the rock. Drillers are not to stand behind or in line with the di'ill
and the drill should be anchored to the wall. The holes should also

t

i

@
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Mr. Dick Schaxinget
Westinghouse ElectricCorp.
October 5, !990
Page .2

be located w miss the rebar which is indica_/ on the design
drawings to be immediately below level 834.

ii(See Drawing 31-R-002-OID).
' i

I _so discussedlhc possiblecause(s)of any deteriorationof theI

concrete. From my lastinspectionof the con_ele key earlierthis

year.itappeared thatsome of the insidesurfaceof the concretekey '
had _eas l/S to I/4inches deep where the cement constituenthad
been lea_hedout,leavinga sand likefinish°When thisI/8 to 1/4
inch surfacewas scrappedoff,the concrete was very hard and sound.
Based on severalknown conditionsduring construction,I have
postulatedthe followingeventsthatcould have caused thissurface
condition:

I. The waste shaftlinerwas cast/placedfrom the top down which
is a conventionalshaftconstructionprocedure. This method,
however, requiresthe next sectionbelow to be pouxed up
againstthe alreadyplaced constructionjointabove which makes

itvery difficultto obtaina good tightjoint, mi

2. "lhcWaste ShaR Key area was excavatedafterthe linerabove
was completeand was poured in liftsfrom the botlom up with
the finalliftpoured up againstthe alreadypouredjointat the
834 level. At this time, the poured concrete in the key was
_reen, i.e., just poured, when the forms were stripped. The
piezometrichead was buildingup behind the linerand the brine
solutionwas flowingthroughsome of thejointsand defectsand

= running freely down the inside face of the concrete Hner and
freshlypoured concrete key.

ff the freshconcretesurfacesincludingpatchwork and the jointat
834 level were not protected from the brine solution freely flowing
over the surfaces,itis possiblethatthe surfacecement contentcould

-- have been leachedby thisaction.

@
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Mr. Dick $charinger
Wes_nghouse Electric Corp.

O October 5, 1990
Page 3

Maybe this concept could be verificzi by cMting a small slab of
concrete and u soon as the concrete could stand by itself, say 12 to
24 hours, place it in a container having brine solution at [he bottom,
Then whh a pump circulate the brine over the concrete specimen
surface W determine if the same condition that is being observed on

the key would develop on the specimen. The question he.re is, can '
enough indigenousbrine bc obtained to perform thisexperiment?

I have justr_oeive._a sketchfaxed from Don Galbraith,indicatingthe
procedureplannedfor drillingthe two 4" diamezercore holes above
and below the construction joint at the 834 level. I agree with the
procedur8 indicated. It appears thaz the location of the rebar
determined in _e field is lower than that shown on the design
drawing.

This investigation may extend for more than 30 days, I will cover
Bechtcrs eszimate of the manhours for Task 006 under sepa.raze

correspondence.

Very truly yours,

Howard G. Taylor
" Project Manager/J

HGT:Id

tc: Don Galbraith
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ENG NEERINGCHANGE ORDER (I)cc&DREVIEWi_,....
(USE BLACK INK,') ECO- _'_"2,.,2, , ,

(2)!MPACT LEVEL I (3) SYS/EQUIP NO,/'BLDG (4) ASSOCIATED DOCUMENTS

FI'L_.-:i ---_"CEVEL-3 1]PF-JO'_//I/#/'t'/zd_ 0,30 /./ZI,,/_/.-_ IV'/'

1-1LEVEL-2 ................

SEE SIDE 2 FOR APPROVA,..S)' _'_r"_"cF RELATED ECO

(5) DOCUMENT NO, (6) SHEET (7) REVISION ADVANCED EDT

DRAWING 121' /_'/ 7"-_7_/'_ FROM .4 TO Z_' P,O,

SPEC [] i.ZT_'_ t _'_" FROM _C_./_._TO AGe___
O&M MANUAL [] ' -

sod n /D?/C_.
_._,._-0.//-/-4.2 : (8) ,..-_... biT TITLE

Y/N
(9) DESCRIPTION OF CHANGE [] E] ELECTRICAL LOAD LIST (25-X-OO1-W)

F"] [] PANEL SCHEDULE (INCLUDE MARK-UP)

¢

0
[2]YEs [72No

**** MODIFICATION IN PROGRESS

(ECO NOT TO BE INCORPORATED)

i [---] MODIFICATION COMPLETE(ECO RELEASED FOR INCORPORATION)

(10) JUSTIFICATiOI'd

(11) ORIGINATOR (PRII'IT) (12) PHONE (13) ORGANIZATION (14) DATE

_t (15) COG, ENGINEER (PRII,IT) (1 2) PHONE (1 6) DRAFTING REQUIRED DATE

wPFO_M12_o_,,_aWSED_/_/_0 (Side l)
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(17) RELATED CHANGES; INDICATE THE DOCUMENTS, INSTRUCTIONS OR PROCEDURES
(OTHER THAN THE DRAVVII'qGSOR DOCUMENTS IDENTIFIED IN EITHER 5 OR 9) 111THAT WILL BE AFFECTED BY THE CHANGE DESCRIBED IN BLOCK 9, ENTER THE
DOCUMENT NUMBER(S)IN BLOCK 18,

YES NO N/A YES NO N/"A

[] I-I _ _ L.,.,I,.ICE_TU,,_,LDESIGN RE,SORT EZ] I-7 L._IO, TRAINING MANUAL
CS [] [] ,:. VENDC,R D,.t,,TA fWP 09-''"", , ,..,_5) [] 13_ [] 11, OPERATII'.IG PROCEDURES
[] _ [] 3 FSAR _ [_.1-'1 12, SPARES/MULTIPLE UNIT LISTINGS

F-1 F-I _4. SEISIv_,C/"ST._SS A,",AL','S;S [_ E...NF"]IO. DO SPARES NEED MOD,F,ED
E:::] l,1 _ DESIGN REPORT _ [] 14. TEST PROCEDURES/SPECS.
[] [] 6 INTERFACE CONTROL DWGS, D []15 COMPONENT INDIOES

, _ FR. F_ 7. CALIBRA.TION PROCEDURES [] 12_ [] 16. ASME CODED ITEMS
[] [] [_ 8. INSTALLATION PROC,-DUR,....S [] _ []/17. HUMAN FACTOR CONSIDERATIONS

I-'1 [] 9. MAINTAIN._NCE PRCCE:)UPES _ F"] _ 18. COMPU_R SOFTWARE

i

(18) RELY,TEe, DCCU_,AEN" ttO.; II"ISTRUCTION NO.; IDENTIFIED IN BLOCK 17. (CHANGES TO
DOCUMEriTS ,...I'STED11'4BLOCK 18 '/,/ILL NOT BE INCOPRORATED B"F THIS ECO).

IDOCI.'ME'I r NO./REVISION

(19) OlSTRIBL;Ti,,:.N ,.LO) SIGNATLJRE REQUIREMENTS

I,,I,_uE .RO KEY E30 # _,_Of/-,.,_,,,

,'T"_ ' A= APPR. ' ;,,,_.

--" , Ei ,;P. '--',-:.,",< !zT, . , DoE " ",,_..L ._ z._..-.

I_ -'E'U51Tf ( "_ '
i

.... • _ .

""3
(,:..1) DE-3-1Gr_VE_,rlCa.rIO!.l _'_IjIRE_,.,.AE'.ITS (PER WP O9-O18)

X I RE.:CblPEME!.iTS SA"Ic PE. , __FIEDB"F VIEW/'APPROVAL OF DESIGN DOCUMEHT
2. _t',DFPEb,DENT REV1EW
3. A[_T':_''l._TE,, rALCIJLATIC,NS...
4 DE',,ZLCFMEI.IT '-'-":",:sTING 111

I 5, GES;Oil REVIEW

6 OTHER
- EDF#

(Side 2)
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SURFACEMINE PHONE LOCATIONS
6 ,,4.

SNL PHONES
B-49- BLDG. 911F !
CAL LAB1 - BLDG. 911E t.
SNL OFFICE - BLDG. 459A

AIS SHAFT ' '_
BLDG. ,362
COLLAR - BLDG. ,361

,,,:

Sl-'t SHAFT > 73-J-O21.-W -_'_
COLLAR - HEADFRAME 571
1ST LD/EL UP - HEADFRAME ,371
LAMPHOUSE BLDG. 584A
HOISTMAN - BLDG. 384

WASTE HANDLING BUILDING - BLDG. 411 ",>'73'-J,_OI"9-Wl,W2-",,,,_,.... z
CONVEYANCE LOADING ROOM - ROOM 116
COLLAR AREA - ROOM 117

WASTE HOIST CONTROL ROOM - ROOM 204 .,
5TH FLOOR HOIST TOWER - ROOM 800
4TH FLOOR HOIST TOWER - ROOM 600
5RD FLOOR HOIST TOWER - ROOM 400 ,i,

SUPPORT BUILDING - BLDG. 451 _' 73JJ-o20-W >
SHAFTS SUPERINTENDENT - ROOM 118
SHAFTS FOREMAN - ROOM 118
BRASS ROOM - ROOM 119
MINE SUPERINTENDENT - ROOM 157
MINE FOREMAN - ROOM 157
CMS CONTROL ROOM - ROOM 2,30 - 2 PHONES
DOSIMETRYLAB - ROOM 130 (TEST LINE ONLY)
ROOM 105 - U/G OPS

COMMUNICATIONS ROOM - EOC _ J

-- , .. ,. - -, O_K ,I, ,

OFFICE

- CONS TRUCqION MGT. & MAINTENANCE COMPLEX- BLDG. 9'11

EXPERIMENTAL OPS MANAGER'S OFFICE _, _
, .... i, , ,i i, i , , , ,.... .... ,..1_ , , ....... _ .... ,. _.,,n_,_,..1_,..,._ll_,,_,.._,_..p.,tl_-_._._,_,,_,._._ .................. ,i- .... ir,., ,, • ":":'.'" I,I i.1lr." : 7: "- "11"'1......... : [/"-'_ '_
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PACE 1 OF 2

ENGINEERINGCHANGE ORDER EW,# .....
@ (USE BLACK INK) ECO- =._--O,,-!/

(2) IMPACT LEVEL ] (.3)SYS/EQUIP NO,/BLDG (4) ASSOCIATED DOCUMENTS

El LEVEL-1 (_ItEVEL-3 1 7V-,_' -39'_/ -'_'6z¢/-_c/, 030 0 2Z #.3'A
[] LEVEL-2 7V-#-3,4 _ Vd¢'#@ '

(SEE SIDE 2 FOR APPROVALS) RELATED ECO

(5) DOCUMENT NO, (6) SHEET t(7)REVISIONADVANCED EDT

DRAWING '_.,]'" _ I FROM __'___ TO C P,O,SPEC Q I ""i FROM .... TOO_ MANUAL

SDOT_f"02_14/ F7 (8) DOCUMENT TI}E,

W se'-z.,,'-olE-l,_ u/$ E?,,,,_, ._,_ ...¢'g,. .,,d,..e,,..,,,. P_,._, .#t A_, ta#F f

Y/N
(9) OESCRIP'nONOF' CHANGE [3 _ ELECTRICAL LOAD LIST (25-X-GOl-W)

[] _ PANEL SCHEDULE (INCLUDE IMARI<--UP)

- /_e_,,_ -.<"_i'_'-o/2._,7"o s'/./_,_.-_.4,c,o7".,,'o/.:_.,c
C_'_" r,''_ ,#'9" _" - a,a ¢ 1

: _'_zJc#_'A#,; 7_ _-Z___, 7_,,,f -.,r :,,9, ..Z'tv'j..,,-,._. _'"_"'"."r

,,_e v ,:r e 7 _/'-,_ -. o _ '9' ,w'_ ..r /e'_. _ f_ o,_/ _/c _ ;,./o,,,,, * .,'_,._ _, <c.

..Z',, v ,A',, _ ,_ _p .2"/,,, 7 _/o _ __ ./"i ,r,,.,,,.,# e t r 4' u4.,_ //,_" ,4, ._..,_

• *** MODIFICATION IN PROGRESS
W'cs_'/_7- _" 7,V-_-o,e y_,, (ECO NOT TO BE INCORPORATED)

W,VD_ /'_,t:-l_/,_loO.._r..,/,#_s/,_,vE.Z)i..r:_#_#:.p_:_c,.m_. [[[] MODIFICATION COMPLETE
(ECO RELEASED FOR INCORPORATION)

(I0) JUSTIFICATION

(11) ORIGINATOR (PRINT) (12) PHONE (13) ORGANIZATION (14) DATE

(15) COG. ENGINEER (PRINT) (12) PHONE (16) DRAFTING REQUIRED DATE

: wproR_,_ooA,REV,SEO_/o:_o (Side 1)
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(1 7) RELA"rE_"2 CHANCES: INDICATE TItE DOCUMENTS, INSTRUCTIONS OR PROCEDURES
(OTHER THAN ]'HE DRAWllgGS OR DOCUMENTS IDENTIFIED IN EITHER 5 OR 9)
THAT WILL BE AFFECTED BY THE CHANGE DESCRIBED IN BLOCK g, ENTER THE IDOCUMENT NtdMBER(S)IN BLOCK 18,

YES NO N,/A YES NO N/A
[] [] 1 ut.NCEPTUAL DESIG,',I REPORT [] [] 10, TRAINING MANUAL
[] [] 2, VENDOR DATA (WP 09-025) [] [] 11, OPERATING PROCEDURES
[] [] _ 3. FSAR L_ C_ IZ_,12. SPARES/MULTIPLE UNIT LIST',_,,$S
[] [] E_ 4. SEISMIC/STRESS A,*IAL','SiS F-] I--] 13,1Z) DO SPARES NEED blC,DI_:"ED

[] [] I_ 5, DESIGN REPORT F'] EZ, JZ_14' TEST PROCEDURES/SPECS,[] [] 1.5. COMPONENT INDICES
[] [] 7. CAAIBRATION PROCEDURES [] [] !5, ASME CC;DED iTEMS
[] [] 8 INSTALLAT]ON PROCEDURES [] L'_ 17, HUMAN FACTOR CONSIDF:RATIC_JS

[] [] 9. MAINTAINANCE PROCEDURES [] [] 18, COMPUTER SOFTWARE

(18) RELATED DOCUMENT NO,; INSTRUCTION NO,; C,E:%":F,EL2,II',1 BL{.'::K 17..',':'4ANGES TO
DOCUMENTS LISTED IN BLOCK 18 WILL NOT BF. _t,iCC,PeORATED BY I_,S ECO),

DOCUU EN T _O_. RE",".SIC,I'4

II
; ('>0 SIG,"4A_JRE Rr.jJtREMENTS(19) D STR,=_'_T Or; , ._ ,.
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O , ,, h ,,,ECO DOCUMENT NO. ECO #

CONTINUATION

sHeET DATE PAGE
01/_,'//91 OF _/'

(3 1 CONTINUED

SYSTEM EQUIPMENT NUMBER FACILITY NO.
, ,, ,.... , ,, , ....

PC03 25 P-PBT/1 YARD
| ,,, , , ,, ,.... ,L t......... , ........ ,,

38P-TBPA/I 384
, ..... , ,.,,,, , ,, , ,., ,, , . ,,,

38 TBPAI 384
' ' i ...... ,, ',' J ......... , ,',

4IP-TBPA/3 413
--- _ , , . ,, , , i,., ,,,, ,,,

41TBPA3 413
............. ,, ,.,, , , , , , , ....

45P-TBPA/1 451
,, ,,....... . ............

45P-TBPA/105 486
.......

45 P-TBPA/i07 452

45 P-TBPA/1(38 458
, ...........

45P-TBPA/109 453
- _ ..... ___ , ,, , ,,,

_

45P-TBPA/Ii0 456
, , , .., ,t . ...... , .....

45P-PBPA/iii 451
- ,,,, . ,,, j i -- -- __ ,,-- J ..........

45TBPA1 451
, ..... . , ,, ,..... ,....... _ _.

45TBPA105 486
, , ,u ......

45TBPA107 452
_ ......

45TBPA108 458
............

45TBPA109 453
z

..... , .............. . , J.......
_

I_ 45TBPAII0 456....... J , , ,., , ,. ......... _ ,, , .........

f

...........



Eco Doc_EN_ No. ECO #
CONTI_ATION

SHEET DATE PAG_ 4 5/_

01/07/91 O_ _j_ O

(5) DWG. NO. (7) FROM/TO (8) DOCUMENT TITLE

SAFETY AND EMERGENCY BLDG

73-J_05-W B PA & IC SYSTEM
SH. i OF I GROUND AND 2ND FLOOR PLAN

SURFACE LAYOUT

73 -J-014 -W B PLANT COMMUNICATIONS
SH. 1 OF 1

GUARDHOUSE & SECURITY

73-J-015-W B BLDG 458

SH. 1 OF 1 PLANT COMMUNICATIONS

WATER PUMPHOUSE BLDG 456

73 -J-016-W B PLANT COMMUNICATIONS
SH. 1 OF i

PLANT COMMUNICATIONS

73-J-017-W C EXHAUST FILTER BUILDING

SH. 1 OF 1 413

SUPPORT BLDG 451
73-J-020-W A PLANT COMMUNICATIONS

SH. 1 OF 1

WAREHOUSE/SHOPS BLDG 453
73 -J-022-W B PLANT COMMUNICATIONS

SH. 1 OF 1

PUBLIC ADDRESS & INTERCOM

73-J-025-W B BLOCK DIAGRAM & MASTER

SH. 1 OF 1 CONTROL CONSOLE

WIRING DIAGRAM '73-P-006
i .... _ _ ..... ,



ECO DOCUMENT NO. ECO #
CONT INUAT ION

sHEET DATE PAGE5c_Izq''7/_ I O F j_L__/

(9) CONTINUED FROM PAGE 1

i. Add unique identification to PA & IC terminal box(es) to
drawing 73-J-005-W. See page(s) Oi? _.
2. Add unique identification to PA & IC terminal box(es) to
drawing 73-J-014-W. See page(s) E, 9 .
3. Add unique identification to PA & IC terminal box(es) to
drawing 73-J-015-W. See page(s) /_" ,
4. Add unique identification to PA & IC terminal box(es) to
drawing 73-J-OI6-W. See page(s) // .
5. Add unique identification to PA & IC terminal box(es) to
drawing 73-J-017-W. See page(s) /_ .

6. Add unique identification to PA & IC terminal box(es) to
drawing 73-J-020-W. See page(s)l,'_j/_/ .
7. Add unique identification to PA & IC terminal box(es) to
drawing 73-J-022-W. See page(s) /5,/__.
8. Provide wiring diagram for PA & IC terminal box 45P-TBPA/I in
Support Bull.cling 451 to drawing 73-J-020-W, See page /_ .
9. Revise public address and intercom block diagram to indicate
the addition of Engineering Building 486 and unique
identification of various PA & IC terminal boxes to drawing
73-J-O25-W. See page_ .

O i0. Revise public address conduit layout in Support Building 451to drawing 73-J-020-W. See page(s)_/__.
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(9) DESCRIPTIONOF CHANGE lD 1_ ELECTRICALLOAD LIST (25-X-DOl-W)

L--qI_, PANEL SCHEDULE (INCLUDE MARK-UP)

/_PR_92
COMPLETE" _ YES L-_biO

" .- ,-,, MODIFICATIONIN PROGRESS

,,, _J ,,/,' (ECO NOT TO BE INCORPORATED)

.......... "°'_ I

" 'Tt"N
_.d"Z_,,.,.',._A__''L!=;c':.-,'_C"' q'2/l'q_ (ECO RELEASED FOR INCORPORA u

(I0) JUSTIFICATION

('11) ORIGINATOR (PRINT) (12) PHONE (15) ORGANIZATION (14.) DATE

(1,5) COG. ENGINEER (PRINT) (12) PHONE (16) DRAFTING REQUIREDDATE

_Ore _/_N#z/_ "fT"&_ _'3 7 7
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.A_ED CH_t,IGES. It,IDICATETNE DOCUMENTS,INSTRUCTIONSOR PROCEDURES
(OTHER THAN Tt-tE DRa,',VII'.IGSOR DOCUMENTS IDENTIFIED IN EITHER 5 OR 9)
THAT WILL BE AFFECTE.r) BY THE: CHANGE DESCRIBED IN BLOCK 9, ENTER THE tPC 'DOCUMENT NUMBER(S)IN BLJCK 18,

'(ES NO N,/'A YES NO N/A
_ E"7 1 CONCEPT1J,,XL DESIGN REPORT _ _ [_ 10, TRAINING MANUAL

[::3 [] _ 2., VEI,IDOR C,,_T,l _'NP 09-025) [] r£_ F_..]11, OPERATING PROCEDURES
_ EZ] .3, FL_AR _ _ r-112, SPARES/MULTIPL:" UNIT LiSTiNGS

E::] _ _ i SEISMIC/STRESS ANALYSIS _ _ _ 1.3, DO SPARES NEED MODIFIE':)
i2"l @ 5, DESIGN REPORT I-'1 [El [] 1,.1.,TEST PROCEDURES/SP-""q

[] _ _ 6, INTERFACE CONTROL DWGS, L-] _ _ 15, COMPONENT INDICES
[:_ ._ [] 7. CALIBRATION PROCEDURES [] _ E::]16, ASME CODED ITEMS
I:_ _ _ 8, INSTALLATION PROCEDURES [] [] [] 17, HUMAN FACTOR CONSIDERATIONS
1:_ [] _ 9, MAINTAINANCE PROCEDURES _ 12_ [:::}18, COMPUTER SOFTWARE

: , DOCUME T t'lO.; INSTRUCTION NO,; IDENTIFIED IN BLOCK 17. (CHANGES TO
DP_""'c'_'TS LISTEr'_,IN BLOCK 18 WILL NOT BE INCOPRORATED BY THIS ECO)...2 ..., Ld NI _.', I

DOCt.'t',_ENr_ NO/REVISION

" (19) DISTRIBUTION (20) SIGNATURE REQUIREMENTS

N/,_,IE CR']. KEY ECO # __ _c'7
A=APPR.

_ Q,A, "
DOE 'i_'_/---__c,,r,q___.,, / .':/'_//:? !_. _
sAFF.T_ d/ z.', _ ///6/_/ _

DE_T,_CR,_.#2-- -"-/_--_,'Z____-A"_-OPERA TIONS .,¢- /-/,2"-'2_- /

s CuR r' :4 ,.,
"F:;_b _ _ ,1_,_._

(21) DESIGi:._...VERIFtCATIOI'.IREQUIREMENTS (PER WP O9-O18)

._7 _/ 1. REQUIREMENTS SATISFIED B'r REVIEW/APPROVAL OF DESIGN
DOCUMENT

2. II'.IDEPEt'.IDENT REVIEW
3. ALTERNATE CAI, CULATIONS
a.. DE\_ELOPMENT TESTING
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(Side 2)



DOCUMENT NO. #/_- -N -o_ ?_- _-, ECO
ENGINEL-'_INGCHANGE 4 / z - _ - _j 7-

CONTINUATION SNEEF _ _ "_/ ' 3 F

(9) DESCRIPTION OF CHARGE

i. REVISE DETAIL i, DRAWING 412-N-002-W AS SHOWN AND
LABEL THE DETAIL, " FOR TEST BINSyPB-009 THROUGH

PB-018 ONLY M • S/_



,,,,i ii,,u, l l J i ,

DO_'_N'rNO.41z__- _o__- _,_ IEcoENGINEERINGCHANGE 4 l-z- F-_ 7 - _v

ORDER 'DA_ PAGE i •CONTINUATIONSNEET' I/q/q I 4- OF _'- _ t£,_
, i IWl |

2. ADD DETAIL ON DRAWING 412-N-002-W TO SHOW TRANSPORT
FILTER (BRF.ATHER FILTER) CONNECTION, LABEL DETAIL,

"FOR TEST BINSvPB-019 AND ONWARD".



i i

-- DOCUMENTNO, _ ! z- At .-c _ z.- _J Eco
ENGINEERINGCHANGE .,_/ _- /:- - c.'.,/ .7 - _.,

ORDER DATE ....... P_
CONTINUATIONSHEET //,_ / _ / 5" OF" S ,,_=:_(_,q . ,

3. REVISE NOTE 15, DRAWING 412-N-O02-W, "TRANSPORT FILTER
TO BE FITTED WITH A FEMALE NUT AT THE FABRICATION
SHOP, THIS FEMALE NUT TO BE REPLACED WITH A CAP NUT AT
THE WIPP SITE PRIOR TO DOWNLOADING OF THE BIN."

(NOTE: NOTE LOCATOR TRIANGLES ARE MARKED ON THE
ATTACHED SKETCHES) •

4. ADD A NOTE TO DRAWING 412-N-OO2-W, "ALL VCR
CONNECTIONS SHALL BE MADE WITH PROPER SIZE GASKET,
PREFERABLY HELD IN A GASKET RETAINER ASSEMBLY."
CROSS REFERENCE THIS NOTE WITH THE BILL OF MATERIAL,
ITEM DESCRIPTION FOR THE GASKET.

5. ADD TO THE DRAWING 412-N-002-W, BILL OF MATERIAL, THE
GASKETS AS INDICATED BELOW:

1/2" GASKET RETAINER ASSEMBLY (NI-8-VCR-2-GR-VS, CAJON
OR EQUAL); QUANTITY = ONE PER CONNECTION; NOTE:
FOLLOW VENDOR DIRECTIONS FOR REPEATED USE OF THE SAME
ASSEMBLY.

I" GASKET RETAINER ASSEMBLY (NI-16-VCR-2-GR-VS, CAJON
OR EQUAL); QUANTITY = ONE PER CONNECTION; NOTE:
FOLLOW VENDOR DIRECTIONS FOR REPEATED USE OF THE SAME
ASSEMBLY.

6. REVISE ALL OTHER DETAILS ON THE DRAWINGS LISTED IN

COLUMN 5_ TO REFLECT CHANGES PER THIS ECO.

0 ) JUSTIFICATION

WELDING OF THE FILTER HOUSING TO THE BIN WALL VOIDS
DOP CERTIFICATION FOR THE FILTER MEDIA PERFORMED

EARLIER (BEFORE WELDING) .
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PageL of

1,Addendum_.j_ to ECO Number: _t_'_ DrawingNumber:4-1_-i=-oF_
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ENGINEERING CHANGE ORDER
ADDENDUM SHEET

lPage of ,'.-.,

O 1 Addendum _ to ECO Number: _1_ Drawing Number 4.1.__%-14-oo_j.>_

2. Description of change
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LINER MATERIALSHALL BE POLYETHYLENE, NOMINAL T'IHICKr,.IESS,,L;SO",
LINER SHALL NOT RELEASE ANY GASES BETWEEN 70' F AND 90' F, "III

6, REMOVED

i 7' PREPARE AND PAINT EXTERNAL suRFACES oF BIN PER SPECIFICATIONE-Z-240, REV, 2, SYSTEM 1-16, FINISH COAT SHALL BE GRAY,
APPLY PAINT AFTER WELD TESTS AND APPROVALS SPECIFIED IN

EQUIPMENT SPECIFICATION E-A-334, EXCEPT STAINLESS STEEL SURFACES, O

8, PAINT INTERNALSURFACE OF BIN AND UNDERSIDE OF COVER
WITH PAINT 106C-5, WHITAKER COATINGS,
1500 LATHEM ST,, BATAVIA, IL, 60510 OR EQUAL,
APPLY FIRST COAT ,0003"-. ,0004" ' DRY AND BAKE 10 - 12 MINUTES
AT 3DO' - 315' F, APPLY SECOND COAT ,OOO,.3"- ,DOD4" DRY AND
BAKE 10 - 12 MINUTES AT 4.00' - 425'F, APPLY FIRST COAT AFTER
WELD TESTS AND APPROVALS SPECIFIED IN EQUIPMENT SPECIFICATION
E-A-334,

STENCIL BIN EQUIPMENT NO, AND THREE DIGIT SERIAL NO, LETTERS
SHALL BE 1/2"-1" HIGH INDELIBLE BLACK,, LIDS AND BINS OF THE SAME
SERIALNO, SHALL BE SHIPPED. TOGI:.'THER, DRY TEST BIN EQUIP,
NO.: 63-S-001, S/N -001, D'C,

L_ REINFORCE HOLES IN LINER WITH TEFLON WASHER EMBEDDED IN THE _
LINER,

SECOND WELD ON WALL OPTIONAL, SINGLE WELD PERFERRED WITH

SINGLE PIECE WALL, C
Z/_ TO BE INSTALLED TO BOTTOM OF BIN ONLY.

13, REMOVED

//_ ALL 1/2" VALVES INSTALL ON ITEM 1 SHALL HAVE THE SAME
PART NUMBER.

ALL 1" VALVES INSTALL ON ITEM 1 SHALL. HAVE THE SAME

PART NUMBER.16, ARROWS ON ALL VALVES TO POINT AWAY FROM BIN WALL, ----

z_ REMOVE THIS LENGTH AFTER FINAL INSTALLATION,

18, THIS DETAIL FOR TEST BINS S/N PB-O09, PB-010, AND PO-011 ONLY,

19, THIS DETAIL FOR TEST BINS S/N PO-012 AND ONWARD.

L:_ FOLD ITEM 20 AS REQUIRED TO Frf WITHIN THE BIN, B

"i ...... RM.......... - _ _le9 ......" .......I ....... _ !¢,_ I _ I o_o_I
r I RE.s_PER_corO 14/15/g21F/Jh_t..//_i,/h_/?._l_6;8!

I _ DLi4 I " MB I' He I ;_o_Ir _9 io2_8/goiio/i8/9sooo. J_L6_8-7-_-ol_ .. ct , ......l
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SILVEre-,=LATED SS ,3_6 3,ASKET, _OUS,NG S_AL. HAVE NO MIGRON $,ZE
OR OTHER SPECIFICATION STAMPED ON IT, DISCARD THE NUPRO

FILTER ELEMENT IN THE HOUSING,

//_ FIBERBOARD LINERS TAPED TOGETt'-IERAT TAB END WITH ITEM 1B,
A

/__ SNIP ITEM 4 PLACED INSIDE ITEM 2, NO SNARP BENDS ON GASKET,
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_,,,_,_.,."";,.-._ro f:IE AT AT "tIME OF UO iNSTALLATION ON RCB,WIPP

t g, ITEM 4 AND ITEM 14 TO BE SHIPPED WITH ITEM 1 BUT NOT ATTACHED,
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OF ITE'M 10 INTO ITEM 2,
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A

I

Pressure To preventthe bin_sinternal 2
ReliefValves pressurefromexceeding0,6 psig,

Brine InJec- For the equipmentthatwill 2 minimum
tion Ports injectbrineintothe bin,

Pressure To monitorthe bin'sinternal 2
Gauges pressure,

BrineSam- For the equipmentthatwill take 2 mininlum
pling Ports brinesamplesout of the bin.

Gas Injection For the equipmentthatwill 2
injectgasesinto the bin,

Oxygen For sensingthe oxygenin the I Inlet,
Sensing/Gas bin. An inletand an outletare I Outlet
SamplePort required, The sameportswill

be used to connectthe sampling
apparatusto, The samplingap-
paratusis not withinthe
scopeof this specification,

Oxygen To removethe oxygenin the bin. I Inlet, O
Gettering An inletand an outletare I Outlet
Port required,

_h__rm_.coup]o l:_"--fh=_mnt'OUp]=¢ tO mon_ifnY" ,_--, Ik.._.

_'v- w,v.,w _-.,T.,_F v v--. --.._ ,,r_-. _w----- -..-='--

,.._, /
3.3.17 The binLshallbe designeclto allow the monitoringof its-+m-t-em_Fe4--

. temperaturethro_hermocouples readingat five_pointson the bin floorand
walls. The locationof the pointsshallbe as below,

a. One at the diagonalcenterof the floor

b. Two at the horizontalcenterof one wail,6" and 30" abovethe floor

6" 0"c. Two at the horizontalcenterof the oppositewall, and 3 above
the floor

O

6 E-A-334 Rev 1



-_fll r:c!de in the bin.-;. If- __!-!net i_ ,,__edte protect the bi- w___!!__,_.-._£!_cr

3.3.19 If plastic materials are used in the bin, such as for gaskets _nd
liners, if any, these materials shall be Fire-resistant.

3.3.20 The bin shall be designed such that it can be made from standard
metals; for example" steel conforming to ASTM A36.

3.3.21 The bin shall be constructedof materials that do not releaseVOCs or
other gases that will contaminatethe gas samples to be drawn from the bin.

Partic.ulate Filters

3.3.22 Gases from the bin shall be filtered For radioactive contamination.
This shall be achieved by means of one or more particulate filter(s). The
paragraphs that Follow in this section pertain to the requirements imposedon
each particulate Filter.

The bin has two sizes of particulate filters: small and large. _ome
requirementsbelow are common to both. Where the requirements of one are
different form the other, they are so stated.

3.3.23 NQA-1
The extent to which NQA-I applies to the bin supplier shall also apply to the
Filter manufacturer(s). The extent to which NQA-I applies is specified
elsewhere in this specification.

3.3.24 Dimensions
e

Small Filter: The filter shall be cylindrical with outside dimensions not
exceeding 2" in diameter and 4" long. Large Filter" The filter shall be
cylindrical with dimensions not exceeding 4" diameter and 16" long. If a
larger diameter becomes necessary, one of the two Filter ports shall be offset
from the Filter's centerline such that the port's axis is 4", +0, -I/8" from
the nearest edge of the filter. For both small and large filters, inlet and
outlet shall be interchangeable,and the outside dimensions shall includethe
ports _pecified below.

3.3.25 Ports-

There shall be only two ports on the filters: an inlet and an outlet. Small
Filter" Both ports shall be I/2" Swagelok tube fittings or equal. Large
Filter" Both ports shall be I" Swagelok tube fittings or equal.

:. 3.3.26 Air Flow Capacity

Small Filter" The minimum capacity of the filter shall be 200 cc/min at I" ofwater gage pressure drop across the filter using air. Large Filter: The
minimum capacity of the filter shall be 500 liters/rainat I" of water gage

= pressure drop across the filter using air. For both filters, the filter

-- -7- E-A-334 Rev. i
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: _.T£4. "_6..S,NG ._r_A_- 0:. 'w..,-'_.. -;_-_, - , _',-_ ,', -.', .,_- _" "
SIL.¢ER-_LATED SS 316 GASKET. -GbS_NG S_AL._ HAVE _O I_,&RCN S,ZE
OR OTHER SPECIFICATION STAMPE_ ON IT, OISCARD T_E NUPRO

FILTER ELEMENT IN THE HOUSING. ' 14---

Z_ I:'IBERBOARDLINERS TAPED TOGETHERAT TAB END WITH ITEM 18.

SHIP ITEM 4 PLACED INSIDE ITEM 2. NO SHARP BENDS ON GASKET.

Z_ TAGS TO BE RED WITH WHITE LETTERINGON A 3" X 2" TAG, wITH 1/4"-
1/_ CHARACTERS. TAGS TO BE MOUNTED WITH ITEM 20, TEXT OF EACH
TAG SHOWN IN TAG IDENTIFICATIONTABLE,

6, REMOVED _ D
7, REMOVED

.----..-[_..-J 8. REMOVED
A

STANDARDHEX-Hr.ADBOLTSW_TH_NTEGRALWASHERS.BOLTSSHALLBE:
1/2.-13UNCX '_-1/4 LC,.W_THAM_NTEGm,,LFLATWASr,_ER1" D_,,',M--CrER,

Pl.

_:_ _-.AVE TOP OF ITEM 12 LOOSE AFTER INSTALI.INC ITEMS 13, 14, 2g, &: 30.
/

,_ I" ._ STENCIL BIN EQUIPMENT NO, AND THREE DIGIT SERIAL NO, LETTERS ""
SHALL RE 1/2"-1" HIGH INDELIBLE BLACK. LIDS AND BINS OF"THE SAMEsER.L,,,,.,,,,,sERS.AL. TOG .ERSOL.DW STEa,.E U,P

_/_'--_ NO,: 83-S-001, S/N -001, ETC, PS/SC BIN EQUIP, NO.; 63-S-004,
- S/N-oo ETc

Z_ SANDIA NATIONALLABS, TO SUPPLY AND INSTALL ITEMS 23, 24.,
25, 26, AND 27 PER PROCEDURES APPROVED BY W-WID,

=oo c

• - -- - _= Z_ TRANSPOR'r FILTERS (ITEM 38) TO BE FITTED WITH A FEMALE NUT
AT THE FABRICATIONSHOP, THIS NUT WILL BE REPLACEDWITH A

__,f) Otllll CAP NUT AT THE WiPP SITE PRIOR TO DOWN-LOADING OF THE BIN. ,
16. ALL VCR CONNECTIONS SHALL BE MATED WITH PROPER SIZE GASKET,

..... PREFERABLY HELD IN A GASKET RETAINER ASSEMBLY (ITEM 32, ITEM 33).

17. FOLLOW VENDOR DIRECTIONS FOR REPEATED USE OF THE SAME ASSEMBLY.
\.

3)
A

z{L_ FILTER MEDIA SHALL BE REMOVED FROM THE NUPRO FILTER HOUSINC,

(ITEM 21) FOR THE PRODUCTION BINS S/N PB-00g THROUGH PB-018.

Z_ CUT WIRE CLOTH INTO 20 FT. LONG PIECES. FOLD INTO SIX APPROXIMATELY
40" LONG ACCORDIAN STYLE BENDS, LOAD 3 PIECES (60 L.F.) OF THE
F'OLDED WIRE CLOTH DIRECTLY ONTO THE GAS MANIFOLD ASSEMBLY (DWG. NOS.
412-M-OOB-W AND 412-M-OO7-W), INSTALL PRIOR TO SHIPMENT OF BIN
TO GENERATORSITE.

B

: ;EMBLY
REVISEDImERECOF'D

REVISEDPERECO FD

ISSUEDESCRIPT1QN P_
=

THISDRAWINGCREATED_' ENGINEERINGCHANGEORDER(ECO) :

CHKR,TONYALS'TON10117--" UNLESSOTHERWISE
SPECIFIEDTOLERANCES COG,ENGM, BALJ10/1 WestinghouseWasteIsolationDivision

- COG.MGRJJ. Waste Isolation Pilot Plant
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,;_.'k .(NER MAT-'RiAL Sr.A_.. _'Z POLY_'r'v_:NE, NOM_NA. -p,Ct,.".,:L.._, _ '. L
NER SHAL..NOT RE.-ZASE ANY GASES aETWEEN 70' F AND 90' F,

8, REMOVED
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E-Z-240, REV, 2, SYSTEM I-,16. FINISH COAT SHALL BE GRAY,
APPLY PAINT AFTER WELD TESTS AND APPROVALS SPECIFIED IN
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B. PAINT INTERNAL SURFACE OF BIN AND UNDERSIDE OF COVER

WITH PAINT 105C-5, WHITAKER COATINGS,
1500 LATHEM ST,, BATAVIA,IL.60510 OR EQUAL.
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_ TO BE INSTALLED 'ro BOTTOM OF SIN ONLY.

13, REMOVED
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PART NUMBER.
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18, THIS DETAIL FOR TEST BINS S/N PB-O09, PB-010, AND PB-011 ONLY.

19. THIS DETAIL FOR TEST BINS S/N PB-012 AND ONWARD,

FOLD ITEM 20 AS REQUIRED TO FIT WITHIN THE BIN. B
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m_,.mI,.,.m.,m,mm

II,MANUFACTURER A/)_7"/_.;X //v57"_U/_EAIT __o

m.'.,-"x:I_" "

12,SERIAL NUMBER 4/I/11" t3,MODEL NUMBER ,77"C'.'--.., @
14,LOCATION DRAWING-._/'_'-d_ -(CJ I5,P&ID DRAWING_ z/''#-""/-LC#

16,DESIGN CLASS ..,,_,_

. 17, BLDG NUMBER A///_._._ }8,,RO_UMBER _/'/_
" 19,ASSOCIATED PANEL OR SIJBEQUIPMENT NO,__--"]'#"9"--"_ T_,"-X.._

20, OSRILCO EQUIPMENT YES._..NO._. FOR

- CS E-_1
SAFETY CLASS OPERATIONAL ENVIRONMENTAL OTHER

COMPLIANCE COMPLIANCE

CLASS CLASS

_ Pl, ELECTRICAL POWER FROM _ , 7"-e

22, CAL,/PM PROCEDURE NUM_BER M//,'_

23, IF CHANGING INST, NUMBER, WHAT ]S RELATED ECZ NUMBER ,4,..,'-_

24, REMARKS: /v/4_

= NOTE, Dn NOT LEAVE ANY BLANKS, USE N/A IF IT NEIN APPLICA,_

_

...................... ' ....... 1 !l'_ _ I_ IIi I_1 ..... ' ....... ' ' ...... II ..... _'_'l l' _ I _ ' I '1 ......... IIIi1''1_1 ...... '11' 1111' ' 11 '11' '11 II[I_HI'II '' 'll_pll rl, llnl 'r' u_r'rr'lu_ll"l!ll'_llIllllr ll'_lllll_lrl_fll_



0 CHANGE INSTRUMENT NUMBER REQUE_I' FORM - .L_, L_,

I.INSTRUMENT NUMBER,41JI"Y7='JV;_'/Oc 2, $YS/SUBSYSTEM V(_91 .

4, LOOP NUMBER _.-/_ .... 5, ECP NUMBER 2- VU)O-60

6, INPUT RANGE -_, .__P}" 7, OUTPUT RANGE d-__, ,

9, CHS SETPOINT$ I0,LOCAL SETPOINTS
., ,, , --:i .... ,, . ,., , ,,,im.=L=,i=,=.m,._ i-- :

EXAMPLE/_I.LJ , _ E(__ EXAMPLE_L.LJ, l0I0/ E(__: _] ----_ L - . ii I Iii I IiI i i i

HI ALARM 1-4] ALARM

LIMIT _-L_.I, i i JE__ LIMIT *'L.-J,i i _lE __L_.L.2

DBND __L._2,L_ E ,_j,_jo] IIBND _L__J, L_J__.IE _.+L_I_2

Lo =L.J,L_L..JE _,_.C__J Lo =L_J:_ E_+L.L._

DBND _.L_J,_ E_,ZL_/ DBND __L_.J,_ E _+.L..LJ
ENGR ZP} EN_R

_'L_J L_L._E_t f I =L_J L_.L_JE.I J J
UNITS - ' UNITS ' -

11,MANUFACTURER /VgG.7"/_/X..../N57_UA4EA/T" _0 ,.

12, SERIAL NUMBER /I/_./,&..... 1.3. MODEL NUMBER ,v_"/'/'(_4C:

14, LOCATION DRAWING -r'_-'/'/'U'-d(_''((xjtS. P&ID DRAWING_/-,4-CC/-Q...)

16, DESIGN CLASS

: 17. BLDG NUMBER A//,_. IB,,RDO_.LUMBER IV/_....
19, ASSOCIATED PANEL OR SUBEQUIPMENT NO. __ 'T._

20, OSR/LCO EQUIPMENT YES-._ NO, FOR

= SAFETY CLASS OPERATIONAL ENVIRONMENTAL OTHER

C(]HPLIANCE COMPL IANCE
- CLASS CLASS

21, ELECTRICAL POWER FROM _ 7"8D

: 88, CAL,/PM PROCEDURE NUMBER ,V'//J
=

23, [F CHANGING INST, NUMBER, WHAT IS RELATED ECO NUMBER x///__.=

24, REMARKS_ IV/l;

__ NOTE, DO NOT LEAVE ANY BLANKS, USE N/A IF IT NON APPLICABLE.=

REQUESTOR. _ E //-/PP,7" DATE_P_.___/..._____



O CHAmp., lt,I: J_uMEN,T, NW,!BER R..EQLIEg..TF'QRM. LJ u_'._r.,i _u,,

I, INSTRUMENT NUMBER_4/3"Y'F3D'/".)Q_. 2, SYS/SUBSYSTEM____/___.

3, DESCRIPTION, V...V_z924,r?_A/'7",4:'.4M#/M,,P/'__.__-. .....................

4, Li3rlP NUMI_ER L,. _ _ .. 5, ECP NUMBER 2-Vu9(2-6o ....

6, INPUT RANGE ,,0-,_/,0wT,P}" .. .7, OUTPUT RANGE d-_OA_/A

9, CHS SETPOINTS 10, LOCAL SETPI3INT_

,, .,, _.j/_ 7 N, "_/_ A_4_ 8 _m_ _ I-

EXAMPLE,_I LI LOI Ol E _LJ_J_.J, -----. EXAMPLE_LLJ, _ E _I.._J i i i,, - v .... :_ H ,ll lm i i , ,, ii , i --

HI ALARM Hl ALARM

LIMIT __1.___1,l_.J_J E__ LIMIT __l_d , I t J E +_L__

DBND __L_J, L.J_J E _I0 I DBND ZL._J , I._ E Zl._/__J

LQ ZL_J, L_.L_J

DBND Z_, I I ] E_l,_l/_] DBND +_L.J, t t IE"wt I ]

ENGR IP_ EN_R
_'L.J L_l_JE_l i _t _'L_J t LJE+I I _UNITS .... UNITS - '

g

]I,MANUFACTURER /14_.7"RI'X.,Z/V5 T_'UA,4EW'T" _o _

12, SERIAL NUMBER ,4//_,,, L3, MODEL NUMBER-v_z'/'_"_.C

14, LOCATION DRAWING -'_#'_'-dO_'-"/ LE,P&ID DRAWING_ z/-'#'CO/-('c')

= 16, DESIGN CLASS _Z"_ _

: ,,. ....... "T"/2h
19. ASSOCIATED PANEL OR SUBEQUIPMENT NO, - _ _ / l,,.,,,_v

_

20, OSRILCO EQUIPMENT YES__ NO_Y_.FOR

_ SAFETY CLASS OPERATIONAL ENVIRONMENTAL OTHER
: COMPLIANCE CI3MPLIANCE
_

CLASS CLASS
I

= 21,ELECTRICAL POWER FROM cT!r'"
#

: 22, CAL,/PM PROCEDURE NUMBER . .

23, IF CHANGING INST, NUMBER, WHAT IS RELATED ECO NUMBER _.__/'_

/

24, REMARKS:

0
NOTE, DE]NOT LEAVE ANY BLANKS, USE NIA IF IT NF]N APPLICABLE

t REQUESTOR _ E /-/_P,7" ]DATE

_ ECj. y

..........................................."_""_..........--*_-__'"-'"........" _.....................• " ................._ -L_,L,,,_I_



"" INSTR. _ NL_M_..F._I_EQUES;i FORM cjU'LLLIluN

I, INSTRUMENT NUMBER,4/.:I"YZ:-_".'X06" 2. SYS/SUBSYSTEM V(/(_/

3, DESCRIPTION, V/BR_r/._A/ 7"_./,__/__'?Br,P--

4, LOOP NUMBER -'_I_ .-- 5, ECP NUMBER _-VUgO-do

6, INPUT RANOE O- /,P ZPs" _ _. 7, OUTPUT RANOE d"_N/dr4

9, EMS SETPOINTS IO. LOCAL SETPQINTS
. i H

EXAMPLE_LLJ,_ E__ EXAMPLE_LLJ,_ E@_
Hl ALARM Hl ALARM

LIMIT ZL._J, L_LJ E__ LIMIT -*'l__J,I I _E "+'LI

DBND "L--J, _ E ;i_h_IC_ DBND __.l.._J. L_L.J E _.+L_Z_J

;_i,_itj LO --LJ , I_L..IE _.+a_J ILO = L....J,I I IE

DBND +'L_.J,L._L.JE _l,,,'ZlI ] DBND "FL__J, I.i IE +_.,I i

ENGR ZP_ ENGR

UNITS - ' UNITS ....

11, MANUFACTURER .!k_-7"RIX/.45 "--_UA4EvVT" (_.'_o

12, SERIAL NUMBER ,_/_. L3. MODEL NUMBER ,5"_4C_

14, LOCATION DRAWING...'_J'_'-C.-'f--,.-'.' 1.5. P&ID DRAWING_/-d-C&'/-zU

16, DESIGN CLASS ._

19, ASSOCIATED PANEL OR SUBE(_LL_MENT NO. "r'/2-u.r-_:#-,--

20, OSRILCO EQU;PwE'Z_NT YES__ NI]_. FORi

_

r--]
SAFETY CLASS OPERATIONAL ENVIRONMENTAL OTHER

COMPLIANC E COMPLIANCE

: CLASS CLASS

;.rf_l_.
;reD

- _I, ELECTRICAL POWER FROM _'_'/_-'--'Pf'_-_'_

_2. CAL,/PM PROCEDURE NUMBER ,V'/,_

: 33, IF CHANGING INST, NUMBER, V-,_-ZTIS RELATED ECO NUMBER

4, REMARK S, _/#

°@ NOTE, ]]0NaT LEAVE ANY BLANK" USE N/A IF IT NON APPLICABLE.

REQUESTER. J'_E, /-,A,.'-'- DATE _/('PT//?/_
=

p_;_ /_ or=___



rl CHANGE iN_ I IKLIMI:.I_I,......_ NUMBLE,, . "#IJ.L:_l_ _ _ _IJ,RM_ " .... _'_

1, INSTRUMENT NUMBER,4/-_'_.,_"3_7"/K/_,, 2, SYS/SUBSYSTEMVC/(?/

3, DESCRIPTION_ V/_R41"TO_ ; 7"_>t!_/S/M/7"t'_,W-......

4, LOOP NUMBER. _ l/ ..... 5, ECP NUMBER _-_VU_Q-_O_
6, INPUT RANGE .0-/,LP .E,P_ . 7, OUTPUT RANGE d-]_AdAf .

9, CHS SETPOINTS I0,LOCAL SETPOINTS
i lm

EXAMPLE_I[A , 101Ol E(__ EXAMPLE_L_, LD_L_ E (_LILI_Ji i, H i ,H

NI ALARM Hl ALARM

LIMIT __.L__J,L_J_.JE __ LIMIT _*'L_J,L_L_J E _*_-iJ !

DBND __L._.3, 1. i i E__ DBNB +_1 I , I _! I E _.+L_3._.,I

LO =L..J, _ E _i,_jti LO _-L...J. _ i t E +-.L.LJ

]3BNl:) ._ii, i ] 1 E __. DBND __.L.J , L__LJ E __.1 I _!

ZP_ ENGR
ENGR _'t.__J L_LJ E _L...LJ _'L..J I i i E .L_L.JUNITS - ' UNITS ....

• , i , ,

II,MANUFACTURER /14_.T'RI'XIN57"_°UA/IEA/7" C_O

12,SERIAL NUMBER ........4/J,#-.. _ 13, MODEL NUMBER ,-5"z/'6_4.C,_

; 14,LOCATION DRAVING-..'_/-/"f'V-d6'_''_/15, P&ID DRAVING_/'A/-C/O/-_ 0

o 16, DESIGN CLASS _77Z",_

17, BLDO NUMBER /t//_ 18,,RO_n__.UMBER 4//_
19,ASSOCIATED PANEL OR SUBEQUIPMENT NO, ._.,,)-_.r-.?._.;_ "7"//_)

o 20, OSRILCO EQUIPMENT YES__ NOnYl.FOR

SAFETY CLASS OPERATIONAL ENVIRONMENTAL OTHER

COMPLIANCE COMPLIANCE

CLASS CLASS

22, CAL,/PH PROCEDURE NUMBER _i,4

23, IF CHANGING INST, NUMBER, VHAT IS RELATED ECO NUMBER _..._

4, REMARK S_ ,4,'//A

NOTE, ]]0 NOT LEAVE ANY BLANKS, USE N/A IF IT NON APPLICABLE, O

REQUESTOR .... c_ E /-/P,#7" DATE Z//pT//#/

' _, ,r, ,I ' ' li -,, 54 rh ,i ill , Iii ''" _ '' ...... '_--t-_h" ....



t ,i ¢_,

0 CHANGE INSTRUMENT _4UMBCR_RE_(_UEs, I ,FORMiiIf , --- _ i _ II I III

' I,INSTRUMENT NuMBERz,_/_I"YF3_Y/'.-,//6_ 2, SYS/SUBSYSTEM V(J_/ ......

3, DESCRIPTION, _V_/L_RIII_04/7"_'Hm'Sl_!,.?.'_,,d,/_,....................

@ 4, LOOP NUMBER ...._ If 5, ECP NUMBER 2- VUgO-6o

6, INPUT RANOE _0../EP Z....P___._ 7, OUTPUT RANGE 4-]_A_/,_ , .

9, EMS SETPOINTS LO,LOCAL SETPOINTS

' ' - A,.'()7",eP/_,Y-_8_

EXAMPLE._LL..I , I0 l 0] E _l..0..l.P.J ' EXAMPLE_)I...I.J , [_0_L.0JE (_10 12J
. ...... :.... _ ___ . , .................. J ,,. , , ,,, J .Lq ,.,, i ,,,, ..

Hl ALARM Hl ALARM

LIMIT -.I I, I. i i E,_,l,3J! i LIMIT _LJ , L...LJ E'+'l I J

i_OBND "+'LD. L_.L_J E_l,_!Ol DBND _L_.J, I I IE +_L._L_J

'LO ZL._J, E t,Z tj LO =L_J.L_J__JE L_.L.J

DBND _.+L_J,[_.£.JE __ DBND __I___I,i !_! E +__ i

ENGR £P5 ENGR
_L_J i __JE_J l J _l....J I I }E+I.,,J .JUNITS .... UNITS ' -

,I

11, MANUFACTURER /1/)_7"R./'X //V5 7",QL/,44ENT"C_O .....

@ 12, SERIAL NUMBER 4///F _3,ME]DEL NUMBER 5"._,_4C ,
• 14. LOCATION DRAWING 541._u'-'dOF-_/ [5,P&ID DRAWING_ z/'Xl-_O/-_

16, DESIGN CLASS

17, BLDG NUMBER /v'/_ 18, RO_MBER 4//_ ,

19, ASSOCIATED PANEL OR SUBEQUIPMENT NO,-_P=_¢-_/--_-:-_-" 7"_)

20, OSR/LCO EQUIPMENT YES___ NOAFOR

SAFETY CLASS OPERATIONAL ENVIRONMENTAL OTHER
COMPLIANCE COMPLIANCE

CLASS Ct.ASS

21. ELECTRICAL POWER FROM _%._z_,_. 7"B D

" 22, CAL,/PM PROCEDURE NUMBER ,v'/,4

23, IF CHANGING INST, NUMBER, WHAT IS RELATED ECO NUMBER

o 84. REMARK S, ,4,,/_

. NOTE, DO NOT LEAVE ANY BLANKS, USE NIA IF IT NON APPLICABLE,

: REQUESTOR. _._ E /-/P,RT" DATE__---



w,,, ,,, - i

0 CHA_ ,NSTRU,M.ENTN_MBER REVUES T FORM - .c.,._,,

I, INSTRL_NT NUM_ERII4/3"_/_'_'_//_ 2, SYSISUBSYSTEM,_(,Ag/ _

3, DESCR:b=-T:3_ V,,IBR41"7_A/. T,eXwis_x;'/"__..........................

4, LODP I_k._MB_R , . ._--_Z) I/ 5, ECP NUMBER _-V, UgO-60 0

6, INPUT ;AANOE _ ? /,# Z ,_g ...... 7, OUTPUT RANGE ,,#'-##MA

9. _'PMS _ETPOINTS 1.0,LOCAL SETPOINTS

EXAMPLE'S_L J, iOlOl E__ EXAMPLE._LIJ, I0101 E__

NI ALAR._,' Hl ALARM .

_L_...J, i.i iE ;_t.,3:l!_J LIMIT -_L...J, _ E _tt __jLIMIT

DBND _L.__J, t ( J E ,_l,,,_tO J I)BND _t...._J, i 1 I E _.L_L_J

LO :L._J, _ E _L_J__J LO =L_J, ,LL..J E +_.L.L.J

DBND :,__..J, 1 1 I E _l,'gll 1 DBND +_.L_ , l 1 1E +_.L.L.J

ENGR ZP_ ENQR
-- -_L_J L_L_J E . L.J--J

UNITS __L.....J, l_ 1_ i E _1 ] 1 UNITS ' -
4 -

II

11.MANUF' ".TTURER /V)_Z'RI'X_//V'5T,_UA4_A/7-(--'_O.......

' 12, SERI:_ NL,MBER 'Y./_ ..j 1.3, MODFL NUMBER C

14, LOCA-Z_N DRAWINQ-._-/-Ik''-dOg''fC'd 15, P&ID DRAWING_/''4-d#'/'_ I

_ 16,DESIG', CLASS 77Z'.,_ .,,

BL.pO',..;MBER ..... ..... ROOMNU.ER,VA
.,,,,:,

I

19. ASSOSL:Z.TED PANEL OR SUBEOUIPMENT NO. "_'/)cL.r '__,, ,-.--,._., " /./j)z_

20, OSRILCO EQUIPMENT YES__. NO i FOR
f

: SAFETY ,.-.._ASS OPERATIONAL ENVIRONMENTAL OTHER

COMPLIANCE COMPLIANCE
CLASS CLASS

, ,

D21, ELEC-;'-ZCAL POWER FROM .._

22, CAL./z:'' PROCEDURE NUMBER d/A

23, IF C-::,:';G!NO INST, NUMBER,VH,_T IS RELATED ECO NUMBER ,#/_

: 24, REMA-,-,.:,; -- :_

- @NOTE, DZ NOT LEAVE ANY _LANKS, USE N/A IF IT NON APPL[CABLE,

" :ZZ,]_ESTOR _-_E //##7" DATE_PT_________Z__

:

i1_, ii ii , ,_1 iii1# iiI i_11 ll_r ' ,



'_J' iN_IF<UM_,NTNb,. E (QUEST FORM CJuc.L._.,_,_13 CHANb_ "_ ' ....... ' ...... " "

i,lINSTRUMENT NUMBER,4/.,_")"/_'.3(P"/"/JDI_ 2, SYS/SUBSYSTEH .._/._

3, OESCRIPTi0N, lI_V/Z9R40_A ,/ 7",_'AMS_/_,,.rT,E,,P---..................._..........

4, LOOP NUMBER. _, // .... 5, {CP NUMBER 2-.VU90-6o

6, INPUT RANGE C).-/,G;./,.Pi _ 7, OUTPUT RANGE .,4'-$_AWA

g, CIM_;SETPOINTS 10,LOCAL SETPOINTS

.................. _-- '',L,_r_,h.'_8,:#......:
EXAHPLE_)L/J, IOfOf E __ EXAMPLE_L/.J: _ E __,,,i,,.,.i , i i , i,i .i. i L

HI ALARM Hl ALARM

LIMIT .__l__J,L__L_JE,_.3_I J LIMIT *'_L..J,L_I_.JE +_L../J'

DBND __L_J, _ E __ _BND _'L_..J, _ E _L_.L_J

_o =L__J.L..L..JE __ Lo ZL...J,L...LJE"_ t

DBND _-I___], I_ 1 ] E _1,?-11 I DBND _L__J , L I _IE _.L__L_J

ENGR IP_ ENGR
L._J L_L.JE_! ...._ _ =L_J i I I E'+'I J IUNITS - ' UNITS ' - -

.... ,

II,MANUFACTURER /Vg_-TRI'XINGFA°UA4ENT" _O ,,,

12. SERIAL NUMBER 4'//,4" t3, MODEL NUMBER u_'_4C

, _,,14.LOCATION DRAVING-.'_,j'a''-EOf'-/x/ 15, P&ID DRAVING_/'4/'GO/-/2J

16, DESIGN CLASS ._'Z"_ ....

19, ASSOCIATED PANEL OR SUBEQUIPMENT NO. _i-,_br_--_ 7-/3D

20, OSR/LCO EQUIPMENT YES__ NO/_._FOR

r--q £] l--q
SAFETY CLASS OPERATIONAL ENVIRONMENTAL OTHER

-

CF.]HPLIANCE COMPL IANCE

CLASS CLASS

21. ELECTRICAL POVER FROM
D

- 22, CAL./PH PROCEDURE NUMBER _/A_

23, IF CHANGING INST, NUMBEr(, VHAT IS RELATED ECO NUMBER ,_

_- _4, REMARKS, _/R

-@-_ NOTE, DO NOT LEAVE ANY BLANKS, USE N/A If lT NON APPLICABLE,

-_ REQUESTOR .....c,T'_E /-//#,_7" DATE Z/9 7./_'/'.

_,/..,:-17 o__



_NSTRIJM, .NLJM_.W I_._uI_STFu_M0 CHANGE ............... _ " """..............._--. -

, I, INSTRUMENT NUMBER,_/_,_'_"//_ a, $YS/SUBSYSTEM

3, DESCRIPTION_ .V/L_R&7,/O_..7",_A_IE_?I'W_--...... ...................

4, LOOP NUMBER _'l _ _ .... J _ F L --' 5' cop NUMBER Zz__Vu_o'60 @

6' INPUT RANGE .0-- I'0 ZPr.. 7' OUTPUT RANGE _'_&_/4d

9, EMS SETPOINTH tO,LocAL SETPOINTS

EXAMPLE_IIJ, _ E_tOi21 EXAMPLE,__, _ E _[_

NI ALARM Hl ALARM

LIMIT _L_J, L J_lE,__ LIMIT __L_, I I_ JE_.2.L.J_J

DBND '+'t.j, L_IJ E _ l,_lO J ]3BNl3 +_.Ld, l_i.J E _ L I 1

LO r.L=j, _ E $_:Z_t j LO ZC_J, u_Lm E _=._

DBND __L_J, 1 ) I E _l,'Zlt l DBND _L_.J , I._.L...JE _L._I...J

ENGR ZP_ ENISR
_'_ _ E _L_J._I +t__J L_L_J E .i l )

UNITS - ' UNITS - ' --
,,, _ .

II,MANUFACTURER /1/)_37"/_[X IIVST',qLVA4dWT<'___0 ......

lZ. SERIAL NUMBER /t//_ ......... _3, MOI)EL NUMBERb"'_'_C

16, DESIGN CLASS ?'[C._

- 19, ASSOCIATED PANEL OR SUSEOUIPMENT NI],_=-z_c.r-_,'.-_.._. "7-/_

20, OSR/LCO EQUIPMENT Y_IIS__NO_ FOR
_

F-q C] I-q
SAFETY CLASS OPERATIONAL FNV[RONMENTAL DTHER

COMPL]ANCE COMPLIANCE
CLASS CLASS

...... .
-" _1, ELECTRICAL POWER FROM _---'-,"_

_2, CAL,/PM PROCEDURE NUMBER _/_

' 23, IF CHANGING INST, NUMBER, WHAT ]S RELATED ECO NUMBER
2

- 24, REMARKS: /v,/_ ..

NOTE, DO NOT LEAVE ANY BLANKS, USE NIA IF IT NON APPLICABLE, I-

REQUESTDR _ _ /Z/#,#,T DATE._/,OT/?/'

..... lr ,, ,, til' iii i i i ii , i flllu pi) )_ , t hllHq, i_111,,,,,iiIi1_,



- ,/4, . _ _ 1,4t.w _. :

_ll/aEN F'ILTR_'rION MOE)_ IS JNITIA';EE) BY CAI_ SIGNALI "[lie FOLLO'I_/ING_ ooo_,, ,
_ ,_o_,_ONo,_.<_o-oo__o-oo_,HO-oo_._NO_0-00._

CLO_E, TrlE' TWO I_OLATION DAMPERS HD-OO3A AND HD-OO3B

,1,1111s,,-_,-7oo_,NO/O_._-_,-7oo_,_TOP,
i

,,_ro_,,_i._y,
,) ISOLATION DAMPERS AT TIlE INLET AND OUTLET OF' HEPA FILTER UNITS

OPENS DIVERTING E_<HAUSTAIR THROUGH THE FILTERS,

)N LOSS OF OFFSITE FOWER, ALL FANS STOP, ONLY ONE OF THE THREE.,_ ..o-,_._o-B,<,__o-ocA.B__T_TED.ANUAL_Y_,_T_
'MERGENCY DIESEL GENERATOR IS IN OPERATION, THE SYSTEM WILL

LL FANS CAN BE STARTEDOR STOPPED, EITHER FROM THE LOC_J..PANEL
THE EXHAUST FILTER BUILDING, BOTH FANS ¢I-B'7OOA & B CAN

._TO_oo__o_ c__UT_OT__, ,
_,_0_O,_,LY',_UV__0-00__0-00_,_0-00_
ND HD-OO2B ARE MOtlITORED FROM THE LOCAL PANEL AND THE CMR,

SL-lO, FSL-11, AND ,"SL-12 SHALL BE LOCATED IN 413LP30701K,,_-_o,_su-,_,,_o,'_-._.N__×._T..__,_-_o,F_-_,,_
,._p_.._,0-oo_.,_0-oo_..ENO_.L.LYCLO_O,0_.ONLYW_.
,-_-_0.,OR._-_-,_OC._ .CO_EOO,_C_LY_O_HO_TL_
_ENUM, FILTER BYPASSED AND USED FOR U/G VENTILATION,

_o_ OON_OL-WA__O,S_TOW_.
',,"_O,-,O,,_U_"O_O_,TO_,,NOOON_O_W,_,_._SO,,_"
NE_E) BY CONTROLLING EXHAUST FOR 41-B-700-A OR B

I

_WWG YOU HAVE .M_IALARM IN CMR

.,50 IN WO ONE(l) 70O U/G FAN WILL SHUT DOWN

.,75 IN We BOTH 700 J/G FANS WILL SHUT DOWN

)RAWINGS SUPERCEDED PER ECO 4229:
¢1-F-056-0' 9
¢1 -F-307-3,.8

=

-_ _ ' ,_ _ 'Zfi ._
.. i i ,i,., Hi i ii - , __

PA A£s K_ BA

r_s_ PC.Eco 7_i2,/9olo/2,/_olo/2,/_oj_o/_,/__ '_• ,, i i ...... .,.,

"}FTR CHI< CO0 D,q'G_O_i
ISSUEDESCRIPTION -- )ATE DATE, DATE DATE ECO PWR

RAnG CREATEDBY''ENGINEiRIN6CHANGEORDER''(ECO): .........

" _ CHO/T_W--1 U,S,.DEPARTMEI_OFLENERGY.....
;_.s_ !o/2,/_ob_ ii'
__NO<.,._,_e_,o/_V_>l_z,_i.l_We"stinghouseWasteIsolatio"nDivision
UGR.i;ll;i_o4/l'_/tol_li Waste Isolation Pilot Plant

......Ni* EXHAUSTFILTERBUILDING_13
- UNDERGROUNDEXHAUSTAND

_Q__.,¢_!ol_V_il.... VENTILATIONINsTRUMENTSYSTEMD,IAGRAMPIPING& }2Q' _'t'', _w_.,.o, ...... 1...oJO11 41 -A.OO1 -W l,..,o_,
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MINIATURE? WIRE
"'VIBRATION TRANSMITTER
OMODELS 5484C AND 5491B l

I I I III _ I I

/--7f l ' 7"O_lJt,i,,_u_.e r"

REDUCE THE COST AND COMPLEXITY ,(_/_us"_,,_ rA 7 7o_ 3OF VIBRATION MONITORING WITH

THESE TWO WIRE, LOOP POWERED {l&',O,v d/,c/.,/4_'T"

VIBRATION TRANSMITTERS. MODEL 5491B
Two models are available. The Model INDICATING
5484C is the non-indlc,.:',ingversion TRANSMITTER
and can be supplied with a screw Wt. 1.8lb. (.82 kg.)
cover elbow fitting for connecting
field wiring. The Model 549113 is the
indicating version and comes with an
integral 2'!= digit LCD indicator for
local vibration readout.

Simply mount the transmitter into a
single tapped hole in the machine
case, connect its two wires into a /_ Certified
4-20 ma current loop, and lt will _ Explosaon-proof
transmit the machine's vibration level
to your milliamp monitor, data logger ''--"_'_-

orcomputer• MODEL 5484C
Employing no moving parts, the NON-INDICATING'
basic transmitter is ali solid state,and TRANSMITTER

epoxy Wt. 1,4 lh, (.64 kg,)
encapsulated in a zinc plated

_teel housing. The LCD indicator is ' ,_oi_ :/
packaged in a sealed module that

- can be positioned in 90° increments _UC_ _ "_"--_- _l
within the elbow fitting lo allow /._&'_.d,,HM¢-_,_-'O

proper viewing when the transmitter ,,O_,_" _,./ :2,._.-_ / PSv.W=_'--,,¢itPp(-._'is installed.
- API# Ce•
--_ Both units are weatherproof and SPECIFICATIONS (,.- _'O0 -5"?..3.. _'/?'_"suitable for use in hazardous
- locations. Each transmitter is factory Vibration Range: See table /H#,0_.._y'_# ?
- calibrated to the nameplate sensitivity.. Output Current: 4 to 20 ma. ' 4.2oma | ........ li FS',=.,..-_ 54846 or
= However, when necessary, the Frequency Range: 10 Hz.to 1500 s4111

span control can be field adjusted. Hz, :t:5% XMTR
• Axis Orientation: Any

, - 7<,_, Supply Voltage (Vs):

l .... , - Model 5484C: 10 to 60 vdc .-_

/ _\ Model 5491B: 12 to 62 vdc

( ;-----_ Maximum Load Resistance (RL):

Model 5484C: 50(Vs.10) ohms HOWTO ORDER

Model 5491B: 50(Vs-12) ohms MODEL DESCRIP'_ION ....

7.0 """" "" Isolation: 500v, circuit to case. -$484c-021 Vlbriltl0n'll'llnilmlflil : '
, (_TS) _ -- Electrical Connection: 2 wires, AWG o to1.o_ (25mm/=),pi.'
- 6.S t 1,0 RPT #18, 24 inches (610 mm)long s4s4C-o2_ Vlbnltlon Trlnsmtttw

- (_ss) _ Temperature Range at Mtg. Stud: o to2.o,p_(somr_=),p_
= _ 5484 91174-019 Cor_luit Elbow Rtting3.68 .BASIC UNIT

_.- 1' 1 j _ MOUNTING -10°C t° +70°C _ (Aluminum)Ciasl I (C &D);mn_.=

(93.5) 1.31(33.3) Hazard Rating: __ cl= ii (E,F & G)

! ,-'------- FLATS Model 5484C: Class I (El,C & D); S411B-021 Indicating ll'iinilmlilet ......Class II (E, F & G) o to_.ootp=
- _ _klNPT 54t1111-022 Indicating Ttllnlmlftlr

k, ll_ Model 5491B; Class I (C & D); o to19.9
-_ " - STUD Class II(E, F & G) ,ii

- _._o0lA (3_._) Compliances: NEC, iSA Cias_ 2U. Nolo: orUni'l=w_withotn_reXtendedv_br,,iigniemper""'_'_erar,i,,,._rangei,-_ _-
= Iviillbll. Consult factory.

_- -- i I'1 I II IL "-- II II I'II ....-- I I •

_6
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13. Justification
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14. Administrative Tracking
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_ 171 5. Operations Procedures l_ l'q 10,.

KEY

15. Signature Requirements A--APPR. 16. Distribute as Marked
. R.REVIEW
- S.SIGN NEW

r._ cog Engineer _ , o [_ Maintenance (MANDATORY)• _,/ ....... _. ,.

- EZ] Cog. Eng. Mg_./___ P=-_ _ Ops. Support (MANDATORY)

: _ Startup ( I_""---- _ :_ c_,- 9/ I_ Startup
/ _,I,_, _ ) ") [q 1 Facility Operations- ['_ QA _ i// i- [_

: _ DOE -"'_ {\ -_J., - " _ [_ U/G Operations

I_ Safety _.,_I__._-- J_.L _ Orig,/Design Engr,
_ Dept. Manage_J/, '_'-- ' [_ Cog. Engineer '; _', _,'"
[Z_ Operations _ Others

.. _ Security
= IZ_ SNL E_

EZ3

" Page 2 of 3

I .......... _' _q ' rllr, ,r ,1,_ , , Ht ,, '*'*" " q'_ 11,11 _........ 'IIIlY""''_II ,_11 1t' Illl',llll',,qt lilI



98

DRAWING CHANGE SHEET _ 3 '_ 9

(1 SHEET PER DRAWING)

1, Drawing: _/-- _-" ('_' / - # / 'tz ECO Number: ,,-%'-'_ _' _/

2. ECO Search List: __ (.,_)

i .L,. I

3. Description of Change'

/ t

- __._'_ ..... ,3/i-/_,: 4.D,aw,r,0cog.Er,g,,-,,,erA00,ova,:Date:.... .-5.Co,,ers_,,tB_=k(oc&Du,;,onayf '
• ,

Received from EFR: Drafting Started: .....
Inilialst Date Initials/ Date

Date - "--ASsigned: ... ......_ .._._..... .... ___ -"uratting ---completed: .... _,,___ . ..... _........... ...._:
• . ,

Initials/Date. .; ' :., InitialsI Date

Assignedto: ,,_ " ' RetumtoEFR::. ' ' _._ .....;.......
-_ (Sameas databaseentry) ..... " • ' ' Initials/Date- -

. ,: ,

WP Form 2017; 12/29/90 1290:B0006

_ Page 1 of 1



9a

DRAWING CHANGE SHEET _ _/ "t ?

(1 SHEET PER DRAWING) O
1. Drawing: ¢,,z'/.-. _ - (_ 3 - O / _ ECO Number' _,._.5"_.7:_. .... _....

2, ECO Search List: ,_4/-/_,.2,2[_t._ _ _.

3. Description of Change:

__ 4. Drawing Cog. Engineer Approval' "¢ ' Date: 0.
-7 r / ,i ii iiii i . _ i ii

i Sl-co_erSheetBlock(CC&DUsoOniy)
- Received from EFR' Drafting Started:
- Initials/ Date Initials/ Date

Date Assigned Drafting Completed: Initials/ D--_-- Initialst Date _ : " ate.-
__- rnto_ F '

Assigned to: L:-..........._.-; __..... ...........-.-:.:-:,_.--..... Retu E R', ..:-:__:_.,t!.,.....:?:lnitia/_;)0a.te:__:.____ l
2 (Sameasdatabaseentry)
]B

= WP Form 2017; 12/29/90 1290:B0006

Page 1 of 1

.......... fJ " H' ' "J..... _'J.... ' ' ' 11 I'rl' ,,rll rl,ll,lr, ' ',' '',_,11 ,,' .... III1 ,, IIl,lllfl .... ' .... al,"" ?f"'_lf**,_rliqif"r_]_t'___ _



98

DRAWING CHANGE SHEET p._ ,s"_ ?

O (1 SHEET PER DRAWING)

1 Drawing: _,/_- _- (;_'_ - o2/ ECO Number: '-%" ,__--

2 ECO Search List: L,'_,q ',C .. _

I

3 Description of Change:

r

_

= Received from EFR: _ .... _ Drafting Started
Initials/Date Initials/ Date

Date Assigned: ......... ....... ........ Drafting Completed: ....._ ........
Initials/ Date Initials/ Date

Assigned to: Return to EFR;_ ............:.... :i .....:_
_ (Sameasdatabaseentry) initials/ Date
_

WP Form 2017; 12/29/90 1290:B0006

Page 1 of 1_



9a _,_ ¢ ../?DRAWING CHANGE SHEET

_(1SHEET PER DRAWING) _1

1, Drawing: (/'/'-- _- "- 6'0 ,.? - O 2 / ECO Number: _ _ ,_..<_/JL_ J L,,

2, ECO Search List' fJ 4__-/

3, Description of Change:

4, DrawingCog.EngineerApproval:.___ _/_.v,_i_,_, ,,Date'O,,,_31/--_/+"
"5' Cover"sieet Block (CC&D Us'e"'£)nl¢)

_- Received from EFR: Drafting Staffed:
Initials / Date Initials / Date

Date Assigned: ..............................__.._._..... _._ Drafting Completed: .... "'': :_liQ_lli_mi_ll /OInitials iDate .InitiaLsIDate

Assignedto: , _._.._.......-............ Return to EFR;:__......__..............i. ___
(Same as dna base entry) Inittals/ Date

" wP Form 2017; 12/29/90 1290:B0006
Page 1 of 1

........... ,, ,_ ,..,,_,,.,,-,,,,.,..-,-.,-_,_-_i,r_nl-,_._-_i_-'__'_'-,'-'_'_lft_"""_'*'_li_ "





E £EVJ4co r'e_ ECc>

DFTR _-CHK.... oRI - '-.................. I ................. I cog o_cM I
_ 2 _v ,_ _o_,_,_,,......-_ _-,.....st - __L___]CF'O ' _'"., I DATE :DAT DA DATE ECO PWR.......... "-'mm .- . _ , ,,

i

....... illl J IIIII II II I I

CE REV DAT,,E,I..... ISSUE.,,,,.DESCRIPTION........ BY CKD _UPV PF. PEMDOE .

U, S, DEPARTMENTOF ENERGY
" WASTE ISOLATI ON PI LOT PLANT lip

-- i ,,. i i,,., ,,, i , .= i i.,.._,_,_lm.--_-- - : = _ . -- =,r-_- " --

BECHTEL

SYSTEM
CF02 GC02 SAN FRANCISCO

_ mlll:_: -L _: i ....

;dRSTE HRNDLI INGBUI LDI N@I'40.41 1
£RCHITECTUR_L

_- @ENER_LKEY PL£NS

JOB NO. DR.A____ P,_ _,//.,,, = DATE __,
- 12484 ,-_ C/ _J,_ II :::/_.,,,
= BECHTEL ,,,/-"" "" /_' "

DOE CONTRACT NUMBER IDRAWIN_ APPR_ ,? DA'FE"

DE-ACO4-T9AL 10751 tt/, _,' _

= DRAWING NO, ,' CCP REV PAGE NO.

-E OO1-O14 IF=- '--"T"
I _ _"

I _ I I IIII J III I II II IIII _n I II _ I I I _

- I 1
,_,

I_' ' I ) cml _ I" ' _ I , i_ ' illl '1 II I I, r _ ........ Ill



.

i i ............... i i i i ii .... 7 IllIll [ Illllll illll ii ii ii ii I i i iiii i • ..............

-TAT d F o _/9 i
......... D y,:._,_d. / "_, FV i,, 'J t, F'EL' F",... I/'Jl / ,9117q _ I'), I

_14 ............. llIIIIIIlIIillII _l ,,_#_," /_ /'-

. , .._l/J# 9_, -- --

i ............ i iiiiiili i • < " . lilllll iiii ii i _ ii//,; 7)_ ,',' } .... r / "f,'/
_-'-RE,7",,,t.,_'z._J<E,'.",------..-----_............. ,...... ,_,i ..... ,.

' " ni" ..'Xr_llll, . ,i ,/1 ' ,/'1t / _,.,..,11.

_ " i I ............... D _ r I_ iI I C H K i . i I.... .........C O G D _ G _ G m ..... li , IIII _

.._C.0 _-. REV ISSUE DESCRIPTION DATE DATE DATE DATE ECO PWR
................. ii i i ii ii - --- ii i .... lllll Iii ii -_ _

i

I _.,_"_,P... _,, ,_,jic", ifbx,,

'/" 4 t_ ,$ISS'd_nWRCO_TRJCT_C'N jt.;: _,I P

yli@_w ..... " '2_,." F' W
Nr< 2, "" ;ISSUED _OR R.')".-_ ..:,.,, , .

.......
- ,,_

" Z/i _- '=" .:.,_J_:_ _v,., / ,>__Zr_ i

7 I I " " i ;IL, II _ " I I ¢I _ 7 ..... j"£ ,_0 _ "_,'<.,I"-'5'-_7_,_2"9_, " , .... , .....' ........

CE REV DATE ISSUE DESCRIPTION BY CK'D SUPV P E REM DC._ ! R-- Nu i - i _ ,, ,,

U.S. DEPARTMENT OF ENERGY
=

. WASTEISOLATIONPILOTPLANT
_

SYSTEM BECHTEL

OF02 sAN  ANC,SCO
WASTE HANDLING BUILDING NO,_II

-

AIRCHITECTURA L : i
.

. ,.,_, i I

r" H At,' A-FL/_N '--,"TE_ I"(,, '

JOB NO D RAW ,NG//A.gPRO_ .I DAT q

12484 .>_:/'*_..¢_/.' ../ ,, ,',: '-
I

'BECHTEL " /i /' '/

_-- DOE CONTRi"l'-'"--_CT NUi----'--"_BE _'1- D RAWINGI_,I,PI?_._,_- "'.., ..... /"_"-_D_TE-- A ,

DE-AC04-79AL10-t51 "_,//_X_.:///..""" tlt,'l.
F>,__T__/',A,,;.<"

-- ---L . I _ll I I I II

DRA.WING NO Ct:P REV PAGE NO

-- --. _ i __.[i]l_L__,,.,mlll!nDiinllllllllllHilVllN ...... Ii ii , ,_ , i i ii ii , i, li , ...... iii ii I ' li I ' II ,lp iii, 711 I II I'I Ilqel III IIIII III 'Ilrl' i'



ENGINEERING CHANGE ORDER
use SLACKINK Page 1 of -_

---I
I "_'_CC&D Revtew:_ .ln.!!!aisI 3, sYet;m,_ E-qul;ment No, :AJ/,._ ........ Butld;'n ,'_-_Z. ..................,........ , I

Posted 41 AosootatedDo(_uments', 8, Doournent Type= |
PWR ,-_ /'O _ ,..0'3" , Drawing 5 /- t,,J., _ _-._ .._1

ECP Spe_ificatton [_

P,O, Vendor Data E]

Others ........ SDD [_

Others
, ............. ,, ,,.., .......

: 6, Tltle of Change: _/,.3 ,'_j'-:'4c_._.-c_ _";" C,_'P. ,,z._j,_j,

7, Originator: (print) '.F.xt0No,: " Department: Date: 18, Cognizant'Engineer:' (print)

9, De_r_rlptlonof Change: Yes No
Componenttndtaesohange required

[_ _ (Ifyes, attaGhsheets)

"7',"_:,'5_";#_. C_S J/__.c_.,,_--:.._.=_,_ Ai-e" _J_,_.,":"_ _<--_c","_,=

_, N 3 __ b r'= C _" _ _"-" ,.'n..e..;u-..,_.._.-.o:.,,_ .f ,,_ % _.,-;3' 4

®

_ 9a Drawing Change Sheet aflached [_ 9c Vendor Data Change Sheet attached
[_ 9b DesignDocumentation Sheet attached

H" _ -----

= 10. Yes No
[_ MODIFICATION IN PROGRESS I ECO will be

r'-] Modificationcomplete: ..... / ii'-Incorporated afters_,,.,r. _,_, M,I,P, signed complete

[_ Change drawing per as-bulttmarkupdated:
_- rl Changedrawing per ECO-provided data

_ Temporary modification

11. Design Ve_rt_lcatlonRequirements: (per WP 09.018) EDT No,:

_A ....... 1, Requirementssatisfiedby review/approvalof designdocument
2, Independentreview

3, Alternate calculations

4, Developmenttesting

O 5, Design review

- 6, Other:

12, Addendum Sheet tdd_Kl: ................. _.../ i: i..i ..:..::: .. ....

wP"'Fo,r._oo__==,/_o-...... -: - ......... -- - " - ' ............ " ' ....'_o_:ooo_---"
Page I of 3

,1_ ,# ' ,r,,( _,_ _ _t _ J_, ,, , ,u II1' q,i _1



EcoN":..:.-__ ?,_."?..................................... P,,g_2of....-................ • .... -: : ..... :. ...... _ : ......... i
L_. . r IIllU l I I _, i ±_,,_

I13, Justification

"..-o='_ _¢_.o_, E.C_v..__ _ _ ,/_,,j,,,.,,Lr1_ _-.-?.._;Y'_'._,]

=
alp

'14. Administrative Tracking
¥_s N/A ¥E8_A i
I_ _ 1. FSAR I_ _ 6, Startup/A¢ceptanceTest _I _
ICI _ 2. Calibration Procedures I_ 1El 7. Test Requirement& Spec.
1,2 _ 3. Maintenance Procedures _ [El 8.
I_ I_I 4. Computer Software I_ 1"3 9,

, i_ I_i 5, Operations Procedures El [_ t0 .......

KEY

15, Signature Requirements A.APPR, 16. Distribute as Marked
R.REVIEW
S.SIGN NEW '

, ' ,}/_ DRAWING

, _ Cog, Engineer, L. -l; _. _'_!-'1- i_ Maintenance <M,,O,ro,Y)= I_ Cog, Eng, Mgr I_ Ops, Support (M_D_TO,Y>........ _
" _ Startup .J-.."_-,_,_,-.-___'_-_,"_ Startup - _

QA I_ Facility Operations
[_ DOE L_ U/G Operations

Safety _ Orig,/Design Engr,
i_ Dept, Manager I_ Cog, Engineer _._._..
!_ Operations i_ Others
i_ Security I_

=_ _ SNL

1
WP Form1200; 12/29/90 1190B:0005a
Page 2 of3

u, ,i rl , i,i, 11111 ' ' ' '.... _, ', ,, _J _l,J_l ' fJ " "' '' '1_ lr, lit flllll_ I



ga

DRAWING CHANGE SHEET "_'> _ j= -_

O (1 SHEET PER DRAWING)
1. Drawing: c,. / .. _ _ _ , _ _ _ _' _ ECO Number: __'? ....

2, ECO Search List: ..._ _,'v _"_

L,,L ,, "" " I

I'' 'J '1 II II II , I I ' I''l'll II IL _ " anl I

3, Description of Change:

,J

O

.-_ I • A

4, Drawing Cog. Engineer Approval: ." Date: 5/'7/_,_

- 5 Cover Sh'ect Block (CC&D Use oniy) ....../" .....................

- Received from EFR: Drafting Started:
Initials I Date Inltlalsl Date,

-_ _ Date Assigned: ____ ............._____._______Drafting Completed: ........................... _ ........ ...
qlF Initials1Date . Initials/ Date

Assigned to: Returnto EFR: .
(Same as data base entry) .... Initials,/Date

, • .

- WPForm2017; 12/29/90 1290:B0006
Page1 of 1



ENGINEERING CHANGE ORDER
_._E8_cK,NK ....._,, , _-':_r,,..__-'_un._1_l'_r_y--3:_,
I. ECO NO.: _(-_____ 2. ImpactLevel 1 r-] 2 N 3 r-] 4 [']

CC&D R_._____._ Initials 3. System: _14/_ d _,," Equipment No.: /(,/'Z41L " Building: _,/

y- ._;-'_3" _. -.,.. Posted 4,. 'Associated Documents: 5, Document Type:
/,' %

/, .:,,. PWR _ C_'_'F/',_,.;,4,,,[ __. Drawing .5"_--,L.--_ c: .,,,._/

, .4. ECP / - /4/_.':'_ f_/-" ? Specification [_

CO _-.. p.o. _ I./,4- _ V,,r,,_o,-D_t_ rn.%..*. i

• .,.j. ,

• ....", Others SDD E_]' - .,. i
• '..,

.,,' ".;" Others• ..., _,

, , , _ , ,,, ...... , _ ,

7. Originator: (print) Ext. No.: Department: _Date: "'8, Co'gnizantEngirteer: (print)

9. Descflption of Ch_._ge:
Yes No

r-] ,_ Componentindiceschange required(if yes, attachsheets)

//'_f / , /

2 / C/.7,> "-" ?/ ii

2_.} "/ be e---.

_ga Drawing Change Sheet attached r-] 9c Vendor Data Change Sheet attached
'9b Design DocumentationSheetattached

, ± _ _ , _ _ _ , ,

10. Yes No

_ Modification complete: _ __- ' ' incorporated after
" s_.=,. / o'.,,,'/'_'I__ M.I.P. signed complete

[_] Change drawingper a3-builtmarkup dated:
[_ Change drawing per ECO-provided data
r"] Temporary modification

11. Design Verification Requir=_ments:(per WP 09-018) EDT No.:

l.._,')i._'-_,; 2/ 1. Requirements satisfied by review/approvalof design document _L__ _
3. Alternate calculations

4. Developmenttesting

5. Design review

Q 6. Other:

-- [ .......... • '"_------'-_ ":" ':;-_"....I Oil ..... " i.:

--- _ ._ .................;_i'::_::;;,:.:•. .';.:'i...,.:_i..:;_:".L._,.:'".:_.....12, Addendum Sheet added: ' :
-- . _ ,, . ,,,, , _ _ ,,,

WP Form 1200; 12/29/90 1190B:0005 :_
Page 1 of 3



ECO No. ,_" ._! v Page 2 of ....

13. Justification

,¢f" ,.r/Ssc

14. Administrative Tracking
YES NIA YES N/A _I

,r"l J_ 1. FSAR r'q ._]/ 6. Startup/Acceptance Test qlF
r-I I_ 2. Calibration Procedures [] I_ 7. Test Requirement & Spec.
I-2 _, 3. Maintenance Procedures IT] E3 8.
D J2_ 4. Computer Software r-I [--j 9.

- 1"7 _ 5. Operations Procedures i-I E] 10.

KEY

15. Signature Requirements A=APPR. 16. Distribute as Marked
- R=REVIEW

-- _, . /Z.,,, SISIGN NEW

= _ Cog. Engineer _ __- ,"_J _ Maintenance (MANDATORY)

" E_ Cog. Eng. Mgr._'4t _,_,_,'7_'_i _ Ops. Support (MANDATORY)

StartuD ' / ._.__ '¢#'_-_-- d3-/_'-9," [Z_ Startup

QA - '/_',_,_ ,_-/2'-_/ _ Facility Operations
- _ DOE ,,4./_:ZLt_ S-" _,'5.4 ( _ U/G Operations

-_ Safety ,.....-__,".,_ . _ Orig./Design Engr.
[_ Dept. Manager" "" j _ Cog. Engineer
F"'q Operations E_ Others

= [_ Security
r--] SRE F'-']

EZ3

- !

WP Form1200; 12./29/90 1190B:0005a

_: Page 2 of 3



ga

DRAWING CHANGE SHEET

O (1 SHEET PER DRAWING)

1. Drawing' 5'2: --,Z...-_C"1C"3 ,2,."- _,/' ECO Number: .'53_../

2. ECO Search List:

L i i , i ,i i |, iii, ii i i i ,,,- i ,i iii ,,,,w_r: :-

3. Description of Change:

" 5/< I-- _/o 3 _// -_o

i

4. Drawing Cog. Engineer Approval: _#'p ._..z':_ 4z_,_,,_.'_41 Date' 3//0/°I/- • ,,f ,,-/ -
i - '. .....

--5: Cover Sheet Block.(C'_3&D USe.Only) i::...... .......................
,.:,

" Received from EFR: DraftingStarted: :
Initials:/Date .......... "............:Initials/ Date• • "."i:' '

" O Date:Assigned: " _ _ __ ,.... Drafting COmpleted:. 21:-::"_i_: :-:": : - ....--_ _InitioJs./_Date , • ',::::::.,:/,!:::::i,.,;:i._:,i:i,::'.,i.i:i__',;,.::::._IngJalslDale

: Assigned:to: .... _ '; :: - Retum.to:_EFR:_.:: :::":::::::_!!:_;ii':!!:::_.::::::::::::::::::::::_.::::;_- . ,. : .... • . .

:-- z-

° WP Form 2017; 12/29/90 1290:B0006
: Page 1 of 1 -
-





- ' " ' . i J, j , , - " I ,,11 - - .,..,,i - - Ini i I I I ' ' " .ii

_ // ,_,'q1;44 \\ // ,\_ / III I
//., _-_---.,_,;_1 'L.,_,----,.-" ',..-_--.-,1_,l Iii o

_, II
I ,#;,

HI_ ._TOF._.TA,R
i b

_

•-( h-l'----_-4 l _1,-.x----_-f

- i _......I I .ii....!.,t.U_ iii _ _ w i L ii

D

, ...... ...... .....,........
. _,lJ_12;'/g2#,,_.,'.,

I I

= I OF_ [ CHK I 'COO....lOnG_QRI i
,s_=oEsc_,,,_ONIo"_I_'_Io'_-i_'"! " I _ .__

THIS DRAWINGCREATED9Y ENGINEERINGCHANGEORDER(EC.O) : 4924_ / PWR 004',2_

"_ UNLESS OTHERWISE/ CHKR.D. HUQHE$02/05/91 I .... , .......... . ,-,-i : ---
m._c,='=,ro,_',_,NC,m CoG._NG_.i)_A_o_tl_,E:_I WestinghouseWasteisolationDivision

-.. v ' _i," [' "_ Iii _'i' _mJLll_ _ II

2 _LOLEO,3_LoEClAN_SII CO(:;IMORJ',J,C,/_O_L_p J Waste IsolationPilot Plant

__ o__/_ ................
_ NEXT,ssY,X _,_ _,W,*,NG,,p_/o_/'_ BIN-_ TESTS,VOC I_lN111_ll_

/ -- " ' X _PD I ----_--_ AND HELIUM STATIONS,DEI'AIL5

_ "Di''' " I O0 , ....... _ ''' '0_ I O_ ' NO' I ...... '_, C .....

-: ,_:o___o,,<____,_ ,,,_,: EM ; 2-L--OOI-Wl.
_ 2 1



0

• •

CONNECTTO SANDIA --

_ BIN-INSTRUMENT

INTERFACEBOARD

10,12

CONNECTTO SANDIA ¢
BIN-INSTRUMENT
INTERFACEBOARD

• 1|1 i li

.....

I A REUSEDPERECC/I:D DL_ TRA 0_/ I BA........... 5/=0/o.:15,,=_/__/7/9__/7/_, 542. ......

! DA_I DATEOA=. DATEI ECO P_ ,,

THIS 13RAWINGCREATED@YEN(;INEERINGCHANGEORDER(ECO) :4924 / pWR 08412M

Ko,M:,N,NC.¢S_U.N.O.• C_.,O,'HU_H&0=/05./_; . U.._.
! _.. UNLESS OTHERWISE/ COG: EN(;O.P._ I_/g, _ .... Wes'{in_house"Wo_eIsolationE)ivision"'I S_ClnED TOLE_NC,tS .......

!2PL_3 PLoEciANg_t:_l./ COO_O.J__C.0_/=/_,mJ Waste Isolation Pilot Plant

_,o - - AND HBJUM STATIONS,Db'rNLS
" _N._EE.,NO.E_ E ,D_',,_OR_.,_.... 0_/06_'' ...._ ..... ........_ _;!°w°.'°, ,._,_°-"" "\ oo, 't_ 52 L 002 Wg_....... /ECO __ DATE...__.._ SCALE NTS ..... "_ "" _ i,,.. _



ENGINEERING CHANGE ORDER __, ,_._:_USE BLACKINK Page 1 of _
,, ,i .... ii, -- i i .ill __ =, i. , . ..,.. i .... . i,,i,,, i ii "L ____.

1. ECONo.: ==,,_3_'_-__=._I I 2, Impact Level 1 [_ 2 [_ 3 _ 4 E_

0 OC_&D RevJew''/_--_ I''_'!t!als'rl 3: Sy.t.m:,.___.,_l_ EquipmentNo, Building: _.____

Posted 4, Associated Documents: 5, Document Type:

PWR ____t.,OC.,O _.. Drawing 'Hl. S-003=&3

ECP __ 2-.FP9 1 -_'- Specification /Z_.s:_,!7 [_

P,O, Vendor Data

Others SDD r-l

Others

6. Title of Change: _ ("o_ _ _ _'3_, _
7. Originator: (print) , Ext, No,' Department: Date: 8, Cognizant Engineer: (print) d

9, Description of Change: Yes No
r-I ComponentIndiceschange required

C_)H f'3 "_ ,,'q-.'_ _ I_ _ <ifyes, attach sheets>

,.. o,.,._

-

.,z_J,_.

9a Drawing Change Sheet attached F"] 9c Vendor Data Change Sheet attached
["] 9b Design DocumentationSheet attached

10, Yes No 1

[:::lMOOIF,CAT,O,I, P,O..eeS . _ ""=",_'-__ Eco_,,_[_ Modification complete: .j_L__ _ . / incorporated after
S_n=ture 0_I, - .._J M,I,P, signed complete

- [_ Change drawing per as-built markup dated:
_ Change drawing per ECO-provided data
__J Temporary modification

11. Design Veriflc,_lo=/q_Requirements:(perWP 0g-018) EDT No.:
_.__-/_ 1, Requirements satisfiedby revk)w/approval of design document
-,,,,j

2, Independent review

3, Altemate calculations

4, Development testing

O 5, Design review
6, Other:

12. Addendum Sheet added:.. ..... ._._._._i_..,!:i,,":,: :":..:.:/ : :i .... i.._i,_:,, ; i: ".......

- ---- ........ ' .......... ; _o0os- ....- ........ ' ---"--"' i_
WF' Form 1200; 12/29/90 0 :

Page 1 of 3



_r3
c_ ws/w

E _ No '. ' _-- ._ ( _ ........................ I I ...... m ' ..................... Pag e 2 Of __ _ i

13, Justification

_ J/zTlw , _,_r.'O_/=,lw , , ' .4..n , '_

14. Administrative Tracking
YES N/A YES N/A i_

I_ 1, FSAR Q IRl 6, Startup/AcceptanceTest
[::] I_ 2. CalibrationProcedures I] I_ 7, Test Requirement& Spec.
[] I_ 3, Maintenance Procedures I_-"J[] 8,
q I_ 4, Computer Software [] [] 9,

!_ 5, Operations Procedures I] r'-! 10,

KEY
15. Signature Requirements A.APPI_, 16. Distribute as Marked

R-REVIEW
S.SIGN NEW
DRAWING

Cog.Engineer _ _ Maintenance _ANOAI"ORY)

Cog, Eng. Mgr, __.__!_/__/'t..8,/'_/ _ Ops, Support (M_oATo_Y)

Startup _' _ Startup
QA , Facility Operations
DOE [Z_ U/G Operations

E/Z]Safety Ortg,/Deslgn Engr,
/ ,,d/ _ Cog, Engineer[Z_ Dept, Manager

[_ Operations .... [Z_ Others

Security _ ._._,_¢ ,.,,_.__L,____ L._,___Z.
SNL _ .

[Zl

WP Form1200; 12/29/90 1190B:0005a

Page 2 of 3



............. " D0cume t Numberi.................. _ .............. ' _ _ ....n ECO
ENGINEERING CHANGE

ORDER .......................--Date: Page
Nf,_3

Continuation Sheet ' q _/=v_/ _,,--_ 4_ _ ....
..... =i=_/_/. _ of _ ,..........

/& _-j_ -__

WP Form 1200; 12/29/90 1190B:0005b
- Page 3 of 3

'..... _ ,' '_, , _1,, ' _' '_' ' '_' ' ' " " . _ ' ' _ _'tt_ IY' " _'' IiIIq,, JII i_ I1" ' _" _'_' III== ' I,_lp JP'I_"I_tll '111



' _1_/_/ Jut#27, Lt_

t IXItOl_ 6420,1AI)EltlltlCIlITEItlA dliu
I CtfI:Xl,I_ V d
1 t
I NINltlIIIIt _ 0tl)£1t(lC01li0, _. _........... MTt_. l/_'i/?/.. C01t,ftltlItflt..M_ _At_i._, .____t
I I
t Mi #ill requlem, tl Iii iltll Order_l_tl,lll chictld tlitoil I
t hlivl l_tn tlilillld to thlti EI_, I
t t

, . .... 111111,i i i i i iiii i]11 ................ iiiiii iljll] i ii ........ ._1 iiii iii .i iii! i " " " {- . r! II! li ...... IIIII II __I_--.-A...,._

t 01UISlt i Stil)lUISlltt i
I ....... ............ . ....I ............. , ................... ,........ ..- _.................. ............ ,......... 1
i I I
it7tl llltiral tiqult,lllntll i.'l 0101 121O101O2i110ii t.'t gill 12l 01il t2i lill I]1 I111 I:1 t171 I

I - I i.I 02110I.t 0111 i.t 01111I.I 0213 1.1 0101 I.i 0111 i.I 1114 i.I |11_ t.I 0221 t.I 01_t
I I_t I lilt andIllvll I II 0ldt8 1.101'_1I.t 01_i i.I 0li1 1.101ll 1.i #211 I.I till i.I 0270 I.I li'Pi 1.102_1
I f, ttn.rl,t I i.I 027d1.102711I.I 01 i.t 0llN 1.I 0211 I.I _ I.I / I.t llll I.t 0111 .t
i--_ _ _-_--- -_ ---__.......... t_-.....................-_---_-............ --'_-.... ....... _--_-_-_-".............. • _-_ -- - ,_-.... .t
i I.I I CIncriil I I t 0300 I I 011 t.I 0310 I.I 0321 I.I 113301.1 014111.1I 1.10370 I.I 0311 I
I I t; _ :_7 ±_z- -_A: L r: . _."_ ..... _ ..... _-±_ ....... ,,_,,,,, ,,-,-_,,. _ 11 .... ii __ z , III'- __'_'__-;_Z_--m '_'_'

I 1.14 ili411r# I tl 9400 I.I 01ii 1.1 04111I.I 9111 I.I l_ I

I I.I $ llilll t 1.i 9_10 I.I 0811 t.t 0514 i.I li I.i 0831 t.i ISll I
I.............. +_..... -......-'t......... -............... ................................. - .......... " - '.......... _ <.... -_:"--t
I I.I i lloadtlilt Pliltlci. I I.I 01l I.I 041i i.I 0d_ll 1

I t.I 7 Thermlldltltsturel 1 I 0711 I.I t711 1.1 0714 I I 07111I.I 0Ill I.I 0720 I.I 07ll 1.1I1_l i t tllq I.II_lllil
I Protectt_li I I.I 0730 II 01_I11.10_1 t.I 17Sl i.I llill I.I tllll I t
i ............. - ......_----t .... .u ___ __..... _ - " - .......-, . -.... -- - ......... t

- t i.I t ii td tlltilkll I I.I 9810 I I 9til I.i 0820 1.19ii11 I.i 0833 I.I 0111 I.I i 1.111114I.I Oi I.I 0870I
I i11 081t t

" i t t
I I.I 9 Ftlllstltl I I I 9111lI i 01til I.t 0111 I.I 9925 t.I 0931 I.I 119SIi.I II_1 1.1 tlltl I.I 0fli'l.l' 0til I
I I I t 0ltt 1.1091_I I
I .......... - -_.......... t .......... - ....- ...... _.......................... -.... ,- -........... • ----..... -_++ ...... I

: III 10 l_llclililtt Iii 10151.1 10111i.I 1024 I.I Iii7 t.I It_0 t.I 104411.1 Itll I.I 10_2 II 1051 1.1 10111
I I I.I 1011 I.I 1018 I.I 1070 I.I 107_ I.I 10N I

_

-_ I I.I I1 fllilpmllt i 1 I I101 t I 1111 . i
I"*_ ..... -.... -: ".....-..... t....................... _- - -_-'-_'-_--::_:---_....".......... -........ --_......... ".......... 1
I1.I ii FIrttillltl I1.1 120111 li21 I.I lllll II ii tl 1270

t t.I li Sptitil Futltitli I I 1 iii 1.1 1,t114I.I Ill I I 114 I.I 117 1 1 1111 I.I 1111 I I 1320 I.t 1321 I.I 1322
t t t t I1 I.I 1224 I.t 1_l_ I i 13ll I.I 1328

- I...... - ' ........ t _ ....... .... '.... . ................ - ---,;-_ .... -................. " -_-
_ I I I II Clltvt#llit S#ltetlt I 1.1 Iqtl I t 142111.1 1440 1 I 141ttl

I II II Mtchulcil I 1.1 l_l_ t 1_31,I.1 1_4_ I I I_tl I.I I_'_ 1.1 li I 1 l_q t.# 1_111I.I 1_i_
I"":: ........ :- -.... "' "t "_ ........ _--- --: _:- .... _ - " :.... "..................- '::--._--_-- :_- _- _: - 1

I I I li llectrtcll I I_1 Id99 I I II_ I.I l_lli I I 1430 t 1 I_I_ I I 164411.1 I_ I.I 1_611I I 1679 I I 1_71
- t I I.I 1_1_ I.I 1694

I I I1'1 IIJ --_L II I .... Jim I ...... ; _ - ....... _ .......... . ......... I III IIII [ I " II I II IIIII ___ L I II ' I I I I II A

Notlt I chl¢llidplacediii thel)Ivilioti _ollt illl#ltli thai the I_
t_ttrl I)titli_ Ilulll Iii allllcidlll t0 lht (_v lltllii
•_tlii,d _ cht¢lglIndicatedfm' Ipicltt¢ Subdlitlloltl,

fr' * li( 'fr I 'lsi I 'J I1_1" I II III I'IIIIII _11I I f IIi

', "'1 ..... ii" _,, _"' li.... llJ'_ _,1 ,_,,,,i, _ "11'11_11",1.... I1 r',_ *; ,_, fl .... Ill,fill, fl '_'lll_Illi ll_ Irl Iii'III' _'1 J' ,I'S llllllllnl



DRAWING CHANGE SHEET

O (1 SHEET PER DRAWING)
............ /--- .....1, Drawing: ........ ,/'_-"_,.,3""".::,q- ,_'-- ......,_ ._:.:___.._ ECO Number:._ ,=,%3._ ,....'_.L._

2, ECO Search List', ,.. ...._ .................... .., .._....

, ,,, .....

...... ,, ,m

iiiiiii [ iii i i ii ii i i ii ii iii 1,1__ : .... . IIIIIIItlll I I1_ _2C'-L: LI - " :" "7: " " I I IIi iii _11 i i =_

3, Description of Change,

0

4, Drawing Cog, Engineer Approval: _ !..J_ ('_,.L.,,,__._,..."_. Date: ..... ..,:,'/3/9/ _. _

5: "Cover Sheet Block (CC&D Use 'only) ........ " -- .......... " ' --'-

Received from EFR', ..... Drafting Staffed: ....... . ttJLl"l -,.,.,.=,.=..o

,. Initials / Date Initials / Date

Date.Assigned:. _..::.:_._.:.._:............:._......:__,:.._Drafting Completed: ' ..__.:::..._............_....:_.._........" ' lnlttals/ Date " Inlttals / Date

' (Same as data base entry) Initials I Date

wP Form2017;12/29/9o 1290:B0006
= Page1 of 1
=

I

" ,' ' ,, " _ , , _, , _ ,_ mr '_ III , _,1,, _, tllt_ , , i rl_, _,d



Ii

_ ,"

il "->. ,... ,. ,_

z



7 9
DRAWING CHANGE SHEET _,_

(1 SHEET PER DRAWING) . #/_/
1, Drawtng: ,_ _./_1- _.,E2.Q,._., (.,0_ "?P..,_,_ ;_,,_..2 ECO Number:. ,5,J _" ,_ .......

2, ECO Searoh List', .___.. _... _ ..... ,............. _-._ .......... . ........... .....

_ I I I I I I . I ' I I .... r _ I -- .......

_-''_"D'es rptloni of Change:"_'--'- -" ............"...... --" ......... '..................................3, C

i I ' m

O'

_
-_.

,, ,,

, 4, Drawing Cog, Engineer Approval', _--,__..(__a_,,-J_.,,_'_.____. _ . Date', .....3./_/71.

- _.CowrS'h_tB,o_k-i'C_'_,DU,;,.OnIyt................ _.... " " - - _ -
Recetved from EFR: Drafting Started:

InttlalP,/ Date Initials/ Date

Date Assigned: ....... ._-..........-_,_._,-___. Drafting Completed: ._._ _._-:_..--_.__.-._-_......-....._,-.._--Initials/Date ,. .. .Initialsi Date.

Assignedto: ' _ __. Returnto EFR', ' " 2' _
(Sameasdatabaseentry) .... ' Initials/Date

WP Form 2017; 12/29/90 1290:B0006_

Page 1 of I



7 ' 6
IIIII " , ............ - "" I I III III I I ' " _J i__[J ILL I I!11 II II III1'11 I [,l'" J I I II I I III [ ...... "- .... li_ I



................................. c/, 9,_,

ii) VALVEIDENTIRCATION SHEET
NEW VALVE" _ ,REVISED DATA _] VALVE REMOVED [_]

1. Tag Number: F'_J-_//-_ V--_/_L 2. Size: 3. Pressure:

/-, , i o

4. Building: .... _// 5. Location:.C_RR ,,.- - _--- ,-.... _.
• I , I I

6. Vaive Type: , C_A_ 7. VaJveOl:_tator: /./A_ ,,,,

8. Valve Bonnet: ____

g. Manufacturer: 10. Catalog No.L__

11. Body: 12. Trim: 13. Ends:

14. Piping Code: - _F:_:_ j,_ _ 15. Seis. Class: __ ,_. ....

16. Working Pressure: . / _'_ _ _ 17. WorkingTemperature: _C3 "_'

18. Normal Valve PosittorVF_tlC_n: _ Full Closed: % Thmffied: .. -

19. Spe<:.Number: /_ _ ..... 20. P.O. Number: _J_

O 21. Design Class: . _

22. P&ID _/- 3;-- C>_-_ _ , Sht.: _ ;;2_ .... Zone" ........

: 23. Pta,,_Drawing Number: ........... ,,_A Sht., ._._.. Zone:

24. isometric Drawing Number: _ _____._ _A

= 25. Piping I.JneNumber: ........... _._- ........

26. Document Providing Information
=

030 ECO _'_ _" _ _ EWP- , _ H, _ ,_

27. Se_c_Remark=:_2"_ ,,=_-,-_-_- -HZ......_ _ _L..,,.___. _,=

, _ (_

" Informationly " " " Da{e

* iNDICATES
TAG NUMBER SYSTEM BUILDING VALVE NUMBER

_ EXAMPLE RW 457 V 001
--- - ii _ , , ] , _ i| ,a ii i, iii i I u i i

,4= WP 1885; 1130/1_ __,,o=.'t-_n_





. ENGINEERING CHANGE ORDER
USE BLACK INK Page "1of

.... , , ,, ,, , .... : : - -- i i iii , ,,,, , , ,,,

1. ECO No.: _,"_ 2. Impact Level 1[_ 2 _ 3_ 4 I"]

e _ CC&D Review_ Initials 3, System! _ EquiPment No.' . ../_./_ ...... Buildtn.g'.
.Po"sted'4, AssociatedDocuments: 5. Document Type: '" -

PWR0 ._1a...c! ....b1 .... -.:,,_ s _.'-rr_.H,--'__'.
ECP Specifications/-,1 -c _ "_-(..14 E]

_,.I.f.£-_,,cc....c._
P.O. Vendor Data !_]

Others SDD ["7

Others
, ,, ,, , ,,,, , ,,,, ,,, , ,,

........... 6. Title of Change: _r=tz,t"_At4ENT Cl'<z:_s .5R,Ar..4N&5 G L.IA_:LE_

-7. originator: (print) Ext. No.: Department: Date: 8. Cognizant Engineer: (print)

......
9. Description of Change: Yes No

Componentindiceschange required
F7 _ (if yes, attachsheets)

w,

-- AF--r_P--C__rIpLF_..,"I'L_NoF" T_F..-,_(_,,,I_doR..PoTL,A'Te.('.A_ P_L--T_ N_,wI

O ,A_F1'ION_; (:3_ AFICE;GT'E.1::) "_.-,_l,,q.INr.,-L_,. '5_E' ATT/_,cHE.:b c:_ o,,

"="" ,"_ ' C"% "

I.
=

-_ __ 9a Drawing Change Sheet attached I-7 9c Vendor Data Change Sheet attached
E3 9b Design Documentation Sheet attached

,, , , ,,t ,,,, ,, i , _, ,, _,,_ ,,, ,, , , ,,

_0, Y,,,No #/," -

= _l [[[[]MODIFICATION INPROGRES._ _ ._ iI_ Modification complete: _ /- "/_ _ _ vp_ j._v_//,#?..__- ECO will be• ........... ,." . incorporated after

- / s_,,=,,, I • o,,,, / _ M.I.P. signed complete
_ [_] Change drawing per as-ouiltmarkup dated:

r] Change drawing per ECO-provided data
I_ Temporary modification

11. Design Verification Requirements: (per WP 09-018) EDT No,'

. .__F 1. Requirements satisfiedby review/approval of design document

2. Independent review

- 3. Alternate calculations

4. Development testing

= / 5. Design review

_: 6. Other:

12. Addendum Sheet added: ...._. i.i .:/_.. .......:__.__

I I I I I lill I I I I III I I I,,I II III I IIII II I I I 0 _

WP Form 1200; 12/29/90 1190B: 005 .
Page 1 of 3

=

r



ECO No,' _-_.-- t_ Page2of _.

13. Justification

 sH'A •

14. Administrative Tracking
YES N/A YES N/A A

I_ I_ 1. FSAR [] J_ 6. Startup/AcceptanceTest
D [] 2. CalibrationProcedures {_ Dz:l 7. Test Requirement& Spec.
I_-'] [] 3, Maintenance Procedures I-1 _ 8.
D I_ 4, Computer Software D _ 9.
i_ J_ 5. Operations Procedures I"1 I-i 10.

KEY
15. Signature Requirements A-APPR. 16. Distribute as Marked

R-REVIEW
S-SIGN NEW
DRAWING

[_ Cog. Engineer . _'/"// [Z_ Maintenance (MANDATORY)

Cog. Eng. Mgr. /_.._lJ'v'_JC_ _,/,_/_/_ _ Ops. Support (M_DATo,Y)
Startup f-_"C__..,_,.,./"_,_'_:P/ [_ Startup
QA _._--_ _'/_/ _ Facility Operations

[_ DOE ,. _/'_-....-' . __ _ U/G Operations
Safety k_y_j._ __ _m_o,_. _ Orig./Design Engr.
Dept. Manager _ Cog. Engineer

[_ Operations [_ Others
Security

[_ SNL [_
CE]

- WP Form1200; 12/29/90 1190B:OOO5a
Page 2 of 3

' ',' " ' ' ' ' ',, " ' v_'_,.,,,. ,.,i ........ ... " _ ',,.,'.._Tl'r,,'. .... ir "_~_'_'_''_"



¢VF "_" '_--
_AGE T :F '

FAQE 3 QF _.-" '
ENGINEERINGCHANGE ORDER 1, ECO _ "_-_'_....

DOEOFtDISR64,.'.'_.1AI:::_SIC_CR_A 2. DATE i_,/_._j.__l..__
CHBSKUST

The design requirements in DOE Order 6430, IA ch_cked below
have been applied to this Design.

5, DIVISION SUBDIVISION

I_1 General Requirements _ O101 I:_ 0106 _ 010£I Q 0110 I_ 0111 _ 01443r] 0150 F_ 0170

1::3020oI"] o2o_F"lo2o2D o2o_I-'1o205D o21oFT]o2_ F'lo2_sF':]o22oI:::': "-
_2 Site anti Civil Q O2,_5 _ 0250 F"i 0256 Q 02,60 _ 0262 I'-] 026B F-] 02.67 I'1 0270 L--']0273 Fm.rv'-

Engineering

, , ,,, ,,

L.q,_uo,o_y 1:3o4ooD o4o_C o4_oD o,_=oD o4_

_ wo_ o_ r,_ti_ EZ]o6ooEZ]oe_or"l 0650

_L._7 Therrnol and Moisture F'-i 0710 I_ 0711 {-'i 0714. Q 071,9 _ 0719 _ 072.0 _ 0721 F-10722 I-q 072¢ Q c'"
Protection @ 0750 _ 0750 C 0751 D 0753 _ 0760 _ 0790

,&.

_ 0880
- _

f

I I-7 10 Specloltie_l , i__
, _ _o6oD _o65_ _o_oD _o7_I--I_oBo

: i {:_11 Equipment _ 1100 _ 1161

L--'J12 Furnishings [:_ 1201 r_ 1230 r-] 1250 1-] 1260 Q 1270

- 1--]13 Specic_lFacilities [_ 1300 ._ 1_04 i-'7 1,.305_ 1306 _ 1307 _ 1,.318_ 1319 1'-71320 Q 1521 _ 1"."

r-]15 Ivtechaniccll _ 1525 r] 1530 L_ t540 F] 15.50 F-I 1555 L._ 1565 Q 1574. L_ 1589 _ 1595
-

= i'-']15 Electrical L--'J1600 F"] 1605 r"] 1620 F] 1630 I_ 1639 [_ 164.0 Q 1650 F_ 1655 Q 1660 _. tri-,.
F-] 1671 F] 1685 I-] 1694.

47 _ NOTAPPLICABLE No portion of DOEOrder 64,.30.1Ai_l _ppliccli_l, to thi, Oe_ligrl.

_, E_ AS-BUILT ECO i_ For a_l-built ft(tid verified cl'long_l_ only, ,

NOTE: A check pieced in the Division column signifies that the
entire Division shall be opplicable to the Design, unless
modified by checks indicated for specific Subdivisions.

!@MMENTS:

- [
WP FORM 1200; PAGE 3 Ok" 4.

" " ,,,, ,,, ,, ,_fl , .,i,t,,,., -o
iii iiii ' "11_I ]11 , 'H

,_i',,,,, r, '," ,'' ' ..... tilI, qll_-+r '+ 'f_ frf ...... "li'lC" II'l{t_lir,,, '""' 'll_' I,,1,.... Jli,_lll' '' II]l,lJ 'll"ll liJllr,, ,,I,II,I_



9a F_I_._.:.+_,. _.
DRAWING CHANGE SHEET

(1 SHEET PER DRAWING) ai

1, Drawing' /k/0 _'/ "._.-- 003-- O//'/Z .... ECO Number: -d_/

2, ECO Search List'

, LJ ,,,,, iI , • ,., ,

"3. 'LDescrlptlon of Change:

J-I/o_(,4_ ,SdlZ.7") Z-o_r/o/v ,_F ,,,/_./ _/'e,ec//,/4_ _zJ,eZ._
d /',/P (..,,q/,./ /,Y/,/_ ,4_o ,,_,_,_,,_z.,,/ -r'b/6 "7-¢"p/c_z..,_e--7-,_/Z.,
P6,# SK_"T_/-//Va

®

=

=

r Sheet'Biock (CC&D Llse 0nlY_/' ' ' - - ...... ' ...........

Received from EFR: Drafting Started: .... ' ' J

I

- Initials/ Date Initials/ Date I
- Date Assigned: _.--.__ ............ .._..... __ Drafting Completed: ..........___. _ ....." D_''-'-'''4_:'4e,IFInitials/ Date Initials/

Assigned to: __-....___... Return to.EFR: " ...........i

(Sameas_--database entry) Initials/ Date
, ,

- WP Form 2017:12./29/90 1290:B0008
- Page 1 of 1



98

DRAWING CHANGE SHEET _\_,_- _ c,__,

O (1 SHEET PER DRAWING)

1, Drawing: zV'_.... ._1 _-/_"',-._ .C)CL O;_ / ECO Number: _ _-_t">>w

2, ECO Search List:

3, Description of Change:

J/-/'o/.J ('A_ _/.JILT.) Loc,4"7"lolbl OF HEN /3P,_/gC/N4_ 5(J,,9_D._

u

=

=

- 4, Drawing Cog. Engineer Approval' ' ,_ _ _ Date: _/Y,_/

-_ --5, Cover Sheet Block (CC&D Us'eOnl/ - _ ' "

Received from EFR: Drafting Started:
- Initials/ Date lnittal_/ Date

_- _ Date Assigned" _.,._ Drafting Completed: _.__......... ._.:_._._._._.._... , ........_,.
Initials/ Date .:. Initials/ Date

Assignedto: __..:,....__;,___.:._;=,__Returnto EFR:,.... ___..... '.....
= ., ..,

(Sameasdatabaseentry) : '....Initials/Date

WP Form 2017; 12/29190 1290:80006

Page 1 of 1

............. T_...... _....... f.......... _ ....... l,_ '; ',, ,',_..... ql ,, ',_"''_"lJ'l' "' "_"_,' .... _,l,, .... lilj ...._ll)l_r,,__F','_'_r_'_--_'r_





'_'_ ENGINEERING CHANGE ORDER
USE BLACK INK , I_'_I_|H_._'._N_ t_|i _' _M PJ'_PV .... Page 1 of

H, , , , ,i , mm, mB,li i w -- - .......... - -- :' ' :.... -- Llnl lm, t

]Ro,w, EquiP  oiNo,, U
Posted 4, Assoolated Doouments: 5,. Dooument Type: ._,_/_,/I

".==_ubm_m,_m, PWR _ .............. Drawing -."'_-'-^""-"'"..,.. ,.,..,., ...._ [_'S =52-L.-CO2-W,_
ECP Speotflcatlon=D2-L-_Z "W_ r"]

-'_--_ ;'............. P,O Vendor Data _J2",.L-dI[J2-W2 r'-]

i Others _r_z_lsl_ SDD c]Z-L.OOI. W r-'[
Others _'2-L.-(ClOZ-

6, Title of Change: VLb'_ 1_) LdDD./_IC"JTD_/S

7, Originator: (print) Ext, No,', Department: Date', "1'8.Cognizant Engineer: (print)

,.T_RR','C.4Mp ._.7.._..... Ee" .. : (..,7-9/ I ,.7:.,R, _"7",e_a_.E
9, Description of Change: Yes No

ComponentIndioeschangerequired
1_ (if yes, attach sheets)

A_ 5/./0w,v' ,o,V ,47""7"/IC/-/ED .-<_E'7-5 .

,#DD FM$ A/,_TE ,4_ :E/./D/NAI _W' _'7"7",_.,4t_Z7 __JEET'E,

=

[_ 9a Drawing Change Sheet attached [_ 9c Vendor Data Change Sheet attached
- [._ 9b Design Documentation Sheet attached

.......... --__ , ......... ,, ,,, - : ---- ,_=,=,,.

10, Yes No ,j_)_)._.,_.\

: "_ .J_ MODIFICATION INPROG_I_S _._./_ --h ECO will be
[_ Modification complete: ....¢,/.__ _ .... ./_._ Incorporatedafter

_=u,. o.,. J M.I.P. s_gnedcomplete

[_ Change drawing per as-built markup dated: _E: [,q _'(E_,._____.
j [_ Change drawing per ECO-provlded data

r"] Temporary modification

11, Design Verification Requirements: (per WP 09-018) EDT No,'

"_ ,_. 1, Requirements satisfied by review/approval of design document= 2, Independent review

3, Altemate calculations

4, Development testing

() 5, Destgnrevlew '6, Other:

h Add_ /: "" r" " : '

, . ' . . ,12. ndum _heet added: . .___ ' ' .....":", ..............: ........
_ s_nmtur_ " -o_)

--...-- ' :: _:\m,_ __ ill l I ___ Ill l l " ....... . .... I l l 0 .....WP Form 1200; 12/29/90 119 B',0005
= Page 1of 3
=

,_ _,,, ,f,, _m_t rm , ,r 'i_ ,_r_r,:,_r'-+_'_',,'.,_'1_'ll_,"P?"_"1ff'_""_ '='_



5EJ 'ECONo,: , , . , . __. PageOofimlm :: ......................... :::_: - : " ': _ ''___ . "" " ...... _....... _' :_, ....................... _ ,

13. Justification /

' . _ =,. :- -
,, ,,,, ., , , ,, , , ,,,, ...... ._ • _ _ _.L r ___.:_ - " L

14. Administrative Tracking .YEB WA YEB WA

E] _ t, FSAR E3 I_' 6. Startup/AcceptanceTest
r-J I_ 2, Calibration Procedures 1"3,_ 7, Test Requirement & Spec.
['3 I_ 3, Maintenance Procedures r-_] E] 8,
r-I I_ 4, Computer Software E] [] 9,
E] I_ 5, Operations Procedures E] E] 10,

KEY
: 15, Signature Requirements A-APPR, 16, Distribute as Marked

R.Rr, VIEW
S-SIGN NEW

, DRAWING

F_._--]Cog, Eng, Mgr.._.,,,,._._L_,_41a/to/_,/ "l__J Ops, Support (M_D,Tom0
Startup ( __ _/_</.._ E_] Startup ...... ...... _ __._.

L-_ QA ' "J/_,,z'/_,,,_ -#"/__.__ E_ Facility Operations
[_ DOE _ U/G Operations
["_-----"JSafety I_ Orlg,/Design Engr,

Dept, Manager _.... _ E_ Cog, Engineer
[_ Operations _ Others

Security _ __ ......... ..,

WP Form1200; 12/29/90 1190B:OOO5a
Page 2 of 3

' .... _, ' ,, ' ,1' ' .... ' .... II ' " I_1'' '_ ' '_' ' ITII_I' q_,l_ I,i"rl'll ' _ '_ 'l"'/._ir_r ''" Ill_



;lilt ¢,l,,,64m,lA

t D01_ 6411,1ti0111lm_I'rDIIA I
i ' Cl_tff *1
I

I I
I 'rhod,sI_ eoqulrmotn In DIIi 0r_e 64N,IA c,hockid_lw l
1 haysNo! Appllodto this i_, I
t__ ,, ....................... 1
i oxvisim J .............. '.............  iVtslm.................."" .... ............ -...... t
g , ,...... ...... I I.... _ _ ....... i ii LLI III - - ...l i I n I I I . " " - I i'--:": ': .............. r_.• _I.._

t I I

t,._, . ot._oeoo J.lom o.lml Uo113 o.to_ o.swo umq U_xn o.lom Uo_

t bglto_t_ i I.t 01,26I.I tll/1 I.I tll_rlPt.I lilt I.I i1_1i_ _ ,i.I _ I.i 11511I.i _ .t
i -L - : - - ' ....... I--------, .... -............ .... " ............. .... -- - ".............................. '.....-=t
I t.t 3 C41_:n,llo I t.I 03111I.l t111 l.I tilt I.I t311 t.t 0311 l.i till I.l t191 1=i 13111I.t lilt I
I t t

: i I.t 4 t'11t111'9, t I.t 040t t.t 0118 l.t 0410 I.I 041t I.t 01,5_

, - "........ I "'":_::-....... - : : :- :- :- -:- ..... =--_ : " - " -i::"-' ......... ............................... {

I t.I 6 _ itPtisttcs i t.l Odll t l gill t.t i_ t
.1:.... :'" - :11"_" ':' ........ : LL I _ - ":_I__T :- : 'L"" ":L _ Z:': I_ :J. UilJIIL___7 I1_

'_ _ -. 1:: ....... _ ..................................

II- PV'otocIIm I 1.1 173t t.t OTSll t.l O_I t.I IP_3 t.I 17611f=t IT_Plt" ' t

,7:o mm,,  ooi omoi.i om U ,., nii ,.i om i.t i.i on U omU ot,: I t I.I O_ ' t
i l

I I.I 11 FllilAtt I tl 0911 I,.I Ifll I.I 1191 I.I It_1 i.t llnl I.I tt_1 1.1 tld3 I,,I I_dtl I.I t1_ 1.1191111
I I I.I li"Hl I.I It_ I
I ...... : - - :...... I ..... --:::-::- ..... -.... - ........ -............... -.... - • .... =--:- -- t

- t I.I lO _Itctllttoo I I I Iii5 1.1 lilt I.t 1t24 I.I Iti_ 1.1 lth 1.1 11411I.I 111 I.t Itri2 I.I lli_l 1.1 lO_l
I I I.I 1Olll I.I llil_ I.i ill I.I lll_ t I 10t ' I
i---.-- - :-:-: .............. t ......... -- - :-:::--:---: - ........... ,.......... -..... ,--.-:::- ........... : ,,--I
I t,.I 11 f4illlllt i 1.1 lllO I=1 1161 I
i I---'T. ---m _ : ............. _ '--'"L:_ : -: -- :_: _:: _ -:II':- -__:__ _.;:__.__±:_ 7_:: L.__,,U'I ..... = _,., ,. _ " _ - ".:-,-:-:_::'__L_- : : : : _ _tiL_ #

: I I.I li _ll'ilit_l I I.t lltl I.I ii31 l.I 12_1 t..I 17.611I.t lllll I_
__ I - :....... :: .... t ....... - _-- ,,, - ._ ,, -- .r,' " : - " : .................... " ......t '

I I.I 11 _lttlil F_IItlIos I II 1301 I.I III I.I 11 I.I I11 i.I IN/ I.I 1311 I.I lilt I.I llll I.I li I.I 11221
" I I1.t I_L'J 1.1 liil i.t 11 I.I ISll t.1 13211 t

'1 " t ......... i/

I I l 14 _lltlt#tng li, stm l l.I Illl I.I 1411 l.t 1441 l.lllill , t
I----- ......... ,..... t-- : --:-: - -. ...... -: - , _ .....-,-:-.......... -:- : - -,I

_ I I I I$ lichaliil t I.I l_l_ I I l_lt I..t I_1t t.I 1_111I.t 1_I_ t.I li I.I 1_4 I.I I_tI I.I 11 I

: 1_'4_'ti lloctrlcil t l.I l_0O _llt_ I.I till i.I I6N t.i 1639 l.l 16411l.I ll_t I.t tlll I.I 16211I.I 1671i
: 1 1 ' 1 i I I1 t'.1 1614 I
-- lIF--- i..... I I I - Iii __ In!li . liiliilj_ li iii nn in • I Ii III I II "-

i ...... I_ltli I chicted plicid iii the Olvlsi_tt colill Illlflit tilt Iko ........... ' :-: ......_= . Intlel 0tilllll 15ill' bl lppll¢lllll tl ihl [_11i tltltll
_tIlod Iii, chicks lndlclild for ipt¢tttI 91Mliltt_tl,

-

ii



' 911
DRAWINGCHANGESHEET

(1 SHEET PER DRAWING) O

1, Drawing: ,_£._ i_t. W/ ECO Number: .....,__-"_-"_..
i

2, ECO 8earth List: ............ .. ................... ___-:........ ._-...............

•- ____ ij i - - -_ l_ idl .... : _ _7 : z- .. i_ .] . :]. IiiLl_dL - Ii_ Lz"-, i _--t7___.

__: ..... I.__L_:;T: =_C_.JLL_ci " LL : IllIll_1LL_LL. , " 7: ± JJ_ II

ii ii iii i "-- ;_ "-'-iii_ • ...... !_: ..... :: . .... ml. .... ' . ...... ! ' ......................

3, Desartptionof Change',

4, Drawing Cog, Engineer Approval:._, _:9_, . .Date', _'-'(0.... -__] ....._..
....... _.JiJI] - - . II _li I -- _ , . _ |1 I ........................ I j-_'_---

. 5. CoverSheet Block(CCID Use Only) ....... '.",'".:,..,.,,
. , _, ,

,, . , , ,

Receivedfrom EFR',....... .-- Drafting8tarred:
Initialst Date " . Initials/ Date

DateAsstgned: _...__ ......_....___=___ DraftingCompleted:_"""".-',, --..-.......--=."--_---dl_
Inttlal_/ Date ,. , , ' ,..,:._'_:,.:i: . Initials / Date, , ,.

A_stgnedto: _. .......... _ _....... Returnto EFR: : i :._ ........ _ L_I
(Same as data baseentry) '., Initials/ Date , . 1_1

i ii i ii ,i ...... T ..i_ . , .._ i ......... ', ,,,_,|, -- . _ - _ -m

WPFo_m2017112/29/90 1290',B0006
Page1 of 1

......... - , _ )..........._-...-_.-_-,.='-"_-_------.-_,-,,......I:-:'-_"........"_'_'-'_



9n
DRAWING CHANGE SHEET

• '(1 SHEET PER DRAWING)

Drawing: =J#- L. O_Z- WZ ECO Number: _, _-'_-3_ I._ ' ..... __lf_- -:_. Jl iiii JJJ_jJl i ii i ii i i i i.., --- __ _ : - . _ : "l_

2, ECO$earohList:.............................. _. ............................. .....

, 1

' III ....... I _:_ _--E." -_Ri/# i_ iJ i i _ _: : • ---- L_ _ II , II Illlll I I .... :::lllll --

:'_::'L':"-':-: -I I. "-'_ ...... :' -:_ ........ - _ II II II i L IN I ..... . :.111II III ........ . ..... IIII Illl i iii i [

3, Desorlptlonof Change:

_E=='/" _ _,=' /.4 . ALL dT'IIERDET'A]'L'_ R'F_M,_N _#J_4E.

e
!

=

4, DrawingCog, EngineerApproval:., _ ,_/'._, ..... _ Date: _-_/0 - _' /

__'ho _ Block ( O O _ D"- U , ' ............... O _ I _ ) I ............... _ I " li

_ " . ,,, , , . ...

. . ,..... :,,,. .., ...... , ...... ;...,,,. ,.

.. :.;., , ,..

Receivedfrom EFR: _ ,, . DrafttngStarted: q_u_IIIA_-- -- I HII --_-- . m_ - -

° " Infft_ds/ Date Inffta_1D=ts

e Date Assigned: ,,_.___.... _ .. ..... _ , Dr_ftlngCompleted: _- ' ,.... -- ,.- Initials/ Date -' • Intl_slDate,
Assignedto: ReturntoEFR: ........

. (Sameasdatabaseentry) Inttir_,lDste
..... i . i ii i 1.__ i - ". ..... ---- -_¢ ...... _ .... IlL[...... - " --- ' '.....-

. WP Form 2017; 12/29/90 1,290:BOOO6
Page 1 of 1

li 'l ' r ,, 1' * )lr 1,.... I_ t 'H II II , II/I I '_t 'l ' II' _IU )'Itr ' '1 }li II' III I I_llll Iii,' Iii , _llIl,, r' /"



9a
DRAWINGCHANGESHEET

O (1 SHEET PER DRAWING)

1, Drawing: _ Z./. ,- (_ Z.W.._ ECO Number:___'__'_q43
L___ ILJ lUl IL I _ :11 I I _ .... :L:._ ...... _ ::........... t

2, ECO SearohList: ...._ . . _= _ , _ . ..... .........._ .......... .....
,m==,--._, --- ===m ......... _ _L__ " ....: ........ : 5" " I L _J .

..... _L I : : ...... _'1 _[I " :...j [ j ......... _ == I _ ..... . =--I[]

_j -- -= _ -- Lq _ ........... - = == _ .... _ -- [ iiiii i - __. i iiii *. i ILl I Hill "'-_ .... , _ " . ...... . II IIII

3, Descriptionof Change',

Q (z:wE

- l_ ll [ II l I - ii_ li _L_Z l l [ J -- I II " i LI J1 _

4. Drawing Cog. EnglneerApprova,:._'_/_ ..... Date: 6-/O-_}=
. __ i i ii i ii i [ i i ]l " I i --- I ii ....... i

5. Cover:SheetBlock(CC&D Use Only) : .......... _ ..... .......i

ReceiVedfromEFR: ..... L"".. .... DraftingStarted: _ :- ,, . lt_,lmlml

...... l .......... ' ' r InttkdslDal_l ...... lnitt_t:tDme/.. :

le Asslign ....... Draltl mpiet_d: .....=_ _ Oa ed: _ .....-: .... . ng,Co ............. ---:_ - -" ..........

. " ' Inltll_,/'D_te . ' :.: :. : .... Inllla_,/Dat_:
., ,.;,, . .... ,. ,

signedA8 _I I ' I II - I - - - . " Return to/EFR1 _ :;! ....

............... : ..... Inffta_1Date
(S_ _ d=a b_ _W) * ii ' i ' ...... v , ....... ) : i

..... i iii L__ ILJ . JL I II --, ii i i i . . •.... ii iii ._ iii ii l i

WP Form2017; 12/29/90 I_FJ0:B0006
Page 1 of 1

!
!



_V___7" 9 c_ 14

9a

DRAWING CHANGE SHEEr

O (1 SHEET PER DPAWING)

1. Drawing:_ L _Z- $.-_:}Z-,_4/5', .... ECO Number: ._'=-_._ _ ,.,:

2. ECO Search List: .......... .. _ ,,, _ ____ __

i li,li i mr u i I I

- - • ,11 i I i I i

3.D,,=,ip'io,of ................... '.....

Z

_ • rl L ,. ,, ,,.,.,.= ii m===,m

4. Drawing Cog. EngineerApproval: J,/_. _'_)__ Date:_ t_'-/O--_ ( _
..._,-. _- - - i _,........... ... . i irl ,!

-- 5.. CoyerSheet Block (CC&DUse Only) :., • _. -.... .:...,........:.:,.................., ,,, •........... .. -
. . , , . •. .: .... :::.:'.:.. , . , . . ' ....., : . • . "..... :... ...... .. . ........ ..:......,.-..'..:,: ..... . ...........:....-,.-'.:.,.....

Received.from"EFR: _, . .' DraftingStarted:
- ' ' . ....... Initials I Dato- ' .... ,.... lnitt_.l Dlite"'

_- _DateAs-_n_l: __ _.....' "_ Drafting Completed: . ' ::"":":":":_"_:_:"::":._ _

i O ' ' :.... Initials t Datil : , : , " . ..:.i. Initials.l _ttttt. -
--- Assignedto: , ..... ReturntoEFR: ,_ , :"'..... ., ' __= (s,n, bm ........... - ......... s a en , ' .... ":.:lnltlatslDato

_ "

i i ,, i ii i ...... _ -.- i | i ii -

WP F_m 2017; 12/29/90 I_:BO(X_
Pago 1 of 1

" 'r_ ',ll_ ....... I,, _11,' ' ' _ ilI' 11ti ' " _l'rl 'lill_''' ' _"," i



9a

O DRAWING CHANGE SHEET
(1 SHEETPERDRAWING)

1. Drawing: _Z- L-_2-_.._. ....... __. .. . ECONumber: _-_",_ _-,

2. ECOSearch List: __. ...... ,......... ,

' 3. DescriptionofChange: ............................

@ _ _=z__z._,_ z_,v_ ,,_ _/_/ ,_/ _aE.'-/" /2 _P 14,
_Z./. _r'_,t_" _L='?",dL'L5 ,_:'_--J¢4#4_E.

_ 4. DrawingCog.EngineerApproval:J. Date: ,._"/0 .:.-_'}....._
- '. i , 11 lfr, , , iii ILl _ i i i i i i i i __ i li i ,li i ,i i iii ii , 111 III II _

s, Cov:Sh  BIock(CC&DUseOn,y) : :!:i:: ::::::....." : !2!.....::.:':::::!.". "-. :' :..:, ' :,' ' " ' ' : ';":;; ' :
• ,- :. : . .... .... ........ , .,. : ', , • .:,. • .,. ,: ; ,.

: ReceivedfromEFR: - -- DraffingiStarted: _ .... -......
_ •.... , ..... Initisls:/Date .... .." .... .."In_.l _to:: ..-:::

O ........,,::!::, ....DateAss!gn__J: ...... ' _.....-_ _, DraftingCompleted: .. . ::.,.., ---.... :---: ,,.._:.
q " ' r P klitllll_,./!l::)tlte'.' .. ::::,:,,,.,".:.:::.. ":, !nlfl=l_ll/DSte:.

Assignedto: ............ _.. -____. ReturntoEFR:.__ ......... ____.
• • (Same as data,btu41 en'o'y) " .... i:i ., " :'. Initla_.l Date , ,.:

-- l .... J i i i :_,_ _ • • - i i -----

___ WP Form 2017',12/29/9'_; 1290:B0006
Page I of I

, , , j

'" ,lr ,, ,r ' "uJ Iiw_l II 1, "Ii" ' lqll_ll rl *_[1_

' ii, ,+ ..... t, , I_l ',,I,, lt'_l_ ' ,IJ_. ..... i_t'_ '" li"Jt/'" ,,l'_ ,_, ,rlll_,_llr, j ,, i!t_I , ,,,_ i, ll, ',',ii I



9==
DRAWINGCHANGESHEET

I SHE r oW,Na)
.. _ ..... Eco ......

2. ECO Search List: _ ....... ,..............

_ _ _ , , , - _ - ,,, _j,,.

Ii- - :..... L - ,..... I ., , _ _ _,. __ ,,, .,, , ____

1[ii i L I I I I __ -- I I I III I I I II . i ii iii i ii iii, ii11 ii 11 i

3, Descriptionof Change:

Q _ _tEz.D z_" D_G As" 5_mWW_v __._,_-r /,_ _.= 14.

I

_ 4. DrawingCog. EngineerApproval:.J./_, ,......... Date:. _-/cd --_ I ,,

Block(CC&D Only) :. _.....:....:., " .-.... ' !
, ....... . ,, .............. . ..........

- Receivedfrom EFR' . ...... ' ' ' DraftingStarted:... _ '
:- . ,n_to,.) ..... . "' .....-- ,,_=,_ oat..-

D
" O DateAsslgned:. " ' ' • rafting Completed: . >:

_ i - _r - _ _

' _,I _. :.:' In_'-_lDalo "

"--'----' "-'" ' Roturnto EFR*. . . inittal=1Data-(Same _ dcta brae entry) .............. :
- - = i ii ....... _ i ii -- - ii iii riP- , , , , , • " " IL _

-_ WP Fo,m 2017; 1_2_0 I_',B_X_
Page 1 of 1 °













ENGINEERING CHANGE ORDER
USE BLACK INK Page 1 of ._.... , , .i ,_ , i .... ,, m l lu i i ii .,,i, ,i, i .

1. ECONo.:..T_"_," 2. ImpaotLevel.....1D 2O 3 I_ 4 [_

I _ ....CC&D 3.m,,t.,,, ""°"-. _ Equipment No,: _'_<,. _¢:_.m_ Bu!ld!ng: _ty_j._LT-
Posted 4, Associated Documents: 5, Document Type:

PWR __O___,.____ Drawing 1_

ECP Specification

P,O, Vendor Data [_

Others SDD [_

Others
, .. , , - _ -- . ................. , ,,, , .,,, _ _

i

6. Title of Change: _,_,....._, ,.: __;_ _ _ _::)/,.,.__,._..v_,,_,_._..

7. Originator: (print) Ext, No,' Department: Date: '8, (3_nlza_t Engineer: (prlnl_.....

.........&..)_ ('-_,,=_,,:,,¢-r" "_'1_ . ,_c_.._ . U,_).._ F_A_,,0H_.'-/'-_._

9. Description of Change: Yes No
ComponentIndices change required

___.,___.._ _ _ _ [_ E_ (if yes, attach sheets)

: ,
- - - ...."c="WI- [_ 001 ¢._ , ._ ;2.. _ l - E - O l _ ..,O / q HI-C= 792'O15 / _/1 -"

I- _-O'O/-O/q .¥1-F-02:2.'0_'-/ "/1- G-80_Z-O/V _o9 -O/'-/

O Hl- E" -OO_ -O1_/' "'/1 - G - I"?O-OLy ,_II..'G-,..RO/-O/V

[_ 9a DrawlngChange Sheetattached I--]9c VendorDataChange Sheetattached
[_ 9b DesignDocumentatlonSheetattached

................ . ..... ,...............

10. Yes No

[_ _ MODIFICATION IN PROGRESS 1 ECO wtll be

[_] Modification complete' .... ____._.z/ # incorporated after_r_=,., D,_, M,I,P, signed complete

[_ Change drawing per as-built markup dated'
L._ Change drawing per ECO-provlded data
[-] Temporary modification

11. Design Verlflc_tlon/l:_equlrements:.,v,_._. _ (per WP 09.018) EDT No,:

Vl" 1, Requirements satisfied by revlew/approval of design document
2, independent review

3, Altemate calculations

4, Development testing

O 5, Design review

6, Other:

12. Addendum Sheetedded: ,. /

NP Form 1200; 12/29/90 1190B:0005
Page 1 of 3

............_,_,,_,,,:.......,.......................................... .........,..............................................................................................

.... •........_,r , I..........[....................Irl--_-'



ECONo,' _".=.-f',/ Pa e 2of 3.2.
fill, _., ill _: w J _ -' ljl j II ,I . ' . __ i_-- _ . _ _ [ I llli LI J _ .... _ ":'" . i - i i i i i .... ii illl, l 111lli I I_, J iii i 11111 1 ............ g fiji, I ,, _ .

13. Justification

C,__...,

g

........ , ,,, ,,............................ _......... _ ...... _ .IL ,,,, , , ,,,,,,

14. Administrative Tracking.

: '/1_9 N/A YES N/A i

ICI I_ 1, FSAR [_ I_ 6, Startup/Acceptance Test tlp
1"3 _ 2, Calibration Procedures _ I_ 7, Test Requirement & Spec.
C] I_ 3, Maintenance Procedures D _ 8,
ICI _ 4, Computer Software [] [] 9, .
r_ I_ 5, operations Procedures F"I _ 10,

- , -,

KEY
15. Signature Requirements A-APPR, "16. Distribute as Marked

R-REVIEW
S.SIGN NEW
DRAWING

[_ Cog, Engineer _,_,,__ _'_/_1_._[_ Maintenance (MANDATORY)

_: [_ Cog, Eng, Mg!, J.__L___-t_(__, " I_ Ope, Support (MANDATORY)

[_ Startup /" ) __ _-.,L_ _/. //:_/'_:Z.. _ Startup ................ ,.
QA \ _-__ (,:,_'i-_1_1_ [_ FacllttyOperations

-- [_ DOE "-" _ \i__ - _" "" [_ U/G Operations
I_ Safety _-_. - [_ Orig,/Design Engr,_

[_ Dept, Manager [_ Cog, Engineer
= _ Operations _____ _ Others

_"_'] Security
_ SNL

EZ3
EZ3 --el

l
WP Form1200; 12/29/90 1190B:OOO5a
Page 2 of 3



_ge 1

/ ................. Ii ii " iJ_mll_mjm11_p ,_, i !, ,!` ij_- jill j..... .... ji-- pll iiiii i....... ......... ....

1

DOE ORDER 6430.1ADESIGNCI:IrrERIA
CHECKU_

The duign rsqulmmen_ In DO[ Ordlr 64_0.1A _heGkod below
h=v, been appllt_i t.o l:hl_ Dnlgn,

-_-. _" -- ,,'.L: - "........... ' ' ' '_ ' ........ _JSO__'_''.... "' - ' ....... '"' .......... '"_":: -- ...... :_- --
.... _ . _ ! i __ LJ .II --IIIII ii i I ii ..... ,........... II I Jill_._ I I IIII I IIII _ -'_ _ " I I , i iiiiiiiii I1__ __Jl_ _ -- I

..... - "-" "_.........o==_o.o,-_o=......_"o=.........._ o:=I::::]"o=_o...................c::lo,,,,_'"'o,,,_:-_-_-o=.........._ o:_._=

_ -- I - lil --c::_ ii i I ii I III JL_, ....... ......... III I I iiiii II " -- 11 - ...... I I I I/lllll __r-- - .......

......._,,,,,--,.-.................. ---"...._ _ l::::l,,..,,,,[::1-o,,,o_.......o,.,o"c:].........o,-. " ....." ......;'-_;-_................
"_,'"'.....,,.-.-" ..... _'"'"o.__'_,_ 'r'i......_,,-_ o_ _ o.,......I:::-o=............" "- ................'"'" '
' r":..,,,-,,,.,"__' _o,= '_o.,,o...._ o.........................-.........'......................."--"--

.................. _..... _ _ ......, ..................,....... ,............,_ ........ ....
¢_' {_0730 !_0750 E_07@1 E30753 E_07eO E3079G ,'r -- _ ii ............... 1,1.111 I ii IIii ................... I II __ LJL_'I II II _lll_m_q//Iml_m

I::::Io.o [3om
............ II " lJ _ II II ___ ii i i I i - i i Illll I I I;

..... ill _ ILIII I - _L, • " __ iiiii )i[ - IL - ....... IIIIII [ .__L---- 11 __

" [_..................12 tr_k"_|l_l_l@ [_ 1201..... El' 12,,_0'"'' - 1 1 7 .... ' ....................

- I i I ii I iii . II . ' ._ I I iiiiiiiiiii i ii i I i Ii i ,mm I _ II I I

....... '...._ ' ' o" I::1--..........0" 'm ..... 0 ................"-----
_li_ll_ ...... iii I -- _ -- "' --L.__ "- . ........ [ II imllnl! i I II --. llnl , _

II1@1 II II I I II I iiii i I - __ --11[ _ I I [ I - - -- jill IIIII ___JJl[_:-- ILIIIL k I iii __ ---- P_-_

iii I II i i i I i I i ii _.. IIIi __ . iiii _ i i i i ii . ii i i . _ i i i ii i

O NOTE: A chock placed In the OMaurklncolumn _gniflol thatentire Olvl_l_r_ _':_I IN) applle_le to the I_tgr_ un_
IW _h_,k_ In_ for q_:_ S_h__.

- iii 1111 ii ii i ii i I I II __ i I i I II I I - L .... n............... "" _ ' i li --

_

' _.... _ " " "......... " ....... _........._1........1,' ',, , , _,...... lllll_'"',r'_'.... rl'_....II!I,,',,_,'_l(_l_'",_lI_I_l/I,'"_lllll,'l/ll_,



9a

DRAWING CHANGE SHEET

(1 SI-lEFT PER DRAWING) i
+ <//t, Drawing: ._ l-_., _c3 L..,,,(.,_.h;_:__ ........_ __ _,.........C. ECO Number: '-- '" --.-._..

2 ECO Seareh List'

+._._-_+_,_ .+,,,_,_ ,,al.,.l.,.N.,_l ,l...,_ ,,,,..,.._...... _

i II. III J .._ -- ._ iii :_ -: : ::: i;_-- . _ - _. .... Lj

+ 1___£ iiii : ++7 ........ : _, : .......... . .- :: _ -:. : _::.:L::i__¢2? .... :+: +- i ,I _+ +._ J:: Iii + . i i iii .... + J ......... _. +--?

3, Description of Change;

- + - .......+--_'/_'_-:;....................- _-..............--'-"----I

4. Drawing Cog, Engineer Approval: ....-"_z_"-._¢_;_ ---'+- Date',,.//,/.. I1tl,:

, Cover Sheet Block (CC&D Use Only) "I

:" Received from EFR: .... Drafting Started: .....
Inltlats / Date Inltlals / Date

Date Assigned: ..............-......--=+_ Drefting Completed: _._._ --.-----1mh
Inttlal3/ Date Initials/ Datev

Assigned tD: ......(Sameas........:_+:+data.......base+_.......entry).......:. Return..+:,+ toEFR::....... _ +_ _+ lnltlals_-_'_-_.__vJ/Date

= WP Form 2017; 12/29/90 1290:B0006
Page 1 of 1

_, '' +_ ' ' i_l_ _ tr , '' ,_ li'_ jTj _ pl _1,' 'lql"', _p_"l"ll' ni tl





r

9a

DRAWING CHANGE SHEET

(1 SHEET PER DRAWING) O•._ /
1, Drawing: _l--_._o/.-&')_ ..,&_JL_ 2; __ 0.. __ ECO Number: _ ..'5_ _'/ ___

2, ECO Search List: _ 6 ,>.._,.3_

e,

-- _" --- i i i i i , Illll I I ...... i i .... ii

3, Description of Change',

4, Drawing Cog, Engineer Approval: ._<.._J_(/l('_-;__ - Date:

piMiii5 t __ ,li I -- II i ..... . II I _ : I ---- I '' I_i,_"_ i illl j i'lCover Sheet Block (CC&O Use Onty')

Recelved from EFR: Drafting Started:
Inltlal8/ Date Initials/ Date

Date Assigned: -:_:--"lnitials_"/Date_:.... _...... Drafting Completed: ___._;:=........-/nJflaiS_;-no_-:----_,'-'=" ',m-ml
Assigned tc: ............. -..... __, _.., .... ...... Return to EFR:_,___ _ _._

(Sameasdatabaseentry) Initials/ Date

WP Form 2017', 12/29190 1290:E_O006
Page1 of 1





9a

DRAWING CHANGE SHEET

(1 SHEET PER DRAWING) /

1, Drawing: _._'_'Z.L-f_ _.d3o / - (_ ; _&_ 15. /'-_,_,. f'_ ECO Number: ._ .._-'2'_-// ....

2. ECO Search List: F_ _' o-_ 3_,,,

3, Description of Change'

co.
LJ qJ

- ,..,9 "_') t "'
" _ ,_. i zz /,

4. Drawing Cog. Engineer Approval: ._......._/,'_t5,'[_(. --i::- Date' J._7_J_ 4'3z_.._-"_Z.___

- 5 Cover Sheet BTock (cC&D Use OnlY,) _ ,7
_

-_ Received from EFR: Drafting Started:
-_ Initials/ Date Initials/ Date_

,-,_,- ,,--;...,,,,,4. Draffin¢ Completed' J &
Initials/ Date Initials/ Date IF

Assigned to: .... .... _..._:____ ...... _ __....._ Return to EFR: .......____ .............._ ...._ ..............
_- (Sameas databaseentry) Initials/ Date

WP Form 2017; 12/29/90 1290:80006

Page 1 of 1

.......... ?if.... , ....... I _' q ..... II 'Irl"til I'lrll 111 ,_',r tl 'l _1 " ll_ '_...... h' ..... _I'P[I' ' f/l'ff' $[l_I[l(f_l''rf_f .... _(Y..... II '11 )_ ' t)$lJ_ltllJlllt)_l,_,,ll, rjJl , i)1 ,I,i1$ i,l,l_, i







9a
,J

DRAWING CHANGE SHEET
(1 SHEET PER DRAWING)A

_1 .... 1"_-,,_Z:::) _ ECO Number: ,Sm"'f/1. Drawing: _-/l-._'-_o/., o / ,-/._ ...........

2, ECO Search List' . "/'_ 2 _ . P_r /I _ 3,_

3. Description of Change'

// / /
- 4. Drawing Cog. Engineer Approval 2 "_ Date' / ," ,"

5. Cover Sheet Block (CC&D Use Only/

Received from EFR' Drafting Started:
Initials / Date Initials / Date

- Date Assigned" Drafting Completed:

"0 Initials/ Date InitialsI Date

Assigned to: ._ ___-- Return to EFR:
I (Same as data base entry.) !_!t!__!9/ D_te

"" !
_----- WP Form 2017; 12./29/90 1290:B0006

Page 1 of 1

...... ,, ..... _ "','r; .........,-rt"?'r'--1][_"'P4"_'_"P_"_'_'_" ""7;' ,_['"'',_' ';;'"_,r ,'_;: ii ,"-"' ' lr',," ,' '1I r' ii .... i_'PJ"li_-'





9a

DRAWING CHANGE SHEET

O (1 SHEET PER DRAWING)

1, Drawing: ,, ,_.L,,"E'.-c_o'-'J--o/_; _... E) ECO Number: ,__-_"'/'_

p, t3 o-F
2, ECO Search List' _ _4_#..3.__.

: ...... ., , ±,,,

3, Description of Change:

O
i

- 4. Drawing Cog, Engineer Approval: .__ __ _,f"//""_' Date: ._/../___. ?'/. I_5. Cover Sheet Block (CC&D Use Only') - ...................... _-

Received from EFR: Drafting Started:
Initials/ Date Initials/ Date

_ _t Date Assigned" ,..... Drafting Completed: ....._....._...._...........
- "-" Initials/ Date Initials/ Date
:, Assigned to: Return toEFR: _::__
-- (Sameasdata baseentry) Initlal_.'Date

= WP Form 2017; 12/29/90 12£2:B0006
_= Page 1 of 1

, , , , _(jJ . . ,..... ,,,,, , .... , .._.._.,..,_,..,_-,___,,,...,_,____._.,,,,_,r,__,,_._





9a

DRAWING CHANGE SHEET

O (1 £HEET DRAWING)
PER

1, Drawing', .... #/.-E..o/:3-o/_._ __/q ..___ _ ECO Number: ....._--->-_

2, ECO Search List: _...EL._ f_ /5" o._ ;:3,_

3, Description of Change:

z

4, Drawing Cog. Engineer Approval: ..... _, _F_. ,=,_.-I/t_ _ Date: _'f///_//'_,/% cov,,_Sh;,,;-8"&k-{_d&D-Use_6ntYi/' ' / " ............ ---------
Receivedfrom EFR: Drafting Started:

-: Initials/ Date Initials/ Date

" O Date Assigned' Draffing Completed'
- Initial8/ Date InitialsI Date

Assigned to: .... _.---___.-._.....-........-.....--,.,,.._--_- Return to EFR:. _.... _.__._____
_-_ (Sameasdata baseentry) ' Initials/ Date
=

- WP Form 2017; 12/29/90 1290;B0006

_ Page 1 of 1



/= .;a,t_ ......, a ,.............___ ........

- "....... Dil I
• • ,____.__; _ ,,,,_'r,_-.-::---.-h"-_-,. - ' " " __'.'.
_i "' '

"! °el

,__ , _ ..... k._.,...,_._.-.-'-'

,I..... _

=.-_..=

- - °°'_, 'I:

¢ I '1 i" II - ,,,>_'r'l__-, ',1,

_. C-_,,'-"<-' 1 It-/_.l.i_ tt___-G"FTitlt. LLI,I 1;'1 _I-_-

__ li I i

LI l.,,_'-d , , I ....._ ...... ",'.'

., , . , ,.; : '';'!'" .

: r,,:
7, " ,V/-E -o/ 3- _ ,,<./

--'ll



9a

DRAWING CHANGE SHEET

(1 SHEET PER DRAWING)
e

1, Drawing: .._.._:_db2;_-©/z./ ,, Y_.,,.,_.......... .F.___ : ...... ECONumber: ._._'_"J_. /

2, ECO Search List: ....... _/_ o-/-32,,

IIIL ' II _ ...... _, ...... _ ..... _ .' .... ---_--_

3, Description of Change',

I 1 _ I,

_t Is' ' q0 li

.

>.7 ,,)

_: 4, Drawing Cog, Engineer Approvai;.._ Date' /',_L,_-I,'/L,.._/: .. _--7,. .......... _.......... --
5, Cover Sheet Block (CC&D Use Ont_"

Received from EFR' Drafting Started:
: Imtlals / Date Initials / Date

O .............__ ...... . ............. .... _ ...._....... , .......
Date Assigned: Drafting Completed:

Initials t Date Initials / Date

Assigned to' :_,:-.......-........:.....-.-: Return to EFR: ........_ _:::...__:
(Same as data base entry) Initials I Date

: WP Form 2017; 12/29/90 1290:B0006
Page 1 of 1





9a

DRAWING CHANGE SHEET

(1 SHEET PER DRAWING)

1, Drawing: ...... ,H/- _-/90...-_ _./_ ,.._-.,..._C._____ ... ECO Number: __"__:_-g /_.

2, ECO Search List: . ,'../¢,2._ ..... _____.__, :..... _ __........... ___.

o_lptlonofcn,r_e--'_' _-....- ........................- ....................... -'_--- --
, : ' ,=,,,m,=,,.m,,,,=,.w._

3 Des

",__-_-o_.o",_,e_._ _ _,.,.,-,.+-,_ , ._ _ ._.__ ,

i4_. Dr.awingCog. Engineer Approval___----__'_ Date, _ ,"_.. 9/
/5.-cover Stleet Block (CC&D Use 0nly__/`- " '''--'_

, Received from EFR' Drafting Staffed:
Initials/Date ........ inii(ais-iDate

Date Drafting Completed:
Initials/ Date Initials/ Date

Assigned to: ..........-_--_.....__......-......-_._._-_-- Return to EFR: _..,_._.._. .......___.
(Samea8databaseentry) , Initials/ Date

WP Form 2017; 12/29/90 1290:B0006
Page 1 of 1

' ii ) i , i r I ii g I1' , , #, , , _ ' h,tl ,,¢ ,i i, ,_1 J_



PLAN AT El.,LO0'-O"

L h -'i

, , _,_:j,,_

i PLAN AT EL, 86'-0" 0



ga

DRAWING CHANGE SHEET

O (1 SHEET PER DRAWING)

1. Drawing' _I..._-1")2..-0/_/._ :1"_,_,..I% ECONumber: -G-_"-'-///

2. ECO Search List: P._2,1 o_..:32,

, , , ................. ,=,.==, |,

3. Description of Change:

4. Drawing Cog. Engineer Approval

5. Cover Sheet Block (CC&D Use Only)

Received from EFR' Drafting Started: __
Initials/ Date Initialsl Date

O Date Assigned: Drafting Completed:Initialst Date Initials/ Date
Assigned to" Return to EFR' ___....._ _ _ _ _ .......

(Sameas database entry) Initials/ Date

WR Form 20i 7; i 2J29i90 1290:B0006
Page 1 of 1

, ,, , ,, ,,_,,, .... _....... ,_,,,_:_,..._..___.,._,,..,___.__....=,,._



=_
' i iii

+- '41-G- 172 J " ' " i '" _-.0"i _ C-"_f/ ,. _+'_+a,..,

O

¢)® ¢)_?, _ .¢)
ql T,I,I, IlL, 141*.lr "IL I,It.I. 1 1',t. FI,IlVl

am, Illl'+r -

,u:_ \ ......
,, ____.l >, _ .... ' _

++.,,.+.,,_ ... o
; "=_"L'_ , u_.

,.o.,."+"'...+="__- _ -_--1- "z'g "++
- = +'_]F-_==m:_L-=_.. -..'.,lh

I1,, TI*_t'

ml

SECT ION_
41 -G_ fO

g

s



9a

DRAWING CHANGE SHEET

(1 SHEET PER DRAWING)

1. Drawing: _ _ _ / - G - "3© __- 0 / z./; _ _ ECO Number: __.-_._- .,.,Z'/

2. ECO Search List: :_ crg 2. t_ _.:_ _ 3,_

3. Description of Change:

o

..rf' , ,

j" / _ J

: 4. Drawing Cog. Engineer Approval:_/_'_/.. '-_z- , Date: ._,_//'_'_,' _/
.................. 7 _ _,1 ......... - r m

• 5. Cover Sheet Block (CC&D Use_ln_"J'-

, Received from EFR' Drafting Started:
-- Initials/ Date Initials/ Date

+ l/ Date Assigned: Drafting Completed:
Initials/ Date Inttials/ Date

= Assigned to: ....+- _ ...... _+ +_........... Return to EFR:
(Sameasdatabaseentry) .....Initials/Daie

WP Form 2017; 12/29190 1290:B0006
"_ Page 1 of 1

' n +_I #_ihP_, 11 ...... _t ',+fl 11 , lth ,,i II IH, ' ,P,'lr rll , ,p,ll o11 , ,,qr,lll nl + , ,r qqP,rll ,, "" 1111'llnl+I ,Iii' lIpll++ 111'P,,'i'll-,+" rql+, r-+,L





9a

DRAWING CHANGE SHEET

O (1 SHEET PER DRAWING)
.

1, Drawing: ..... _/1 - C.,- _'c")/- O!'V_ _ C_.. ECO Number: _ .-"_._ -,-/-/

2. ECO Search List' H _ 2,2. F_'_"_ o._-,.I_

3. Description of Change:

ZL

4. Drawing Cog. Engineer Approval' _. 7 '_ '_- "J_ZI ....... Date: _ '_'///_/7/
ii , ,1 tlm , ______L _-- ,

5. Cove." Sheet Block (CC&D Use Only)/

Received from EFR' Drafting Staffed:
Initials/ Date Initials/ Data

O Date Assigned: ___...._ ..... __........_ _ _ _ Drafting Completed: __ ...._...._..._.......................
Initials/ Date InitiaLs/ Date

Assigned to: ....... ........... . - Return to EFR: .........._.........._......... ._ .... _.... _.
(Sameas databaseentry) Inillals/ Date

WP Form 2017; 12/29/90 1290:130006
Page 1 of 1



il.G.iO'l

t
' PL

i _..___(:_ t - C.',/_ US ARMY CORPS OF ENGINEERS ',



98

DRAWING CHANGE SHEET

e (1 SHEET PER DRAWING)

1, Drawing: ,'..//'-C..,-_'Og..O/,V_ _ I'_ ECONumber: --_---,,_-_//

2, ECO Search List: F_- 2 ? _ 3,2,

... ,, -- ii. --

3, Description of Change:

,

4. Drawing Cog. Engineer Approval v . __ '
ii i _ ____ Iii /P" i i i i i = i . li _ II i ....

5 Cover Sheet Bi(ck (CC&i_ Use Only}

Received from EFR: ........... Drafting Started:
Initials/Date .... -- InitialS/Date ....

O Date Assigned: __ Drafting Completed: __ ................ ........
.L"

Initials/,Date InitialsIDate

Assigned to: ........ ......... .., .,,,.._., .....__. Return to EFR: .......... --- L - _ - ___ '
(Sameas databaseentry) Initials/ Date

_/P Form2017; 12/29/90 1290:BO006
Page 1 of 1

' ' ' ' i, ,, ,, ,,,, '





/ _'CO _- ";,-: ' _ , ,_,CHH,.,IT3
_ _2. _p_9-0,.IR,,

Pa_e 1 of Z

INSTRUMENTNUMBERREQUEST
I. Instrument Number _I! - P_1"- OO! - 32_,.

2. Description P__t_R_ r')t_F:__aTl_/-. IAJolC_'rC3_. ....

___--________._-,.__ _ _ r',_s..../. _ c_ o_p,_-
3. Subequipment _xJr l_o__'r'_,/,- I_'r" _EP/&, ,,F'I_./'E_s

4. Lsop Number

5. Or:.wing Number . ...................

P_:D Drawing ,Humber _ .._I-f2_-_C)I.-LL)-,W_

6 System 14 VO I ......

7 CY,S Point , ,, /_m_

8 &',:'.'t Ty#:,ZRange ........ C) -- _-/" _¢_.,,,C: .

9 C.u:mut Type/Range_ /k,J____

10 S=': Poi n_:s Nm_a_ ......
ii C:.l.IPM Procedure Number

12 ,_:.,',ufacturer lr'__._y_t_. ,, ._ ,.

13 ,u,c_el Num=er _00_-# Serial Number ,

15 C-itic&l Equipment Yes . X No

1_ L:-ztion' Building ,NII Ream Number _ lO_'

17 "iectrical Power From i i i_ _ ...._

: 18 O_HManual in File Room Yes .... x No

= 19 C:.:niz&nt Manager/Engineer I'_o_. / _mz_o_,_3
_

20 E_uipment Labeled Yes ... _ _ No
=

I Remarks"

c Requestor &_)..__A_e.) H a __-.r" Date ¢/_a/e/..__

-_ NP Form 1870; I0117189
Pa_e 1 of Z



Requestor .... (.__r_ /'-L'__H_ "r?- ' ,.... _ Data

HP Form IBTO; I0117189
: Page 1 of Z



HP 09-021, Re,/. 1
,, P_.ge 1 of Z

o

INSTRUMENTNUMBERREOUEST ,

I. Instrument Number_ H I J __ _ _ _ _ _ 0 1 - 3 _ ...... i .......... i

3. Subequlpment CLF_ OVERmAc__ _c-z-_L}RE ...... .......

4, Loop Number .... ............................. .............. -

5. Drawing Number ..... ........ - ........................

P_ID DrawingNumber ........._I-_-CbCb,I,,-(_,_ .........- _ ,,, -

@. Sys"cem..... HV_ 1 ...... _ .......... '.................

I __ li __ _ ...... , ..... ii i iii .... i i, ,,, iii _ i i .....

8. _Range 0 ,,x"ln d-_ii __ i i llll i i _ i i Ii

g. Cu'.=Ui:Type/Ra.nge_ _J_ _ ......................

I I0. S_i: Polni:s .... __ ... . ..... - ........ - . - . _ •i

II. C_1./PM ProcedureNumber....................... --- --

IZ. M:muf:c_urer.... [_)c_)Y E_ .................... - , ,

13. Mo_el Number ..... 2.0_0x-4 __ SerialNumber ............ -.....

- 14. _slgn Cl_.ss..... _ ..!'L'_ _ ................. --------__-

IS. Critlcal E_uipment_ Yes _ No

15, k::,.tion:Building , _// , _ Room Number .......IC)_ ___

17. [_ectrical Power From ..........N/_ .......... - ----
i

IB. 0_4 Manual l._,FlleRoom .... _ Yes ......X No

19. CognizantManager/Englneer__L_/F__LOE_d _ , ,,,

20. E_uipmentLabeled_ Yes _ No

R_m_rks: ---11iiu___ ii __ '- I i i i illll ii _ iiii i i i i i i

ii ii iii i i i i . i ii i -. II I

Reques_or , _),_n. ,___A_,_'r" ,'.......... Oate__ r_l,_/__,. _ .

- HP Form 1870; lOllT/Bg
Page 1 of 2

_



HP Form 1870; I0117/B9
- Page l of Z

m

I,



ENGINEERING CHANGE ORDER _,_
USEBLACKINK Page Io__.

1. ECO NO.:..-_T-_:/__'" j 2. Impact Level I r"l 2 [_ 3 J_ 4 [_] /;q

!"-CC&D Review:_ Initials
e 3. System: _ EquipmentNo.: ,0f-P-013 .__Building'(//, R,¢_II

F'.osted 4. AssociatedDocuments: 5. Document Type:
_."L-ool -W

PWR "fl_lgl_ Drawing _';Z-L-.ooz-',v" [_
II$'H-_j .i._/

ECP !- _VH'.q I- _ Specification_;.,)-o:_2.w, E]

P.O, VendorData I os-_'-ot>-w [-1
Ios-J-o3o-

Others __P_¢1_-o I / D-00"77 ,0,EV_.. SDD r]

Others

6. Title of Change: V 0 C.. (0 h 5 - _>,tJ! L.T'_..._

7. Originator: (print) Ext. No.: Department: Bate: ]8. Cognizant Engineer: (print)

o6.z_E  a7+ ¢'Zz-lJ L

9. Description of Change:
Yes No

Componentindiceschange required
[_ _ (if y_s, attach sheets)

i, CHANGe Voc Io DR,F_w_AJc-_T"0 S;H0W

AS-J_Ut L.T Co_JFiG.uP..PfTtO_JAFTE'_
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DRAWING CHANGE SHEET "_(_._._,

(1 SHEET PER DRAWING)

1, Drawing' _ 2-[-- 001-LAv/ ECO Number: .__ _-_-_'"

2, ECO Search List: .5"53

3, Description of Change'

1, pIKF_..SSuP,F-.-R,ELIEF VALV& (,Vc-s3,_-R,v-_op">:

A, ROVE. TO UPSTEEAM OF VAA.vES Vc-S34-TW-ozi_kz3

_), _ oFF' 3"W_Y t/_LV_ VC-S3,_.TW-OZ-f ON ONE PO/_..T

C, PuT A Z-v,J_'YVAt..v¢.fA cHEcl< U/_-UEoN OT'HEIKPoRT

J), TO /_L/..ovj FoR. tna_ro_.C_P.ELIc-F"DUR_I,d¢CLET_Ajt_¢_C .
2 , cER,TIF ICATtOM,

CHAKIG@ qTY. EoR. ITEMs:
4-

14"
16

3. CNA,',JC, E J.5 t'lIcRokJ FILTEr2, (hJ ITGEM28 7-0 juST"

4, C.HF_NGEPART NLtMBE'R,FRot_ozsBc-_SV TO.ar,,_
,,', I _ _'21_1
oz38c --ooSoo -sW_ ,

E-EATTAcN PAGE.s

4. DrawingCog, Engineer Approval"__.,,_,'%'_:_,,_'__..e__ Date: _//E_"/'_/_
1 ....... -- Iii' II I I II _lII_l_ I Ilil I II I I I I -- i

5. Cover Sheet Block (CC&D Use Only)

Received from EFR: Drafting Staffed:
Initials / Date Initials / Date

Date Assigned: Drafting Completed:_ i _)Initials/ Date InitialsI Date
Assignedto: ............. _._ .... _. ...... Returnto EFR:.__.....__ ____ _............,.._..... _ ..,,,,

(Same as data base entry) " Initials/ Date
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O DRAWING CHANGE SHEET _..5c. ,

1. Drawing: 5_'L-00"2.- W _.- ECO Number: _%"--__"

2. ECO Search List: _.,.5_5_2_

3. Descriptl.onof Change' ,.._EE" _TT_CIJrE_ PPtGrE S

I, Ct'_I_NHE T'HE Cot,JF IGV/:_,._TIO_ _E'TI,,v'E'E?4 THEE CAR,._OAJ _g'-D

_ THE .._At'IPL.£-P.,.:

A, HOVE T'NE" PR,E _J.E;UI_.E _ EL/EF VI_L.VE "[-0 dUST g0WN.CT&EP#
#V 80TH THE C/_l_8etO BED _r TffE V6_T TLI_ES. .

_, H_VE A 3-w_y VALVE BE-F"o/:P..ETHE P_V To _0vT"E/
" FL(bW TO EITHEr2, THE PR,V (_,_, THR.u /_ CHE'C/_ L/AL-V_

O )SOL.ATIO/'J Vf_LVE _D_ED ,

C, HAvE FLow CeHE FAoH EITH£_ THE CAt_.I3o_ fi(E"D _lk

THE Llo._T TU_E-¢ _.s _----CFo_&-.

2_ , ADD A NOTE TO _ET_D;

AL.L, TU_IhJ_, F [_ O I_ T Hr E l"l l_ l t,J C t_ (2,8 01LI _ _-D OUTLET T O T Hr E

SAI'I_L, EtL I/NIT 1,5 IM_PIPPE'D Uv/TH HEt_T TA_F. (3,23" uv_lT3 #_,.
5_UAfLE /_CH), THE'_£" /_P-._ OUT'LEI"_ F'O& TfflS T_F_" oN THeE.£,_HPL.E'R.R,.P4._

3, AbD THE HE-t_T TRPE Co/'0T_0L BoX To THE ,Q./_-CI/..,

_ II

THe pIA_J_F6LD F(?.,orl THE Ct_90_ #E-D SIDE OF" THE (_o_r-1
TO HELIUM ..£tJ)_- #F THE /2,_e/_/ ,

.........
4. Drawing Cog, Engineer Approval' ___' _,-,,'_--_-_ _ Date' _'//_-__._._9_z_ .

ii i i iii i _ &l iiii ii, i i ii ii i

-. 5. Cover Sheet Block (CC&D Use Only)

Received from EFR" .--. " Initials'/Date ..... Drafting Started: ........ Initials / Data

O Date Assigned: Drafting Completed:
Initials / Date Initials / Date

Assigned to: ......... =-_.:--:......._.......... Return to EFR:._.... • ....................... _
(Same as data base entry) Initials/ Date
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DRAWING CHANGE SHEET _,'_,/,e_,t
O (1 SHEET PER DRAWING)

1, Drawing: L, 52-L.- 00'2.- W "3 ECO Number:. ._--.._

2, ECO Search List: . _J_.iL

,i ,, , , ,. ,, i lUl i i , ,

3, Description of Change:

5-2-l-oo2 w 2. oF T'_ lrl' E CO ,

•" ' "-/Z--
4, Drawing Cog, Engineer Approval: _._J..f ,'S(_,,--_J__ _ Date',,,i i ....... /i i _ li -- II1, [ _ li I Iii I I

5, Cover Sheet Block (CC&D UseOnly) : :

Receivedfrom EFR: ............ Drafting Started: ....
Initials/ Date Initials/ Date

- _ Date Assigned' ................... Drafting Completed: .... . ....... ' .......
Initialst Date . . . Initialsl Date

Assignedto: " .... Return to.EFR!: .- :_ :::::::!:.::::.: : .,:......._ ,............_
(Sameasdatabaseentry) :. " Inttlals/ Date
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DRAWING CHANGE SHEET h/_,,,_
(1 SHEET PER DRAWING)

1, Drawing: 5Z-L-OO'2." w'_ ECO Number: --__ _ _

2. ECO Search List: j_ 3 _

3, Description of Change:

_AHE A5 I. ON SHEET ¢[_ OF D_A_v/'_(,:.

_2-L.-Oo2-wz OF TPrI_ Eco,

4. Drawing Cog, Engineer Approval: _ M_._,,_Zf2-,_ _ Date: .... ,_,./'z_,/_/___...... - ........ _ iii, L/,, i ........- . ,
5. Cover Sheet Block (CC&D Use Only)

Received from EFR' Drafting Started:
Initials/ Date Initials/ Date

Date Assigned: .__ __::.....__.........::____:::__... Drafting Completed: _.____._________. . ....... /lt

Initials/ Date Initials/ Date -TAssigned to: .... :- :-.-:.: .-.............-................. Return to EFR:._ .__:............. ....._ ,,...............
(Sameasdatabaseentry) " " ' Initials-/Date
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DRAWING CHANGE SHEET _,_6_
(1 SHEET PER DRAWING)

1, Drawing', ,5 2- L- Oo ?- "-V_._ ECO Number', . _.._4-_-"_,5",, , iii J ,. i

2, ECO Search List: .. 553 2.

i,i.

'3, Description of Change:.
(

_o_ff THe P_V _NC_rvBttU_ To S2-c-ooz-wS, ""

(.2,t-I1

4. Drawing Cog, Engineer Approval:, __ fx._f_.,,4_....-J_.-'--_/___ _" Date: "7,/_/Z.,:.._,/_._

5, Cover Sheet Block (c-c&D Use.Only)

Received from EFR: Drafting..Staffed: .
Initials./Date Initials/ Date

. Date Assigned" DraftingCompleted: .......
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- Assigned to: ................._...............-............ Returnto EFR:.:....... --:i_-__.__ ...... ._.............-- ]

J

(Sameas database entry) . . Initials./Date ]
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DRAWING CHANGE SHEET _

sHEETP DRAW,NGl
1, Drawing: / 015- F - OI 3-'wJ ECO Number'. ._z-__-/_._-. .

2. ECO Search List:

3. Description of Change:

/_bD "T-H_ IN..STRu_',,_T 1_0 vALVE IvuMBE_ T_,c,..._

To THI6 _f__/_J_ _s .sHow_J _TH_ A1T_C_-D

=

4, Drawing Cog. Engineer Approval: (;. _, _ Date: ____:2 2-TI
= ,,, ,, ,, , ,_ _ _ _ ,,,

5. Cover Sheet Block (CC&D Use Only)

i Received from EFR: Drafting Started:
Initials/ Date Initials/ Date.

- Date Assigned" Drafting Completed:
Initials/ Date .... ' InitialsI Date

• IAssigned to:... ............... __: -. Netum.toEFR:,,.___,.._._i . _ _.... . - -
(Same as data base ew-_t,-y-) ' _" ........... !.n.ffi_l_! Date

..: . . . . J

- WPForm2017;12/29190 1290:B0006
P_,t'l,", 1 of 1=

u ,_IH,, II, llrlI', ,,,II_,,ll ,,,r .... _, , Ill 'II' t ,q ,¢qlllqr iiiIIi, I 'I ' "' '"" _,rl',illl, ii i ff_l "',]I "lr ' ' '',I"



b '- % ECa _-_"-

2.'_,

RRA_AApooooI ,_,

ENCLOSURESHOWN IN PHANTOM
FOR CL_rIY ONLY.

--- 11.00 "' ----

m--.-"ll_ =

!



ECo -5-_-_d<.py--....
....... 2q J--_

DRAWINGCHANGESHEET ._,.
(1 SHEET PER DRAWING) /#,',u_ft_

1. Drawing' I 0"5--/4 - 0 0_" - t,b/ ECO Number: "--J_

2. ECO Search List'

__ A-TT_qcnu-I)F_¢ES

4. Drawing Cog. Engineer Approval: (././t_ ,_ _ Date: .¢"-Z2 _ 1

5. Cover Sheet Block (CC&D Use Only)

Received from EFR' Drafting Started"
Initials/ Date Initials/ Date

Date Assigned: Drafting Completed: ...... ,, _ , .__Initials/ Date Initials/ Date,

Assigned to: .... Return to EFR: : ......................
(Sameasdatabaseentry) Initials/Date
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DRAWING CHANGE SHEET _'__/.#-

(1 SHEET PER DRAWING) _/ll

1 Drawing: LOS -L- 0 o 7_-_ _ ECO Number: ......_)'_- _ S-

2 ECO Search List

i,, i Ill I

3 Description of Change

I AbD Wl_lr4_ F_ THE ,stc:_z co,JDtTto_i_Jr.-

TfzF_Igm(TTEP, (.sc T_ A3 3How_j _ N THE I@TTACNEt)

•,,_" t I 11

2 ,_XCHe_J_E cP,.{ q- "_c_z DES_NeTIV_.S

3, i_bl) A (s_ cllZ,CU_T ¢_EAK-E_ I t,J-Ll_JE B£-Fo_E

TH_ LI_E P_LOTECTO#_ 0

@, AOD SYSTF_I_ J)ESI_N_To/_ ON _L.oc_ DI/_f_t_F1

4. DrawingCog Engineer Approval: j, _. l_ ..... D ate ' l _" _ 2 - _

.... _1 ..... ii rmmmr_ _ ' ::_

s.'cover (CC&D 5o y)
Received from EFR: Drafting Started:

Initials/ Date , Initialsl Date

Date Assigned ................... " _ " _. Drafting Completed: .................. " ...............

" Initialst Date ' ...... Initials/ Date . I

FR: 1(Sameasdatabaseentry) I I ' : ' l ' ' ' ' I Initials/ Date :
_.. • ,
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DRAWINGCHANGESHEET !_'(

e (1 SHEET PER DRAWING)

1, Drawtng: ___ _ ] 0S ",_ - 0 2. 2 " VV_ ECO Number', _"._'_ _ .5"

2, ECO Search List: -- _ -

----- ,,, ,L __

u, it.,, ,,. i, ,,.,, i ,, ,,, . ,............. ,,.... !- ___j , ,

3, Description of Change:

t' _t '" :: HIgH _ LOW2 , C.H'_Nc,.F.. I '#--. 2. PKio_ll-Y To " _' '\ _
I

W

p

4. Drawing Cog. Engineer Approval: Date: 6"" 2.2.-_ ] _
i _ _ ,, , ._. ,ii,, .v-:---- ,i, , --

b0verSheetaiock(CC&DUs,Only)
Received from EFR: ........... , Drafting Staffed:

Initials/Date ...... initials)' Date

O Date Assigned: ....... -............. ....... Drafting Completed: .... ...... __,.....Initialsi Date ' Initialst Data

- "-Assigned to: ..._ ...... .... ......--. Return'-to EFR:___.. __:.._ _. ......:....... , _
(Sameas data baseentry) Intttals/:Date

- ,, _ .-- , ,,,, , ,, _ ,, _ -

WP Form 2017; 12/29/90 1290',B0006
Page 1 of 1
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DRAWINGCHANGESHEET ,'_I_"IPaJ_

(1 SHEET PER DRAWING) _,_1

1, Drawing', _ 105 :",J- 0 _ 0 - Vd ECO Number,, ,=_-_"" _ 51

2, ECO Search List: _

, , i _ - _ , -- _ ,,,.N =-.-.-_.

. ........

.......... ,,, ,,, , i ii ,1 i, ,, ,,,1, i .LJ_ ii -- " ..... . ,- ii

"3, Description of' change:

t, MOVP-.."T'HE WIP,.E"5 F_o/"I _H _'_ N"_t TO'_p i,_ _."/i Ot'J
THe_.INPUT C,_4ECTo&,

"2, /lOD THE _IoOE .c_P_cr'ro#. cIP.cutT Fog, $4,

O
S_c I_77"_cHED PA_E-_

m
, - ,,, . ._ -- , , ,,

4. Drawing Cog, Engineer Approval: .Z_L_ Date' 6"-2 2-_.J
-- __ _. i _._ i I _ nii, ....roll _ ii i L___ --

5.cowrSh',,,,ts,;ck(ccs,o iJ,oOnly)

Received from EFR' -__-.-___.--___- Drafting Started:
Initials/Date ..... ::- Initials/ Date

Date Assigned" -.: _,......... _..... _ .... Drafting Completed: : =:__:.:...._......_.:__
. Initials/ Date : . : . Inittals/ Date

Assigned to: ___. _...... : _ _-_---__ Return to EFR: _:..... ' "
(Same as data base entry), ' • Initials t Date

, , i, ._ , | i _.__ , ,, iI _ , i i , : • ,,
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ENGINEERING CHANGE ORDER
USE BLACK INK Page 1 of /'._._

1. ECO No,:_ I!:':.... 2. Impact Level 1 r_ 2 [_ 3 _ 4 [_

_C&D Review:_ _ais: 3. System: EM£)5 EquipmentNo.: v/c-_;'3_ '_,,V_Buildtng: I,J G (____

"Posted 4, AssociatedDocuments: 5. Document Type: _,¢_/@,/i

_. I ,mma_l, PWR Drawing _2' ICC_ ;;'_ _"
BFIMIlUm,w 92-L-_:_2- W5

ECP Specificalion52-L-t]OZ-W_ r"]

--.. " _Z_.-aO2-WZ I-1
.... ___L______" _ , -- P,O, Vendor Data =_Z'.L"B_Z-IN_

Others__/'/4181 C= soo 9z-_.-ool-w C]
Others '_2- L-_O_'Z-

6. "Fttleof Change: V_:_ /_ M_rD/_ZC_A3T[_qS

7, Originator: (print) Ext.No.' Department: Date: 8. Cognizant Engineer: (print)

,.T_RRY C_.4_? 87_c_ EE &- 7..el _ R. G_'R_i. E

9. Description of Change: Yes No
Componentindiceschangerequired

1_ (ifyes, attachsheetsi,
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9a Drawing Change Sheetattached [_ 9c Vendor Data Change Sheet attached
r-] 9b Design Documentation Sheet attached

, _ ,, ,.. , .... ,, _ , ,,. , ..... ''"L _ - _ -

10. Yes No j_t_i._. _ -.-i

r-] Modification complete: . -_- _ ..... / _-2"_ "_.,....( incorporated after
D,-- M.I.P, signedcomplete

Change drawing per as-built markup dated: _,_<._ _0 ..-----
r-] Change drawing per ECO-provided data
r] Temporary modification _,,.===,.,,,==,==,=.,,=,=_,_, ,,,. ,

11. Design Verification R_qulrement=: (per WP 09-018) EDT No.'

._ 1. F_equirementssatisfied by review/approvalof design document2. Independentreview

3. Alternate calculations i
4. Developmenttesting

5. Designreview

1 L

' ..... . .

12. Addendum Sheet added: .... ...../ • ,
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2. Description of change:

3, Approvals _

Cognizant Engineer" J. ,_, 7-f0" _I.
Signature Date
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Signature
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2. Description of change:
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Signature / D_te
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ADDENDUM SHEET
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ENGINEERING CHANGE ORDER -_
UBB BLACK INK ' Page 1 of __.L,#'_.:,._',,j

Posted 4, Associated Documents: 5, Document Type;

PWR / Z C "7Z .. Drawing _2-L- _ 7:. L_z' [_

ECP Specification E_

P,O, VendorData

Others SDD E_

Others

6, Title of Change: ADDtTIC/V ..__J..-"7"LJ_IX/_ D_.,V_T'L._J _" #A¢._,.'_

7, Originator: (print) Ext, No,: Department: Date: 8. Cognizant Engineer: (print)

,7_._,_Y"C.,_p _;7_-c s.E 7-/_._/_0 gLE .....• , ,

9, ' Description of Change: Yes No

(_ _ - L -C_ ?...VJ _") _ j_ ComponentIndtceBchange required
(_ ADDITZCN _/-." _LE_YBLE _7"EE/- ?'IJ_iN6 (if yes, attach sheets)

(Sz.z.ccC-w )

9a DrawingChange Sheet attached E] 90 Vendor Data Change Sheet attached
F"I 9b DesignDocumentationSheet attached

10. Yes No

E_ MODIFICATION IN PROGRESS J ,_ ,__j,._ __ ECOwlllbe
" Modification complete: L , , ./ _'"_J_L Incorporatedafter

Slgn,tur,_ D,I, M,I,P, signed complete

Change drawing per as.built markup dated:
[_ Change drawing per ECO-provided data
F'] Temporary modification

11, Design Verification Requirements: (per WP 09-018) EDT No,',

1, Requirements satisfiedby review/approval of design document

" (J 2, Independent review

3, Altemate calculations

4, Development testing

/ 5. De,signreview
6, Other:

12. Addendum Sheet added:_____.._ __ _,,,. , , o,_,......
...... IIIIPl!ll I IIII . I ..................

mim.._ i i r " -- __i .... II I'll II II 1 I IIIII I --
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_1 iii ..... : _ ....... :.-..: " • HIIII, II ............................... ,,,,,, ........ , _,,, ,. _. .... ;:_ __'- ,,,

..... '-]7

13, Justlflcatlon

o

iI

J,,,, , ._ JiJ_J__ ,_ _ , i,, ,,,, ,,, , , , -- - . ,,,,, ,,,,,

. 14, Administrative Tracking ,,,4../Z,_1¢11

YES N/A YES_6 e[_--1I_ 1, FSAR I_ , ,,i_l_tt_/AcoeptanoeTest
C] [_ 2, CallbratlonProcedures r_ 13" 7, Test Requirement& Spec,
i"l _ 3, Maintenance Proce,_ures r-'l I"I 8,
C] I_ 4, Computer Software i_ El 9....

° L-] _ 5, Operations Procedures [] I"1 10,
7-- ....... --

KEY
15. Signature Requirements A.APPR, 16. Distribute as Marked

R.REViEW
f.-- S-SIGN NEW

[_ Cog, Engineer jJ.X,_,- 7.-!'t-_!1. [_ Malntenal3oe (MANDATORY,

Cog, Eng, Mgr..._._z_/c/J=_P_ _-/,f',_Xc)/ _ Ops. Support (M*ND_,TO,Y)

Sta.up U_/.L-_--7_ _ Startup ............
QA _'_ )V_ _ _e _ Facility Operations
DOE ....... (_ ........ 1_ U/G Operations

[_ Safety [_ Orlg,/Design Engr,
Dept. Manager ..... _ Cog, Engineer

[_ Operations ...... . ...... [_ Others _'___._xa.,/#_L,4_m
Security ___.._
SNL

- , _ ii II I I I iiii IIIII I I|1 ii I I

WP Form1200; 12/29190 1190BlOOOBa
Page 2 of 3



,,,_ _n i_''," _.-
"' ' " _.'_'_ " " '4',.,_ ._1,_'°' _' /"
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ENGINEERINGCHANGEORDER _. Eco#_.:.,4Z.__.p,':__

O E .2...:.....DOE ORDER 8400,IADESIGNcFirrE_IA 2. DAT -/,F' 9 L

. CHE.CKI..IST

1"he design requirement_ in DOE: Order 6430,1A checked below
hove be_n applied b._ thi_ Design,

_. .,,,- ' ' , z_-_, :J,,,

,, _ _ , , J i , i i i ii ii ": ......

sit, ,_,_c_v, D oz4._E3.'n_o [:] oz_ r-I oaoo_ oz_z lD o:z_ E3o_e;,C] ozTo_ oz_,_L.qo,:_'_
_7_ Engln_ring

,i., IH_,__ : ,., i , ,, i i i, , ,,iz._ : .......... r " _-- ' •................. .' :' :T'L •

_ ..... , , ,, ...... ,...................................,

........ ' -- .................-...............,;.;",'............ o,ooo o;;_,,_o,,, :-oi_T g"o.,';_
l.._ ..... l,t _i i,, , i i,,i ,.. ,.- ..... _ .......... , ii ........ . ...... _ .... . ...... _., ._...... _ -

....... i i i

P_"_"°_ [:] o7_o_ or_oI:::3o7_,I:::3o7_ I_ o7_oD o7_o
,_ , ,, i " ii i ,,_,1,, .... _ •......... ,,, i _,,,,_:' - _ '-

0880 '..,,..,. • - :' , ,,,i J " ,

IClo_o 0 o_

r-"lll E_ui_m_ [_ _lOO C_ 11_

_1_ s_,=io_ro=i,u,, Q _oo Ci,_o,_I:] _ao_El,_o_ r"l I_O7L.q_ F__.3_ U _o C]_ U _z:
t .. ' t

- , ,, - _ --:._ .: -- __--

" _, C_ NOTA_'t=_J_SL-E---'--- Ne portion ,Of DOE O_,r @4,30,1A'"111'.................._p_ii_ol_;m-totrill E)eljgrl,,"--"-_ "./..7............. ._' ' .__//__'"(-i

5, [_-;$-_JiL_-'-_'ECO i, for o.a-built field wlriflmd CMQncJ,,only, .,_::_', / /_...L_r_-___ -_._.-------.--.,-..--...,...,.,._ _" _---"Y_ - " /I, _ .......

NOTE: A check ploced in the Divis,on column signlfl.-,,J t,hoTthm /_///_/_(' '

entire Division shotl be appllcoble to the Design, unles_ /- _ -
modified by check_ lndicol:ed l_orspecific Sub_ivisions.

COMMENTS: __.

W
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DRAWING CHANGE SHEET

(1 SHEE'I" PER DRAWING) _IL

1. Drawing: 5Z.L-O<_2-1,_J5 ECO Number: _C' :7

2. ECO Search List'

3. Description of Change'

";"//-Sr° 4. Drawing Cog. Engineer Approval" ,_'_ '_ '_','_._ Date: 71_/ql
.......... -'_::,_/_.... ,, ,t;,....

5. Cover Sheet Block (CC&D Use Only)

- Received from EFR' Drafting Started:
Initials t Date Initials / Date

" Date Assigned: Drafting Completed: / Date O-___" !1 ll{IQlilt i i,Ji_li

Assigned to: Return to EFR' °
(Same as data base entry) Initials I Date

,i ,,,

= WP Form 20!7:1229i90 1290:B0006
_- Page1 of t
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9a
DRAWING CHANGE SHEET

O (1 SHEET PER DRAWING)

1. Drawing: _.L.-,_O_. W / ECO Number' _-25

2. ECO Search List: ......

3. Description of Change'

ADD /-=E..E.,VZ_ L _. _ T/Jt/qZ.,ES:_ 75"7"__J.... ""TLZ_ I,,V6 _ C_4G E L_/_.)
P._. '_"S - / Z/-./_ -_ - S' / "Z J-'"o ZSzz..z.. _ ,: ,,v/a"-z"/_._,

4. Drawing Cog. Engineer Approval: _ )7/_t r_'_zf" Date' 7._ / . /ii i iii ii i

5. Cover Sheet Block (CC&D Use Only)

Received from EFR: Drafting Staffed"
Initials/ Date Initials/ Date

O Date Assigned" Drafting Completed: _....... ....._ _.Initials/ Date . InitialsI Date

Assigned to: " ........ _ ................ . ..... ...... ___ nu_u_, _u=rn ............._ _: ....._:, ._ _ .... _......
(Sameas databaseentry) : • Initials/ Date '

=
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ENGINEERING CHANGE ORDER
USEBLACKINK Page 1 of

_. EcoNo..5_ __ __ 4C]

cc D sy--;t..,---;.; No" Bu,  og:
Posted 4. Associated Documents: 5. Document Type;

PWR Drawing _,

ECP Specification I'-]

P.O. Vendor Data ["]

Others SDD ['-']

Others

6. Title of Change: Co_==L.tt_ATlo_ _F _,t't'_ _=_w_C,-_

7. Originator: (print) Ext. No.: Department: Date: 8. Cognizant Engineer: (print)

9. Description of Change: Yes No
Componentindiceschange required

_P_,.tqP--,_l"_ FJ_--'_ _R,_vqt_C_c..,: r-] _ (ifyes, attachsheets)

"Z4- C- o_-::z.- _ 1,4_f.r_ _. f%,_,4

7..,_- c- c_ _. _,,- _ _ _, _Ta U'n_._=--_

,]_ ga Drawing Change Sheet attached El 9c Vendor Data Change Sheet atlached
9b Design Documentation Sheet attached

10. Yes No
r] _. MODIFICATION IN PROGRESS ] ECO will be

L_ Modificationcomplete: ........ /" ._ _j-- incorporated afters_,,,,,. _=, M.I.P. signed complete

[--] Change drawing per as-builtmarkup dated:
r-] Change drawing per ECO-provided data
El Temporary modification

11. Design Verlf_catl/0_Requirements: (per WP 09-018) EDT No.'

.... '_/_k,,J" 1. Requirements satisfiedby review/approval of design document
2. Independent review

3. Alternate calculations

4. Development testing

5. Design review
6. Other:

12. Addendu Sheet added: " ....
_llYtlf_ : ........ ", " i: .: • ' '

i .......... iiiii i i ii i i iiiiiii i i-- i_,111 , i1,111 i i i i =__ -- ,, i i ,

-- o 0WP Frm 1;2 0; 12/29/90 1190B:0005
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14. Administrative Tracking

YES N/A YES N/A a

[] 1. FSAR E] [] 6. Startup/AcceptanceTest I

[:] 2. Calibration Procedures E] [] 7. Test Requirement & Spec.
[:] 3. Maintenance Procedures E] [] 8.
r--I 4. Computer Software E] ] 9.
!-1 5. Operations Procedures E] i_] 10.
,,

KEY

15. Signature Requirementm A-APPR. 16. Distribute as Marked
R-REVIEW
S-SIGN NEW
DRAWING

Cog, Engineer ?' ,/_ _"_-"__. 7//2"#,/_ _ Maintenance (M,NDaTO,Y)

Cog. Eng, Mgr. _'._/,C_/-.._ "/]ZT/'_i:.'_ [_ Ops. Support (MAN0,TO,Y)
Startup'""_>;"/"_. :./, _,l_",,, z {/< ,_?/ _ Startup

E_ QA _._..._ _... _C',l_J J _ Facility Operations

Safety \\_ _ Orig,/Design Engr,
rq Dept, Manager [_ Cog, Engineer

Operations E_ Others
E_ Security [_
E_ SNL E_

EZ3
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ENGINEERINGCHANGE ORDER ,--'

, DOEORDER6480.1ADESIGNCRITERIA 2, ,3ATF.CH_:::;KI..JST

The cesicn-eouirem.n_s in DOE Order 6430, A checi<e_ :,e!cw
have been ap,.oliec :o tr,is Design.

3, DryIS_O,q i SU_OtV_SION

,_I General _e_ulrements r]ol01 ,-i0!36 _.01og L_0110 [-70111 _.._ 014.0 i__..;0150 _,. 0!79

o:c,o- o:o_ _ 020: Q o:os _ ozo.=r-i o=_o_ o=_ E2o::s _ _2:o -
--_ Site anu Cbil r-] o2&E "-_.- 02-_0iZ 02_-_Q 02eO_ O__e2C] :):.8_lm 02e7rq o:_o _ 027"
-- Engineering --

_ "- "_"a OZ9a-.rG:Z o2:_ ,. o.,. ,_ o:,.=o_ o:_ M o:a:. _ c.-.3.._ o2_o ,-"
2-2," Concrete _ 0,300 '_ 0301 !'] ,OSlrj _, 03:0 __q 0330 _ L_,,4.0 0 05_0 0 0,3,70 _ ,3Z80

."_6 Wood _n_l l=l,astic_ _,' 0800 L._ 06 10 I_ 06"_0

--- Ther,"nal an,-J Moisture L.., 0710 _ 0711 L.J 0714. ['_ 071", i_ 07_g, _ 0720 i--'l_.0721 _ O"'_',.._ _._, 07_4. _

"J Pm,tection [_. 07_0 ,-- 0750 [_ 0751 _ 0755 _ 0760 _ 07g0

I-'1 0800 '_ 0810 r-- uS..,, _ O

oseo

L_jIO Spec{o,ties _ 1015 '-2 1r,'_', /--I 'OZ4- ,_ 1027 _] 1 ""

1060 C 1065 _. :079 C] 1075 [_ 1080

--11 Equipmem: L.I 1100 ,'_ 1161

I-']14 Convey.ng Systems _ 1401 _ 1420 I--] 14.40 O 1,_60

_r--_i5k,lecnanical 0 I_25 0 1530 0 154.0 O 15_0 F-] I_5 F'] 156_ 0 157a _, '589 _, !995

,_ 15 EI.ctrical _ 1600 __j 1605 _ 1820 [_ 1630 C 1639 r] 164.0 I_, 1650 F-I 1655 L.._.',_660 C

[_ 1671 [_ 1685 [_ 1694.

4.,_ NOT APPUCABLE No potion of DOE 0r=er 6430,1A is opplicoOle to this 0e_ign.

5, ['_ AS-_UILT ECO ;s %r Gs-built field verifiec_ cl'1,url,ge_ only,

= NOTE A '- -"..n..ck placed in the Division column signifies that the
entire Division shall be applicable to the Design, unless
mocified by checks indicated for sDecific Subdivisions.

: 0 COMMENTS:
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DRAWING CHANGE SHEET

(1 SHEET PER DRAWING)

1, Drawing: "2, _r "c...- o-z.o- v-,J ECO Number: _ _ _ 7'I _/

2, ECO Search List'

3, Description of Change'
lt

1

|

: -7.' _ Date' 2 Y'//_/
4, Drawing Cog, Engineer Approval',T ..... ' ' .............. ._.'. "

5, Cover Sheet Block (CC&D Use Only_

Received from EFR' Drafting Staded"
Initials/ Date Initials/ Date
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NOTES :

i. GTAW PER ASME B&PV CODE SECTION VIII USING WELD FILLER METAL PER AWS
A5.9.

2. LIQUID PENETRANT TEST WELDS PER ARTICLE 6 OF SECTION V OF ASME B&PV
CODE.

)

3, WELDER SHALL BE QUALIFIED PER SECTION IX OF ASME B&PV CODE.

4. THE ASSEMBLY SHALL BE VISUALLY CLEAN. NO VOLATILE ORGANIC COMPOUNDS
MAY BE USED FOR CLEANING, DETERGENT WITH A HOT WATER RINSE OR A
SIMILAR PROCESS IS SUGGESTED.
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ENGINEERING CHANGE ORDER V,,/
USE BLACK INK Page 1 oi 5...._7

"1.- E_O.ao.: ,.-.__ I_- _|2, Impact Level :::- ...... -" - ""'
CC&D Review:_' I_ttals,, | 3. System:_ EquipmentNo, 105,P-023 Building',g_J

O i, , , ,,, i ,,,,,Posted 4, AssociatedDocuments: 5. Document Type: 4 s2..s_. ,,,c_._,'
PWR 120gOH: )2085M ...... Drawing ='_.-L"_z-_q/ _ '_//=

' ECP 2-EHRI-185 Specificattont_.._S'J'-_2z-w, r"l
P,O, 48a60.48_,70 51057 Vendor Data/_:./..,.,o._. v,j [_

" : -- /,_=r, :.T'..<0.._,._

Others SDD ,_-','._" _J_- wr

' Others

8. TltleofChange: VOC-lO ,difJ.cat:iont:oCarbon Bed Ass'y

7. Originator: (print) Ext. No.' Department: I_'ate: 8, Cognizant Engineer: (print)

J, R. St:rob].e 8374 E].ec, Eng, 10/4/91 J.R. St:roble

9. Description of Change: Yes No
ComponentIndiceschange required

[_ [_] (if yes, attach sheets)
C'la.ngeVOC..IO as follows:

1, Placethecarbonbeduprighton a rack
2 Piacevanes,tubing,andinstrumentsassociatedwiththecarbonbedon thesamerack
3. Add a flow meter/indicatorjust upstream of th_ pressure relief valve (PR"/)
4, Move the PP.V closer to the exit (mp) of the carbon bed
5. Remove valves VC-534-TW-010, 025, 026, 027, and 008
6. change ali valves and tubing from manifold to PRV to l"

O 7. change ali valves and tubing from PRV to sampler to I/4'8, Delete drawings 52-L-OO2-W6,W8, and WIO
9. Change system designator on above drawings ali to EM05 .

I_ 9a Drawing Change Sheet attached [_ 9c VendorData Change Sheet attached
[_ 9b Design Documentation Sheet attached

, l l -- ,, ,, ,, ,, ,

10. Yes No

{_1 rl MODIFICATION IN PROGRESS _.J._ ECO will be
[_ Modificationcomplete: / incorporatedafter

s¢,,,_,, o,t. M.I.P. signed complete

[-1 Change drawing per as-builtmarkup dated:
i-1 Changedrawingper ECO-provideddata
["! Temporary modification

11. Design Verification Requirements: (per WP 09-018) EDT No.: E _/.,_,/c), )_-_/- 2_.__._

1. Requirementssatisfiedbyreview/approvalof designdocument

,_._nT! s E-9 !-__--2._ 2. Independentreview3. Alternate calculations

4. Developmenttesting

5. Designreview

6. Other:
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13, Justification /r

/

1. Inverting the carbon bed will prevent the possibility of gases bypassing the carbon duo to settling. W
2, Associated components will need to be close to the carbon bed, I3, If thzPRVopens,theamountof gasreleasedwillbeunknown.
4, A. l" flow path wM chosen to remain oonsistent with the existing system upstream of the carbon bed. This also reduces

thz number of pressure gradients in the system.
5, These valves are no longer necessary (See EDT E91-319),
6. Same as number 4 above.

7, 1/4" valves and line will [ncrea_ the efficiency of the cleaning proce.,m.
8. This information was needed for construction, but is not needed for configuration control,

qP

•,-.----,-.... j,

14. Administrative Tracking
YES WA YES N/A

[] 113 1. FSAR [] [_ 6. Startup/AcceptanceTest
I_ 113 2. CalibrationProcedures [_ _ 7. Test Requirement& Spec.
I'-I k"] 3. MaintenanceProcedures [3 [] 8.
r-'l I_ 4. ComputerSoftware l"3 r'l 9.

113 5, Operations Procedures (D&A_:) E] [] 10.

KEY
15. Signature Requirements A-APPR. 16. Distribute as Marked

R-REVIEW
S-SIGN NEW
DRAWING

Cog. Eng. Mg__/o_l _EIE_Ops.MaintenanCesupport(MANDATORY)(MANDATORY)

EEl Startup 7'/'_-_ ;d/#¢/R L---'J Startup
QA _.f,_ _i_'/41_ I0_ '//t/' _ FacilityOperations
DOE ,,LO ' , J _ U/G Operations

I_ Safety ____._.,_.1/(/_.._[_,.//.2_./ [_ Orig./Design Engr.
Dept. Manager Z' /'' _ Cog. Engineer

[Z] Operatic.'-s _ Others
Security [_

[Si]
[_ D & AT (_'_ "-' ' ........

EX]
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rill DOE ORDER 6400,1A DESIGN CRITERIA :2. DATE-_L,T_._'_I_I_.
CHECKLIST

The design requirements in DoE Order 6430,1A checked below
hove been applied to this Design.

3. DIVISION SUBDIVISION

C}_ oe._ral,_q_i_,_t_ ;r'lo_ol CIolo_ _olog E3ollo F']o11ICiol_o E]olso..E]o17o
' IDo2Dor-1o2oiC]020=12]o=o_12]o=os1:3o=_o1:21o21_12]o2_sI-Io==o1:2}o:

_,: s_t,o_ :_, . I-102¢_I-10250E30..6 12:]0;60 I-I0262E30265_ 0;67r3 0270E3oz7_E3o_
Engineering I :[Z:] o_7612]o27_1:3o._7._E:]o28o12]o2811:21o28312]o28_E3o_go12]o29_

_. cones,t,, I-I0_0912]0_0_12]0_1912]0_20L"J0_ IEl0_40C]0.,_0_ 0_70C}0_9.., .:: .... : ..........

E_6 Wood and l°losilcs I_] 0609 I_] 0610 Fj 0650

E3- _h_o_o,d _o_,_u_,E30719I'1o711_ 071_12:]07_sC]071__ 07=0E3072_D 07='..'F_3072_E3o-
, P_._io, 12]07_0 12]0750CI 07_1 12]075_ Fl 07so D o7o.o

: _e 0oo_o_dW_do.= 12]0_0012}0_0 E:]oa2o12]o_o 13o_ D o_ 12]o8_ IDo_5oE3"o_6o12]o_
r'_o8E,9

'g F;r,i,he, [_ 0909 E] 0910 Eg 0929 i_ 0925 _.j 0930 D 0950 I_ 0965 E] 0cJ6_ r-J 0970 1_ C_

I CI o9._o12]o._.5
_o sp,_;o_-., C] 1o15I'I192012]10_ 12],0_7rl _0_0I1 _0,,0IEi_050I-1195_..I-1io5_121lC.

C]106912]1965CI107912:]_075C]_0_9
11 Equipment E_ 1100 _ 1161

, i

E_] 12 Furni:_h;ngs 1"] 1201 E] 1230 E] 1250 I"-I1260 E] 12.70

I_ Sp,cl°_ rocillti,s I_] _30o {_ 130_. E] 1_5 I_ 1305 r] 13o7 i_ 13_1_I_ _319 _;L132o _ _3;1 I_ 1:..

C)_ Co_v-._i_s_-._s C] _oI C]i_7.o1"I_449I-I146o

_- _,,.:_o_ E3 1_00E31606L-] _6_9 L-']_6_0 E3 _63._I-1 16¢0 E3_6_9E3 16_s 12]_660I_ _
[_] 1671 E_} 1685 E..] '69_"

4-. r-] NOT AFPUCABLE No portion of DOE Or,'Jer 6430.1A iS oppllcoble to thi_ Oeaign,

i 5, r-] AS-BUILT ECO ;_! for ,=_-buil_ field verified cP,o_ges only.

- ' NOTE: A check placed in the Division column signifies Lhat the
ant:ire Division shall be applicable to the Design, unless

t modified by checks indicated for specific Subdivisions.
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L!S:OF _/='-'£'.RIAL

--Q-T_ 'RE'O rimi " I .... ORA_NGNC_; _AiERIAL SPEC,_C'An_ '
C_3]0_._21C_!NO I ORDERINGINFORMATION ,NOTE OR PART NO klA1l."I'STD ND_BER?',C_'IFORI,I

_ LAR _] AOHE_..'_'Z,:APSULE.............. _ 000080._8 J ,,
12 AIR-,'3A_PLER,PRIMARY2-CAN,STZR .... ,O_-F-OI._.W ' I

H i _} AIR"SAMPLER,'SECONDARY'"2-CANISTER.......... 1'05-F-'O13-W i "

L,. "" AR "4' ,_NCHoR:EXPANSION:_:3-/B" _ 5" " A ..... { g
I '5 §ED, cARBoNSC)'RPIIe,;I ' 52-L-OOI-HIO

l 6 BLIND,150# 2" l

---- _ 7 CANISTER,"'AIR-SAMPLE"(3-'LiER....... B 06SO:_ ..............
........... , ,L ,, ,, |..........

AR 8 CAP, I/2" C SS-810-C SST I .31'6

-- A'I_''g" c'HANNEL,GALVINEZ'EDF'RAMIN(3' 14'' B22SH :PRE-GALv

AR I0 CLAMP,TUBING I/4"O.D. H 82023 GALV
.... , .....................

AR 11 CLAMP.rUBING 1/2" O.D H B202B GALV

AR,2ci.AMP. ................. ;4 B2o2g......OALV
AR i3 CONNECTOR,MALE I14" X"'i/8" ..... C' SS'-400'-'I-2" SS'[ .........316.....

AR 14 CONNECI3P.,"_AiE1/_° X }14' ' ............ C SS-400-I-8,.... SST ........316"

G AR 15 CONNECTOR,MALE I/4"X 3/8" _C " SS-4()0-1-6 SST 316

AR 16 CONNECTOR,MALE 1/2" X 1/4' C SS-810-1-,I SST .XI6

AR 17 C..ONNECTOR,1,4ALE.......I/2,X 3/8" C SS-810-I-6 SST 316 j

AR 18 CONN.ECc.TOR,MAL.EI/2" WCI/2" '..... 1 C SS-8IO-I-B SST 318 ..
AR 19 CONNECTOR,I,IALE I* X l* C SS"1610-1-18 SST 316

,,,

AR 20 CONNECTOR,MALE 2" PiPEWELD D _S'3200-1-32W 5ST 318

AR21 ONNECTOR,PORTI2" c ss-8  -PC 316
AR 22 CONNECT(_)R,'PORTi" x I" '.... C _ SS-161I-PC SST ....316

AR 23 CONNECTOR,PORT REDUCING I/2"X I/4" C SS-811-PC-4' SST 316

.... AR'24 c_,NDE_R,HELIUM SIZE"K"............. L52-.L-OOI-HOl .....................

2 25 CYUNDER HOLDER,"'2C'YUNDERS........... 52-L-OO3-'H01 .............. "

- A,R' 26 KWIKC'OLr 5/8 11 UNC-ZA 6.OOLC, .... H ...............
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4. 8,3 FOUR HOLE PLATE H B504

............... i ,,.,
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i-1 I_ 4. Computer Software D D 9.
r-'l I_ 5. Operations Procedures []] E] 10.

: KEY

• 15. Signature Requirements A-APPR. 16. Distribute as Marked
R-REVIEW
S=SIGN NEW
DRAWING

r-£] og. nl_ _ _ Maintenance _,,o,1"o,¥)C g. g. g. _.Oh,.l_ . , _ Ops. Support (M_DATOR¥)
Startup _ /_/z,_/ _ Startup

_ QA '__.--_ Ih_4'_/_ [_ Facility OperationsC,_,_7, _,,, e _=',_.._.
DOE " i \ , " [Z_ U/G Operations

[_ Safety _,,,_/,_,,,'/"_,.'?_,,_'-_e/ [_ Orig,/Design Engr.
E_ Dept. Manager I_ Cog, Engineer

Operations _ Others

Security _ "_t_-_G - '/P/?':'J_-:"(3J,_._.,__0_,SNL
EZ3 EZ] a ;
EZZi EZ=! r,_
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_,_c.,c,7'OF _d____ENGINEERINGCHANGE ORDER Eco
DOE ORDER 6430,1ADESIGNCRITERIA 2, OAT-=-.-z_-_ZtZ__

CHECKLIST

]'he design "e,:uiren_en's in DOE Order 643_.'.IA checke_ beiow
nave been apolied to this Design,

1

;3, ,DIVISION SUBDIVISION
I' i ,i

) _.Jl OenerrJl Requirements _ 0t01 D Ot06 [_ 0109 D 0110 [[[[] 0111 _ 014-O CZ] 0150 D 0170

' Q o=_o_ o:o_ _ o=_: icl o:o_ D o=osr-I o=_orl oz_.'I-1o=_s r._3oL_oD --
: _ s_t-.o_ ci_ Q oz_s C o:so _ o:se CI oz6o DI o2ez_Do2e_lD oz_. D ozTo D o=7_D _

L.._J- Engineering

i _ ozT_,-.'o:7_@o:._._lDo:aoD ozs_D o__asD o:_sD o2goD o29_
, ,.._,

Lj3. cooo_t, D o_ooD o_o_D oslo D o3zoD o_o i:::1o,,_oI"1o+moD o_7oD oslo
k

[
t Ds _,to_,, Fqo_ooD osm:D osm, D os:_ D o_ lD o_.,_l

i

Pret:ection _ 0-5'0 F_j_0750 [[[_ 0751 CZ) 075:3 I_ 0760 ["] 0790 "

Fqo_,_o

- ED_o_sD _020lD _0=_D :0:7 D _osoLD_0_0lD_0_0D _o_ lD_os_D _
L_.J10 S_eclaltie_l " "

D _oeoD _o_ _ _o7oD _oT_D _o_o

_12 r,,rnishings _ 1201 t"1 1230 E_] 1250 L-_ 1260 [[] 1270

I.--]IZ, Specia Facilities Q 1300 _ 1;04 C[[] 130_ f-] 1.30.6 ["-J 1307 _ 1518 [[_ 1319 [-] 1320 ["] 1321 [_ 13

_l_,4 Conveying Systems _ 1401 _ 1420 [_] 1440 [[_ 1¢60

11115 k,lechan(cal Q 152_ mm lggo i_ 1_40 EZ] 1_50 [_ 15_9 D 1_6_ D 157#- D 1589 r-I 1_9_

. ,¢
_....r,calD,_ "'°"' lD _:>0 D ,so_ D _:o D _._o D _ D _4.o D _s-_,_I-1 _ D _._o

I_ 1671 D 16e_ D 16C_4"

4.,["7 NOT A_'PLICAELE No _om_on of DOE OrDer 6430, IA i_ oDollc_ble to thi_ 0e_ign,

_, _ _!)-BUILT ECO is for as-built field verified changes only,

NOTE: A check placed in the Division column signifies that the
entire Division shall be applicable to the Design, unless
modified by checks indicated for specific Subdivisions.

=

_

-_ WP Form 1200; 06/24191
P=@e 3 of 4



9a

DRAWING CHANGE SHEET

(1 SHEET PER DRAWING) Page _" of/5

1, Drawing' /7/_ b - _ ECO Number: C_-_,._='Cb
"1111_.

2. ECO Search List' 1
/

3. Description of Change'

__.". .__,_ _ _ _,

4. Drawing Cog. Engineer AI31oroval: J_'_ _.,,.,-__J_-.,__ Date' ._L_,_t__'

- WPForm2017;06/24/91 1290:B0006
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DRAWING CHANGE SHEET

(1 SHEET PER DRAWING) Page 7_ of/3

O 1. Drawing'_ ,7.- - F'-_©'_-&); ...... .
5 A ECO Number' 1!'_,

2. ECO Search List' _-_/,Y .... _ / 70 ....

_.==_ ...... -- 7---- __ J

O 4. Drawing Cog. Engineer Approval: J--__n:..,_.-,__ ___ Date' :___z_,,/v-z/_/___.__

WP I_orm ZOl 7; 06/24#9 i ! 29n',BOOO6
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DRAWING CHANGE SHEET

(1 SHEET PER DRAWING)_ Page____ofL,_..... .-- ,,, --: _,,,,[, iu_ i . t__ ,,,=,r_ : - , ......

I

1. Drawing' _,H _C--,- OI _<_'_-&D : '7_._. _ ECO Number' 5 'c3_Q __
-qUpv I

2, ECO Search List' _, _-__________________2q5"_ _ __.__2'__1_' _ ._.,."E_77__ .... _"_, 7 Y _

_"6_'_ _ "_'_q 1 ,

3, Description of Change'

,

w

®

4, Drawing Cog, Engineer Approval' IJ_r_'_{"Z_j,_.,,...,..j__ Date' "____Oj, ,, ,, ----- , -- _

WP Form 2017; 06t24491 1290:BC3006
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O _ , t.VALVE IDENTIFICATIONSHEET

NEWVALV=I_ REWSSO0ATAI_ VALV_ReMOVeDr-'1

I, Valve Number: __'&)_ _ _"- V-© 0 "7 __ Z, System:. _ ......F'P 0.2. ........ ,

3. Buiidlng/L.ocatt0n: __ R_+ _-,_.. _ _/_ 4, Size: .... _." . .

5. Pressure: ............ --- 6. Valve Type: ....... _ATF- .......

7. VaJveOperator: ,, _D/._ H EEs___ 8+ VaNe Bonnet: , -.......... ,, ,

9. Miinufacturer: ........ ----10. Catalog No.: ........... ....

11. 9cdy: ................ 12. Trtm:,_ ......... 13. Ends:.._creEr_JEr_
+

14. Piping Code: _ _..r_ 7..'-_ 15. Sels. Class: .......... _/_. __.-

10. Working Pressure: _ / 7 _ P-%_/C'=+ 17. Working Temper=ture: A,_JE.,_ T- .

18. Norm= vane PosttiontFtjllOpen: _ Full Closed: _ % Throttled:

O 19. $pe¢. Number:. - .... _ ....__- --- 20, P.O. Number: + _- .- ..°.

21. Design Class: ...... _ _ .... . ............... -

22. P&ID: .... kl _ .... Sht.: ...._..___._ Zone: ...

23. PlanDrawing Number:....--__. ...... _ A -- -- Shf.: ____ Zone:_=__.._

24. Isometric Drawing Numben L__ + t_ _ ..... . .... _ _

?.5. Piping Line Number: _. ..... +_ .......................................

26. Document Providing Inform=lion

030 /:_oo_ _ ECO ,,, EWP..... - .....

27. Service Remarks: _-_-__"-_- "_--. _,_--, .._" _J--"_+ ._'-_-_-_-.---0

-. - r '- (j I

__;_7_. ..... _.......... +.__
0

.... ___ _......,o/ ....
Information by Date

INDICATES
TAG NUMBER SYSTEM BUILDING VALVE NUMBER

EXAMPLE RW 457 V 001
i iii i n -- i .. rl -- r -- mL_ I i i i ii i

WP _ _m; u,._.=u_=_, 11898.3308
P=go I of 2
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NEW VALVE _ REVISEDBATA [_ VALVE REMOVED

1. Valve Numioer: ,,,h"(_- 2 _, V,_ oo_.___ 2. System: .... E',_o 2-,_.... ____

/ _A_. /"3. Bulldlng/Loca.ttan:Y,_/_oc-, .,-/7,./r'4 4., Slze: .......... - -...... -/ ......

5. Pressure:................. - 6. VaJveType: II _ _llt'__ I

7. VaJveOperator: , H A,_ c_e_H E _=_ 8. Valve Bonnet: ..................

9, Manufacturer: .......... 10. CatalogNo.: .,1 -.... __=_

11. Body:_ - .... 12. Trim: ..... 13. Ends: S_e_t^_Ec_ ....
0

14. PipingCode: /xeI_.q__ 1-_ - 15. Sets. Clus: .... _ F_, _

i8. Workingt=ressure:._ 1"7._ ,PSIG____ 17. WorldngTemperature:A__-__.

18. Norm=Valve Position/FullOpen: _ FullClosed: '_ % Throttled:_.___=.

19. $pe¢.Number:........ b; _,,, 20. P.O. Number: ....... --_-_ - O
/

21. DesignCia==: .... T'r'P _ ...... ,.,. ...... . ............. _

22. P&ID:.............. /',0/_ ..... -. Sht: _ Zone: ..........--

..... _;f_ ,.__ Sht.:._...-- Zone:__ _23. Ptan10rcwlngNumber:. _

24. IsometricDrawingNumber:. - /_ _ ....................

?5. PipingLine Number:. .....

28. DocumentProvidingInform_ton

030 )_-__/_L- ECO., , _ _ EWP.........

27. Service Remarks: _-,_-,,_,,_-- ,",-,"J)-"-'_ _ "___ .... _ -g_-_'_- ....
L) ,, 0

...... '.... r? t-
........... I III -r IIPII _11 III .... I1_ I IIIIIII - -- __--=_

_1_ i r i

Information_ ' Date
|||||||||||lil|||||||||||||||lJ|||lii

INDICATES OTAG NUMBER SYSTEM BUILDING VALVE NUMBER

EXAMPLE RW 457 V .......__ _.001 ____]
-- pllll ii ii i iii i ii i i i .......

WP Foml 188_;0S/30/91 118gB;3308
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" F...,._iio._i _

O .......... i ............... i

ii ii II iii, j ........ '_ ..... -_ ....... iii i

I

. VALVE IDENTIFICATIONSHEET
s

NEWVALVf REWSEO0ATA VALVRSMOVmO

1, Valve Number: F'&)..,- _ _"- \/_©_9:_ 2.. System: .... ,.F/_Cb Q--....

i3, Building/Location: YA_S_!I_J._., _/_"t/:'_. 4, Size: .... , , ... , ,

5. Pressure:...... ................... . 6. Valve Type: C__s._o_, ......

7, Valve Operator: /-/_(._H_'x._ 8. Valve Bonnet:: :.... ' .....

9. Manufacturer:............. -._.------10, CatalogNo.: ...................

11. Book/: , - , 17- Trim: - .......... 13, Ends: Sc._=t_'_
i

14, Plplnl Code: _-- he_'¢_ I..'.'.'_ -- 15, Sels, Clue: _ - .....#_

16. WorkingPressure: J,__7_-"_ t° _, l G 17, Working Temperature:_n.!r_ _-m_,

18. NormalValve Position/FullOpen: _ FullClosed: _ % Throttled:.. _

1@. Sp_, Numben ............ /_ _ ............ 20, P.O, Numl_¢:. . _A ,,,

21 DesignClass: _ r_ti ..... - ...... - ' - ......... " ' i " iii _ ii i i _ "

P&ID:............ hJ_ ....... .___----.m.---- Sht.:--------------- Zone: .............

_- 23. PlanDriving Number:............. _)F_ .... . < ShL:____. Zone:. _.

24, IsometricDr_tng Numben ......... _ _ ....i . ii i i i i ___ i iiii

25. PipingLineNumben ............... VJ_ ..... ......... . - --.

26. DocumentProvidingInformlitton

030 / ?.e:>o_ z__ ECO.... ___ EWP .......... ......

27. metrics Remarks: _ <-_.-_,<_ d-_<:-_ _.]7__+ ,, _._. _.,..._,,_ o,-._,_

llili__ _ __ i ........ ii L __ i i i ii i i i ii i i iiiii 7_ .....

.... .
Informationby Date

i nn_ m I m i anal i I I lunum amw"dlnl grill' I ali | III I I I Illl line I I m I m n llll au m n m I m I_- INDICA_
TAG NUMBER SYSTEM BUILDING VALVE NUI'IBER

EXAMPLE RW 457 V 001
_ jll i i iii i I I ii i i i _ii i _ i i , ii iii i1' . iii iiii i ..... iiii _ . *....... i I ii I

_ _llgu i oi _,
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- i Iiii II I ii iiii II ...... _ II _ I ,|| i li i I ........... I Jinr I II I L II - I IIJLII I I I II iii --' ........ i

le. VALVE IDENTIFICATION SHEET

NEWVALVt Z REV_SSOOATAIZ VALV_REMOVEOIZ

1, Valve Number: F&_- _./9_1_-, V_ 2. System:- _ ....F'F'_Q;_-- -_..--

3. Building/Location: _ ?_ /% 4, Size: ....... I '_

5. Pressure: , , e. V=dveType: G ._.o_ _._ ._iiii , . i ii _ - .............. -- . "-7 [

7,r ValveOperator:_ H_/,}q/,d HEE _ 8. Valve Bonnet: ---, ..... =........ .

9 Manufacturer: I0 Catalog No 'i) '____ ='=.L i i iiii - -- i ........ (I iii iii ii i J illlll _ i i _ --

11. Body: .. - .... 12, Trim: ...... -...... 13, Smc_s:...._c_)_L'),_.._
n

14. Piping Code: ...... _J_'.F° A, /,'3 . 15, Sels,Claas: ....../_)F_ --- _---.,

16, WorkingPressure: _/9 _',, i_ (,_ - - 17, WortdngTemperature: /_,_JE_JT" ..

18. NormalValve PosftlorVFuUOpen: _ FullClosed: ' x % Throttled:-._.__

19, Sptm.Number:,............... _ A ......... 20, P.O, Number: .......... ._) A ...... _21. DesignCla_s: ........... :T"/'-r_.r_ ........... ..... ,,......................

P&ID: ......... _,-__ .... -.... -- Sht:.- Zone: ...........

?..3.Plan DrawingNumber:, ........... _,fi -.... ShL: =_ Zone:_,__

24. Isome_cOrang Numbir...................A)-&,- - -- __= ............-.-_-

_. _l_ ,,, _ ...................25, PipingLineNumber:, .-.....,

2,6, Datums'lt ProvidingInformation

030 Z_O_ _ ......ECO___,_ ._ -- _P __--=_-....

- • I-

_ _ .. . , .. ..,......-- --

L_ - "2" II II I I I IIII U I ] " -- .__ = -li JLJ___ I II

Informationby ' Date
I llnIIInIlIIlIIIiIIIIIl lIIIlllllllIII

INDICATES i_
TAG NUMBER SYSTEM BUILDING VALVE NUMBER

EXAMPLE RW 457 V 001
............... i .

W__",m: o_o_, ''L -.... --"................... __ge_oa
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Hl=09-OZl,R_v, I
_ Page I _f

jJ

INSTRUMENTNUMBERR_QUEST
i

I Instrument Number __b-_'___/. 01 "-- I' ' '

o i

3, SubBclulpmQn,t ................ _JA.... _....... ____._________.. ...............- _ .._............ ...... _

4, Loop Number, . ,.. pJlq__ ............. ....=-__.......... -.... .-- .............
]

5, Drawing Number N_ ,__I i ,I_IL_ . I II I - _.1 ii , II I .... - .i i _--_ ,_L- i, 1 i1,11 I . I[ _ "_'- ___ Illllll __]

PSID Orawlng Number_.__._.__JA_.....- ................__ - __ -_.......... , --- _..... .- ._..,

6, System_.,, _'f_c_..O--, iJ_.. i , i i i -_ i i i i ii i iiiii i ii --- . A _c......... ._ --- - L: _llIl_m_

7, CHSPolnt .__.._.__ ... _...............i : -: ..... , ii i _ : ...... ii i ii -- --L --

B, !_:utType/Range....._,_ C) _iii4iiiiI_ 0 _ |li_ _I_ t G ........ .... l _-- ,...... ...... l __J__ _II _iI .... i

g

9. 8L_z:utType/Range._.__ ........ ,.._,___ __,...... _ ,,_......

I0, S_t Polnts ............ _)__ _ ............. __ . ..... ..
I l, C_l./PM Procedure Number......... . ........................ . ___...__.....

IZ. Manufacturer.............................___. __ ...... _____......

13. ModelNumber .......__- , , SerialNumber

15, CrlticalE_utpment ______ Yes ___ No

16, Lsc_.tion: Building ..... _ ...... RoomNumber_ ...._........ _ _

17. ElectricalPowerFrom._____.__.__. ................. ........_..... - -.... __--.

iB. C_ Manuali._FlleRoom__.____. Yes_ No

Ig, CcgnlzantManager/EnglneerC-_OH_ //_rei_;#-/_T" ._............

- ZO, E_ulpmentLabeled....__.__Yes __ No

0. ....

.@
Requestor ........._ L'___(','_"_'_,..s...__ ''_ ' Date' L,- ,_ .... . ..... . ..-

HP Form lB70;lOll?IBg
Page l of 2

z
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ENGINEERING CHANGE ORDER
use CLACKINK Page 1 of

,,_, , , ,u, i,, L..__._ Iii I_J " _"11---_.__ - ..... ,i i,i , iii .L i|jii i .......... ..: L ,

, ¢,,,z

.Posted 4, Associated Documents: 5, Document Type:

PWR Drawing [_,<

ECP -+-F_:-.9-t--,,_,,."'__- Specification E_]

P,O, Vendor Data E_

Others -e-Rf_--P-/-L-..5"c--,-_-.;--[--;-'b-_3 SDD H Co O
Others

8, Title of change:.... --., ......._ ...... _............ - • ........... ........ 4[B8!6/817. inter_locks, _ _.....................

7, Originator: (print) Ext, No,: Department: Date: 18, Cognizant Engineer: (print)

Ketth Ealden 8174 M, &, C,E L02491 I Keith Ealden

9, Deocrtptton of Change: Yes

Component change required
E] (if yes, attachlndtceSsheets)

PI'ovlde interlocks between 4i-B-.816 and 41-B-817 fans to
pcevent simultaneous opecation of both HV01 system ventl].ation
tcains,

This provision was _equested bF' the above refer'enced HV0I
System ORR punchlist item,

The inteclocks ace to be provided by usind a spare, normally
closed, contact on the respective exhaust fan motor starter

e at.txii Lacy 1.'eiay,Provision of the inteblock will require _'evisions to the H\.'00
System SDD; HV01 System P, & I, D,, CoDtrol [,o6ic Diagcam and
Elect_.'ical Schematic and Wicin_ Dia6cal., details of which ace Eiven
on the followin_ paSes,

Pa._e 3[ of 31 is included foc Info, only for.,HCC chanses,

[_ 9a Drawing Change Sheet attached E_]90 Vendor Data Change Sheet attached
9b Design Documentation Sheet attached

10, Yes No 1

[_] [_] MODIFICATION IN PROGRESS | ECO will be

Modification complete: ..... / _ Incorporated after_,,,,, ......... D=,, M,I,P, signed complete

E_] Change drawing per as-built markup dated:
[_ Change drawing per ECO-provided data
r] Temporary modlflcatlon

11. Design Verification Requirements: (per WP 09-018) EDT No,' __

1, Requirements satisfied by revlew/approval of design document

2, Independent review
3, Alternate calculatlons

4, Development testing

e 5. Design review
6, Other:

,,.....,..------

• _ ' _.. i : ' ' _ _ ............ :12. Addendum 8hOg)tedded.. _t,_.__..___..._.__._ ........//i'._z/__..._.' '.....
..... , ........................... .,. _........

WP Form 1200; 12/29/90 _' 1190B:000S

Pa_e 1 of 3



ECO No,' _ eY_' L_ Page 2 of _._

13.' Justification
In the past, dual train opet_ation of t,he main HVOI System has

resulted in deformation of the system exhaust duct downstream of the

control dampers, due to the o_'iginal design under' mDoom presstlre

estimating the negative pressure that would be developed in the ducts,

The prevention of simultaneous operation of t'he Lrains is currently

achieved administratively, The internal O[{R review considered that this

was inadequate in the long term and that the associated fans should be

interlocked to prevent simultaneous operation under all control
conditions,

14. Administrative Tracking

YES N/A YES N/A /

E] I_ 1, FSAR _ F1 6, Startup/Acoeptance Test 'qm
E3 _ 2, Calibration Procedures _ !-i 7, Test Requirement & Spec.
I_ I_ 3, Maintenance Procedures [_ I"1 8, 5L)_
I_ [E] 4, Computer Software r-i r-l 9,. _ .....
I_ _ 5, Operations Procedures D [3 10,.

KEY
15. Signature Requirements A-APPR, 16. Distribute as Marked

R.REVIEW
S.SIGN NEW
DRAWING

" ¢

[_ Cog, Englneej:._._/,p"d_'._. _ Maintenance (MANDATORY)
E'A_._Cog. Eng, M_, '_"_'_/(E_X..(_' 1o,_1/¢2/ [_ Ope, Support _oA'ro,Y)

GA _ _, 2//_/ ,--._...rau,,,LyOperations .(..__/_ ilk,
DOE ._._/ I;//q/f( C_ U/G Operations .._.._ ....... .,
Safety _/_ "t_,'_(. _ Orig,/OeslgnEngr,
Dept, Manager_ / _ Cog. Engineer

_ Operations ,__._ //,_ z/c/'/ _ OthersSecurity

.... "

/ •
I

WP Form1200; 12/29/90 11908:0005a
Page 2 of 3
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DRAWING CHANGE SHEET

(1 SHEET PER DRAWING) Page3 of

O 1. Drawing' 41-J-032-wl ECO Number' _--- _ z/_5---

2. ECO Search List:

3. Description of Change:
On HS-052-25 change labelling of wlre no,21 as shown marked up on

page 4 of 31,

WP Form 2017; 06/2_91 1290:BOO06
Page1 of 1
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ENGINEERINGCHANGE ORDER # 5.
DOEORDER6480,1ADESIGNCRITERIA ; ;"--

CHECKLIST

The desigr, "e,:,.;,en:e"'s n DOE Orser 6a30.!A ,checked beic,v
nave beeP applied to this Design.

Z', DIVISION SUBDIVISION

_1 k,en.ral Requirements EZ] 01oi r"l 0106 _ _'09 ["7 0110 _ 01'I _ 014.0 FT] 0150 17_'}0170

r-i o:oo G o:oi @:.:7: r-qo:o2 _ o=os[] o21or-I o=_ i-7o:_s Fi o_:o _---
"_ Site and Civil C] o2a'6 '_ o"=o "- '_'="" E_gi_g ' " _- ""_ _ 02_0120_.6212026__ 0257[--}0:70 _ 0_73C ,_:

C] 0276 _ 027_3 C 0,?.'£ _ 0 "_._o 1:3oz_ D o:_3 rTIo:85 I--}o_go1:3ozg_

,'m_- "Thermal rana Moisture L'-'] 0710 C 0711 Q 2714. L._ 0715 [--'] G719 I-"] 0720 F"7 0721 F-] 0722 _ 0724. _ 07

L_J #retection _ 0730 [.-., 13750 _ 0751 _ 07_3 _ 0760 @ 07m-O -

I_ 0880

_g rini_lhe,_ [3 0900 C] 0_I0 ___ 0920 _ O-ro'5 _ 0950 [_ 0£.50 _ 0965 r-] 09_8 C 0970

IL__ 1060 [_ I0_:. _ ,,07: i_I 10-5 C_ 1080

._0. F'7 1.306 [_ 1.307 I--7 1"1_ [_ 15;9 F-_ 1520 _ 1_:1 D '_:;3 Special ;acilities _ 1.300 _ 1304 _I i "_ _ ., ,
--.,.,.

,

L_] '-t '2znveyir_g SyS'"rmS _ 1_.r,l t-'--- .. . . ,_.; _aZO _ ',_ao _ 14_o

.....

"7.-E:ectr,cul " " "--

4.. _ NOT AP=L;CA_LE No po4ion of DOE Order 64,30,1A iS opollcat31e to this Design,

_, [_ AS-eUILT ECO is for .'as-Quilt field verified c_or,ges only,

NOTE' A cnesk placed in the Division column signifi__sthat the

: entire Division shall be applicable to the Design, unless

modified by checks indicated for specific Subdivisions.

C 'ztM,VlENT S' _I_

WP Form 1200; 0612.4/91
: Plt',t_ S of 4



HS.--052-05/5 _.___.:..,._-_:-:.,__-:--::/__. '. HS-Q52--_33:>/_" s_'_-.... - --s.........

OFF OFF
m_. A AUTO _'_ i AUTO

t I I I

® ®
SCHEME 4.1B812A SCHF.J4E61B812

X2

i;3;-.- .
STOP PL RUN PL
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DRAWING CHANGE SHEET

(1 SHEETPERDRAWING) Page= of

1, Drawing: _ 4 1-J-0_32-W2 _ _ ..........ECO Number: .._._"_-'_/-/-._ Q

2. ECO Search List:"

3, Description of Change:

On Scheme 41B816 make revisions as follows'.

a)Timing Relay TRI, change labelling on wire no. 21 and wire
number;
b)Timing Relay T_2, change labelling on wire no, 21;

both as shown marked up on page 6 of 31.

4. DrawingCog.EngineerApprov_'.l'_..__ Date:_- "=Y/-_

WPForm2017;06/24/91 1290:B0006
_. Page1 of 1
-

-c
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, DRAWING CHANGE SHEET _'_4dtt
(1 SHEET PER DRAWING) Page 7 of3,,t'2' : -- ' ................ Hl......... ,

1. Drawing: 41.-J-032-w3 ...... .. ECO Number'_ _'-_2. ¢_._".i
2, ECO Search List:

t f ,i ,,,,i

, i ,/,
f

/ ,/,

/,

3, Description of Change:
On TB5 make chan_es as shown marked up or, page 8 of 31,





9a

DRAWING CHANGE SHEET

(1 SHEET PER DRAWING) Page 9 of3;I."_',,,,, _ i, ,, -:__ -----_ ..... ,i,,,,± ,,,, i _ ii i ,iii ..... L__ _ --

1, Drawing: 4 l.,.J-O32-w5 ECO Number:
,_. , ,,,, i, --

2, ECO Search List'

3. Description of Change:
For scheme 41BM816 make the following changes:

a)_evise Schematic Diagram ,as shown marked up on page I0 of 31,

b)Revise Block Diagram as shown marked up on page ii of 31,

O

: 4. Drawing..... ..C°g____'Engineer Approval: _ Date: .,_"/f 06._',,__Dj_2/_'
_

_^,_m,,,_ _nl 7. n_,z'_.4Jg1 1290:B0006
- Page 1 of 1
=

=_
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DRAWING CHANGE SHEET _,

(i SHEET PER DRAWING) F=ag_2 o#,{J_-- __ " ..... , ........... • " r ........ _ ._ _ . --- __ : "_ -- _. ,,, , __,_ -- __ ,._,,,. ..... _, , ._-__

1, Drawing: 41.-J-032-w6 ECO Number: _ _.__.__._

2, ECO Search List: ........ _ ....... _ .....

. ,,,,, -- __ -__ -- __ -- .,,,, , -- ,, ,,

3, Description of Change:

Revise the Interconnect di&gcam as shown marked up on page 13 of 31,

O 4,Draw,ngcog,Engln erA
WP Form 2017; 06/24/91 1290:B0006
Page 1 of 1
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. DRAWING CHANGE SHEET _4"__
(1 SHEET PER DRAWING) Paget 4 of3&'=

1, Orawlngl .... 41,__B:-OOl:W.,,1.__ _ _.... ECO Number: _,_'5"".,,_4__....

2, EC,O Search List: ._... ....... __

3, Description of Change:
Revise P, & I, D, as follows_

a)For fan 41-_B-816 as shown marked up on page 15 of 31,

b)For fan 41-B-817 as shown _narked up on page 29 of 31,

O

_,__ , ,,,, _ -----_ _ :- _.... _ ..... _ : ,,,,,,,

- WP Form 2017; 06/24791 1290:B0006
PagQ1 of 1





9a

DRAWING CHANGE SHEET 2_,'.7__._,P

(1 SHEETPER DRAWING) Page 1 6of 3Z_
. , , i ,, ,= , i i, ,,,,_____

O 1. Drawing' 4 l-H- 1 5 2-014 ECO Number: 5JtZ_ '"
ii

2. ECOSearchList:

3. Description of Change: -,

Revise Control Logic diagram as follows:
a)For fan 41-B-816 as shown marked up on pa_e 17 of 31.

b)For fan 41-B-817 as shown marked up on page 30 of 31,

O 4. DrawingCog.EngineerApproval' _,__L--_-"_.._______-.._.__Date:_,_"P'O,r.___'_2/.

WP Form 2017; 06/24/91 1290:H0006

Page 1 oi I

,4 ,. _ ,, t, 1,, ,r , - ,1, ,, ,,,,, ,, ,, , , ,_1.,,' ,, , ,,ui' "" ' """.' r,""llr_r,,,''""_Fl'-'"''T"-rl"rTr_'-I"_T_V _
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DRAWING CHANGE SHEET _.'_,_ 'gj
.... (1 SHEET PER DRAWING) Pagel_ of 3z2

O iii iii, ll, i __ i , i -1. Drawing' 41 - 3- 0 4 7- w2 ECO Number: _ .5"_ ._._"" _J

2. ECO Search List:

,,, , ,, , ,.,.. , i, ,, ,,

3. Description of Change:

On HS-052-32 chan_e labelling of wire no. 21 as shown marked up on
page 19 of 31,

®

O 4. Drawing Cog. Engineer Approval: _ Date: ,_',4¢"0_,_. 'g'/-

WP Form 2017; 06/24/91 1290:80006
Par_m 1 of 1

_

.
'.... iii , ii ........ ........ .,,, ..... e.l"-'_'" fit "-',-_-_--+p'4"_'yr'tJ_73"-d-..-t_l_C'lT_ _- -
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DRAWING CHANGE SHEET _t4Ag'tf.

(1 SHEET PER DRAWING) Page2_..o.oof3_..._._

1. Drawing' 41-J-O47-W3 ECO Number: _..,'S,vO_/--_,_4'"

2. ECO Search List:

,m

3. Description of Change:
On Scheme 41B817 make revisions as follows:

. a)Timing Relay TRI, change labelling on wire no. 21 and wire

number;

b)Timing Relay TR2, change labelling on wire no. 21;

both as shown marked up on page 21 of 31.

. 0 4. Drawing Cog. EngineerApproval: _ Date: 2,4_" Oc,_. '_/

WP Form2017; 06/24491 1290:B0006
Page1 of 1
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DRAWING CHANGE SHEET ,__
(1 SHEET PER DRAWING) Page22of3Z_

O 1, Drawing' 41-J-047-w5 ECO Number: .5_._'" /

]

2. ECO Search List:

3. Description of Change:
On TB5 make changes as shown marked up on page 23 of 31,

4. Drawing Cog. Engineer Approval: Date' ,_'__ .._,_7'..

WP Form 2017; 06/24/91 1290:80006
Page 1 of 1
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9aDRAWING CHANGE SHEET _el

(1 SHEET PER DRAWING) Page24of3Z'2-

O 1, Drawing' 4 l-J-047-W7 ......... ECO Number: .._-"_,_-/,._ _

2. ECO Search List:

3. Description of Change:
Foc Scheme 41BM817 make the following revisions:

a)Revise Schematic Diagram as shown marked up on page 25 of 31,
b)Revise Block Diagram as shown marked up on page 26 of 31,

O 4. Drawing Cog, Engineer Approval" Z___a__=__,___. Date:.,2'gf_J_,/g'_, .

WP Form 2017; 06/24#91 1290:B0006
Page 1 of 1
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9a __DRAWING CHANGE SHEET "2

........ (1 SHEET PER DRAWING) Pag_:_?of3,'t'_-i i i iii ii, i i , , ,,

t. Drawing: 41-J-04. 7-W8 ECO Number: I
...... ,, hr

2. ECO Search List:

3. Description of Change'
Revise the Interconnect Dia_z'am as shown macked up on page 28 of 31.

,.Oraw,ogCog.Eng,oeerA prova,'Oa,e: j
WP Form 2017; 06/24/91 1290:B0006

Page 1 of 1
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DESIGN DOCUMENT CHANGE SHEET

i (1 SHEET PER SYSTEM DESIGN DESCRIPTION REQUIRED)

1. Title and r'JocumeniNumber:HVACSystem Design description, SDD-HV00

Add HVOI system interlock to prevent simultaneous operation2, Changes: br v@ntllat_on _[ns

3, Markupsattached(Note' Pagesmustberevisedto reflect actualchangeas implemented)

4, Descriptionof change:
Add para_r'aph in the appropiate control section to describe the

requirement for interlocking the HVOI system trains to prevent

simultaneous operation.

e

D>_'-/'_".,,..-_;>t'.'_p,._..,-,o/. , J,

' ,-9/

5. Postedby __ .: :":;.... >j__¢_". "9_ _
SkJna,,,t.ure Date

WP Form 2018; 12/29190 1290:B0007--.

- Page I ofI r



Please indicate your concurrence with this plan by your signature O
below,

G. W. Pohl, Manager

Mechanical & Construction 1_ngineering

ljw

I do _/_o not _ concur with this Desiqn Verificaticn Plan.

._. KociaXski

HA:91:2467

O

O

=
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"rcm Engineering
887-8163 •

October 31, 1991D_Te
DESIGN VERIFICATION OF CONTROL INTERLOCKS FOR EXHAUST FANS 41-B-816

AND 41-B-817
/["7"q-,-_: '

/ _ _ ,

tc: J. P. clayton -
K. A. Ealden __.,

\_ 9> •

The following Design Verification Plan is submitted for_you__"_'-_"

concurrence in accordance with WIPP Procedure WP 09-018, Design
Verification.

I. 8ackg=ound

Dual train operation of the main Contact Handled (CH) area

Heating, Ventilation, and Air Conditioning (HVAC) system has "

resulted in deformation of the system exhaust duct downstream of

the room pressure control dampers, due to the or4.ginal design

O under estimating the negative pressure that would develop in theducts. The prevention of simultaneous operation of the trains

is currently achieved achnlnistratively. The internal

Operational Readiness Review (ORR) cons}tiered that this was

inadequate in the long term and that the associated fans should

be interlocked to prevent simultaneous operation under all
conditions.

II. Des__n Verification

The proposed design is to provide interlocks between 41-8-816

and 41-8-817 fans to prevent simultaneous operation of both CH

HVAC system ventilation trains. The interlocks are to be

provided by using a spare, normally closed, contact on the

respective Qxhaust fan motor starter auxiliary relay. The

control logic was designed by Keith Ealden, system cognizant

engineer. The design verification will be an Independent Review

performed by Jim Clayton of the Electrical Engineering section.

Jim is the designated electrical support engineer and is

knowledgeable in the HVAC area. Jim was not directly involved

in the design effort. Jim's verification of the design will be

noted by his signature on the Engineering Change Order.



ENGINEERING CHANGE ORDER
• ADDENDUM SHEET _ ,/

Page_L_ of

1, AddendumSheetto ECONumber: ,.e"g.t/..5" DrawingNumber:,'_l-v";_______-__.__1

2, Descriptionof change'

4"/- ,7"-,d_'_'-_.

OI
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ENGINEERING CHANGE ORDER
" ADDENDUM SHEET '_

Page.j_. of /

1, AddendumShee.tto ECONumber' ,._d_'_,5" DrawlngNumber:=_,"/_,d3_ "---_-_'l
.11

2, Descriptionof change:

Ii,
i

.....................................................:................................_........_.,."."__."._._.___itu .............:......._ ....._ ._.__i!ii!"..._.,.,._...
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E'_JGI_JE-,RJ_GFILERC,(50:_I...
ENGINEERING CHANGE ORDER

USEBLACKINK Page 1 of

2' ECO No.= 2, Impact L.vel 1 [_ 2 r"] 3 N 4 [_

e _/k.CC&DRevie_ \ Intttals _,, W/,.I_,
,i.w:_ _ sy.,.m= Equlp=o.,No,_ ........8u,d_o_:Ul_ .....

, . Posted 4, Associated Documents: 5. Document Type:

PWR .....fJ//_ Drawing 4..12--/="c_17-_

AP_ .1992 ECP / Specification 4} .-.,I-..'::? "..-,._"__.J

.; COMPLy.,...."'_.. P.O. Vendor Data E_
I

' . Others SDD' [_

"". /"S -,'I ..'" Others

.....- -" s. "ntleof_,_,,z_ V,_ J
7, Ortglnator: (print) Ext, No,: Department: Date: 18, Qogntzant Engineer: (print)

9. Description of Change: Yes No
ComponentIndiceschange required

/, Zr>.IC..,.,..2,r.,.,_ZLe.I,,//_. _ _o0 "7? 7 -"0 _ _ _ _ (ifyes,attachsheets)

_._ ,'_ _ _ _y_ z_- _/_,,_..,,.--?,'_ -/-_,uJ___.

9a Drawing Change Sheet attached [_ 9c VendorData Change Sheet attached9b Design Documentation Sheet attached

10. Yes No

Modification complete', _....,,.,,_._t.-_,.. _ _? _ incorporated afler
_'_,., 'o,, M.I.P. signed complete

[_ Change drawing per as-builtmarkup dated:
[_ Change drawing per ECO-provideddata
[_ Temporary modification

....

11. Design VertflcatJ_n Requlp_mentl: (per WP 09-018) EDT No,'

v) 1, Requirements satisfied by review/approvalof designdocument

2. Independentreview

3. Altemate calculations

4, Developmenttesting

e 5, Designr_ .,,'"-_, '-"_ /., "'_

'. "
_:!, i_I,I_,., "

12; Addendum:5 . , ' I " _,_, . -.i/_0_-i- ' . :_., __I I II I I I I IIIIIII

WP Form 1200; 12J29/gO 1190B:0005

Page 1 of 3
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/

I

1, CI- ! "

ii

,, , ,,i, .=,

14. Administrative Tracking
:_ yes N/A V_S_A _lllll

; r"-I _ 1, FSAR E3 12_ 6, Startup/Acceptance Test
I_ 2, Calibration Procedures _ 13 7. Test Requirement & epec.
I_ 3, Maintenance Procedures EZ] EZ] 8,

I_ III 4. Computer Software EZ] L-'J 9,

r-I _ 5, Operations Procedures E] EZ] 10,

KEY
15. Signature Requirements A-APPR, 16. Distribute as Marked

R-REVIEW
S-SIGN NEW

= U /) DRAWING

[ZZ_ Cog, Enginee__/t*" ,_._ /_II_7_/ [zz_Malntenance _.OA:O_Y)" _ Cog. Eng. Mg_,/_,K:-_','_-2z._ '_ Ops. Support _O,:ORY)
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ENGINEERINGCHANGE ORDER -:,o

O DOE ORDL=FI6480.1A DES'tGN CRIT'mRIA
2, _ATE

' CHF=CKUST

_ne ces3cnrecuiremsnts _r,50E Order 64""..... ..,_.,,1Ac,necKedbelow
nave been c_Jled r.o t_is Design,

,

], DIVISION SL,:EDIVISION

--' Oan_ral _,_m.uir.ments _ 31D! _, 3',35 F"__31S_ _ 0110 _ 011! _i 014.0 '_ 0150 _ 3',79
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--- Site cnu_ Civil _ 32_.5 _ 0250 _ _.. " _. ". ,... 0256 _ 0260 _ 02SZ _ 025e r-'l 02e,' _ C,?."O ,'_--'0273 _ "':
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Carlshad , b_. 88220 o,_ o,_i_,io_ N_m_ _,,,

_,_ ;,,ro,n,, 412-F-017-W E
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2. Dwg. W_KD6 412-N-OO2-W, tag identification table, label #9 & Ii are modified to read
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#9 GRB-I #II GRB-2
Recirc Out Recite In .

Backup Backup

Dwg. WHO6 412-N-002-W, stencil Bin serial number, revise dimension 6 +_½ to read @
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27.5 + ½
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LINER S#A_.,. NOr RE.:_ASE ANY _ASES ._E'qNEEN 70' ; AND _]0' ;,

6, REMOVED

7, PREPARE AND PAINT EXTERNAL SURFACES OF BIN PER SPECIFICATION
E-Z-240, REV. 2, SYSTEM 1-16. FINISH COAT SHALL BE GRAY,
A.PPLY PAINT AFTER WELD TESTS AND APPROVALS SPECIFIED IN

EQUIPMENT SPECIFICATION E-A-334, EXCEPT STAINLESS STEEL SURFACES, D
8. PAINT INTERNAL SURFACE OF BIN AND UNDERSIDE OF COVER

WITH PAINT 105C-5, WHITAKER COATINGS,
1500 LATHEM ST., BATAVIA, IL, 60510 OR EQUAL.
APPLY FIRST COAT ,000,3"-- .0004" DRY AND BAKE 10 - 12 MINUTES
AT 300" - ,315' F. APPLY SECOND COAT ,OOO,_"- .0004" DRY AND
BAKE 10 - 12 MINUTES AT 40(3" - 425'F. APPLY FIRST COAT AFTER
WELD TESTS AND APPROVALS SPECIFIED IN EQUIPMENT SPECIFICATION
E-A-334,

/___ STENCIL BIN EQUIPMENT NO, AND THREE DIGIT SERIAL NO, LETTERS "'-
SHALL BE 1/2"-1" HIGH INDELIBLE BLACK, LIDS AND BINS OF THE SAME
SERIAL NO, SHALL BE SHIPPED TOGETHER, DRY TEST BIN EQUIP,
NO,: 63-S-001, S/N -001, ETC.

Z_ REINFORCE HOLES IN LINER WITH TEFLON WASHER EMBEDDED IN THE ....
LINER,

SECOND WELD ON WALL OPTIONAL, SINGLE WELD PERFERRED WITH

SINGLE PIECE WALL, C
Z_ TO BE INSTALLED TO BOTTOM OF BIN ONLY,

13, REMOVED

Z_ ALL I/2" VALVES INSTALL ON ITEM I SHALL HAVE THE SAME
PART NUMBER.

Z_ ALL 1" VAt.VES INSTALL ON ITEM 1 SHAIJ. HAVE THE SAME
PART NUMBER.

16, ARROWS ON ALL VALVES TO POINT AWAY F'ROM 8IN WALL, ..I /

___.._REMOVE THIS LENGTH AFTER FINAL INSTALLATION,

18. THIS DETAIL FOR TEST BINS S/N PB-OO9, PB-010, AND PB-011 ONLY,

, t9. THIS DETAIL FOR TEST BINS S/N PB-012 AND ONWARD,

z_ FOLD ITEM 20 AS REQUIRED TO FIT WITHIN THE BIN. B

7-- / - ' .............. " 1_]9 ......I_ RM,,,,14_ l_ I,,_',_ I;2o, I

_ I REusEDoEREcoro [:,/,,ls/92b,/,s#,,,_,/f_1_zly//_#;4_84 I--.:LT -- -- ii ,iii , ..... --.

1__ " ..... ,.ooo!
t i Grin i CHKI CoGIDFm_GRI i ......r T ---- " i ii
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--- ...... CHKR D HUGHES10/17/9 .... "_ ..... .........
UNLESSOTHERWISE -- -"-: ' ..... e _ ....

SPECIFIEDTOLERANCES COG. ENGkA,BALl 10/17/_ WestlncJhousWase IsolationDivision
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_:T,ONS+_/_ A.PDw,..R,,_HrrL12!_/_ BIN-_ _ A

o, I )l DRYTESTBIND£TAI"e
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S,LV-_.'q-_'_.,XTZSSS 3'6 3ASKE"r. _O_.S,NG Sr_A,..._AVE NC M,CRON S,ZE
.,IF_.A,,.JN STAMPE'_ ON DISCARD T_E NuPROOR GT_ER S;£" ._ _r, .-,

F'ILTERE.E,MENT IN THE HOUSING,

2xFIBERBOARE_ LINERS TAPED TOGETHERAT TAB END WiTH ITEM 18,

z_ SHIP ITEM 4. PLACED INSIDE ITEM 2, NO SHARP BENDS ON GASKET,

Z_ TAGS TO BE RED WITH WHITE LETTERINGON A 3' X 2" 'FAO, WITH 1/4"- '
1/2'' CHARA(STERS,TAGS TO BE MOUNTED WITH ITEM 20, TEXT OF EACH 11W
TAG SHOWN ,N TAG IDENTIFICATIONTABLE,

6, REMOVED ,_ D

7. REMOVED

:_: _::_:: _-_i i:_:] 8 R_.MOVED

STANCARD !-IEX-HEAD BOLTS WITH INTZSRAL WASHERS, BOLTS SHALL BE
'/2-'3 dNC X 1-1/4 LG, WITH AN INTEORAL FLAT WASHER.1" DIAMETER,

,_ .-ZAvZ TOP CF _TEM 12 LOOSE AFT'ZR INSTALLING ITEMS 13, 14., 29, & 30,

_a _ _ STENCIL BIN ECjtPMENT NO, AND THREE DIGIT SERIAL NO, L.='TTERS --
SHAL_ BE 1/2"-1" HIGH INDELIBLE BLACK, LIDS AND BINS OF THE SAME
SERIAL NUMBER SHALL BE SHIPPED TOGETHER, SOLID WASTE BIN EQUIP,

NO,: 63-S-00_, S/N -001, ETC. PS/SC BIN EQUIP, NO,: 83-S-004,-- " S/N -001, ETC.

z_ SANDIA NATIONAL ,.ABS, TO SUPPLY AND INSTALL ITEMS 2.3, 24,
25, 26, AND 27 t=ER PROCEDURES APPROVED BY W-WID,

'f z_ TIGHTEN TO 30 F"-LB TORQUE.

"__ _ STENCIL WORDS "MAX GROSS WEIGHT 3,200 LBS," C
k_:J L.%_q"rERSSHAL. BE 1-2" HIGH, INDELIBLE BLACK, ON NEAR

AND FAR SIDE OF BIN, STENCILED AFTER PAINTING BIN. ,,

TRANSPORT FILTERS (ITEM 38) TO BE FITTED WITH A FEMALE NUT
AT THE FABRICATIOF_SHOP. THIS NUT WILL BE REPLACED WITH A
CAP NUT AT THE Wll=P SITE PRIOR TO DOWN-LOADING OF THE BIN,

5,L,L_T_ON 16, ALL VCR CONNECTIOHS SHALL BE MATED wrrH PROPER SIZE GASKET, /
=RfT'Y) PREFERABLY FIELD IN A GASKET RETAINER ASSEMBLY (ITEM 32, ITEM 33),

__ I'7, I:'OLLOWVENDOR DIRECTIONS FOR REPEATED USE OF THE SAME ASSEMBLY,

_'__/ _ FILTER MEDIA SHALL BE REMOVED FROM THE NUPRO FILTER HOUSING

y_ (ITEM 21) FOR THE PRODUCTION BINS S/N PB-O09 THROUGH PB-018,

CUT WIRE CLOTH INTO 20 FT, LONG PIECES, FOLD INTO SIX APPROXIMATELY
40" LONG ACCORDIAN STYLE BENDS, LOAD .3 PIECES (60 L.F,) OF" THE
_DLDED WIRE CLOTH DIRECTLY ONTO THE GAS MANIFOLD ASSEMBLY (DWG. NOS,
412-M-OO5-W AND 412-M-OO7-W), INSTAL. PRIOR TO SHIPMENT OF BIN
TO GENERATOR SITE.

B
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ENGINEERINGCHANGE ORDER Eco

DOEORDER6430,1ADESIGNCRITERIA -
DATE

• CHECKLIST

The design requirements in DOE[ Order 6430,1A checked below
hove been applied to this Design,

3, DIVISION SUBDIVISION-....... - "' "......,
!.
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F-J3.co_,t_ D 0500D o_o_O o3_oLOo,_-_oD o_3oE:]o3_oF_.]o_5oro o_o D o38o
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[]]]]6 Wood and Pl0stlcs [-']0600 El 0610 L_ 0650
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_]8 Doom and Wir_dows I

O_ _i_, D o_ooD o_o IDo__oD o_2_D o_o O o_5oO o_6_O o_66D o_7oO o
O oegoO o_95 !

010 Specloltlesl i[_] 1015 [_ 1020 0 1024 [_] 1027 F-] 1030 0 1040 [_ 1050 [_] I052 ['_ 105,5 [_ 113
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[]]]11 Equipment 1100 []] 1161

[_]12 Furni,nlng_l IO 12.01 D I=30' O 12_00 1260 D 1'270 , - ....... i--

_] 1300 El I,.!04_] 1300 _-] 130B O 1307 O 131@ O 1319 m-] 1320 O 132,10 1;3_13 Speclol Focilities

O1_ ¢_nv,ying Sys[-.ms [_]1401 F] 1420 Oil1440 [_]1460
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ENGINEERING CHANGE ORDE_NGINEERING FILE__ rof0P___"USE BLACK INK
,,, ill

,. I I'. 2
O F_,vi .Posted 4. AssociatedDocuments: 5, Document Type:

CC&D

,-e..-.. :.-Initials_l.:i"" 31 System: FP0 3 __ Equipment No.: 53_-FP-oo6ot Building' v/G-w_._._.

," ___ ,r_'_, " PWR Drawing ._'3- 04. 2 -._J

/7 g_l_pL£._ £ ,_.,. EcP I,J/A Specification [_]
' .

\, , P.O. VendorData E_
\ ", ,,'" v; ""'
"< '. .' ",-- --. Others SDD F"]

"..,.o _'%,._ .,, ,.,,•

< :--.7'---,='.-y" Others

6. 1"itieofChange: _0V.E.CM,._ P0(_T .q,,HO6 _Z WtR,E:...S

7. Originator: (print) Ext. No." Department: Date: i 8. Cognizant Engineer: (print)

J,R,.ST_B LE. S_"74.E'c.._._="_,_',..iI.-_i-'_ti d._.STP-,,_t:,LE
9, Description of Change:

Yes No
Componentindiceschange required

[_] _" (if yes, attachsheets)

_0 V_ THE_ WI_E,.._TO hC.'TUPrTE Cr1,_ DoI_T chloftZ-

(_JF(EE primaL.._)4-FP-oo6"o_TO _N_TOE'P.P-._Z_¥.

[_ 9a DrawingChange Sheet attached l-"l 9c Vendor Data Cnange Sheet attached
E_] 9b Design Documentation Sheet attached

10. Yes No

[--I MODIRCATION INPFIO'I_R#BSJ_._.j/_ L ECO will beModification complete: _u. _..'_,_V'_'_ .... / j_./_'= ct"2. incorporatedafter
s_,_=,, o=, J M.I.P. signed complete

[_ Change drawing per as-built markup dated: _-_- Iii-cl "2.
['-I Change drawing per ECO-provided data
[-] Temporary modification

11. Design Verification Requirements: (per WP 09-018) EDT No."

____%_J_.._ 1. Requirementssatisfiedby review/approvalof designdocument
2. Independentreview

3. Alternate calculations

4. Developmenttesting

-I 5. Design review

_- 6. Other: , [_
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i"] _ 1. FSAR _ {_ 6. Startup/Acceptance Test qp
1-3 _ 2. Calibration Procedures (_ I_ 7. Test Requirement & Spec,
(_ I_ 3. Maintenance Procedures [_ [_ 8.
[] {_, 4. Computer Software [_ 1"3 9.
1"1 _. 5. Operations Procedures I'-i 1"1 10.

KEY

15. Signature Requirements A-APPR. 16. Distribute as Marked
R-REVIEW
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DRAWING
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ENGINEERINGCHANGE ORDER Eco#

6480,1A DESIGN CRITERIA 2. DATE _LL.'J.L'J_I_DOEORDER
" CHECKLIST

The designrequiren_,entsin DOE Order 6,:30,IA checkeC below
hcve been cpplied to this Design,

3, DIVISION SUBDIVISION

01 o_r,_'a__,_ui,'-._r,ts00_i _ O_O__ o_ogEZ]o_o r"1oi_ 0 o_ _ o_o D o_7o
0 o:oorOo:o_0 0:020 o_o_0 o2os0 o_o 03oz,_E3o:_s0 o=:o0 "

O: s_t,o_oc7_, 0 oz=s0 o:._o0 o2s6O o:_o0 ozsz0 o2_ 0 0z570 ozTo0 o27_O c.
Engineering

F] 0Z76 I-_ 0=78 ['_ 02T9 Q 0280 [_ 0281 [_ 028,5 Q 0Z85 _ 0290 F'] 02.81

O _.co,.,_,-_t. 0 o_oo0 o_o_I-'qo.3_oO o_:o0 o.,_o0 o._,,.oC]o_5oF'lo_7o0 o_o
.......

: i_r Ther_ol end Mo,s[ure _ 0710 _ 0711 O 0714. O 0715 [--] 0719 I_ 07_.0 _ 07:1 r-I 0722 r_ 07.z4. _,1 c

_°_,=,.io,, 0 ov.,o0 o7._oO ov_ 0 o7._ 0 ov6o0 07=.0 .

0880

• ....... m'] 0900 P-] 0@10 0 0920 0 0_2.5 0]]0930 m']0°50 _] 0°65 0 0-=68 0 0970 00_
_9 f.';nishe_ " "

0 09900 o._

_-'_13 Speciol rocilities _ 1300 L_ 1_0'_ I-] 130_ I_ 1500 [_ 1507 _ 1318 Q 1519 Q 1.320 I_ 1..t21 _ I.

014. Conveying Sys_._s 0 14.01 mi 14Z0 r'-] 14.40 0 1460

4-, I_ NOT AI:'mLJCASLE No potion of DOE Order 6430,1A is opolicot_le to this 0e_tign,

- _, I_] AS-BUILT ECO is for _Js-.built field verifiedcMor,ges only, ,'

NOTE' A check ploced in the Division column signifies thor: the
entire 0ivision sholl be opplicoble to the Design, unless
modified by checks indicoted for specific Subdivisions.

" @_ COIvlMENTS:
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. ,, _ ..... ,_,, ,li ii i i iii iii i _,,,,,M:_-.... ,,,, i,

e ---_--- ....... . _"i ;' _....,',..,i_,,%,,:/ .....
IT;'<'CC&D Flevlew:,._,__._ Initials [ 3, System,__)_,,.,_ Equipment No,:
.Posted 4, AssociatedDocuments', 8, Oooument Typo_

Pw_ .Pf.,-,/_qS'___ __'_r_ 1"7,__
ECP Speolflcatlon [_

' P,O, Vendor Data [_]

Others SDD [_]

Others

• _, . J, L , ,, ,, ,

7. Originator: (print) Ext, No,: Department: Date: 8, Cognizant Engineer: (print)
,,I ,,'

9, Descrtptlon of Change: Yes No
Component Indtoesohange required

[_ _ (If yes, attachsheets)

_..,<,_,.,_J_¢_/ <2,,._._; ,.,_,>._,_,_,_.__'_..,X.,__,_.__ _,, _.-/_._._, tL_.• /

, , , . , /,,.',,-., ,,i

"_,,,ga Drawing Change SliDe, Data Change Sheet attached
..- [_] 9b Design DocumentationSheet attached , ".

, .__.,_.._,._.,_,_,.,..,,_,,. . _ <.._.,,___.__..;_._-_. ......._,/.__;-, x,-.-c/_,.. _/- _-_o_.o/_,._-z.......-_.c_...,, ,___g,>,._/_. # ! 7_...

}
[_ MODIFICATION IN PROGRESS ECO will be

[_] Modification complete: / - Incorporated after
s_),,=_,, o,_ M,I,P, signed complete

["] Change drawing per as-built markup dated:
[_ Change drawing per ECO-provided data
[_ Temporary modification

11, Design Verlflcatlon Requirements: (per WP 09-018) EDT No,:

___ Y_..T.__.._.,._Z'b___ 1, Requirements satisfiedby review/approval of design document
2, Independent review

3, Altemate calculations

4, Development testing

O 5. review
Design

6, Other:

12. Addendum Sh(mtadded: .................... , ... ........ .ii...,._.._./.......,...:...... :
- _,,tutB O,,_

................ -..........'................ 9OB00o5
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14, Administrative Tracking .dHIik

YE9 NIA YES NdA U

IZI _ 1, FSAR I_ I_ 6, Startup/Acoeptance Test
F"i ._ 2, Calibration Procedures _ JEI 7, ]'est Requlrement & Spec,
F"! I_ 3, Maintenance Procedures I_! _ 8,
ICI _ 4, Computer Software F'I I_ 9,
[] I_ 5, Operations Procedures rl [_ 10,

KEY ......

15. Signature Requirements A-APPR, 16, Distribute as Marked
R.REVIEW
S.81GN NEW

,_,._ / DI:JAWING

7, I/. .'#.'_ if /f ,_/.,,,,/
"_ , _-#"1,_ I /iiI_ Cog, Engineer _ .. _/?'_ ...... _ Maintenance (MANDATORY)
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Startup ,]_., /l-/_-_el_ I_ Startup
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Safety _O__;_____,'/z__.@(. _ Orlg,/DeslgnEngr.
Dept Manaaer , , ./'/Ii/ ___ _ Cog, Engineer
Operattons(,J-._,___.._.__. [_ Others
Security 7__t, I_

_ SNL .4 .... _

!---1 i
i i
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1 Drawing: I", /_E;' _/J"//_/_...... ,...... ECO Number: _"

2, ECOSoareh List: .. ......... ............. r...... :_.: .. , .......

•.1,.,.mi_l..l,,IM Q'_ L I I JLI,,l I, I , ,. : - I,L I l

- mm= ........ IIll I . III I : _ i ---: "_= ::::: `ili_`_3Ml I

-":3,....DescrlPtl0nofOhange: ................. " .....................................

5,40,,:/oc:_/-/'o-:.-o-6 ::_e__":._,c_4,.--:.-/s'-_
< l-l--T--/.._ //'_per" s,2e_._ :tr:-/7/S_ ,.G

i

=

4, Drawing Cog, Engineer Approval: /7 , Date' t//} :: //_t
• - .___ iii / ...........

5:dovers.."i'g,oc,(Cc_D--us"oniy),-"..... ' ...... _ " ......

Receivedfrom EFR: .............. DraftingStaffed:
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DISCLAIMER
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bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
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United States Government or any agency thereof.
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This document is issued by Westinghouse Electric Corporation, Waste Isolation

Division, as the Managing and Operating Contractor for the Department of Energy,
Waste Isolation Pilot Plant, Carlsbad, New Mexico, 88221.
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DISCLAIMER

ThisdocumentwaspreparedasanaccountofworksponsoredbyanagencyoftheUnit,_d
StatesGovernment.NeithertheUnitedStatesGovernmentnoranyagen_ thereot,
noranyoftheiremployees,makesanywarranty,expressor implied,orassumesany
legalliabilityorres_:msibilityfortheaccuracy,completeness,orusefulnessofany
information,apparatus,productorprocessdisclosed,orrepresentsthatitsusewould
notinfringeprivatelyownedrights.Referenceshereintoanyspecificcommercial
product,process,or servicebytradename,trademark,manufacturer,orotherwise,
doesnotnecessarilyconstituteorimplyits'_ndorsement,recommendation,orfavoring
bytheUnitedStatesGovernmentorany agencythereof.Theviewsandopinionsof
authorsexpressedhereindonotnecessarilystateorreflectthoseoftheUnitedStates i
Governmentoranyagencythereof.
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This document has been reproduced directly from the best ix)sstble copy. lt is
available to DOE and DOE contractors at the following aadress:

Office of Scientific and Technical Information
P.@. Box 62

Oak Ridge, TN 37831

_. Prices available from (615) 576-8401; FTS 626-8401

Available to the public from the
National Technical Information Sorvlco

U,S. Department of C¢_;nmorce

] 5285 Port Royal Road

Springfield, VA 22161
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PREFACE,

ThisistheseventhAnnualSiteEnvironmentalReportfortheU.S.DepartmentofEnergy,WasteIsolation
PilotPlant(W'IPP).The mostsignificantadditiontothe1990reportistheinclusionoftheAnnualWater
Qu_lit7DataReportwhichaddressesgroundwatersurveillanceattheWIPP.TheWaterQualityReport
waspreviouslyissuedasaseparatedocument.Thecombinationofthesetworeportsallowread_rstohave
allenvironmentalmonitoringinformationconsolidatedtogetherforaneasyreference.

AsyoureadthisdocumentyouwillnoticethegroundwaterdataLnChapter7 iseitherpresentedinmetric
orEnglishunits.Theequivalentunitshavenotbeenshown.To assistthereaderinrev'tewingChapter7,a
conversiontablefrommetricunitstoEnglishunitscanbefoundasthe[astpageinthisreport.

Additionally,itisanticipatedthatthiswillbethelastAnnualSiteEnvironmentalReportfortheWIPP
issuedwiththefacilityinapreoperationalstate.When theWIPP isoperational,certainsectionsofthis
reportwillchangetoaddresstheoperationalstatus.ThesignificantchangeswillbeinChapter5,
EnvironmentalRadiologicalProgramInformation.

TheSecretaryofEnergyhasmadestrongcommitmentsforsoundenvironmentalmanagement.The
ManagementandOperatingContractorfor the WIPP, WestinghouseElectric Corporation,completely
supportsthe Secretary'scommitmentswitha Total Quality attitude in the true spirit of environmental
awareness.

To recognizetheDepartmentofEnergy'sconcernforenvironmentalawareness,thisdocumenthasbeen
printedonrecycledpaper,ltisourintentionthatthisbethebeginningofasignificantstepfortheWIPp
intouserecycledproductswheneverpossible,andwhenthisisnotpossible,tousetheleastenvironmental
degradableproduct available.

,,

COVER ILLUSTRATION

- ThisillustrationdepictsthecoexistenceofhistoriclandusedinsoutheasternNew Mexicowithmodernday
= technology for the approaching21st century. The U, S. Department of Energy is committed to preserving

multiplelanduseforthisareawithsoundenvironmentalpractices.(TheillustrationisbyBillBriggs,who
" is an electrical engineer at theWIPP.)

m

,li
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CHAPTER 1

EXECUTIVE SUMMARY

The U,S.DepartmentofEnergy(DOE) WasteIsolationPilotPlant(WIPP) OperationalEnvironmental

MonitoringPlan(OEMP) monitorsacompr_.bensivesetofparametersinordertodetectanypotential
environmentalimpactsandestablishbaselinesforfuturequantitativeenvironmentalimpactevaluations.

Surfacewaterand groundwater,soil,andbic_ticsaremeasuredforbackgroundradiation.Nom'adiological
environmentalmonitoringactivitiesincludemeteorological,airquality,soilproperties,and thestatusofthe

localbiologicalcommunity.Ecologicalstudiesfocusontheimmediateareasurroundingthesitewithemphasis
onthesaltstoragepile,whereasbaselineradiologicalsurveillancecoversabroadergeographicareaincluding
nearbyranches,villages,andcities.

SincetheWIPP isstillinapreoperationalstate,no wastl-hasbeenreceived;therefore,certainelements

required by Order DOE 5400.1are not presented in this report. For example, no discussionof radionuclide
emissionswithsubsequent dosesto the public is included. With the WIPP in a preoperational state,discussions
of radioactivity for specific radionuclides releasedaseffluents are not included.

Additionally it is important to stateto the reader of this document that a summarization of the radiological and
- nonradiological data baselinesfor the preoperational phaseof the WIPP are being compiled and will be

presented in a summarized form once completed. Ii isanticipated thesedata summarizes will be completed in
1991.

1.1 COMPLIANCESUMMARY

In 1990, the WIPP complied withapplicable federal and state environmental regulations. The WIPP
project maintains activepermits from the Bureau of Land Management (BLM) and an Environmental
ImprovementDivision(EID)permitfor openburning.

Additionally,theDOE hasnotifiedtheEID ofhazardouswasteactivitiesassociatedwiththe

management of site-generatedhazardouswaste. The WIPP hasa hazardouswaste management
program in piace which is in compliancewith Resource Conservation and Recovery Act (RCRA)
requirements. The WIPP submitted RCRA Part A in January ;andPart B in February, 1991. Also
during the year, WIPP submitted the required Emergency and Hazardous Chemical Inventory Report.
This report was submitted to satisfy the requirements of Section312of Title Ili for the Superfund
Amendments and Reauthorization Act (SARA).

- On November 14, 1990, the U. S. Environmental Protection Ag(.-ncy(EPA), through publication in the
Federal Register granted a Conditional No-Migration Determination for the DOE WIPP (EPA, 1990).
This determination granted DOE's request for a variance from land disposal restrictions under the
RCRA during a ten year period covering the five year WIPP Test Phase. This variance had been
requested by the DOE through submittal of the No-Migration Variance Petition and its subsequent
revision in March 1990(DOE, 1990a).

To satisfy National Environmental Policy Act (NEPA) requirements, the DOE developed a Final
- Supplement Environmental Impact Statement (SEIS) which was issued in January 1990 (DOE, 1990b).

This document covered both new information obtained since the original Final Environmental Impact
Statement (FEIS) was issued in October 1980, and newly proposed activities, such as the Test Phase
activities. On June 22, 1990, the Pecord of Decision for the SEIS was published in the Federal Register
(DOE, 1990c),

- I.I



DOE/WIPP 91.008

A technical data package was prepared in 1990to demonstrate compliance with 40 CFg 6L Subpart H,
National Emissions Standard forHazardous Air Pollutants (NESHAPs). The data package estimated
doses to the public to be well below the 0.1 mrem limitat which a formal application must be submitted.
The data package further documented the design of the airborne effluent monitoring system used at
WIPP.

The WIPP Waste Minimization and PoLlutionPrevention Awareness Plan has been drafted and is
c,,a'rentlybeing revised to incorporate comments. The final plan wiUbe submitted to DOE WIPP
ProjectOffice (WPO) in June of 1991.

In September 1990,during a pressure test of petroleum product storage tanks,a leak was indicated in the
associated piping above the unleaded fuel tank. The EID and the EPA Region IV offices were promptly
notified of a potential leak and the unleadedfuel tankdt'ained. A remedial investigationwas performed,

1.2 ENVIRONMENTAL PROGRAM INFORMATION

The effort to establish environmentalbaseline conditions at the WIPP site before arrivalof waste has
been ongoing since 1975. These studies are continuing to characterize the local environment both
radiologically and nonradiologically until the WIPP is operational. Once the WIPP is operational, these
programs will transition into the operational phase and pertinent data collection will continue through
the life of the project.

1.2.10nerational Environmental Monttorinf Program

The WIPP OEMP lists schedules and guidelines formonitoring a comprehensive set of
= parameters in order to detect and quantify anypresent or potential environmental impacts.

Nonradiological portions of the program focus on the immediate areasurrounding the site,
whereas radiological surveillancegenerally covers a broader geographic area including nearby
ranches, villages and cities. Environmental monitoring will continue at the site during project
operations and through decommissioning activities. The sampling activities will continue to be
performed at the established monitoring locations which are unchanged fromearlier Annual Site
Environmental Reports (ASERs).

1.2.2 SilrnlfieantEnvironmental Activities

- This section addresses significant environmental activitieswhich occurred during 1990.

• Rantor Research Proeram_ v

In ca_:ndar year (CY) 1990,80 raptornests and 31 Chihuahuan ravennests were monitored.
Reproductive success was poor, especially for Chihuahuan ravens. The trend remains consistent
with proceeding years of low nest success rates. The poor success continues to correlate with low
numbers of prey species which are beginning to recover fromthree previous years of below
normal precipitation in the area.

• Reclamation of Disturbed Lands

No reclamationactivities, other than monitoring, are reportable for CY 1990. Reclamation
techniques and experimentalparameters fromthe 1988 and 1989reclamation activitiesare
currentlybeing addressed in a thesis entitled "Examination of Native Plants and Tillage for
Reclamation of Caliche, Dune Soil, and Salt.Impacted S,:,ilin the Los Medanos of New Mexico."
The study is being conducted by a graduate student of New Mexico State University and funded
by the DOE.

1-2
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.,. Monitoringofreclamationplotsconsistedofphotographingallcallcheroads,drillpads,borrow
pits,batchplants,andtheBr_ndersonlandfill,TotallandareaphotographedwasapproxJmately
19,6ha.(49acres).PhotographsweretakenduringSeptemberandOctober,

13 ENVIRONMENTAL RADIOLOGICAL PROGRAM INFORMATION

The followingsubsectionspresentmonitoringtopicsforthesubprogramsoftheOEMP, These
proca.msareconsistentwithDraftOrderDOE 5400.6,RequirementsforRadiologicalEffluent
MonitoringandEnvironmentalSurveillanceforU.S,DOE Operations.

WiththeWIPP statusbeingpreoperationalitisnotrequiredbyOrderDOE 5400.I,thatannual
radiologicalanalysisofsamplesbeperformedoncetherequiredradiologicalbaselinehasbeen
established.However,tofurthersubstantiatethedatabaseline,certainradiologicalsamplingprograms
havecontinuedwiththesamplesbeingarchivedforfutureanalysis,ifconditionswarrantfurtherdata.

As specificallyoutlinedintheOEMF, fivesubprogramsarebeingconductedtodocumentthe
backgroundlevelsofpossibleradionuclidepathwaysleadingfromtheWIPP toman.

1.3.1 AirborneParticulateandEffluentMonitoHnE

Samplingairborneaerosolparticulateswasinitiatedin 1985and isan importantsubprogramof
the OEMP. The Final SafetyAnalysis Reoort (FSAR) (DOE, 1990)identifies the atmosphere
pathwayas the onlycredible release pathway resulting in apotential dose to the public.
Continuous particulate aerosol samplers operate at eight locations, three within the Zone II
boundary, four at local ranches and communities, and one as a samplecontrol site.

The continuous aerosol samplers presently being utilized maintain a regulated flowrate of
approximately 950 milliliters per second (two cubic feet per minute) of air through a 47-millimeter
1.9inch) fiberfilter for particulate collection. Particulate filters were collected weeklyat ali
locations in 1990.The collected filters were counted at the Environmental Counting Laboratory
at the WIPP, where gross alpha and gross beta counts of each filter were calculated yielding
weeklycounts and a quarterly average for each location. Table 5-1 of Chapter 5of this document

_ lists the quarterly alpha andbeta concentrations for each sampling location.

1.3.z

Soil samples were collected in December 199'0at seven iocatio)ls. A template insert allows the
collection of samples at three depths at eact_location: (1) surface samples, 0-2 cm (0-0.8 in), (2)
intermediate sample 2-.5cm (0.8-2.0 in) and (3) deep sample, 5-t0 centimeters (2.0-3.9 in), Every
sample was a composite of 10 randomly located subsamples, each collected within a 10by 10
centimeter (3.9 by 3.9 inches) stainless steel template. Soil samples collected during 1990were
archived as the required numberof samples had already been collected to establish the soil
radiological baseline.

_JJ

Groundwater surveillance continued routinelythroughout CY 1990with 18wells sampled. Ali
samples collected were archived for future analysis. Should curcumstances warrent analysis,the
radiological groundwater collected in 1990can then be analyzed.

i
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1.3,4 Surface Water and ._e0tment ,_am_nltn_,-- .,.,

Surface water and sediment sampx.'xwere not collected in CY 1990, As with soil sampling, once
backgroundmea._m'ementshavebeenestablished,annualcollectionsofsurfacewaterand
sedimentsisnot,.quired.However,periodicsamplesofsurfacewaterandsedimentswillbe
collectedpriortotheoperationalphaseoftheWIPP tofurthersubstantiatethebackground
radiologicaldataforthesurface.

1.3.5 Beef. Game Animals. and Anuatlc Fish SamDl_

InCY 1990,gameanimals(quail,rabbits)andfishwerecollectedasdirectedintheOEMP, beef
sampleswerenotcollectedin3,990.Thebioticscollectedwereprocessedandaxchivedforiuture
radiologicalanalysis.

1,4 NONRADIOLOGICAL MONITORING INFORMATION

Non.radiologicalEnvironmentalSurveillance(NES)wasconductedbytheRegulatory.and
Envi' 'nentalProgramdepartment.As ofFebruary,1991thisdepartmentwasreorganizedandfuture
envi_ .xentalmonitoringwillbeunderthe,directionoftheEnvironment,Safety,andHealth
dep_.nent.

This program was preceded by the WIPP Biology Program (1975.1982), which combined scientif'tcand
technical expertise fromsix universities. These universitiesdeveloped an extensive ba_selineof
information describing the majorcomponents of the Los Medanos ecosystem priorto the initiationof
WIPP construction activities.

1.4.1

The WIPP NES includes a meteorological station that provides support forvarious programs at
the WIPP. The primaryfunction of this station is to generate data to aid in modeling atmospheric
conditions for Radiological EnvironmentalSurveillance (RES). The meteorological station
recordsstandardmeteorologicalmeasurementsof windspeed,winddirection,andtemperatureat

- 3, 10,and40 meters(10,32,and 1,30ft), respectively,withdewpoint andprecipitationmonitored
atgroundlevel.Theseparametersare:,ntinuouslymeasuredandthedataarestoredasrealtime
data.

The annualprecipitation at the WIPP for1990was 41 cm (15.97 in), which is above the average for
this area by 10 cm (3.9'7in). Ti_eprecipitationfor 1990_vas62 percent greater than :hat recorded
for 1989. This precipitation increase has helped to alL-v/atethe drought effects on the eco stem
of the area.

,i In CY 1990 the winds in the WIPParea were consistent with previous wind direction data with
windsfrom the southeast being predominate.

1.4.2 Enyironmental Photm_ra_nhv
-

Aerial photographs of the WIPP site havebeen takensemiannually from 1982 until 1989, during
the winter and summerseasons. In 1990, the decision was made to take aerial photographs
annually during the peak growing season, late August throughSeptember. Any vegetative changes
due to WIPP activities will be best identif'led during this time of year. These photographs
documentsurfacedisturbance,development,andreclamationacti_,itiesattheWIPP and
surroundingBLM Lands.

1.4
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Surfacephotographyhasbeenconductedsemiannuallyatseven ecologicalstudyplotssince1984,
" Thesephotographsare usedto documentsurfaceimpactsat thestudyplotsexamined,and found

to show verylittle surface impact.

1.4._ Air Quall_+Monltarin_

SevenclassesGfpollutantgasesare monitoredat theWIPP siteon a continuousbasis:sulfur.
dioxide(SOl), carbonmono_de(CO), ozone(03), hydrogensulfide (H.,S),and oxidesof

' nitrogen(NOx). In addition,weeklymeas_rementsof Total SuspendedParticulates(TSP) are
made fromthe particulates collected by the low-volumecontinuous air sampler at the far-field air
sampling location,

The ambient gas monitors are extremely sensitive instruments that require semiannual
recertification by a factory engineer. Other than typical replacement of worn parts, the ambient
gas analy_rs required no significant maintenan_ actions.

The data generated by the analyzers was at the lower limit of detection which wasbelow the New
Mexico State standard.

!_: 1.4,4 Surface Water and Sediment Ouallty Monltorin_

,' During CY 1990,no surface water or sediment quality monitoring was conducted since a baseline
has been established. Preoperational monitoring to establish a baseline began in 1985and
continued through 1988with samples collected annually, lt is currently proposed that surface
water and sediment quality monitoring will be conducted biennially until the WIPP is operational.

1.4.$ _g.o.ll/ut._illg_

Groundwater surveillance continued routinely throughout CY 1990with 18wells sampled for
water quality. Twelve wells were sampled for the fifthtime, three wells were sampled for the
fourth tim:, two wells were sampled for the third time and one we',lwas sampled for me
secondtime. Groundwater Level Surveillance took place utilizing 57 separate well bores, six of
which were equipped with production inflated packers to allow surveillance of morethan one
production zone through the same well bore, Groundwater level measurements of the Culebra
dolomite were taken at 46 locations and measurements of the Magenta dolomite were taken at 11

- locations, The remaining measurements were taken in a formation of lesser interest,

1,4.6 Wildlife Ponulation MonitoHn_

Population density measurements of birds and small nocturnal mammals are preformed annually
to assess the effects of WIPP activities on wildlifepopulations.

• Bird Densities

In 1990 species numbers varied from previous years'data. This disparity can be attributed to
below normal precipitation from the winter of 1989into early spring of 1990.

_

Overall, species distribution patterns between WIPP transits and Control transits remain relatively
constant with the most significant species diversityoccurring near the facility. More abundant
food, most notably insects and greater habitat diversity,probably account for the increase in

= numbers of the WIPP transits compared to those of the controls. Insect dependant species such
as Flycatchers and King birds were the prominent species on the increase near the facility,

_

1.5
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• Small Nocturnal Mammal Population Densities

In1990,Ord'skangarooratsremainedthemostcommon speciesencountered.SeveralOrds

Kangarooratswererecaptured70to90metersfromtheiroriginalcapturelocation,whilethe

averagerecaptureventured30to50metersfromtheiroriginalcapturelocation.Grasshopper
ndcewerethenextmost'commonspeciesencountered,Otherspeciesencounteredinthisarea

wereplainswood rats,white-footedmice,deermice,and silkypocketmice,Onlyone hispid
cottonratwas encountered

1.4.7 Surface and Subsurface Soil

During CY 1990,the quarterly samplingof the surfacesell cswell as the amauaideep series was
conducted during the secondquarter. The subsurfacesell Lscollectedat two depths, 30 to 45
centimeters (11,8 to I7,7 inches) and 75 centimeters (23.6 to 29.5 inches), in the soil profile,
However, with the WIPP being in a preoperational state during 1990, and with an adequate
baselineestablishedconcernings0ilpropertiesattheWIPP, No analysiswas performedon the
soilsamplescollected.The soilsamplescollectedwillbearchivedpendingfutureanalysisdataif

s conditions indicate additional soil analysis is warranted.
,411

With the established baseline data, continuing the quarterly soil analysis was not required by the
OEMP. However with the anticipation of the WIPP bccot,',ng operational in 1991the quarterly
analysisof sellsampleswillonceagaincommence asdircctr.dby theOEMP.

1.4.8 V_etatlon Monitorin_

The CY 1989 vegetation monitoring data showed a decline in several parameters with increasm
proximity to the salt piles, indicating a detrimental effect of these storage piles on the surf(
ecosystem. However, the 1990 data do not show such an effect. The total coverages in ali plots
were relatively uniform over ali distances from the piles, The densities of annuals and species

' richness were also relatively uniform across ali plots. A pattern observed in the 1989 data that was
also seen in the 1990 data is an increase in shrub cover with increasing proximity to the piles and
an approximately equal decreasein perennialgrasscover. The responsesof these plots _ higher
rainfall in later years will reveal whether this pattern is reflcct'..tg the start of a signi_cant change
in the structure of the plant community or whether it is only a short-term effect causedby
short-term weather conditions,

Of greatest significance in the 1990 vegetation monitoring data, was the observation that the
drought conditions of this year have had a uniform effect on vegetation in ali plots2 A differential

- effect resulting from salt.induced physiological stress near the salt piles was not observed.

1.S OUALITY ASSURANCE

This document adheres to policies set forth by federal OA regulations including: ASME NOA-1,
QuaLity Assurance Program Requirements for Nuclear Facilities, (,ASME, 1989) and EPA,

- OAMS-005/80, Interim Guidelines and Specifications for Preparing Ouality Assurnce Project Plans,
(EPA, 1980), fulfills the requirements of the OA plan specified in DOE Orders .5400.1 (DOE, 1988d),

' 5400.3 (DOE, 1988e), 5"700,6B (DOE, 1986c) and draft DOE 5400.6 (DOE, 19880,

M
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CHAPTER 2

INTRODUCTION

ThisistheWIPP SiteEnvironmentalReportforCY 1990,TheWiPP siteislocatedinsoutheasternNew
Mexico,TheWIPP isagovernmentownedandcontractoroperatedfacility,The WIPP projectisoperatedby
WestinghouseElectricCorporationfor the DOE. The purposeof theWIPP isto providea researchand
developmentfacilityto demonstratethesafedisposalof transuranic(TRU) wastesgeneratedby thedefer,s=
activitiesof the U.S,Government,This documentLspreparedin accordancewith the guidancecontainedin
Order DOE 5400,1,GeneralEnvironmentalProtectionProgramRequirements(DOE, 1988a);Order DOE
5400.5,RadiationProtectionofthePublicandtheEnvironment;andDOE/WIPP 90-050,Environmental
ProtectionImplementationPlanfortheWasteIsolationPilotPlant,whichrequiresDOE facUidestosubmitan
ASER totheOfficeofOperationalSafety,Thisreportprovidesa comprehensivedescriptionofenvironmental
activitiesat theWIPP during calendaryear1990,

The WIPP facilitywill notreceivewasteuntilali concernsaffectingopeningtheWIPP ate addressedto the
satisfactionofthe Secretaryoi'Energy,Therefore,thisreportdescribesthestatusofthepreoperational
activitiesoftheRES program,whichareoutfinedintheRadiologicaJBaselineProgram(RBP)fortheWIPP
(W'TSD-TME..057).SincetheWIPP isina preoperationalstate,meaningnodefensefacilitywaste
contaminatedwithradionuclideshasbeenshippedtotheWIPP,certainelementsofOrderDOE 5400,1arenot
presented in this report.

InMarch1989, the monitoringactivitiesoftheRBP andtheEcologicalMonitoringProgram(EMP) were
combinedintotheOEMP, Thisprogramisdescribedinthe_al FnvironrnentalMonitorin_Planfor
theW_t¢ IsolationPilotPlant(DOE/WIPP 88-025),ThisplandefinesthescopeandextentoftheWIPP
effluentandenvironmentalmonitoringprogramsduringtheoperationallifeofthefacility,ltalsodiscussesthe
qualityassuranceandqualitycontro[programswhichensurethatsamplescollectedandtheresultinganalytical
dataarerepresentativeofactualconditionsattheWIPP site,The OEMP istheguidancedocumentunder
whichalloftheenvironmentalmonitoringprogramsfollow,Itspurposeistoensurethatallappropriate
samplingeffortsareLaplacetoestablishtheamountandtypeofnaturallyoccurringradiationintheWIPP area
beforetheWIPP isoperational.Thentoprovideadatabaseforcomparisonsbetweenpreoperationaland
operationalenvironmentalconditionsoncethe WIPP is operatingasa wasterepositoryfor lowlevelradioactive
waste.

The OEMP waspreparedin accordancewiththeguidancecontainedin Order DOE 5400,1anddraftOrder
5400.5,RadiationProtectionofthePublicandtheEnvironment(DOE, 1988b),whichwassubsequentlyissued
asOrderDOE 5400.5inFebruary,1990,Thisplanalsorespondstotherequirementsandguidelinespresented
indraftOrderDOE 5400.6,RadiologicalEffluentMonitoringandEnvironmeutalSurveillanceforU.S,DOE
Operations (DOE, 1988c), Since waste has not been received and WIPP is still in a preoperational state,
certain elements of Order DOE 5400.1 are not presented in this report. For example, no discussion of

= radionuclide emissions with subsequent of doses to the public is included.

+ 2.1 DESCRIPTION OFTHE WIPP PRO.IECT

Once designated as an operational facilityby the DOE, TRU wastes will be transported from 10
generator sites around the United States to the WIPP. Initially, the waste will be transported from the
Idaho National Engineering Laboratory and the Rocky Flats facility, in Colorado for the test phase.

- These waste materials are contaminated with alpha emitting radionuclides having atomic numbers
greater than 92 and half lives longer than 20 years. Also to be classified as a transuranic (TRU) waste,

- the specific activity of these radionuclides in TRU waste must be higher than 100nCi/g. General criteria

defining the various categories of radioactive waste, including TRU waste, appear in Order DOE
- 5820.ZA(DOE, I988d). Isotopes of plutonium, americium, and curium willbe the predominant

radionuclides contaminating TRU waste shipped to the WIPP.
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The TRU wastetobe receivedfrom the 10generatorsiteswil}be transportedto theWIPP _'ia
tractor-traiJortrucks,Eachtruckcanhauluptothreetranuranlcpackagetransporter(TRUPACT lls)
containing14,55gallondrumsortwostandardwasteboxes,TheTRUPACT IIisadurable,reuscabl:
containerwhichhasbee'uapprovedbytheNuclearRegulatoryConunlsslon(NRC) totransportthe
contact.handledtransuraulcwastetotheWIPP, (TheNRC isthenationallyrecognizedgoverning
agencythat regulatessale hancU_gandpropersafetyconcernspertainingto radiationexposureto the
publicandthecnvixonment),

Once theseTRUPACT IIs havearrivedat theWIPP andtheyarebroughtinto the WasteHandling
Building,wastecontainerswillberemovedfromtheTRUPACT II,placedonthewastehandlinghoist,
andloweredtotherepositorylevelof655m (2150feet),Wastecontainerswillthenberemovedfromthe
hoistand=replacedinexcavatedstorageroomsintheSalad=[ormation,athicksequenceofsa]tbe_
depositedapproximately2.50millionyearsago(PermianAge),Afterf'[ll[ngastoragearea,specially
desigxledsealsandplugswillbeplacedintheexcavatedstorageroomsandintheshafts,Theplastic
seif.heailngnatureofthesaltformationwillresultIngradualcreepclosure,causingencapsulationand
isolationofthewastewithintheSaladoformation,ltispresentlydesignatedthatthefirstfiveyearsof
WIPP operationswill bea testphaseperiod,duringwhichtime testswill beperformedto supportthe
WIPP designandlong-termisolationperformance,

' During site operations, the underground area will be ventilated byambient air which enters the Air
Intake Shaft, and the Salt Handling Shaft, the Waste HandlingShaft, andexits through the exhaust shaft.
In the event of an underground accident involvingradioactivity,exhaustair will be circulatedat a
reduced flow rate through the ExhaustFilter Building, whichcontains banksof high efficiency
particulate air (HEPA) flit=rsthat remove potentially contaminated particulates, Exhaust ventilation
from the WasteHandlingBuildingiscontinuouslyHEPA filtered to theatmosphere,andair emissions '
arenot expectedto representa significanteffluentreleasepoint,

2.2 DESCR!pTIONOFTHE EN_RONMENT

The WIPP site is located in Eddy county in southeastern New Mexico (Figure 2-1), The site is
approximately40 kilometers (26 miles) east-southeast of Carlsbad in an area knownas Los Medanos
(the dunes), which is a sparselyinhabited plateauwith little waterand limited land uses. The landis
owned by the United States Department of Interior, BLM and is leased to permittees forgrazing
livestock. Other land uses in the general area include miningfor potash; exploring for and/or extracting
oll and natural gas; recreational use such as hunting, trapping, birdwatching;and other uses as permitted

= ' by the BLM.

The WIPP siteconsistsof16sections(6,48ha)ofFederallandinTownship22South,Range31East.
Exceptforthe2.75squarekilometers(Isquaremile)encompassingthefacility(knownastheDOE
ExclusiveUseArea),surfacelandusesremainlargelyunchanged,Mininganddrillingforpurposes
otherthansupportoftheWIPP projectarerestricte0,,,ithinthis16section(6,48ha)areal

The WiPP siteisdividedintozonesasrepresentedinFigure2-I,ZoneI,surroundedbyachain-link
fence, i_ciudesali majorsutfac_ facilities. The secured area boundary, bounded by a barbed wire fence,
includes otherfacilities associated withconstruction, Zone II indicates the maximum extent of
underground development. I'he WIPP site boundaryextends at least 1.6 kilometers (1 mile) beyond any
underground development andis defined on the surface by the 16section (6.48 ha) la_:!withdrawalarea.
This boundaryprovides a functional barrierof intact salt between the underground region defined by
Zone II_d the accessible environment.

The approximate distribution of the local population in 1985within 80 kilometers (50 miles) of the WIPP
,.: :'.is illustrated in Figure 2-2. The nearest residents to the site include eight individuals livingat the

, Mills Ranch, 5.8 kilometers (3.5 miles) south-southwestof the site. and 13 individuals livingat the Smith
Ranch, 11.7 kilometers (7 miles) west-northwest of the site. Both neighboring ranches have been, and
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willcontinuetobe,moaitoredaspartofth_environmentalmonitoringprogram,Also,theinternational
Minerals and Chemical Corporation potash mine plant site is located 15 kilometers (9 mites)
west.northwest of the sit_, Dttailcd demo_aphic summaries and projections are in the WIPP FEIS
(DOE, 1980),SEIS (DOE;, 1990),and th, FSAR (DOE, 1990),

i 2.3
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CHAPTER 3

COMPLIANCE SUMMARY

The WIPP is required to comply with ali applicablefederal andstate lawsand regulationssuch as those
specified in Order DOE 5400.1, General EnvironmentalProtec_on Program(DOE, 1988a). Documentation of
required federal and state permits, notifications, and approvalsis maintainedby the Environment, Safety and
Health Department of the Managementand Operating contractor. Regulatoryrequirementsare implemented
by incorporatingthem into facilityplansand procedure.&

Table 3-1 presents Compliance Status of Federal and New Mexico Statutes Applicableto _" WTPPProject.
Table 3-2 presents DOE Orders andAgreementsAffecting the WIPP environmental progratm.Table 3-3 is a
SummaryOf Agreements Between the DOE and the State of New Mexico that affect the environmental
program. Table 3-4 presents details concerningactive environmental permitsfor the WIPPin 1990.

3.1 COMPLIANCE ASSESSMENT FOR CALENDAR YEAR 2.990

In 1990,the WIPP complied with applicablefederal and state environmentalregulations. The WIPP
project maintains 25 activepermits fromthe BLM, the EID, the EP._, the New Mexico Departmentof
Game and F'tsh,and the New Mexico Commissionerof Public Lands. lt is also appropriate to note that
the WIPP iisincompliance with ali applicable requirementsof the NuclearWaste Policy, Act of I982as
implemented by the EPA through40 CFR 191.

Additionally, the DOE has notified the EID of hazardouswaste activitiesassociated with the management
of site-generated h_.ardous waste. The WIPP has a hazardouswaste management programinplace which
is in compliance with RCRA requirements. In accordancewith RCRA requirements,storage areas are
operated by written procedureand routine inspections of satellite accumulationareas are performed.
WIPP will submit RCRA PartsA and B duringthe fursttwo months of 1991. Also during the year, WIPP
submitted the requiredEmergency and Hazardous Chemical Inventory Report. This reportwt=
submittedto satisfythe requirementsof section 312 of Tide III for the SARA.

On November 14, 1990, the EnvironmentalProtectionAgency, throughpublication in the Federal
Register, granted a Conditional No-Migration Determination for the Department of ]_nergyWaste
Isolation Pilot Plant. This determinationgranted DOE's request for a variancefrom land disposal
restrictions under the RCRA duringa ten yearperiod covering the fiveyearWIPPTest Phase.
variance had been requested by the DOE throughsubmittalof the No-MigrationVariance Petition and its

J subsequent revision in March 1990 (DOE, 1990a). Conditions of the determinationinclude:

• No waste other thanthat needed for testing

• A limitation on the volume of waste allowedduringthe Test Phase to one percent of the total
WIPP capacity or approximately8500drumequivalents of waste

• Ali waste mustbe removed iflong term acceptabilityof the site cannot be demonstrated

• Ali waste must be readilyretrievable

• Annual writtenreports on performance assessment mustbe prepared

• A carbon adsorption unit for the controlof v:datileorganic compounds (VOC.s) mustbe in
the discharge system of the binscaJetest rooms and achieve a control efficiency forVOCsof
at least 95 percent

= 3-1
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• An Air Monitoring Plan mustbe implemented

• A characterizationprogramfor the test waste must be performed

• During 1990the WIPP was in a preoperationalphase, there was no{ a release at the WIPP
which requires notification to Federaland State authorities. However, once, operational if a
release of regulated materials occursali appropriate agencies will be notified as protocol
mandates.

To satisfy National EnvironmentalPolicy Act requirements,the DOE developed a F'mll Su.nnlement
Knvironmenta! lmnact Statement (FEIS) which wasissued in January1990. (DOE, !990b) This document
covered both new_nformationobtained since the originalFFASwas issued in October 1980and newly
proposed activities,such as the Test Phase activities. Other changes included waste inveatories, the
transportation of waste to WIPP, and the managementof transuranicwaste containinghazardouschemical
constituents (i.e., 'mixed"w_e). On June 22, I990, the Record of Decision for the SEIS was published in
the Federal Register. (DOE, 1990c)

A technical data packagewas prepared in 1990to demonstrate compfianee with40 CFR 61, SubpartH,
NESts. The data package estimated doses to the public to be well below the 0.1 mremlimit atwhich a
formal application must be submitted. The datapackage further documented the design of the airborne
effluent monitoringsystem used at WIPP,

A tightness test was conducted on the WIPPUndergroundStorage Tank (us'r) systemsutilized for the
storage of petroleum productson September 28, 1990. The unleaded gasoline storage tank system failed the
test for tighmess at the 25 inches above the tank'stop, and passed the testat 6 inches above the tank'stop.
This verified lhc presence of a leak in the associated piping,. The EID and EPA Region VI UST division
offices were notified. A report outlining correctiveactions was issued per regulatoryrequirements on
October 5, 1990 (to both agencies). An extensionto the required 45 day subsurface investigationwas
conducted on November 27, 1990. Samples collected during the investigation were submittedto a
subcontracted laboratory foranalyses. The analyticaldatagenerated were included in the subsurface
investigation report submitted to both EID and EPA Region VI on December 19, 1990. EID responded
that no further remediation actions were necessary. The planned upgrade of both UST systems is to begin
inAugustof 1991.

The unleaded fuel storage tank system will remain empty and out of service until completion of the
aforementioned up_ade. Alternative unleaded fuel storage atthe WIPP is to be providedthroughthe use
of a 1000-ganon above-groundstorage t_nk. Thiswill occur once the diked containment spnem is
constructed. Currently, unleaded fuel is acquired fromoff-site source:,.

During CY 1990 the Waste Ar.zepttnce Certification CriteriaCommittee (WACCC) issued the draft
entitled WACCC management program (WP 90-004) inDecember 1990. The WACCC is to ensure that ali
waste coming to the WIPP follows ali guidance and requirements as requiredby the NEPA, the FSAR and
the No-Migration Determination.

In June 1990the WIPP lrmal Safety Analysh Reportwasapproved by the DOE.

On July 25, 1990, the state of New Mexico received authorityunder the federal RCRA programto regulate
mixed wastes. In a letter dated August 27, 1990,the state of New Mexico notified the WIPP that the PartA-

RCRA permit application was due by January22, 1991, and the PartB permit application by February28,
1991.

3-2
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3.2, CURRENT ISSUES AND ACTIONS

The state of New Mexico was grantedauthorizationto regulate mb_d wute during1990. Plansare
being made to file RCRA PartsA & B permitapplications duringcalendar year 1991.

+ The State of New Mexico andDOE haveentered into an agreement which_ allow the EID to mo-ltor
clean-up and on-goingenvironmentalactivitiesat the WIPP.

This agreement comes froman initiativecalled for in April 1989by a group of ten state governorswith
DOE nuclear facilitieswithin or adjacentto their states.

Memorandum of Understanding (MOLT)between DOE/WPO and BLM effective October 24, 1990
allows foran administrativelandwithdrawlbetween the DOE and the BI.,Mfor the 8746 acre.swhich is
outside the existing 1454acres of the DOE exclusive use area. These remai-lng 8746 acres completes
the 16 section land withdrawal

In order to comply with the Clean Air Act (CAA), a NESHAPs a technical datapackage was prepared
in 1990 and submittedto the DOE, EPA headquarters, andEPA Region V1offices in February1991.
Since non-reference methods are in use at WIPP to coUectsamples,an explanationof the design
documentation, testing,and operation of _e systemhas been prepared for the EPA.

-

Reclamation of abandoned caliche pits,roads, and well F_ds,which are requiredby Public LandOrder
6403 and the associated MOU between the DOE and the BLM, is in progre.ut.Land-Use PermitNM
067-LUP.237 for the construction landfill expired on February9, 1990. Since the BLM no longer
permits landrtU_ the landf'_ was closed and will be reclaimed in accordance with the perm_'tconditions.

3.3

The statusof requiredpermitsis trackedon a monthlybasis, and permitsare renewed as necessaryto
comply withthe BI,M, the Eli), the NMGF, the New MexicoCommissioner of PublicLands, andthe
New Mexico Department of Finance and AdministrationPlanningDivision (Historic Preservation
Bureau).

The WIPP held 13 activepermits from the BLM in 1990. Thes_ i_.',rmitsare primarilyland-use, free-use,
and right-of-waypermi_ There were no noncompliance forBLM.administeredpermits in 1990.

The WIPP holds two New Mexico EID permits, one foropen burning,and the other for the food or
drink purveyorpermit for the WIPPcafeteria. These permitsarerenewed annually.

3.4 COMPLIANCE SUMMARY UPDATE FOR JANUARy- MARCH 1991

This section addres._s the firstquarterof 1991Compliance issues at the WIPP and their states.

3.4.1 COMPLIANCESTATUSFOR JANUARY.MARCH1991

During the period January.March 1991,compliance was m_dntainedforapplicable EPA
regulations (Le.,RCRA, SARA, the Clean Water Act (EWA), andthe CA&

Compliance with ali BLM andstate of New Mexico permiU;and regulationswas also maintained
- period.

_ 3-3
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Significant environmentalcompliance actions in the periodJanuary-March 1991 ire listedbelow:.

• The RCRA PartA applicationwas hand.delivered to the EID on January 22, 1991. A
second copy was delivered to the EPA Region VI office in Dallas, Texas, on the same day.
The RCRA PartB applicationwas delivered to the same agencies at the end of February
1991.

• RCRA Implementation: In February 1989, the Governorof New Mexico signed legislation
which authorized the EID to regulate mixedwaste at the WIPP. In August, 1990,the
EnvironmentalProtectionAsency delegated RCRA mixedwaste authority to the State of
New Mexico. Accordingly,both hazardous waste generated at the WIPP and mixedwaste
generated at other sites and transported to the WIPP arenow subject to RCRA
requirements.

• DOE is currentlyworkingwithEID and the Environmental Protection Agency to develop a
waste characte_zati0n planwhich satisfies both the requirementsof the No-Migration
Variance and the RCRA waste management facilitycharacterization requirements.

• The WID prepared andshipped hazardous wastes from the WIPP site on two occasions
duringthe firstquarterof 1991. A 30 day extension to the 90 day period allotted by
regulation for shippinghazardous wastes off-site was applied for and received fromthe
regulator. The WIPPhas maintained compliance with the RCRA requirements as il applies
to hazardous waste generator activities. Ali reportingrequirements applicable to facilites
regulated under RCRA were submitted as required.

• WID submittedSection 312TIER II reports to DOE/WPO on February 15, 1991,and to
other Federal, State and Local Agencies as required by the SARA Title III.

• During the firstquarter of 1991,the WIPPwas in a preoperational phase, there was nota
release at the WIPP whichrequires notificationto Federal and State authorities. However,
once operational if arelease of regulated materialsoccursali appropriate agencies will be
nodfeid as protocol mandates.

3.4.2 CURRENT ISSUES _ ACTIONS

In orderto comply with the CAA, a NESHAPs a technical datapackage was prepared in 1990
and submitted to the DOE, EPA headquarters, and EPA Region VI offices in February 1991.
Si.ce non-reference methods are in use at WIPP to collect samples, an explanation of the design
documentation, testing, and operation of the systemhas been prepared for the EPA.

3.4.3
2

The applicable environmentalrequirements, permits, and the respective permit status for the tru'st
quarterof 1991are listed in Table 3-5, Lavironmental Permit Matrix forJanuary - March 1991.
The status of required permitsis tracked on a monthlybasis, and they are renewed as necessary to
comply with the BLM, theEID, the New Mexico Department of Game and Fish, the New Mexico
Commissioner of PubficLands,and the New Mexico Department of F'mance and Adminhtration
PlanningDivision (HistoricPreservationBureau).

The WIPP currently holds 10active permits fromthe BLM for the fm'stquarter of 1991. These
permits are primarilyland.use, free-use, and right.of-waypermi_ This number has been redeced
down from 13 in 1990. There were no noncompliance forBUM-administered permits in 1990.
The WIPP was granted an additional permit in January1991,by the New Mexico Departmentof
GameandP-tshfor bandin8 protectedraptorspecies,
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Table 3-_

DOE ORDERS AND AGREEMENTS AFFECTING THE WIPP ENVIRONMENTAL
PROGRAM

i

ORDER NO. DATE TITLE __ ANNOTATION
i] L IIII _ ii i ii i I illll L

DOE 5400,1 11/09/88 General Environmental _tabluthea environmental
Protection Pmlplm protection prolinm requm_.

menU,aUthorities,Inn
responsibt[|tlu for DOE
oL_nttionsfor e_unn| Com.
puan,-'ewith Federaland
State environmentalprotec.
llon lawsand regulations,
FedertI executrveorden,
and Internaldepartment
po"ct_

DOE M00.2.A 01/'31_9 Environmental Com, l:Jtablt,,hu DOE requirements
plianceLuue forcoordination_ IIpif];
_rdJfllltOa cant envlmnmelztalcompliance

IMues.

DOE 5400..1 02/22/89 HazardousandIRadio- EstablishesDOE hazardom
active MtxedWMte and radloactwemixed waste
pmlTlm Rol_L_esand ,ruqutremenUtlot

KUttA com pttaaal.

DOE. 5400.4 10/06/89 Comprehenme Envi. Establishes b_l¢ zlqulre,
_ronmentalKeapon_., mentlfor implemenhttton
uompentatlon, tna of the Iuperf'undat DOE
l..tabt'lilyAct Requiremen_ factUttes

DOE 5400.$ 02/08/90 RadiationProtectionof the Establishesstandardsandrequiremenv,
PublicandtheE_wrt-nment tor operattot_tof theDOE andDOE

contractoriwithI_ loprotection
ofthe publicandtheenvironment
ipinstundue ru_ l_m Ildlatlon,

- DOE M40,1D 04/09/85 National Environ- Establishes DOE policy for
mentalPolicyAcT implementationoithe

National Environmenutl
Policy Act of 1969(PL9t.190),

DOE MS0,1B 09/7.3/36 EnvironmentalProto. E.itabl_h_ in overallframe-
lion,Sa[_ety,and . workof programZ_lUire,men_
Healthrrotect,on for za/etY.en_mnmentat0
ProlFamfor DOE and healthprotect ton, ,
operations lnc!uaing cYitenator zldla_lonexlx)suremnorloiolc_n_ rciule, i lot operitmg

factli.es andsites.

DOE 5480.3 09/23/86 S,tfe_ P._luirement:l Es_blishes re_qulmmentsfor
Lort,ne ra ct_tlpn| oE pa.cttalpnI tna mlnsportation
rtstiie ann Uther of nldiOaCtrvematerutt" for
RadioactrvtMaterials DOE llcdhies.

DOE 5484,1 10\1_90 Enwmnmental Protec. Estlblishes requirementsand
tzm, Sl(..ety,arid pL'peeoureslot reponml
Health rroteclioa informationrelyingenvlron-
Infonna.on P.=porlinl menuli protectioqn,zate_y,or
Requin:menuz healthzqpnifieanctfor DOE opera;ions,

AL 5484,1 08/23_ EnvlmnmentalProtac. Albuquerque OpenztionsOffice
implementation of5484,1,lion, Safety and

l Health Protec'tton
Information i_:porting
Requirements
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TaMe3.2
{Continued)

DOE ORDERS AND AGREEMENTS AFFECTING THE WIPP ENVIRONMENTAL
PROGRAM

ORDERS

ORDER NO. DATE TrTLE ANNOTATION
DOE 5481,1B 0Q/23/86 Sa(etyADaMi_Iand To estabbsh_ni(onn r_utr=,menu,(or thepm1_rluon and
AL 5481,1B 01/27/8,S tu_new 5yltom review ofufet_ mnalvte_of DOEo_mt_s which tnc'tudo_tdentt.

ft'cationof hazax_ their e!lmma.LIon
or cofltm|,use,ument of the ru;_,
anddocumentedmanapmen¢
l_thortz,lUon O(th_ op4rltion,/

DOE M82,1A 08/13/S1 Env_mnmenta6S4fet'Y To establish the E_Ivln_,
Prolnm

, To estlbit_l r_uit_n_e._ forthe
DOE,5500.3 08/1.3/81, Emeq_ncy Planninj, development of DO.Ettte__.pr_piradnei& anu _._- en_rlP=ncYIxlml sw=proc_uun__u_

lpomm[or OpenltmP.i ,radlo[olp_i[ emerl_n_e.so_currln|
ta eJOlKln|Otpmnneo uu,_ _.
scars ana_non_or nuclear.
faciLiti4s.F_rthermom,lt rt_utres
that compmh,em_. emeqFncY.
actionsam pianno4,cooromlt=.o,
and impiementea to r_.,_no eltec. I
trvety to the on_te andoff4ite con/
l=q_enc_,o( a mdlo!oipc_lemer.
_,n_ at tnw,_f_-'illti_ and itpro.
_de_to,,__rop_t_.coo_m.ii_o_between Dui: cnooil41te olvlcm
to ensure the vrotgctign of on._tte
perr,onne6publiche,lltnend_fery,
and the en_,'tmnment,

To provideDOE _ctley, tct (or_h
DOE 5790,6B 09/23/86 Q_ltty Assurance pnnmpl=_6and ut'_Ip)rcspor_l:)thttcs|or establishing, implementtnl, mn_

mamtalnin| p_ms of plansand
actions to emturuqu_lil_achievement
in DOE prol;mm_

Es_blb,h_ pot!desand
' DOE $820.2A 09/7.6/_ l_dto_.,'lM_Waste _toel,_nes _ wh_:hDOE man-Manal_ment aps _4iolcU_. w_,re,.W_.jO.

_n_zmmate__.rpi.__ac.i .
To specify and pr_de r=q_In=.

DOE 5480,4 0.5/'15/114 EnvironmentalProtec- mann,for tl_e|pplicationg_tnerien, .,_,fety,and mandatoryEav_mnmenm_fro-
Health pmtecuoa tectlon0Sife_ andH_lth

(ES&H_ sme_rd_ a_l_itcabie
to til DOE andDOE imntmc_or.
op_.rlltiOltl;m prov1doa ILstlnliof

and,n=iel_n_'_Y.,,.5_ttitan_artut,

To provld_ _neml dullFt
DOE 6430,1A 04/06/8g General l:_ilP_ critena for _ Inthe a_ut_ltton ofCnten_ DOE facilities andtOell_bl_h

r_p0n_tbtlltlesandiuthorltle.&forthe
(_evelopment lhd maintenance of there
crllel'ut,
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Table 3.3

SUMMARY OF AGREEMENTS BETWEEN DOE AND THE STATE OF NEW MEXICO

THAT AFFECT THE ENVIRONMENTAL PROGRAM

Sttrmlated A_eement, This agreement., approved by the U,S, DLstrt_ Court when it stayed (held ta abeyan_)
proceedJ_,s _n )he l;,,,_uJt aga_ust the DOE by the State, was executed on july 1, 1981, The eight.page agree.

ment ensures that a bmcih_ enforceable "consulta_on and coopera_on" agreement will be entered into by theDOE and the State and that the DOE will make a good faith effort to reu)lve certain State off site concerns

(which are covered in the Supplement_ Stipulated Agre,emen!), Th.e Sttp_ated Agreemen! also adcire_es a
number of additional studies and expenmen_ to be conctuctect 13ytlae DOE for the Site PreLtm_ary Design
Vaficiafion (SPDV) phase of the WIPP,

A_eement for Consultation and Cooneration, Usually referred to as the "C&C Agreement.," this agreement i_
co-ntained in Appendix A to the Stipulated Agreement, lt affirms the intent of the Secretary of Energy to con.
su.lt and cooperate with New Mexico with respect to State public health and safety concerns,

Worktne, A_eement for Con_tatton and Cooperation. TEI_am'eement. Annencllx B to the Sttn.l_ted Ac,tee,
ment. tc]-entTfiesin Arttc|e IV over 60 "kev events" and "milestones" in the co_truction and oneration of th_

,WIPP that mu_t be reviewed by the State before they, are commenced. Many environmentafttetm are includccl.
(Article ,IVof the Working Am'cement wa__revi_ed on April 8. 1983.'_ "

SunnlementM Sttnulated Am'cement Resolvin_ Certain State Off.Site Concern_ Over WIPP, This agreement,

daied December"27, i982, adciresses five State-concerns including the need for State "verification"of the WIPP
operational environmental monitonng progrz_m, The concerns addressed are: State _bUlty (for a nuclear toot.
dent), emergency responsepreparedne_ tra.rasponatton monitoring of the WIPP waste, WIPP environmental
momtorlng by the State, andupgrading of State htghwaD,

FL,'stMncllt'icattnn to the Ac,.reement for Consultation and Cooneraflon, Signed November 30, 1984, wherein

the DOE and the State agreed to address certain concerns of tl_e State regarding: (1) the specific mission of the
WI,PP, (2) a demonstration of retnevably prtor to waste emplacement, (3) post-closure control and respon-
sibility, (4) completion of certain additional scientific testing and reports, (5) compliance with applicable

Federal regulatory standards for waste repositories, and (6) a program for encouraging and reporting upon the
hiring of New Mexico residents at the WIPP,

Second Mocl;t'icatton to the Ao-reement for Consultation and Cooz_eraflon. Signed August 4, t987, wherein the
DOE and the state agree to ac]dress cert,,in concerns of the state i'c[tarcilng: (1) surfa_ and sUb,face ,n_g
and _g after closure of the WIPP site, (2) the disposal of salt tatungs a! the._WIP.Psite,._d (3) co mpu_ce
with Environmental Protection Agency (EPA), Department ot Tra.nsponat|on tvu£), anu r,,umear ttegmatory
Comm_ton (NRC) regulations,

1988 Modification to the Workt.) Am'eement of the Co_ultatton and Coormration Am'e_ment Between the
Denartment of l_ner_ and the _tate-_f New Mex';co on the Waste lsclatinn Pilot Pl_,_. Signed March 1988,

th_ medication dele-ted the sorbing tracer test from the Listof required reports and subsUtr+utedadditional
tests. In addition., the State ts allowed to operate a fixed air sampler in the t'ume ven_ation effluent air stream,

Memorandum nf Understandlnc, between United State_ Department of Enerc,v WIPP Project Office and
United Statex Denar_ment of the Interior Ro_ell District. Bureau of Land Manafement This memorandum ef.
fecdve October 26, t990 allows for an administration land withdrawl between the U,S. DOE the BLM for the
BLM for the 8746 acres outside 1454 acres of the DOE exciuslvc use acaragc, This rematnlne 8746 acres com-

pletes the 16 section land withdrawL
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CHAPTER 4

ENVIRONMENTAL PROGRAM INFORMATION

ltisthepolicyoftheWIPP toconductitsoperationssoastocomplywithallapplicableenvironmentallawsand
regulations,

4.1 OPERATIONAL ENVIRONMENTAL MONITORING PROGRAM

The OF.MP monitorsacomprehcnsi°vesetofparametersinordertodetectandquantify,anypresentor
potentialfutureenvixonmentalimpacts,Nonradiologicalportionsoftheprogramfocusonthe
immediateareasurroundingthesite,whereasradiologicalsurveillancegenerallycoversabroader

geographicareaincludingnearbyranches,villages,andcities.Envlxonm,entalmonitoringwillcontinue
atthesiteduringprojectoperationsandthroughdecommissiomngacuvitics,

ThegoaloftheOEMP istodeterminewhetherthereareimpactsduringtheoperationalphaseofWIPP
onthelocalecosystemand,ifso,toevaluatetheirseverity,geographicextent,andenvironmental
significance,andidentifycorrectableactionsandmakeeveryefforttominimizetheenvironmental
impactsoftheWIPP. Table4..IsummarizestheOEMP samplingscheduleandsamplingt3'p¢,whereas
Table4-2denotestheanalyticalarrayforthevarioussampletypes,Thetableslistthesampletypes,the
numberofsamplingstations,theapproximatesamplingschedule,andtheenvixonmental./¢cological
parameterstob¢monitoredoranalyzed.Additionalordifferentt'ypcsofsampleswillbecollectedand
analyzedasnecessarytoinvestigateandexplaintrendsoranomaliesthatmayhaveabearingon
environmentalimpacts,

O AsrecommendedinDOE/EP.0023(Corleyctal,,1981),theOEMP monitorslevelsofnaturally
occurringradionuclidesandthoseassociatedwithworld-widefallout,inadditiontothoseexpectedin
theWIPP waste,The geographicscopeofradiologicalsamplingisbasedon projectionsofpotential
release pathways(see Figure4-1. PrimaryPathwayExposure)and the types of radionuclides in WIPP
waste, ALso,the surrounding populationcenters are monitoredeven though release scenarios involving
radiationdosetoresidentsofthosepopulationcentersareimprobableduetotheex_endeddistances
fromtheWIPP, Ecologicalsamplingactivitieswillcontinuetobeperformedatthepermanent
ecologicalmonitoringplots,whoselocationsareunchangedfromtheearlierEMP,

4.2 CLEAN AIR ACT

TheCAA isabroadfederalstatutewhich,amongotherthings,specificsnationalambientairquality
standardsand setsemissionlimitsforspccLficair pollutantsfromcertainsources,Thesestandardsarcto
be achievedby the state throughdevelopmentandadoptionof implementationplans,The CA.AaJso
authorizestheEPA tosetnewsourceperformancestandardsandNESFL4.Ps.The EPA hasalso
developedspecialprogramsforpreventionofsignificantdeteriorationof airquality, The WIPP
compileswith CA.A criteria.

4.3 CLEAN WATER ACT

, The Federal Water Pollution Control Act (FWPCA) of 1972,as amended by the CWA and the Water
QualityAct(WOA) of1987,formsalegalframeworkintendedto supportthemaintenanceand
restoration of water quality in surface water, with the ultimate goal of "fishable and swimmable"water
quality, The FWPCA established the National Pollutant DischargeElimination System (NPDES) as the
regulatory mechazfismto achieve this goal by regulating discharge to navigablestreams, rivers,and lakes,

l
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The WQA hasslgnJflcant)vchangedthethrustofenforcementactivities,Inthef_utur¢,muchgTeater
emph_L,_willbcplacedonmonitoringandcontroloftoxicconstituentsinwastewater,permittingof
outf_composeentirc)lyofstormwatcr,andimpositionofregulationsgoverningsewagesludgedisposal,
Bestmanagementpracticeswillinfluencewastehandlingfrompointof i_chargebacktothesource,As
applicabletheW'IFPdoescomplywiththeCWA,

4.4 I_ESOURCE CONSERVATION AND RECOVERY ACT

The RCRA wasenactedin1976,andimplementingregulationswerepromulgatedinMay of1980,This
bodyofregulationsisintendedtoensurethathazardouswaste_redisposedofInanenvlronment_ly
safemanner,andthatfacilitiesthatstore,treat,ordisposeofhazardouswastedosoinawaylhat
protectshumanhealthandtheenvironment,TheHazardousandSolidWasteAmendmentsof1984
createdasetofrestrictionsonlanddlsposalofhazardouswastesunlesscertaintreatmentstandardscan
besatisfied,Thisactalsoplacesincreasedemphasisonwasteminim_..ationactivitiesandservesasa
m 'anismtoenforcecleanup.

N, ,,azaxdoussolidv;astegeneratedonsiteconsistsprimarilyofpaperandcardboard,construction
wastes,andcafeter',awaste,Whereas,hazardouswastesareprincipallypetroleumbasedproducts,In
February1989,)._legovernorofNew MexicosignedlegislationwhichauthorizestheEID toregulate
radioactivemixedwasteattheWIPP, TheWIPP c0mplieswithRCRA requiacmentsasapplicableto
thefacility.

4.5 SUPERFUND AMENDMENTS AND REAUTHORIZATIONACT

TheSARA TitleIIIprovls[onsaddedsignificantpubllcnotificationrequirementstotheComprehensive'
EnvironmentalResponse,CompensationandLiabilityAct(CERCLA). Therearcnodeclared
CERCLA sitesattheWIPP site.At thistime,alloftheinactivesolidwasteunitsandreleasesitesatthe
WIPP sitearebeinginvestigatecl/remediatedunderregulationsofRCRA andnotCERCLA. The
summarytoxicchemicalinventorydatarequiredunderSARA TitleIIIwillbepreparedinJune1990,

4.6 FEDERAL INSECTICIDE, FUNGICIDE AND RODENTICIDE ACT

TheFederalInsecticide,FungicideandRodemicideAct,asamended,containsfederalregulations
governingthemanufactureanduseofbio=ides,Procedurespromulgatedunderthisact(40CFR
150-180)governtheuse,storage,anddisposalofallpesticides,pesticidecontainers,andpesticide
residues.At theWIPP site,pesticidesareusedinaccordancewiththeseregulations.

4.7 ACCIDENTAL P_LEASES

TheWIFF sitehadnoaccidentalrelcas¢_intotheenvironmentduring1990,Inthefutureduring
operationsifareleaseoccursallslateandfederalregulatoryagencieswillbepromptlynotifiedofthe
relea._,
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4.8 SIGNIFICANT ENVIRONMENTAL ACTI_TIES

This sectto_taddresses significantenvironmental activities thatoccurred during t989,

4.8,1 Waste Mlniml_t|on and Pollution PreventionAwarene.qsPlan

The WIPPWaste MinlmiT-atlonand PollutionPrevention Awareness Plan hasbeen drafted and

iscurrentlybeingrevisedtoincorporatecomments,A secondmanagerialreviewandan
interactive ,comment session occurred in April of 1991, The l'malplan will be submittedto
DOF.3WPOby May 1991,

4.8.2 EnvironmentalTrainln2

During 1990there weresix environmental training courses offer to WIPPpersonal theywere:

• 40hourhazardouswaste operations

' • RCRA training

• Environmentalregulations
]

• Basicenvironmentaltraining

• Fundamentalsofgroundwaterand wells

• WestinghouseSchoolfor EnvironmentalExcellence

4.8.3 Cooneratlve Rantor Research and Management Program

In 1985,the Los Medanos Cooperative Raptor Research and Management Program was
initiated under the sponsorship of the DOE withsupport fromthe BLM and the New Mexico
Living Desert State Park, Part of the goal of this program, which is being conducted bY
researchers from the University of New Mexico, is to evaluate the impacts of WIPP activities on
the breeding success of raptors (i.e., hawks and owls) that are found in great abundance in the
area.

During 1990,80 raptor nests and 31 Chihuahuan ravennests were located and monitored in the
study area. Reproductive success of raptor species was poor, especially for Chihuahuan Ravens,
The poor success rate was probablydue to low prey availability, particularly rabbits, The
average clutch size forHarris Hawks, averaged 2,47with 1,00 offspring fledged, for a total
recruitment of 14 individuals into the study population, Similarly,Swainson's hawks and great
homed owLsexperiencedlownumbersofyoungfledged,

The calendar year 1990precipitation was 10cre(3,971n)above normal with a total precipitation
amount of 41cm (15,97in), Typically the majorityof precipitation occurs in July and August,

___. however only 36 percent of the annual precipitation was received in these months,

With three proceeding years of below normal precipitation prey species have been slow to
respond to an above normal year, The previous years reduction in prey lead to a decrease in the
nesting success of indigenous raptors, As plant communities and dependant preyspecies
recover, raptor populations should respond accordingly._

- 4-.3



DOEjW1PP 91.008

4.8,4 Rmelamat|nn of Dl_turbedLand_

There was no reclamation activities performed for WTPPdisturbed areas la CY 1990
reclamationstudiesconductedLa1988and1989wereevaluatedthrough1990,

The WIPP's current studies aim to answer the followingquestions relative to seed bed
preparation and seed mix sele _tion:

• D,,_essingle r{pp[ngthe seed bed on caltche roads produce different results than
double ripping?

• Doesuse of callche as a top dressing produce different results on a reserve pit than not
wing it?

• Do different directionsof tillage producedifferent results on a dune site?

• Do nativeforbs and grasses from commercial sources produce different resultsthana
prescribedBI .M mix?Currentstudiesexaminea total of 30 nativeplantspecies

, including 10grasses, 5 shrubs, and 1.5forbs,

Plots on roads, an 18 acre rr.serve plt, and a brine pit have been marked with permanent
identification labels which should allow for long-term identification of plot treatments in the
field and facilitate a long.term monitoring schedule,

To fulfill DOE commitments for reclamation of disturbed lands, a draft reclamation plan was
written to guide future reclamation projects, The reclamation plan takes effect in 1991with the
filling of reserve pits on WIPP well pads and ultimately ends with site decommissioning,
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TABLE 4.1

OEMP SAMPLING SCHEDULE

SAMPLING SAMPLING

T_TE OF SAMPLE LocATIONS , FREQUENCY- '- . l lll i _ i .....i i_ i ii I ilil i Iii .......... I I i - llll ii ,mm,,, ,

Liquid In£1uent 1. Semiannual

Llq_d Effluent 1 Semtajuaual

AirborneEffluent 3 Continuous

Meteorology 2 Continuous

Exposure Rate Meter 1 Continuous

Atmospheric Particulate 7 Weekly

, AtrQuallty I Continuo_

Vegetadon-Radloantly_ 4 Annual

Beef 2 Annual'

Game Bkds 2 Annual

Rabbits 2 Annual

Sotl.RadioantlDlJ 7 Biennial

Surface Water 8 Annual

Groundwater 14 Annual

Fish 2 Annual

Sediment 6 Biennlal

Aerial Photography Site Wide Annual

Salt Impact Studies

Surface Photography 7 Biannual

Soil Chemistry 7 Quarterly

Soll Mlcroblota 7 Semiannual '

Vegetation Survey 7 Biannual

W_IdlIfeSurvey 4 Annual
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TABLE 4.2

OEMP ANALYTICAL ARRAY

TYPE OF SAMPLE ANALYSIS
, i I i i!1 ii ii I ii i iiii I ii i I _ i I iiiiii I iii iii i i ii iJtl I .... II i _ ii

+

Ltquid Influent Gross a, Gross/5, pH, TSS, Speci_c
" Radionuclides

Liquid Effluent Gross =, Gross/5, pH, TSS, Specific
RadJonuclides_Chemical Constituents

AirborneEfl]uent Grossa,Gross/_,SpecificRadionuclides

Meteorology Temperature,WindSpeed,Wind Direction,

Precipitation,Dew Point,BarometricPressure

Exposure Rate Meter Penetrating Radiation

Atmospheric Paniculate Gross a, Gross/5, TSP, Specific Radlonclide

Air Ouailty 03, CO, H_S,S02, NOx

Vegetation Radioanalysis Specific Radionuclides
,.

, Beef , . SpecificRadionuclides
..

Game Birds .,:- SpecificRacUonuctides

Rabbits SpecificRadionuclides

SoilRadioanalysis Grossa,Gross/_,SpecificRadionuclides

SurfaceWater Grossa,Gross/5,SpecilricRadionuclides

' TSS,pH '

Groundwater SpecificRadionuclldes,pH

Fish SpecificRadionuclides

Sediment Gross a, Gross_, Specific Radionuclides

Aerial Photography Area of Land Disturbed
L
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TABLE 4.2

(Continued)

OEMP ANALYTICAL ARRRAY

v,E orS PLE ANALYSWS[ i [ iiiii III I I II - I I I III IIIIll II llllll I, s ,, ,,,,, ,,, s

Salt Impact Study

Surface Photography Visual Impacts

SoUChemistry pH, EC, Na, Ct, Mg, Ca, K

Soil Micorbiota ' Microbial Activity,Litter Decomposition

Vegetation Survey Foliar Coverage, Species Richness, Annual
Plant Density

',

Wildlife Survey Bird and Small Mammal Population Densities

TSS = Tot_ SuspendedSOlids
TSP = Total SuspendedParticulates

- EC = ElectricalConductiviry

= 239/'/._. 241ptr,D3U, 241Am' 22.6R&lYICs'Specific Radlonulldes 23Spu, P_ 23"SU, 232Th,
9°Sr, 4°K, 7Be, 6°C0, Unat, Thnat

ChemicalConstituents- Chloride,ixon,manganese,phenols,sodium,sulfate,pH,specificconductance,total
organiccabon"totalorganichalogen,arsenic,barium,cadmium,chromium,fluoride,lead,mercury,nitrate,
selenium,silver,encirin,methoxychlor,toxaphene,2,4..D,2,4,5-T,silvex.

*Inaddition,surfacewatersamplesfromHillTankandRed Tankwillbeanalyzedforthe
abovechemicalconstit_t,.stsbiannually.
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CHAPTER 5

ENVIRONMENTAL RADIOLOGICAL PROGRAM INFORMATION

The iollowing sections provide a description of the various subprograms constituting the OEMP at the WIPP.

5.1 RADIOACTIVE EFFLUENT MONITORING

DuringMaxch 1989,themonitoringactivitiesoftheRadiologicalBaselineProgram (RBP) were

combined into the OEMP, This program is described in the Operational Environmental Monitoring
PlanfortheWaste IsolationPilotPlant,(DOE/WIPP 88-025).Thisplandefinesthescopeand exlentof
theWIPP effluentand environmentalmonitoringprogramsduringtheoperation_'.llifeofthefacility.

The OEMP isthedatabaseforallenvironmentalcomparisonsoncetheWIPP isoperational.

DraftOrderDOE 5400.6,RequirementsforRadiologicalEffluentMonitoringand Environmental
SurveillanceforU.S.DOE Operations(DOE,1988c),requiresthatmonitoringofliquidwasteeffluent

streamsbe adequatetodemonstratecompliancewithdoselimitsinOrderDOE 5400.5,Radiation
ProtectionofthePublicandtheEnvironment(DOE, 1990).Thisorderalsorequiresthemonitoringof

potentialsourcesofcontaminatedairborneemissions.Sinceno radioactivewastewas receivedatthe
WIPP sitein1990,no effluentsamplingorreleasedataarereportedinthisdocument.

ltshouldbe notedthatacompleteenvironmentalradiologicalbaselinesummarizationisforthcoming
fromaWIPP subcontractor,ltisanticipatedthisreportwillbeavailableinCY 1991.

5_ ENVIRONMENTAL RADIOACTIVITY MONITORING

The following subsections present the monitoring results of the various subprograms of the OEMP for
1990. These include aerosol monitoring, ambient radiation, terrestrial radioactivity, hydrologic
radioactivity, and biotic radioactivity baseline subprograms. Figures 5-1 through 5-6 summarize sample
type and location for the WIPP and vicinity for the various subprograms.

$.2.1 The Atmnsnheric Radiation Baseline

Sampling airborne aerosol particulates is an important component of the OEMP. The Final
Safety Analysis Report (FSAR) (DOE, I990) identifies the atmospheric pathway as essentially
theonlyreleasepathwayresultingina potentialdosetothepublic.Ninecontinuousparticulate

aerosolsamplersoperateateightlocations(twoatWIPP East),threewithintheZone II
boundaryand fouratlocalranchesand communities(Figure5-I).The continuousaerosol

samplerspresentlyinusemaintainaregulatedflowrateofapproximately950 millilitersper

second(twocubicfeetperminute)ofairthrougha47-millimeter(l.9-inch)glassfiberfilterfor

particulatecollection.Table5-Iliststhequarterlyaverageconcentrationsofthealphaand beta
activityon thelow-volumeaeroso_filtersfromeachlocationforthefirstand secondquartersof
1990.

Airborneparticulatesamplingwas initiatedinJuly1985atafewlocations.Routineweeklyfilter
collectionsand subsequentradiochemicalanalysisbeganinearly1986foralllocationsexcept
theFar Fieldlocation,wheredatacollectionbeganinOctober1986.Paniculatefdterswere

collectedweeklyatalilocationsin1990.ThesefilterswereanalyzedattheEnvironmental

CountingLab attheWIPP, whereagrossalphaandgrossbetacountofeachweeklyfilterwas
completed.

-
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Figxtrt5-2 represent_ the mean Moss alpha concentrations forali eight sampLinglocations. The
individual grossalpr_,,concentrations reported for each location is documented in Appendix I.h

The mean gross alpha concentrations in Figure 5-2 shows limi._ fluctuation throughout the
year and are consistently less than 1 E-9 Bq/ml, These fluctumions appeared to be consistent
among ali sampling locations,

The mean gross beta concentrations Figure 5-3, fluctuate throughout the year, typicallywithin
the ra.ageof 1.0-3.0 E-9 Bq/ml. Appendix II shows the 1990gross beta concentration for each
individual sampling location which was used to establish the mean.

Gross beta and alpha measurements provide an indication of total radionuclide concentration
or may indicate changes in a specific radionuclide concentration. These measurements are also
used for screening to ensure that important radionuclides are not overlooked when performing
a specific measurement. However, gizmmaspectroscopy is performed in the WIPP
Environmental low-level counting lab which identifies individual radionuclides and defines
specific baseline en_ronmental parameters. These analysis techniques have previously been
performed under a contract issued to a contract laboratory.

5.2.2 AmbientRadiationBaseline

A Reuter-Stokes High Pressure Ionization Chamber (HPLC), designed to monitor low levels of
gamma radiation in the environment, was put into operation in May 1986. This unit is located at
the WIPP far field location which is 1000meters northwest of the site. The detector used to
measure low levels of gamma radiation is a pressurized ion chamber and measures levels of
radiation from 1 to 100 microroentgen per hour 0' R/br). Using the average rate of 7.4_ R/hL
the estimated annual dose is approximately 65 millirera. The fluctuations noted are primarily
due to calibration of the system and meteorological events such as the high intensity
thunderstorms which frequent this area in late summer.

The Reuter-Stokes _hows a rise in the average radiation level f:_,the fourth quarter. A seasonal
rise in ambient radiation has 0ecn observed in the first and fourth quarters each year. As stated
in previous reports, it is speculated that this fluctuation may be due to variations in the emission
and dispersion of Radon-222 from the soil around the WIPP site. These variations can be
caused by meteorological conditions, such as inversions, which would prevent the radon progeny
from dispersing.

This sensor was down for 23 months in CY 1990as the main battery which supplies the high

voltage input to the pressure chamber ceased to accept the recharge capability from the
charging unit. Thus, a new battery had to be procured, installed and the entire system had to be
recalibratcd thus requiring downtime.

These estimated annual dose of 65 millirem are calculated from the operational time in CY 90
and from historical known values typical for this area as indicated fromthe HPIC.

5.2.3 Radloloeical Soil Monltorin2

The annual collection of radiological soil samples was conducted December in 1990at 7
locations (Figure :5-4). A template insert allows the collection of samples at three depths at
each location: (1) surface sample, 0- 2 centimeters (0.8 inch deep); (2) intermediate (middle)

sample, 2- 5 centimeters (0.8- 2.0 inches); and (3) deep sample, 5- 10centimeters (2.0- 3.9
inches deep). Every sample was a composite of 10 randomly located subsampies, each
delineated by a 10 by 10 centimeter (3,9by 3.9 inches) stainless steel template. Soil samples
collected during 1990were archivcd since the required number of baseline soil samples had
already been collected and analyzed for the OEMP.

.5-2
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Thisprogramisalsovaluableindocumentinganypossibleradiologicalcontaminationofthesoll
fromanyofthelocalpotashmineslocatedprimarilyinNashDraw orfromtheGnome site
whichisapproximately12.8Km (8miles)southwestoftheWIPP site.

$2,.4 Hydrolo_c Radioactivity

This subprogramis designed to establish baseline radiationlevels in surface waterbodies,
bottomsediments,andgroundwater.Thefollowingdiscussionofthehydrologicprogram
includessamplinglocations,timesanddatacollectedduring1990,andref'mementsmadetothe
programsincethepublicationoftheRBP SamplingPlan(ReithandDaer,1985).Therewere
no annualsurfacewaterorsedimentsamplescollectedduringCY 1990.

• Radiological Surface Water and Sediment Monitorin_

Surface Water and sediment samples were collected in 1985-1988as directed by the OEMP
(Figure 5-5). This baseline data is being compiled by a subcontractor andshould be available
by the end of 1991. Two yearsof preoperationaldataare requiredby Order DOE 5400.1to
establish a preoperational baseline fornuclear facilities. Tiffsprogram is also valuablein
documenting any possible radiologicalcontaminationof the soil from anyof the local potash
mines located primarilyin Nash Draw or fromthe Gnome site.

• Radiolo_cal Groundwater Monitoring,

Groundwater samples were collected in accordancewith the Water Ouality Sampling
Program (WOSP). The primaryobjective of the WOSP is to obtain representativeand
repeatablegroundwaterqualitydatafromselectedwellsunderrigorousfieldandlaboratory
proceduresandprotocols.Ateachwellsite,thewellispumpedandthegroundwaterserially
analyzed for specific field parameters. Once the field parameters have stabilized, denoting a
chemical steadystate with respect to those parameters analyzed, a final groundwatersample
iscollectedtobeanalyzedforradionuclides.ThecontrollingdocumentfortheWOSP isthe
WIPP WaterQualitySamplingPlanandProceduresManual,WP 02-I,Rev2.

The primarywaterbearingunitsbeingevaluatedbytheWOSP aretheCulebraandMagenta
DolomitemembersoftheRustlerFormation.Sampleshavealsobeencollectedfromthe
DeweyLakeRedbedsFormationatlocalranches.An indepthdiscussionofgroundwater
hydrologyappearsinChapter7.0,GroundwaterProtection.

-

Figure5-6provide;,,a map ofthegroundwatersamplinglocations.Approximately23wellsare
being monitored bythe WOSP in support of the OEMP. In 1990,16Culebra and three
Magenta wellswere sampled and analyzed. Fourrecently drilled wells were addedto the
WOSP and sampled for the first time in 1987. Wells H-14 and H-15 were drilled in 1986. WelLs
H-1'7and H-18 were drilled in 198"/.WIPP-19 was also sampled for the first time in 1987. Ali
five wells arecompleted in the Culebraand are located to give the RBP and WOSP a more
complete coverage of the area surroundingthe WIPP site.

For the WQSP,groundwaterwas sampled at ten privatelyowned water wells that supply
drinkingwater for livestock and human consumption. Of these ten wells, nine supply
groundwaterforlivestockconsumptionandone(BarnWeil)suppliesgroundwaterforhuman
consumption.

- ThereisextensiveoilandgasproductionintheWIPP vicinityaswellandtheGnome sitewhich
islocatedapproximately12.8Km (8miles)southwestofthesite.However,thereisnoknown
sourceforradiologicalcontaminationofthegroundwaternearthesite.
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The radiologic.algroundwater samples collected in 1990CY ware archived. The required
amount of baseline groundwater samples have been collected and analyzed as specified in the
OEMP for the preoperational b_tsetine.

S.2J Biotic l_dlnaetivi_

This subprogram characterizes background radioactivity levels in key organisms along possible
food chain pathwaysto man. Vegetation, rabbits, quail, beef, and fish arc sampled, and
palatable tissues arc analyzed forconcentrations of transuranics and common naturally
occurring radionuclides. During 1990, samples of t'mh,quail, and rabbits were collected and
archived since the required number of baseline biotic samples had already been collected and
analyzed for the OEMP. Representative sample locations arc shown in Figure 5-'7.

5.3 ASSESSMENT OF POTENTIAL DOSE TO THE PUBLIC

There was no waste received at the WIPP in 1990,therefore, there was no exposure of the public to
ra_ation due to WIPP operations. Documentation of naturallyoccurringbackground radiationis
discussed in Section 5.2.2, Ambient Radiation Baseline.

=.
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Figure 5-1
Conttnous Air Sampling Stations
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TABLE 5-i

ACTIVITY CONCENTRATIONS IN QUARTERLY AVERAGES
OF THE LOW VOLUME AEROSOL FILTERS

(Bq/ml)

FIRST QUARTER 1990

Car/sbad 5_8 E.10 13 E.9
SmithRanch 4,8 E.10 13 E.9
Mi/is Ranch 5,8 E.10 1.3 E.9
WIPP Fat Field 4,6 E.10 1,0 E-9
WIPP South _ ' E.10 13 E-9
WIPP East (l) 5,0 E._O 13 E-9
WIPP F.au_(2) 5.5E.IO 1.2 E-9
Eualc_ 5.5 E-10 1.3 E-9
South East Control 5,0E-10 1.3 E-9

SECOND QUARTER 1990

ALEBA EEY.A
C.ar_bad 4,1 E.I0 1.2 E-9
SmithRanch 3,0 E-10 1.2 E.9
Mtlh Ranch 3,7 E-10 LO E.9
WIPP Far l_=|d 3,6 E.10 1.1 E.9
WIPP South 3,4 E.10 1,1 E.9
WIPP _ (1) 4,0 E.10 1,1 E.9
WIPP _ (2) 3.8 E-10 1.1 E.9
Euaice 3,9 E-10 1.1E-9
South Ear4 Control 4,2 E-tO 1.3 E.9

THIRD QUARTER 1990

CarLOad 3,9 E.10 1.3 E.9
SmithRanch 7,3 E-lO 2.4 E.9
Mills Ranch 6,1 E.10 1..5 E-9
WIPP Fax Field 3,8 E-10 2.0 E-9
WIPP South 4,1 E-tO t.O E-9
WIPP _ (1) 3,6 E-t0 9,7E-9

. W1PPEa_(2) 3,8E-10 1.1 E-9
Emfics 4,0 E.10 1.1 E-9
SouthEastControl 5,I E-t0 t.6E-9

FOURTH QUARTER

C.arisbad 6,7 E-10 2.2 E-9
Smith Ranch 6,2 E.IO 2.0 E-9
MBIsRanch 6,9 E.IO 1,9 E.9
WIPP Fat Field 7,0 E.10 2.0 E-9
WIPP South 7.0 E-10 1.8 E-9
WIPP East (1) 73 E-10 2.0 E-9
WIPP Ealt (2) 6,7 E-tO t.8 E-9
Euinc¢ 6,9 E-10 1.9 E.9
SouthEa_ Control 4.0 E-lO 13 E-9

5.6
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Groundwater Sampling Locations
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Biotic Sampling Sites
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CHAPTER 6

ENVIRONMENTAL NONRADIOLOGICAL PROGRAM INFORMATION

D_Ing March1989,themonltoringactivitiesoftheEMP werecornbL_edintotheOEMP, Thlsprogramis
describedinDOFf/WIPP88-0Z5OperationalEnvironmentalMo_toringPlanfortheWasteIsolationPilot
Plant,ThisplandefinedthescopeandextentoftheWIPP effluentandenvironmentalmonitoringprograms

• dm'ingtheoperationalllfeofthefacility,TheOEMP isthedatabaseforallenvironmentalcomparisonsonce
theWIPP isoperational,ltalsodiscussesthequalityassuranceandqualltycontrolprograms,TheNon
RadiologicalEnvironmentalSurveillance(ICES)isconductedbytheEnvironmentalMonhorl.ngSectionofthe
Environment,Safety,HealthDepartment,ThisprogramwasprecededbytheWIPP BiologyProgram
(1975-1982),whichcombinedscientificandtechnicalexpertisefromsixuniversitiestodevelopanextensive
baselineof informationdnscribingthe majorcomponentsof the LosMedanosecosystempriorto theinitiatlon
ofW1PPconstructionactivities,Theprincipalfunctionsof theNESare:

• To detectandquantifytheimpactsof constructionandoperationalactivitiesat theWIPP on
the surrounding ecosystem

• To continue the development of the ecological data base for the Los Medanos Area which
was initiated by the WIPP biology program

• To investigate unusual and unexpected elements in the ecological and radiological data bases

• To provide environmental data which are important to the mission of the WIPP project, but
which have not or will not be acquired by other programs

This section of the ASER presents and discusses data collected between January 1, 1990,and December 31,
. 1990, as part of the NES of the OEMP, Ecological monitoring at the WIPP includes five subprograms (1)

meteorological monitoring, (2) air quality monitoring, (3) water quality monitoring, (4) wildl;.fepopulation
monitoring, and (5) surface disturbance monitoringthrough the analysis of aerial photographs. The salt impact
studies include three subprograms: soil chemistry, soil microbial activity, and vegetation. The results of the
environmental monitoring activities and discussions of significant findings are presented in this report,

= Unlessotherwisenoted,ali methodsusedindata collectionarethosedescribedin the firstEcological
= Monitoring Programsemiannual report (DOE/WIPP 86.002) and incorporating the modifications described in

subsequent reports (Fisher ct al., 1985;Fisher, 1987',Fisher, 1988;Jones, 1989).

6.1 METEOROLOGY

The WIPP NES includes a primary meteorological station which provide_ support for various programs
at the WIPP. Its primary function is to generate data to aid in modeling atmospheric conditions for
RES. The meteorological station documents standard meteorological measurements of wind speed,
wind direction, and temperatures at 3, 10, and 40 meters, respectively, with dew point, and precipitation
monitored at ground level. These parameters are continuously measured and the data arc stored as real
time data in the central monitoring system.

In addition to the primary meteorological station, the WIPP is equipped with an atmospheric monitoring
station (AMS) which monitors pollutant gases. At the AMS a secondary meteorological station

- measures and records temperature and barometric pressure, with wind speed and wind direction at 30
feet (lO meters),

=
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6.1.1 Climatic Data Summar 3,

The average annual temperature for the W1PP area in 1990 was 18 °C (64°F). The range for
monthlymean temperaturesfortheWIPP areawas7° to32o C (45°to89oF). (Daily
maximum, minimum,and averagetemperaturearepresentedhaAppendixIII.)Maximum

temperaturesoccurMay throughAugustand minimums occurinDecember throughFebruary.

The lastfreezingdayofthe1989-90winterseasonwas May 2,withatemperatureof0° C (32°F).
The firstfreez.i-',gday ofthe1990-91winterseasonoccurredNovember 5,with0°C (32°F).

The ma)amtm :mperaturerecordedwas46°C (115o F)on June24.The minimum

temperaturewas.14°C (7oF) on December 23,1990.

The annualprecipitationattheWIPP for1990was 41fm (15.97iri),whichisabovetheaverage
forthisareaby 10cna(3.97in).The precipitationfor1990was 62% more thanthatrecordedfor

1989.Thishashelpedtoalleviatethedroughteffectson theecosystemofthisarea.Figure6-1

displaysthemonthlyprecipitationattheWIPP forCY 1990.

6.12. Wind Direction and Wind Speed

In 1990 the predominate winds in the WIPP area were from the southeast sector. Other notable
winds occur in late spring and are primarily from the west. Various storm systems move through
this area which briefly alter the predominate southeasterly winds. Wind speed noted as calm
(less than 0.5 meters per second (MPS) occurred less than one percent of the time. Winds of
1.4through10.7MPS werethemostprevalentover1990.

6.2 ENVIRONMENTAL PHOTOGRAPHY

Aerial photographs of the WIPP site were taken semiannually from 1982 till 1989. The 1990, aerial
photographs were taken once, during late summer, to document surface disturbance, development, and
reclamation activities at the WIPP site and surrounding BLM/DOE lands. Spot photographs and aerial
flight lines are archived for future reference use.

Surface photography has been conducted at seven ecological study plots since 1984. These photographs
are used to document surface impacts at the study plots. Other than the development of trails beginning
in some plots due to foot traffic., 1990 comparative examinations of these photographs show very little
surface impact.

6.3 AIR OUALITYMONITORING

Seven classes of pollutant gases are monitored 11300meters (0.6 mile) northeast of the exhaust shaft at
the WIPP site on a continuous basis. These are: sulfur dioxide (SO2), carbon monoxide (CO), ozone

(O3), hydrogen sulfide (H2S), and oxides of nitrogen (NO, NO2, NOx). In addition, weekly
measurements of Total Suspended Particulates are made from the particulates collected by the
low-volume continuous air sampler at the far-field air sampling location.

The unbient gas monitors are extremely sensitive instruments which require semiannual recertification
by a factory engineer. Other than typical adjustments, replacement of filters, and replacement of worn

- parts the ambient gas analyzers required no significant maintenance action.
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The data generated by the analyzers was at the lower limit of detection, which is below the permissible
concentrations for the State of New Mexico. The permissible New Mexico state standard for the gases
monitored at the WIPP are listed below:.

• S02 I0 ppm annually

• CO 8.70 ppm per eight hour average

• 03 0.06 ppm per one hour average

• NOx 0.10 ppm per one-hour average

• H2S 0.10 ppm per one-half hour average

6,4 _ACE WATER AND SEDIMENT OUAL[TY MONITORING

During CY 1990, no annual' surface water or sediment quality monitoring was conducted. The OEMP
requires annual collection and monitoring of these parameters when the WIPP is operational. However,
with the WIPP being in a preoperational state during 1990, there is no requirement to sample annually,
since a preoperational baseline has been established. Preoperatioual monitoring began in 1985 and
continued through 1988 with samples collected annually (Figure 6-2). With three years of background
data, continuing with annual monitoring is not required.

6.5 WILDLIFE POPULATION MONITORING

Population density measurements of breeding birds and small nocturnal mammals are performed
annually to assess the effects of the WIPP activities on wildlife populations, Two permanent study sites
adjacent to the WIPP facility are used for each of these two classes of wildlife. The data are compared to
two control sites for each class in order to assess the effects of WIPP on wildlife populations. Trap grids
are used to measure small mammal populations, and _00 ft Emlen-type transacts are used to measure

bird population densities.

6,5.1 Breedine Bird Densities

Breeding bird densities maintained similar pattern variations as previous years as is represented
in Table 6-1, Breeding Bird Densities. Population densities were low in control plots compared

' to previous years data. Additionally, control plots displayed densities lower than those found in
WIPP tramects. Variations worthy of note occurred in Northern Mocidngbkds, Bobwhites, and

Mourning dove. Insect dependant species, most notable ladderbacked woodpeckers, were more
abundant near the site than in previous years. Overall, the patterns of species distribution
between the WIPP transacts and the Control transacts follow that of previous years. More

spedes and a higher total density were found in the WIPP transects,probably due to greater
habitat diversity near the facility and perhaps more abundant food. Greater numbers of
flycatchersaccount for the largest increase of birds near the facility.

63.2 Small Nocturnal Mammal Ponulation Densities

Tables 6-2 and 6-3 summarize the results of the 1990 small mammal surveys in the Control 1 and
2 (CT1 and CT2, respectively) and WIPP Northwest 2 and Southeast 2 (NW2 and SE2,

_- respectively) trap grids. Grids axe composed of i00 traps set in a 150m x 1.50m grid with traps
spaced 15m apart; the Y axis is noted as I through 10 and the X axis is noted as A through J.
Trapping sessions began May 15, 1990 for the NW2 arid CT2 grids and ended on May 25, 1900,

_ and May 30, respectively. For the SE2 and CT1 grids, they were initiate May 30 and completed
June 21, 1991. Mammals were trapped using Sherman live traps baited with cracked grains.

6-3
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Mammalswere trappedandreleasedfor twoweeks,threesuccessivenightsper week.For
kangaroo rats, wood and hispid cotton rats, deer mice, and grasshopper mice, numbered ear
tags were used to identify individual_while cupping of the rear left outer digit was used for the
smaller pocket mice. Grid location of trapped individuals as well as genus,species, new or
recapture, tag number or digit removal, sex and weight were logged on Small Mammal Data
Sheets. From this data population densities, actual numbers of cap__/-.sfor eac_ genus, travel
distancesfor recapturedindividuals,andmale/femaleratioswerecalculated.

Population densities were calculated using the "Schnabel method" (Tanner 19'78)for markand
recapture mammal trapping. Kangaroo rats were the most common species encountered and
are the only genus calculable (Table 6-2) for determining the maximum likelihood estimation of

population and variance estimation. Ali other genera were generally too small in number to
calculate population densities usingthe "Schnabei method" and are listed in Table6;3 which
lists the actual number of captures (including kangaroo rats)rather than statistical populations
for each plot.

Within each grid, ali the rodents occupy a certain amount of space. By using the data sheets and
plotting ali recapturedanimals,their uniquenumbersand theirgrid locations,total distances
each animal moved within the grids during the two trapping sessions was determinable. Of the
11.5kangaroo rats surveyed, _ moved 0m (that is they were recaptured consecutively each ni_t
in the same trap location). This may be due to home ranges or lactating females, as 17of the 2.5
were females. The longest distance traveled was a male in NW2 which traveled 246m. (807 ft.)
The average distance males traveled in ali plots was 55.1.m(180.Sft.), females traveled an
average of 48.9m (160.4ft.).

In MIgrids, except NW2.,females were dominant. The CT1 population was 69.23% female and
30.77% male, _ was 72.22 % female and 27.78% male, SE2 was 8.5.71%female and 14.29%
male, and NW2 was 42.86% female and 57.14% male.

Densities were generally higher inali species !n 1990 than the six year average except for the
Plains Pocket Mouse. Plains Pocket Mice were most dense in the control plots. Populations of
White-footed and Deer Mice were most p_.-valent around the site. Of interest to note, one
Hispid Cotton Rat (Si_'nodonhispidus) was trapped in Control 1. This genus was last trapped
in the same plot in 1985and has not been trapped in any other plot since the previous 1985
trapping

6.6 _t.URFACE AND SUBSURFACE SOIL MONITORING

During CY 1990 the quarterly sampling of the surface soil as weLlas the annual deep series was
conductedduringthe secondquarter. The subsurfacesoil is collectedat two depths,30to 45
centimeters(11.8to 17.7in) and60to 75centimeters( _.6 to 29.5in), in the soilprofile(Figure6-3).
However,with the WIPP beingin a preoperational,stateduring 1990,andwith onadequatebaseline
establishedconcerningsoilpropertiesat theWIPP. No analysiswasperformedon the soilsamples

: collected. The sample collected are archived for future analysis if conditions indicate additional soil
analytical data is warranted.

With the baseline data established, continuing the quarterly soil analysis was not required by the OEMP.
However with the anticipation of the WIPPbecoming operational in 1991. The quarterly analysis of soil

" samples will once again commence as directed by the OEMP with the awarding of a new laboratory
contract for so/l analysis.
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6.7 SOIL MICROBIOTA

The soll microbial,samplingsubprogram is designed to monitor an important portion of the biological
communitywhichcanbeaffectedbychangesinchemicaJpropertiesat thesoilsurface,Thenormalcycle
ofmicrobialacl.ivityisgenerallyimquencedbyclimaticfactorsaswellasthephysicalandchemicalnature
ofthesubstrate,whichinthisstudyisplantlitter,Microbialactivitylevehandtherateatwhichthe
surfacelitterisdecomposedbythemicrobialcommunityinthecontrolplotsarecomparedtothosein
thenear-fieldandfar-fieldplotstodetectanyeffeaofsaltdepositiononthesebiologicalprocesses.

6.7.1

A littersampleiscomposedoftwonylonmeshbagsfastenedtogetherwithanylontie,each
containingtengramsofoven-driedshinneryoakleaves(_ _) whicharecollected
atthetimeofleaffall.InFebruary,sixsamplesoflitterarcplacedatrandomlocationsineach

oftheecologicalmonito_dngplots.Eachsampleisattachedtothebaseofashi.naeryoakstem.
Threesamplesarccollectedfromeachploteverysixmonths.

' Two parametersaremeasuredforeachlittersamplecollected:thelevelofmicrobialactivity
andtherateatwhichorganicmatterislostfromthesampleviadecomposition,Microbial
activitylevelsaremeasuredindirectlyusingthefluoresceindiacetatehydrolysis_y (FDA),
describedbySclmurerandRosswall(1982).Theassayedenzymesareproducedinsmall
quantifiesindormantorganismsandsporesrelativetothequantityproducedbyactivecolonies.
Therefore,theopticaldensityofthesample,whichisameasureoftheamountofbreakdown
productproducedfromaknownquantityoffluoresceindiacetatesubstrate,isproportionalto
thetotalmicrobialrespirationinthesample.Activitylevelsmeasuredatagiventimeare
affectedbytheimmediatechemicalandphysicalconditionsintheenvironment,(i.e,,moisture,
temperature,andnutrientavailability).

Therateatwhichplantlitterisbrokendownbymicrobialactionisanotherindirectmeasureof
a bioticsoilprocess,The amountoforganicmatterlostfromthelitterovertimeisdetermined
usingtheashingtechniquedescribedbySantos,ctal. (1984).Decompositionratesreflecttoa

- greaterdegreethan microbial activity levels,the long-termimpactsof thephysicalandchemical
environment.

Resultsof theFDA assayare analyzedusingananalysisof variance(A.NOVA) method.To
determinedecompositionrates,an arc,sinetransformationis appliedto the percentagevalues
prior to the ANOVA use. Whenthe ANOVA indicatesthat significantdifferencesexist

-= betweenplotmeans, a Student-Newan-Keulstestisperformedtoidentifyhomogeneousmeans.

InFebruary1990,sixlittersampleswereplacedineachoftheecologicalmonitoringplot._,.
ThreesampleswerecollectedfromeachplotinAugust.Thesecondsetwascollectedin
February1990.No significantdifferenceswerefoundineithertherateofdecompositionor
the microbialactivity between plots in 1990.

_

6.8 VEGETATIONMONITORING
--

The vegetation in each of the seven ecological monitoringplots was measured in the early summer (June
' and July) and again in the earlyfall (September and October) to assess the effect the salt piles may be

havingon proximal plant community structures. In each plot, foliage of each species, and species
diversity are measured using the methods described in Reith, ct al, 1985;and of 20 quadrat frames (lm 2)

_ was also c,aiculated. The frequency oi"a species is defined as the proportion (percent) of the quadrats
containingthatspecies.

_
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SummariesofthedataforthespringandfallsamplingperiodsarepresentedinTables6-4_d 6-5,
respectively.TheCY 1990precipitationof41crn(15,97in)wasa substantialincreaseoverthe1989
droughtconditionof25cm (9,84in),DroughtconditionspersistedformFebruarythroughJune,asis
reflectedinthespringvegetationdataTable6.4,butdramaticallychangedasprecipltatio_'_begania.July
andcontinuedthroughNovemberwhichisreflectedintheincreasesin allpuametersforthefall
vegetationdata,Table6-5.

The1990vegetationmonitoringdatashowedacontinualincreaseinshrubcoverandacontinual
decrease in the grasses in proximity to the salt piles. These values are consistent with the 1988and 1989
data. The responses of these plots to higher rainfallin later years willreveal whether ::_ pattern
reflectingthestartofasignificantchangeinthestructureoftheplantcommunityorwhetheritisonlya
short-termeffectcausedbyshon-terrnweatherconditions,A differentialeffectresultingfrom
salt-inducedphysiologicalstressnearthesaltpilewasnotobserved.Ofgreatestsi_ificanceinthe1990
vegetationmonitoringdatawastheobservationthatthedroughtconditionsofthisyearhavehada
uniformeffectonvegetationinallplots.A differentialeffectresultingfromsalt.inducedphysiological
stressnearthesaltpileswasnotobserved,
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Table6-1

SUMMARYOF THE 1990 BREEDINI] BIRD DENSITY MEASLiREMENTS(frl birds per 40hll)

.......... CONTROLTRANSECTS..................... WIPP TRANSECTS...........

AVERAGE AVERAGE AVERAGE AVERAGE

CTI CT2 1990 1984-1990 NW SE 1990 1964. 1990

-DOMINANT C01_ITROLSPECIES-

BLACK-THROATEDSPARROE/ 16,1 30.1 23,1 25,8 17,Z IT,Z 17 Z 22,0
PYRRHULOXIA 23.7' 22.6 23.2 18.8 ?.3.7' 19.4 21 6 16.5
NORTHERNI_3CKINQBIRD 4,3 2.2 3.3 10.7 8.6 8.6 8 6 13,6
NORTHERNBOBWHITE 1,1 0,0 0,6 9.8 2.2 1,1 1 7' 4,9
MOURNINGDOVE 0.0 0.0 0.0 7.1 6..5 2.2 4 4 Z,.3
BRO_-HEADED CDI_BIRD 4.3 4.3 4,3 5.0 4.3 8.6 6 5 3,0
LOGGERHEADSHRIKE 0,5 6.3 2./_ 4.5 0.5 4.3 2 4 3,1
EASTERNMEADOWLARK 0.0 1.1 0.6 3.0 O.O 0.0 0.0 1.1
CACTUSWREN 3.Z 8.6 5.9 2.6 0.0 8,6 4.3 6,4

COMIe_ N1GHTHA_,IK 0,0 4.3 2,2 2.5 1,1 2,2 1.? 2.1
SCALED QUAIL 1.1 0.0 0,6 2.3 0.0 0.0 0,0 0,5
CHIHUAHUANRAVEN 2,2 0.0 1.1 1.2 0.0 4,3 2.2 1.3
WESTERNKINGBIRD B.6 0.0 4.3 1.1 4.3 1Z,9 8.6 6.6

-MINOR CO_ITROLSPECIES-

CASSINtS SPARROW 1.1 0.0 0,6 0,9 Z.2 0,0 I,_ 0,4
CRISSAL THRASHER 1.1 2,2 1.7 0.8 0.0 0.0 0.0 0.0
ASH-THROATEDFLYCATCHER 0,0 0.0 0.0 0.8 2.2 12.9 7.6 3.B
POORWILL 0.0 0.0 0.0 0.8 0.0 O.O 0.0 0.3
SCISSCR-TAILED FLYCATCHER 0,0 1.1 0.6 0.7' 0.0 0.5 0.3 0,6
BRE_/ER_S SPARROIJ 0.0 0,0 0.0 0.5 O.O O,O 0.0 0,0
HOUSE FINCH 0.0 0,0 0.0 0,6 0.0 0.0 0.0 1,7
LARK BUNTING 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.3

YELLOW-HEADEDBLACKBIRD 0,0 0.0 0.0 0,2 0.0 0.0 0.0 0,.,x
GREAT HORNEDC]_/L O. 0 O. 0 O. 0 O. I 2.2 O. 0 I. I O. 5

: SWAINSON_S HAI,fK 0.0 0.0 0,0 0.0 0.0 0.0 O.O O.Z

HARRIS_ HAk/K 0.0 0.0 0.0 0.0 0_0 0.0 0.0 0,0

-WIPP SPECIES-

NORTHERNORIOLE 0.0 O.O 0.0 0.0 2.2 4.3 3.3 2.1
LADDER-BACKEDWOOOPECKER 0.0 0,0 0.0 0.0 4.3 B.6 6.5 1.7

BARN SWALLOE/ 0.0 0.0 0.0 0.0 0,0 4.3 2.2 1,4
GREATERROADRUNNER O,0 0.0 0.0 0,0 0.0 ,0,0 0.0 0.7,

" LARK SPARROU 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.5
LESSER GOLDFIMCH 0.0 0.0 0,0 0.0 0,0 0.0 0.0 0.3

BELL°S VIREO 0.0 0.0 0.0 0.0 0.0 4.3 2.2 0.3
YELLOWWARBLER 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3
KILLDEER 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3

HOUSE SPARROI_ 0.0 0.0 0.0 0.0 0.0 2.2 1.1 0.2

TOTAL DENSITY 67.3 80.8 74.1 99.6 B1.5 126.5 104.0 101.1

NUMBEROF SPECIES I_ 10 15 ?.3 14 18 20 32
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SUhl;_RYOF THE I_PO BREEDING BIRD DENSITYMEASUREMENTS(IN BIRDS PER 40hl) CONTINUED

AVERAGE AVERAGE AVERAGE AVERAGE AVERAGE AVE
1984-1989 1990 1984-1990 1984-1989 1990 19_

-DONINANTCONTROLSPECIES................ CONTROLTRANSECTS.............................. WIPP TRANSECTS............

BLACK-THROATEDSPARROE/ 26,3 157.8 23.1 25.8 22.8 136.8 17.2 2_
PYRRHULOXIA ' 18.1 108.6 23.2 18.8 i5.6 93.6 21.6 1_
NORTHERNIqOCKINGBIRO 11.9 71.4 3.3 10,7 14.4 86.4 8,6 1._
NORTHERNBOBWHITE 11.3 67,8 0.6 9.8 5.4 32.4 1.7
HOURNINaDOVE 8.3 1.9,8 0.0 7.1 ' 4,3 25.8 4,4 _,
BROQ/N-HEADEDCOI_BI RD 5.1 30.6 4.3 5.0 2.6 16,4 6.5
LOGGERHEADSHRIKE 6,8 28.8 2.6 4.5 3.2 19.2 2,6
EASTERNNEADC_/LARK 3,4 20.4 0.6 3.0 1.3 7.8 O,O :
CACTUSWREN 2,0 12.0 5.9 2.6 6.7 /_0.2 4.3 _:
COl,II,IONNIGHTHAWK 2.5 15.0 , 2,2 2.5 2.2 13,2 1.7
SCALEDQUAIL 2.6 15.6 0,6 2.3 0.6 3.6 0.0 c
CHIHUAHUANRAVEN 1,2 7.2 1,1 1.2 1.2 7,2 2.2 '
WESTERNKIEOBIRD 0.6 3.6 4.3 1.1 6.3 37.8 8.6 c

-HIHOR CONTROLSPECIES-

" CASSINOSSPARRI_ 0.9 5.4 0.6 0.9 0.3 1.8 1.1 C
CRISSALTHRASHER 0.7 _.2 1.7 0.8 0.0 O.O O,O C
ASH-THROATEDFLYCATCHER 0.9 5.& 0.0 0.8 3.2 19,2 7.6 2
POORI./ILL 0,9 5,6 0,0 0.8 0,3 1.8 0.0 C
SCISSOR-TAILEDFLYCATCHER 0.7 6,2 0.6 0.7 0.6 3.6 0.3 C:
BRE_,,'ER0S SPARROU 0.6 3.6 0.0 0.5 0.0 0.0 0o0 C
HOUSEFINCH 0.5 3.0 0.0 0.4 2.0 12.0 0.0 I
LARKBUNTING 0.2 1.2 0,0 0.2 0.4 2.4 0.0 C
YELLO_-HEADEDBLACKBIRD 0.2 '1.2 O,O 0.2 0.3 1.8 O.O CI
GREATHORNEDrJWL 0,1 0.6 0.0 0.1 0,4 2,4 1.1 C_
SWAINSONIS HAWK 0.0 0.0 0.0 O.O 0.2 1.2 O.O CI
HARRIS'HAWK 0.0 0.0 0.0 0,0 0.0 0.0 0.0 C

-WIPP SPECIES-

NORTHERNORIOLE 0.0 0.0 0.0 0.0 1.9 11.4 3.3
LADDER-BACKEDQ/O_PECKER 0,0 0,0 0.0 0.0 0.9 5.4 6.5
BARNSWALLOE/ O.O O.O 0.0 0.0 1.3 7.8 2.2
GREATERROADRUNNER 0.0 0.0 0.0 0.0 0,,8 4.8 0.0 {

• LARKSPARROE/ 0.0 0.0 0.0 0.0 0.6 3.6 0.0 '
LESSERGOLDFINCH 0.0 0.0 O.O 0.0 0.4 2.4 0.0
BELLOSVIREO 0.0 0.0 0.0 0,0 0.0 0.0 2.2
YELLO_WARBLER 0.0 0.0 0.0 0.0 0.3 1.8 0.0
KILLDEER 0.0 0.0 0.0 0.0 0.3 1.8 0.0
HOUSESPARROI,/ 0.0 0.0 0.0 0.0 0.0 2.2 1.1

.,, .,B. r .. a,,i e Qe. .,,m ...,,. ....e, ..a,

TOTALDENSITY 103.8 622.8 76.1 99,6 100.6 605.8 104.0 I

HUHBEROF SPECIES 23 23 15 23 30 31 20
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TABLE 6.2

Maximum estimation and variance for population density of
Dipodomys ordli (Ords Kangaroo Rat).

ORD'S K_J_OARC)C)RAT CTI ...._ , _2 SE2

ESTIMATED POPU'LA'flON 39,8 18,8 34,6 24,6

ESTIMATED MINIMUM 33.3 14,7 ZB,8 19,6

ESTIMATED MAXIMUM 49.5 26,2 43.3 33,2

ACTUAL CAPTURES 42 21 36

TABLE6-3

Actual captures of nocturnal mammals in 1990.

_c'T__ c'_., l_A,2 SE2

ORD'S KANGAROO RAT 42 21 36

WHITE FOOTED/DEER MOUSE 0 0 I 8

PLAINS POCKET MOUSE 4 3 1 0

GRASSHOPPER MOUSE 7 0 0 3

HISPID COTTON RAT 1 0 0 0

PLAINS WOOD RAT 3 0 5 2

-

=G
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Figure 6-3
Nonradiological Soil Sampling Sites
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Cable 6-4
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n_xeocPLOT1(]) EXCLOSOREP_OT!!a)eeeeseee$'_mlemeoee#_eee e.e_eeee lt • • $esum# a • ao eiNem • Hdel • m

COVER (_) FRmQ, (6) DEN|, (7) COVER FREG, DENS,........ SHRUB|........

"+"" ° °'dooo o,ggsouT,w.,,A.IT_u. ' o,oo I: I:oo

,o,,,.,°o,,, ° , ooo o,oo°°°SHIMMERYOAK 3, Za_ 0,o0 :_ aO o,oo
WILD CHINABERRY
YUCCA I,_Z 3GS o,DO O,la ss o,oo--'.RENNIA__O.e_.."
SNAPDRAGON
MILKWEED
COHNELINA SP,
CYPERUSSP,
WOLLEY DALA

H=,O,A,O o._. _ .,00 0.-- O_ 0.00,.oo,,o_Y,A.us
LEAF-FLOWER
CLIMBING MILKWEED
ELEGANT NIGHTSHADE
CDTTA
GOLDEN CRO_NBEARD
.... ANNUAL FORBES.....
RAGWEED 0,01 3_ O.OD 0,00 DZ 0,00 ,
ARIZONA DOZE DAISY
BUOSEED
ANNUALBUCKWHEAT D,OD O_ O,DO 0.01 _ 0.0_
FLEABANE
LACE SPURGE
EUPHORBIA SP.
FORB SEEDLING
BINDWEEDHELIOTROPE
PRAIRIE SUNFLOWER D,OO D_ DoDD D.O0 D_ O,DD
_HITE RAGWEED
KOCHIA
INDIAN CHICKWEED
PALAFOXIA
FETID MARIGOLD
PORTULACESP,
DUNE DEVILS*CLAW
RUSSIAN THISTLE
PRICKLY SOWTH|STLE
--PERENNIAL GRASSES---
LITTLE BLUESTEN
PURPLeTHREE.A_N 1.o9 6_ D,DD o.z_ ' _s_ D.OD
BLACK GRAMA O,OO OX D,O0 O,DD D_ D.DD

- 5ANDHILL GRASS O,O0 O_ 0,00 0,00 D_ O,OD
SANDBUR D,DO DX D.OD D,DD OS O,DO
INTERMEDIATE LOVEORASS 0,03 B_ D,OD 0.01 3_ O.OD
MEXICANLOVEORASS
FALL W|TCHGRASS 0,00 D_ O,DO 0.02 5% D,ODEAR"UHLY O,O0 OX O,O0 O.O0 OS O,O0
KNOTGRASS
PLAINS BRISTLEGRASS
SPI KE DROPSEED O.02 _X D, DO D, 02 5_ D, DO
SAND DROPSEED D.OB 1._ O.OD 0.16 38¢ 0.00
NNSA DROPSEED
GIANT DROPSEED O.OD D_ D,O0 D,07 1B_ D.DO
.... ANNUAL GRASSES....
GRASS SEEDLING
FALSE BUFALOGRASS
PURPLE SANDGRASS

............................... TOTALS BY GROUp................................

CONTROL EXCLOSURE

.... SPECIES GROUP..... COVER DEES. NO. OF SP. COVER DENS. NO. OF SP.
- SHRUBS (8) 6.1Z O.DD 7 3,66 D.DD 6

PERENNIAL FORBES 0,19 ,O.DD 2 O,DD D.DO O

AqNUAL FORBES 0.D1 O.DO 1 D D1 O.D5 1PERENNIAL GRASSES 1,22 D,DD 4 015, D.O0 6
: ANNUAL GRASSES (9) 0,00 O.OO D DoOO O.OD 0

Exc(osure PLots !nc_ude plot| DOE*1 inel EZ-RR, whlch Irl fencl¢l aral=
(3) Far Field PlOtS Include plots N_2 mhd SEZ, ipproxtmateLy 2DOle from the ta_t pi(el

!4) Near Field PLot| Include plots MW1, SE1 and El, which mrs idjicent to tna silt piles
= 5) Foliar cover, in percent

6) Frequeny in the sample, _n perce_T

7) Density of annual species only, in piMntl per squ_re meter
8) Coverige doel not tncLuckl honey l_lC_.Itte
9) NumCNir of species doel not tnctuOe grass ieedLtr_m
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wf.I_ ,.z.v._TA+Z=,,+mT

++_i.......;iiG_.......++_;_ ................. +6,
+, .**Ii me l+=a

¢OVI[M FASO, ,
........ tlHRU!II........

+"°""' +i i °°° +ii o,oo°°°_mm.m..ALm,tH °:_I : o.oo,A_T,+,.1.--, o o
SC3JTHWI_STRAI+iITiiUSH

°+ °°°,;i °°° °1!a._L_N_.1_Lv.,,, .oo o o.oo tl '.g
Hre+...=,,, ,,_ o,oo oo,oo Sl 8:oo
+,_0+,,,A..+_U=A _,0_ ,OX 0,0o _,i_ _ o,00
SNAPDRAGON
MILKWEEO
CO+#IELI NA SP,
¢YPERUS SP,
WOLLEY DALA

_P_N_-,+_ AsT. o.oo _ o,oo o,oo o_ o,ooHOGPOTA+O 0,oi o,o0 0,o_ S_ o,o0
SI'_OTH OXYBAPHUS
LEAF-FLoW_R
CLIMBINOMILKWEED
ELEGANTMIOHTSHADP-
COTTA
GOLDENORO_NBEARD
.... ANNUAL FORBES.....
RAOWEFD O,O0 O_ O,O0 O,O0 OY' O,O0
AR]20NA DOZEDA[ SY
BUOSEED
ANNUALBUCKWHEAT O,O0 O_ O,O0 O,04 ]Y, O,O0
FLEABANE
LACESI_JROE
EUPHOrBiASP.
FORBSEEDLING
BINDk_EDHELIOTROPE
PRAIRIE SUNFLobr_R 0,00 OX 0,00 0,01 2Y, 0.02
WHITE RAGWEED
KOCHIA
IMILANCHiCk'WEED
PALAFOXIA

,u,_A,THl_T.
--PERENmIALGRASSES---_i,_L,,Lu.,,
PURPLETHREE'AWN 0,62 ++_ 0,00 0.2+ 2_, 0,00BLACKGR+I_A 0,01 0,00 O,OO OY' 0,00

_A,OH,__,ASS o.oo o_ oGO o.o, _ o.oo_A,--u, o,o+ _ :oo o.oo o_ o.oo
INTERMEDIATELOVEORASS 0,03 55G 0,00 0,02 3Y, 0,00,,x,cA,_OV,O,A._.. _,+c,_A. oo_ _ ooo ooo o_ ooo_. _j._, o.o_ _ o.oo o.oo o_ o.oo
KNOTGRASS
PLAINS BRISTLEGRASS
sPIKE DROPSEED 0.01 3_ 0.00 0,03 _ 0.00SANDDROPSEED 0.08 IB'J_ 0.00 0.02 0.00
MESADRO_SEED
GIANT DROPSEED 0.07 IB_ 0.00 0.02 2Y, 0.00
.... ANNUAL GRASSES....
GRASSSEEDLING
FALSEilUFALOORASS
PURPLESANOGRASS ',............................TOTALS BY GROUP.............................

FARFIELD NEARFIELD

.... SPECIESG_OUe..... COVER 'DENS. NO, OF SP. COVER DENS, NO. OF
SHRUBS(a) 6.si o.oo _ _._o 0.00 9
PERENMIALFORBES 0.01 0,00 I 0.03 0.00 1
ANNUAL FOgieS o.oo+ o.oo o o.os o.o2 z
pERENNIALOMASSES O.M 0,00 9 0.++0 0.00 6
ANmJAUO_ASSeS(9) 0,00 0,00 0 0.00 0.00 0
TOTA_ 7.Z7 0,00 _S 11._a 0.02 _

I_3) Control Plots Include pLotl CT1 mhdeta, more them 2kJmfrom th_ mitt _(lesExCLolurm P!Otl tncluc_ plOtl DOE-1 =r_ _eZ-RR,_!cn iri Ler_,ea trel=. ....
(3 Far FieLd PLOts tnoLuclepkgtl NW2ariel SEZ, mpI_roxlmmtety=uuKmfrom the SiLt plt, li
(_, Near Field PLots include plots MNS, EEl lr'el El, whtch irl adjacent to the salt pile
(5 Fokimr coyer. _n perce_t
(6) FPm<W t.nthe .==mml,,ta _rcmt . . +
(7) D_ItY of mnnumt ;c_leIm+oily,tn Pt!lgtl pmr lqulrl lllltlr
(8
(9)) Covermge _ not +rcLud_ honey mes_jttm ...Number of _i_ doel not includegrmss seeaLlngm
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Table 6-5

WIPP 1990 FALL VEGETAT_,gI_REPORT

FAR FIELD PLOTS {3) NEAR F;ELD PLOTS (4)

....... ;iE ....... ....... ;iii: ....... ;iil........ SHRUB;........
SAND SAGE 3.00 50Z O. O0 2. B5 5Z1{ O. O0
FOUR-WING SALTBUSH
HARTWEGPRIMROSE 0.02 5_ 0. O0 O. O0 OX O. O0
SOUTNWESTRABBITBRUSH O.01 3Z O. O0 O, 00 01{ O. O0
CROTON O.OZ 3Z 0. O0 O. 13 710 O. O0
SNAKEWEED O.O0 O_ O. O0 O. 05 Z1{ O. O0
ENGELMANNPR!CKLY-PEAR O.O0 OX O. O0 O. 03 21{ O. O0
HONEY MESQUITE 0.39 5Z O. O0 I. 11 101{ O. O0
SHINNERY OAK 10.25 95Z 0.00 12.37 871_ 0.00
WILD CHINABERRY 0. OO 0:_ O. 00 O. O0 OX O. O0
YUCCA 0.55 I(Y4 O.O0 0.74 IO)Q O.O0
- - - PERENN! AL FORBES-- *
NI LKWEED O.05 3Z 0.00 0.01 21{ O. O0
CCXllilELI NA SP. O.00 O_ O. O0 0.34 31{ O. O0
CYPERUS SP. 0.09 15_. 0.00 O. 11 ZZ_ 0.00
WOOLLYDALA 0.11 13Z 0.00 O, 14 12X 0.00
SPINY YELLC]&/ASTER 0.00 O_ 0.00 0.07 Z1{ 0.00
HOG POTATO O.05 5X O. O0 0, Z3 17_ O, O0
SNAPDARGON O,O0 OZ O.O0 0. O0 01{ 0. O0
SMOOTHOXYBAPHUS O.O? 101{ 0.00 O, 17 101{ O. O0
LEAF- FLOWER 2.03 951{ O.O0 O, 90 551{ O. O0
CLIMBING NI LI_EED O.GG UZ 0.00 0.02 25[ 0.00
ELEGANT NIGHTSHADE 0.00 OX 0.00 0.00 01{ 0.00
COTTA O.O0 OX O.O0 O.00 01{ O.O0
GOLDEN CRO_.rNBEARD 0.00 OX 0.00 0.01 Z1{ 0.00
.... ANNUAL FORBES.....
RAGWEED O.O0 01{ O.00 O. O0 01{ O. O0
ARIZONA DOZE DAISY 0.05 3Z 0.00 0.00 01{ 0.00
BUGSEEO O.O0 OX O. O0 O. 01 21{ O. O0
ANNUAL BUCKWHEAT O.01 01{ O.03 O. O0 OX O. O0
FLEABANE O.OO O_ O.O0 O. O0 0_[ O. O0
LACE SPURGE 0./,7 45_ 0.68 0.59 651{ 0.93
EUPHORBIA SP. 0.03 5_ 0.03 0.42 7"4 0.6Z
FORB SEEDLING 0.00 OX O.OO 0,03 10_ O. 12
BINDWEED HELIOTRDPE 0.03 51{ 0.05 0,03 7_ 0.06
PRAIRIE SL/NFLOWER 0.00 01{ 0.00 0.00 01{ 0,00
WHI TE RAGWEED O.O0 01{ O.O0 O. 01 31{ 0.03
KOCHI A O.O0 01{ O.O0 0. O0 _ O. OO

: INDIAN CN|CKVEED O. 16 1B1{ 0.40 0.06 1Z_ 0.13
PALAFOXI A O. 11 1B1{ O. 20 O. 11 17_ O. 10
FETID MARl GOLD 0.52 30_ 1.53 2.36 55X 11.50
PDRTULACESP. 0.00 01{ O. 00 0.00 01{ O. 00
DUNE DEVILS-CLAW 0.00 OX 0.00 0.01 Z1{ O.OZ
RUSS%ANTHISTLE 0.00 OX 0.00 0.09 Z_ 0.05
PRICKLY S[_=/THISTLE 0.00 OZ O.O0 0.00 OX 0.00

- --PERENNIAL GRASSES---
LITTLE BLUESTEN 0.27 5_ 0.00 0.00 OX 0.00
PURPLE THREE'AWN 1.56 7OX O. O0 I. 37 4_ O.00
BLACK GRANA 0.05 3_ 0.00 0.00 0Z 0.00
SANDHILL GRASS
SANDBUR 1.01 SH O. O0 1.3Z 67_ O.O0
]NTERNEDI ATE LOVEC_qASS

= MEXI CAM LOVEGRASS 0.00 01{ 0.00 0.03 2X 0.00
FALL WITCHCdtASS 1.05 55_ 0.00 0.86 351{ 0.00
EAR _KJNLY 0.00 0"_ 0.00 0.02 _ 0.00
KNOTGRASS O. _ P_ O. O0 0.26 201{ O. O0
PLA[ NS BR! STLEGRASS O. O0 _ O. O0 O.O0 O_ O. O0
SPIKE DROPSEED 0.07 101_ O.O0 0.07 3X O.OO
SAWDDROPSEED O.&5 4_X O. DO 0.3B 251{ O. O0
MESA DROPSEED O. 07 B?. O. O0 O,41 181{ O. O0
GSANT DROPSEED 0.29 33Z O.O0 0.39 Z31{ 0.00

-" .... ANNI.L_LGRASSES....
GRASS SEEDLING O. 17 451{ 2.Z3 0._,_ 60"4 B.92
FALSE BUFFALO_ASS 0.59 531{ 1._ 0.6)" 63X Z.23
PURPLE SAJtDGRASS 0.045 151{ O. 15 O. 10 13g 0._2

............................ TOT_ _ BY GROUP.................................

_AII FIELD PLOTS NEAR FIELD PLOTS

.... -_PECIES GROUP..... COVER DENS. NO. OF SP. COVER DENS. NO. OF SP.
SHRU_S (IS) 13.8_ 0.00 ? 16.17 0.00 7

= ' PEREHNIAL FORBES 2.37 0.00 6 2.00 0.00 10
ANNUAL FORBES 1.37 2.92 7 3.?3 13.56 11

" PERENNIAL _RASSES 5.10 0.D0 10 5.09 0.00 11
ANNUAL GRASSES (9) O._L_ 4.01 2 1.08 11.37 2

TOTAL Z3.$2 6.93 32 28.06 24.93 41

(1) Control Plotm tr_tum piotm CT1 and CT2, more thM1 2k_l frm the _lt(t piles
(_.) E.x_Lo_m-_" ;L_ ,;_L_,_--.. pL:t: _-! _ EZ-II. _d_!cn _re fencecl atoms

__ (3) tsr FieLd e_ots incL_le plots _ _ SE2, Wo_mstety zoo lul tram the lake pi ies
(k) _ear FteL:t PLoTI Jrtc:L_ plots NWI, SE1 _ El, _i_tch Irl _jemlmt to the salt pi LN

- ($) FoLiar cover, in I_rcmnt
(6) Frl_lm_ in the aLleLe, in pmrcmt
(7_t Dem_y of _'r_mt Ik_m_es _nty, in ptlmt| pmr mrs mtsr
(|) C_er_q_e drum not t.h¢iu_ h.m_y _i ta

- (9) _r of _ia_ _ _t i_k_ae grin s_ttf_l_
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CHAPTER 7

GROUNDWATER ,rPRO  ECTION

Current groundwater protection activities at the WIPP are _,,ztlincd in the WIPP Groundwater Monitoring
ProgramPlanand ProcedureManual.WF 02-I,Rev,2 isaQualityAssurancedocumentthatcontains
programplansforeachoftheactivitiesperformedbygroundwatersurveillancepersomucl.Detailed
procedures for performing specific activities such as pumping system installations, field parameter analysis
and documentand qualityassurancerecordsmanagement arcalsocontainedinWF 02-iRcv 2.
GroundwaterprotectionactivitiesarcalsodefinedintheOEMP.

The objectiveofthisprogramistodetermine_hephysicaland chemicalcharacteristicsofthegroundwater
surrounding the WIPP facility, both before and throughout the operational lifetime of the facility., Baseline
water quality data has bccn collected since January 1985. A report is currently being prepared by IT
Corporation evaluating the baseline data from 1985 through the 1990 sampling period and should be

" available for publication in early 1992. This prcoperational data will be compared to water quality data
coUcctcd after TRU waste is placed in the WIPP facility. Data generated by groundwater surveillance
programs arc also useful in determining future regulatory needs, land use decisions, and updating
information for site documents such as the Final Environmental Impact Statement Addendum.

The water quality data obtained by the WQSP in 1990 supported three major programs at the WIPP: (1)
Site Characterization; (2) Performance Assessment (in compliance with 40 CPR 191); and (3) The OEMP,
Each of these programs requires a unique set oi"analyses and data, but overlap of analytical needs does
occur. Particular sample needs are defined by each program. Radionuclide samples were collected for
the Envixonmcntal Analysis and Compliance section of the Westinghouse, Waste Isolation Division
(WID.) Results of radionuclide sampling are discussed in Chapter 5 of this report. In addition, water
samp|csfromeach1990,_ampiinglocationwcrcofferedtotheNew MexicoEnvironmentalEvaluation
Group (EEG) fortheirindependentanalysis,howeverductobudgetaryconstraintstheEEG was forced
todeclineanumber ofofferedsamples.

The WIPP islocatedwithinthePeepsVaUcy sectionoftheSouthernGreatPlainsphysiographicprovince
_ (Powersctal.,1978).The primaryIndustriesintheareawhichcouldcontributetopollutionoftheground

waterarclocalpotashmining,gasand oildrillingactivitiesand cattleranching.Geologically,theWIPP is
locatedinthenorthernportionoftheDelawareBasin,thewesternmostsubsectionofthePermianBasin.
The northernDelawareBasinisboundedby theCapitanLirncstonc,aPermianAge reefwhichistheonly
majorsourceofpotablegroundwaterinthebasin.Interiortothebasin,eightrockunitsmake up the
stratigraphiccolumninthevicinityoftheWIPP. Inascendingorder,theseunitsarctheDelaware
Mountaingroup(consistsoftheBrushyCanyon,CherryCanyon,and theBellCanyon formations),The

-- Castile Formation, the Salado Formation, The Rustler Formation, the Dewey Lake Rcdbcds, and the
Triassic Dockum group also referred to as the Dockum formation.

The rock units which wcrc sampled in 1990 arc in descending order ; the Dewey Lake Redbcds, the
Magenta Dolomite, and the Culcbra Dolomite, (Figure 7-1). Fluids form these rock units have been

: collected either from wells at the WIPP or from privately owned wells (windmills). Groundwater sampling
at WIPP focuses on the Magenta and Culcbra Dolomite Members of the Rustler Formation. The
Magenta and Culcbra Dolomites arc the most significant water bearing units within the vicinity of the
WIPP. No known hydrologic connection exists between the repository horizon and these rock units.

- Surveillance of the characteristics of the water contained in both the Culcbra and the Magenta Dolomite is
beneficial to the WIPP because it provides data which can be used to determine if the characteristics of

• the water in either the Culcbra or Magenta is changing, lt also provides addit:onal data for use in
hydrologic modules designed to predict long term performance of the repository environment (i.e.,

,,== performance assessment). A brief description of these geological formations and their hydrology follows.

The Dewey lake Redbeds arc comprised of a deltaic sequence of alternating thin, even beds of orange-red
: siltstonc and mudstone with lcnticular intcrbcds of fine grained sandstone. Geologic data for the area

-" _ around the WIPP facility indicate that the sands arc lcnticular and pinch out laterally. Hydrologic

_ 7-1
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TABLE 7.1.0

MONTHLy GROUND.WATER LEVEL MEASUREMENTS

AEC-07 H-09b WIPP-12

CABIN BABY (CB-1) H-10b WIPP-13
D.208 H-llb2 WIPP-18

"' DOE-01 H-12 WIPP-19
DOE-02 H-14 WIPP-21
ERDA.-09 H-15 WIPP-22
H-01 H-17 WIPP-25
H-02b2 H-18 W_PP-26
H-03b2 P-14 WIPP-27
H.04b P-I_ WIPP-29
H-05b P-17 WIPP-30
H.06b P-18
H.07bl

_ffAGENTA

H-01 H-05c WIPP._

H.02bl H-06c WIPP.27
H-03bl H-08a WIPP-X)
H-04c H-10a

- OTHER FORMATIONS

AEC-08 BELL CANYON
H-03d/49 FORTY.NINER
H-03d/DL DEWEY LAKE

- H-08c RUSTLER./SALADO
WIPP-28 RUSTLEP, dSALADO

_,,q

II' ° m
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TABLE 7.1.1

OUARTERLY GROUND WATER.LEVEL MEASUREMEN'TS

H.02a H-0762 H-11b3

H-02¢ H-07c H.11b4

H.03b3 H-09a WIPP.28

H.05a H-09c

H.06a H-llbl
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TABLE7.2

WATER OUALITY SAMPLING PROGRAM
MONITORING LOCATIONS

LOCATIONS MONITORED EACH yEAR

1. H-02c CULEBRA
2. H-03bl MAGENTA

, 3. H-0363 CULEBRA

_ _!o,,c MAGENTA
i 6: _:0.._: CULEBP,.A

' 7, H-05¢ '_, MAGENTA
8. H-06b CULEBRA
9, H-06c , MAGENTA
10.H-14 CULEBRA
ii.WIPP-19 ' CULEBKA
12.RANCH WELL DEWEY LAKE
13, BARN WE[A., DEWEY LAKE
14. TWIN WELL (PASTURE) DEWEY LAKE

WELLSMONITOREDEVERYTHgEEYEARS
1. H-09b CULEBRA
2. H.11b3 CULEBRA
3. H-12 CULEBRA
4. H.07b CULEBRA
5. H-15 CULEBRA
6, H-18 CULEBRA
7. P.14 CULEBRA
8 P.17 CULEBRA
9. WIPP-25 CU LF_.BRA

-

_
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investigations at and near the WIPP fac_ty havenot identified a continuous zone of saturation within the
DeweyLake Redbeds,Severalprivatewells(locatedappro:-_mately5 milessouthof theWIPP site) are
completedin the Dewey/.._e RedbecLs,Thesewe,12sappearrobeproducingfromthin lenticularsands
that arelocallyrecharged(Mercer, 1983), Fourprivatewellsin thisareahavebeensampledbyWIPP
(BarnweilFairviewWeLl,UngerWei_,andRanchWeil),andthedataarereportedinRandalletal.,1988,
andLyon1989.Eachofthesewellssupplywaterforlivestock.

The RustlerformationunderliestheDeweyLakeRedbedsandconsists.ofimerbeddedanhydrite,gypsum,
halite,polyhalite,dolomite,andlimestone.TheRustlerformationisdividedintofivelithologicunits.
Theseunitsarehadescendingorder;theForty-ninermember,theMagentaDolomite,theTamarisk
member,theCulebraDolomite,andtheUnnamed lowermemberconsistingofreddish-brownsiltston=
interbeddedwithgypsumoranhydriteandhalite.TheForty-ninerandTamariskmembersarcprlmari]y
anhydriteandincludesomehaliteandpotashminerals.Wheredissolutionhasoc;:urred,theanhydritehas
alteredtogypsum,andhalitesaltsareabsent.The MagentaandCulebraDolomitesareaeriallyextensive
andarethemostsignificantwater-bearingunitsintheWIPP vicinity.Watei"fromtheMagentaand
Culebrahasundergonefiveyearsofsampling(Brobergct.al,1990;Lyon1989;Randallctai.,1988;
Uldandctal,1987,andUhland=tal.,1986).

The Magentadolomitei.qtheuppermostsignificantwater,bearingstratumintheRustlerformationand
consistsofaclasticcarbonatebedwiththinlaminaeofanhydrite.The unitrangesinthicknessfrom20to
30feetandisavuggy,finelycrystallinedolomite.Theformationcontainswater(underconfined
'conditions)ofvariabledensityrangingfrombrackishtobrine.HydrologictestinghasshowntheCulebra
Dolomitetob¢a hcterogenous,fracturedunitwithtransmissibilityvaryinglocallyfrom0.0"]togreaterthan
200squarefeetperday(Mercer,1983).ThehightransmissibilityvaluesintheCulebrahavebeen
reportedfromwell|orationssouthandwestoftheWIPP facility.InthisareaneartheWIPP,theCulebra
fluidsexhibitrelativelylowconcentrationsofTotalDisolvedSolids(TDS).SouthoftheWIPP site(Engi¢,
PokerTrap)a fewwellsthatarecompletedintheCulebraareusedbylocalranchersforwatering
livestock.InareaslyingeastoftheWI;:P,transmissibilityintheCulebraarequitelow,andfluidsamples
showhighTDS concentrations.Basedonactualformat=onmeasurements,Crawley,1988estimatedthat
regionalgroundwaterflow directionsnear theWIPP sitearetowardsthe southandsouthwest,lt hasbeen
suggested, sinc.¢the water flow in the Culebra Dolomite is affected by fractures, variable fluid densities,
and heterogeneity of the rock, that regional flow direction may have little, if any, relationship to localized
flow paths.

Groundwater surveillance activities during 1990consisted of two separate programs, groundwater quality
sampling and groundwater level measurements. Groundwater surveillance programsutilize 57 weil bores
to gather data. Six of these bores are equipped with production inflated packers in order to allow
groundwater level surveillance of more than one producing zone through the same well bore. Ground-
water level measurements are taken at each xell location either monthly or quarterly see Tables 7-1.0 and
7-1.1 for the sampling frequency of each particular location.

Groundwater Quality data are gathered from 23 well locations. Data are collected at 16 locations
completedintheCulebradolomiteand4locationscompletedi.ntheMagentadolomite.Waterquality
data arealsocollected from three privatelyownedwells in thevicinity of the WIPP thai arecompletedin
the Dewey Lake Redbeds. Sampling is performedat each location either yearlyor every three years see
Table 7-2 for the sampling frequency of water quality locations.

The water quality sampling process has been developed around the logistics of using groundwater wells
thai were originally constructed for characterization and not groundwater monitoring activities. The
WIPP site has be=ingiven a conditional No-Migration Determination and is not requ=redto have a
monitoring prograimin compliance with the RCRA. The original wells are therefore being used for
surveillance. Thes!."wells, not being designed for a long term surveillance program, did not consider the
geochemistry of the area, anticipated lifetime of the surveillance program nor the chemical parameters to
be analy',,.ed.A majority of the wells were drilled using saturated brine water as a dr/llingfluid which was
left standing in the open well bore for various time periods. Many of the wells were cored through the
culebra dolomite into the upper part of the Unnamed member of the Rustler formation leaving halite
deposits exposed to the waters of the Culebra. Most of the wells are constructed with J-55 or K-55 iron ,_
casing. In order to decrease the sampling bias created by well construction deficiencies and combined IIF
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withthelowtransmissibilitiesoftheformationsinvolvedalaborintensivesamplingprocesshas been
initiated,Becauseofthetimeinvolvedtocollectarepresentativcsampleandthenumberofwellstobe
sampledeachyear,wellsaresampled onlyonceperyear,Samplingepisodesarereferredtoasa
"samplinground',Eachyearlysamplingroundconsistsofthecollectionoftwotyp,csofsamples:(I)serial
samplesand(2)fmalsamples,Serialsamplesaretakenoncea day,wldlethewellisbeingpm'_ed.Key
physicalandchemicalparameters(knownasfieldparameters)areanalyzeddailyuntilachermcalsteady
statehasbeenreached,A chemicalsteadystateh usuaUydefinedas+ \.5% oftheaverageofthet_ee
precedingparametermeasurements,Stabilizationof,thesefieldparameterstsafunctlonofpurgingandis
usedasanindicatortodetermineifthegroundwatertsrepresentativeofthezonebeingsampled.Afmal
samplekscollected,onceithasbeendeterminedthepumpedgroundwaterhasachievedarepresentative
state, and is scat off site to a contract laboratory,for analysis.

Groundwater level measurements areconducted by lowering,an electronic Water-Level conductance
probe to the water level, When the probe contacts water lt taps a buzzer alarm at the surface, The
graduated tape on the conductance probe is read, adjusted to the top of the casing and documented in the
field, The probe is then brought to the surface, rinsed with fresh waterand wiped clean with a cloth, Top
of casing elevation is laterreierenced to sca level and a groundwater elevation above mean sea level is
calculated.

Groundwater surveillance activities during 1990 consisted of water quality sampling of 18well sites and
groundwater level measurements at 57 well locations, The resuli.s of the data gathered in each of these
subprograms is discussed below, The results of the data gathered in 1990are presented in appendices at
ihe end of this report, r ,

7.1 GROUNDWATER OUALITY

Sampling for groundwater quality was performed at 18 well locations including 4 privately owned well sites
during 1990 (Figure 7-2). With the exception of the four privately owned wells each well was purged a
minimum of 24 hours prior to the commencement of the serial sampling phase of the purging process.
Field analysis for Eh, ph, alkalinity, chloride, divalent cations, and Iron (total and ferrous) were

-- performed on a daily basis during serial sampling, Specific gravityand specific conductance were
performedon the firstand lastdayofserialsampling,Thesefieldparameterswereusedasanindicator,
during the purgingprocess, to better determine when the formation water being pumped had reached a
representative state. Normallythis process required seven to ten days to complete. Followingthe field
analysis of the final serial sample, samples were collected and shipped to International Technologies
Analytical ServicesLaboratory (ITAS), an independent contracted laboratory, foranalysis. Parameters of

= analysis by the contracted laboratory are listed in table 7.1.I. Splits of samples were also offered to the
EEG, Sandia National Laboratories (SNL) and selected samples were collected by the University of New
Mexico Geology Department. Samples were also archivedat.the WIPP site for future analytical needs.

_

During the 1990calendar year11 Culebra,4 Magenta and 3 Dewey Lake well bore completions were
_ sampled. The 3 wells sampled in the Dewey Lake formation (Barn, Ranch, and Twin Pasture) and 1 of the

wells sampled in the Culcbra dolomite (Englc ) were privatelyowned wells utilized for lhc supplyof watcr
to arearanch livestock. Because these wells arc pumped on a routine basis year around the purging and
serial sampling processwas not necessary,

The total gallons of waterremoved from the Culebra dolomite member of the Rustler formation as a result
+ of water quality sampling activitywas approximately52,400 gallons through out the year. The total gallons

removedfrom the Magenta Dolomite member of tile Rustler formation during the same period was
approximately 5,986 gallons of water. The final day average results of final serial analysis show relative
consistency when compared to averages of earlier sampling rounds. Appendices IV through VIII contain

- detailed results of data foreach individual well sampled. Data in these appendices are presented in
summary discussion, tabulated and graphical form.

_ Water quality of the Magenta and Culebra are naturallypoor and the waters are not usable for human
consumption or foragricultural purposes. The waters contain naturallyhigh concentrations of total
dissolved solids and mineral constituents primarilyof chloride, calciura,magnesium, sodium and

- potassium (Mercer, 1983).The generally highTDS of the waters poses a problem ia the analysisof the
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w_tcrs be¢.auseiit_nds toclogorinterferewithstandardlabora,to_equil_z:i,",,_tsuchasAtomic
AbsorptionInductlvelyCoupledPlasmao_:CP,causingdetectlonlimitstobeinconsistent,No other
inconsistenciesofgeneralchemistryparameterswerenotedinelthertheMagentaorCulebraduringthe
1990samplingperiod,TheonlyusablewaterintheareaoftheWIPP arefromwellsCompletedinthe
DeweyLakeRedbedswhichproductwaterfromdiscontinuoussaturatedzonesofthinlenticularsands
thata.rcbctisvedtobclocally.,-char.gsd,ThreeWellswet=sampledintheDeweyLakeRcdbedsthese
were;RanchWelllocatedapi:_oximately3 and2 tenthsmilessouthtotheWIPP site,Barnwelllocated
approximatsly3 and4 tenthsmitessouthof_he,WIPPsiteandTwinw¢11Pas!ur¢welllocated
approximatelyI0milessouthoftheWIPF sits,Eachofthesewellsshowedslevatsdlevelsofnitrateinthe

groundwater analvs_, Ranch wsll showed the highest concentration with 71 mg/lfollowed byTwin wcii
and Barn with conc,.ntrati_ns of 9.2 mg/Iand S,9 mg/l rsspcctivcl,y, Ths most probabl,csource of thsse
nitrate conc.entratio_ are the large numbsrs of livestock that uttlize these wells for drinking water.

7,1,1 SUSPECT DATA
)

The chloride concentration reported for H-0,4B round iqvcof 615 rag/l, as rsportr',dby the contracted
laboratory, appears abnormally low when comparsd to previous rounds rounds ),,3 and 4) where the
chloride content normally averaged approximately 7500mg/1,Round 2 chloride content was 12,000
mg/l which may have been considered suspect also,

The sodiumconcentrationreportedbyITAS forH-04croundfiveof3600mg/1appearslowwhen
comparedto,_taeaveragevalueof8875mg/lforroundsonethroughfour.

Thelowerdetectionlimitof50mg/lsetbyITAS forthePotassiumvalueforH-07blroundfive
appsarsinconsistentwithpreviousroundswherevaluesreportedforroundsonethroughfourwere
7.0rag/l,7.7rag/l,8.3mg/land7,3mg/lrespsctively,

The reportedconcentrationforH-09b,roundfour,byITASof20mg/l1.3-dlchlorobenzeneis
. suspectforthefollowingreasons:(I)roundsons,twoandthrcsallshowlesslhandstectablelimits

for1-3-dichlorobcnzcnc,(2)theanalysisalsoshow13mg/lconcentrationof1.3-dichlorobenaancfor
amethodblankcomposedoi'deionizedwaterand(3)1-3.-dichlorobsn.zcncisa constitusntofvarious
cleaningcompoundsusc'dbylaboratorieson aroutinebasis,tocleanlaboratoryinstrumentsand
glasswars.

7.1.2ANALYqlS FOR ORGANIC COMPOUNDS

Analysisfororganiccompoundsw_recompletedon6ofthe18wellssampledaspartofthe
Groundwater quality sampling program.These wells were H.09B Culebra, Engle well Culebral
H.06B Culsbra, 1d-06cMagenta, H-18 Culebra and H-05b Culebra. Only oas analysis revealed
concentrations of organic compounds above detectable Emits. The value for 1-3-dichlorobcazene as
reporxed forH-09b of 20 mg/thas been discussed in the previous section. Organic analysis was not
performed on the remaining 12wells sampled in 1990due to budgetary concerns.

Observations have been made that pose concerns as to the validityof volatile organic analysisfor the
_- wsUssampled in 1.990as well asprevious ysars. Solutions as to the problems possd in validating

these data arc currcndybeing considsred.

7_ __GROUND WATER LEVEL SUR V'EILLANCE

In October 1988 the Westinghouse, WID was tasked with conducting a groundwater level surveillance
program in the area of the WIPP Sits. The 5'7well bores arc utilized to perform surveillance of s/x water
bearing zonss in the WIPP area. The two zones of primary interest are the Culebra dolomite and Magenta I
dolernitc msmbers of the Rustlsr formation, 46 measurements arc taken in the Culebra dolomite and 11

msasuremsntsaretakenintheMagentadolomite.Two measurementsaretakenintheRustler/SaJado

':'-8
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TABLE 7.2.1

Variation Table For Water Levels Culebra Dolomite
i r i

FEET FEET FEET FEET
GAIN/LOSS AMSL ANSL TOTAL

I/ELL # JAN-DEC HIGH MONTH LOW NONTH VARIATION
AEC'07 .0.13 3034.50 5190 3034.05 3190 0.45
CABINBABY "6,77 2990,52 4t90 2981,B5 !2/90 B,67
DOE-01 +i .70 2975.99 12190 2974.29 1190 1.70
DOE-O2 +1.1 i 3054.77 12190 3053.56 3/90 1.21
D-26a *1 .Ld, 300S.61 8/90 3002.51 3/90 3.10
ERDA-09 .3.66 2947,57 12190 2943,91 1/90 3.66
11-01 +'3.54 2975.18 2/90 2971.34 1190 3.B_
H'O2a (0)" ,3.69 3002.50 !2/90 2998.81 3/90 3.69
H"021:=2 *'4.56 3006,89 12190 2984.31 7190 22.58
H-02= (O) +3._ 3003.U I?./90 3000._ 3!90 3._,
H-O362 *Z,50 2984.36 lZ/90 2978.31 8t90 6.05
H-O363 (0) +Z.22 298_.S9 12/90 2982.37 3t90 2.22
H-O4b *i .20 2_;_9.02 12190 2997.82 1t90 1.ZO
H-OSa (0) +0.04 3024.87 12/90 3021.10 6190 3.77
H-OSb +0.50 3020.29 /,190 30il .35 5/90 8.9_,
H-O6a (0) +O.aO 3045._ 12/90 3045.19 3190 0.80

H-O6b ,0.91 3045.67 1:)190 3044.62 :)t90 1.05
H-0761 .O,&O :)995.60 12190 2995.08 4190 0.52
H-O762 (g) +0.46 :)_.40 1:)190 2994.94 3/qO 0,46
H-Oga (O) .o.1.54 :)?90.50 1:)/90 2988.79 6/90 1,71
H-Ogb .1.51 2990,78 1:)190 2989,23 :)190 1.55
H-09¢ (O) ,1.51 2990.70 1:)190 2989.19 3t90 1.51
H-lOb *0.06 2989.30 9/90 2989.01 3190 0,29
H-11B1 (g) +0.96 2976.95 1:)190 29_,99 3/90 0,96
H-11B2 +I .28 2976.56 12/90 2975.28 1/90 I .:)B
H-11B3 (O) .1.13 :)976.30 12/90 2975.17 3/90 1.13
H-12 .1.18 2967.44 19./90 2966.26 1190 1.18

= H-S4 .1.37 3001.59 12190 3000.22 1190 1.37
H-15 .1 ._ :)954. :)B 12/90 2952.60 1/90 1._S
H-17 .1.95 2951.80 12190 2949.85 1190 1.95
H-IB .3.:)9 3048.58 12/90 3043.63 4/90 4.95
P-14 .1.15 3039.07 12190 3037.87 :)/90 1.20

] P-15 +1.10 3010.15 12/90 3009.05 1190 1.i0
P-17 .1.11 298&. 16 12/90 2983.05 1/90 1.11
P-lE ,32.51 3039._,3 12190 3006.9:) 1/90 32.51
glPP-12 .0.67 30:)4._ 12/90 3023.3/, 6/90 1.12
WIPP-13 .1.08 3053.79 12/90 3052.58 3/90 1.21
I/IPP- 18 .1.92 301:).41 12/90 3006.8,8 61)0 5.53
WIPP-19 .3.$1 3003.00 12/90 2988.86 6/90 14.14
WIPP-21 +3.73 2'%5.00 12/90 2941.27 1/90 3.73
WIPP-Z2 .3.56 2973.45 12190 2965.85 6/90 12.60
W[PP-25 +1 .Ta 3051.84 12190 3050.06 1/90 1.78
WIPP-26 .0.91 3017._8 12/90 3016.42 5/90 1.06
WIPP-:)7 +0.80 3075.32 10190 3074.49 1/90 0.83
gIPP-29 -0.36 Z967.93 2/90 2966.67 6/90 I .26
WIPP-30 +0.85 3061.87 1:)/90 3060.98 2/90 0.89
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TABLE 7.2,2

Variation Table For Water Levels Magenta Dolomite

FEET FEET FEET FEET
GAIN/LOSS ANSL AMSL TOTAL

I,JELL# JAN-DEC HIGH P_TH LOW NONTH VARIAT[00J
H-01 -0.39 3121.77 1/90 3120.92 3190 O.a5
H-02bl +21 .B2 3124,95 12/90 3103.13 1/90 21.82
H-0361 - 1.Oa 3138.72 B/90 3133.34 9/90 5.3B
fl-040 -0.96 3141._ B/90 3137.22 10/90 4.64
H-05¢ -0.07 3153.a6 4/90 3107.63 5/90 46.23
H-O_ *1,01 305B.60 12/90 3050.93 3190 7.67
H-OSa +0.30 3027.20 11/90 3026.M 1/90 0.32
H-IOI +0.12 3158.56 10/90 3158.41 1/90 0.15
WIPP-25 +1.51 3052.96 12/90 3051.45 1190 1.51
WIPP-Z7 +0.34 3070.89 8/90 3070,20 1/90 0.69
WIPP-30 +0.79 3124.91 12t90 3124.12 1/90 0.79
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. TABLE 7.1.1
GROUND =WA.TERMONITORING
"-- CHEMICAI,pARAMETERS -

GENERAL CHEMISTRY METALS (CATIONS) TOTAL METALSp

pH Calcium Aluminum
Specific Conductance Magnesium Antimony
Bicarbonate Potassium , Arsenic
Bromide Sodium Barium

Carbonate Beryllium
Chloride Boron
Cyanide, Total Cadmium
Fluoride Cesium
Iodide Chromium
Nitrate Cobalt
Total Phenolies Copper
Total Phosphorus _t'on
Residue filterable at 180 C (TDS) Lead
Residue nonfilt,o.rable at 105 C (TSP) Lithium
Silica Manganese
Sulfate Mercury
Total organic Carbon Molybdenum
Total organic Halides Nickel

Selenium
Silver
Stron_.ium
Thallium
Vanadium
Zinc

In addition to the above list;

Volatile Organic Hazardous Substance analyses were performed for H.05b, H.06b, H.06e,
H-09b, H.l$ and Engle wells.

Semi.volatile Organic Hazardous Substance analyses were performe6 for H-09b and Engle
wells.

Pesticide analyses were performe_ for Engle weil.
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contact and one measurement each are taken in Bell Canyon, the Forty.niner member of the Rustler
formadon and the Dewey Lake formation, 1-1.16was added to the program ha November 1990which
providesasurveillancelocationfortheUnnamed lowermemberoftheKustlerformationandan
additional[ocationfortheDeweyLakeformation,GroundwaterelevationsforNovemberandDecember
19470fortheUnnamed LowerMember were3062,97feetabovemeansealevel(A.MSL)and3062,76feet
amsl respectively0 For the Dewey Lake formation at H.16 the measurements were 3381,10feet AMSL In
November and 3380,16 feet AMSL for me montn oi December 1990,These meuuremen_ reflect a loss of
elevationinwaterlevelsfortheUnnamed LowerMember of0,21feetanda lossof0,94feetofelevationin
water levels for the Dewey Lake formation, Tabulatedand graphicaldati_forH.16 are not presented In
thL_report due to a lack of data pqints, Measurements for November and December 1990Willbe
presented wtthdata presented inthe 1992 EnvironmentalReport,

The groundwater level data presented in this report indicates that there is a gradual trend of rising water
level elevations within the Culebra dolomite (Table 7,2,1), Forty.four offorty.six surveillance [ocatiorls
showed some increase in water level elevations within the Cule:bradolomite, Two anomalous occurrences
were noted in the,data presented in this report, The first, was a net loss of 8,67 feet of groundwater[eve[
elevation at Cabin Baby well site located approximately2,5 miles south of the WIPP site fromApril
through December 1990, and the second was a gain of 32,51 feet of groundwater Icy,eltie,ration at,P.18
located approximately 3 miles southeast of the WIPP site, The two wells are located v_thin ttve metesct
each other, Groundwater elevation measurements in the Culebra dolomite indicate that the general'Lz_d
directional flow of ground water is north to south, However, caution should be reed when making
assumptions based on groundwater level data alone, recent studies in,the Culebra dolomite have shown
that flu.lddensity variationsin the Culebra dolomite can affect flow dtrcction (Crawley, 1988)_(Davies,
1989), One should also be aware that the fractured media of the Culebra dolomite coupled with variable
fluiddemities can cause localized flow patterns to have little or no relationship to general flow patterns,
(Crawley, 1988)

' ¢Measurements at 11surveillance locations in the Magenta dolomite also mdtcated an upward tr nd in
water level elevations (Table 7,2,2), No anomalous losses or gainswere noted within the Magenta
dolomite, Seven of eleven Magenta surveillance locations show a gain m the elevation of groundwater
levels from Januaryto December 1990, Four wells showed a lower elevationof groundwater level
elevation in December than in January of 1990, Three of the four surveillance locations that indicate a
loss of head elevation from January to December were wells that are pumped routinely as partof the water
qualitysampling program, These locations are H-03BI, H.04C and H.05C,

Recovery from these pumping events mayhave influenced the water level data collected at these locations,
A 21,82foot :iso in water level elevation at H-02bl well location from January and continuing through
December mayappear anomalous, however it may be attributed to a water q_aaiitysampling attemptwhich
occurred inNovember1989,

Groundwater flow directions in the Magenta dolomite appear to be generally froma easterly!o a western
direction across the WIPP site, No studies have been performed in the Magenta dolomite to the
ma_t;nitud¢that the Culebra dolomite has been studied to determine specie[variations in the fluid dcnsitms
of tThcMagenta. lt is verypo_ib[e if not likelythat d¢_tty variationsdo occur in the Mage,ntadolomite,
Therefore the potential may exist that to some extent flow patterns in the Magenta dolomite maybe
affected by variatiot_ in flutd density, Also flow through the fractured media of the Magenta dolomite

" mayweil dictate the behavior of localized flow patterns,

Groundwater elevations in the Dewey Lake Redbeds did not yield sufficient data to draw anyconclusions
as to trends in groundwater elevation or the direction of groundwater flow in that formation, Howe:ver

' groundwater flow in the Dewey Lake Redbeds is considered to be restricted due to the perched
charactcristi_ of the formation (Mercer 1983),

When groundwater elevations taken in 1990are compared to potentiometrtc elevation maps produced by
Mercer, 1983, groundwater elevations appear to be below 1983 levels, The 1983Mercer study was
performed prior to the onset of the large scale hydrologic activitieswhich took plac_ in the vicinity of the

- WIPP to supportsite characterization and other hydrologicalorientated activitiesduring the mid to late
- 1980's, Sinc_ the end of the 1980%only modest amounts of groundwater have been removed from these:
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formation. The possibility exists thatthe trends towardincreasinggroundwaterelevations observed in
1990is a natural trend for the formationsto recover to groundwatereievattons near those of 1983
potentJometricelevations.

Detailed tabular and graphical data of data collected in 1990are listed in appendix X. Historical data
fromOctober 1988 through December 1989is presented in graphical form in appe,',dixXI.

+
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CHAPTER 8

QUALITY ASSURANCE

This chapteroutll-es the Quality Assurance/QualityControl (QAJQC) programgoals and procedures for the
radiologicalandnonradioiogicalmonitoringprogramsattheWID and offsitesubcontractorlaboratories.The
purposeof theprogramis to monitorthereliability,accuracy,andprecisionof alidata,andtodetectproblems
in thesamplecollection,preparation,analysis,ordataevaluationphasesof the monitoringprogram.

OA comprisesaliplannedandprogrammedeventsundertakento ensurethevalidityoftheresultsofa
monitoringprogram.OA includesOC,whichistaskspecificand providesa contextforassessingthe
performance of equipment, instruments,and procedures. The QA/QC program for the WIPP environmental
programs is established withinthe frameworkof the overall Quality Assurance ProgramManual of the
WestinghouseElectricCorporation) WasteIsolationDivision.

A comprehensiveOA program has been implemented to ensure that the data collected reflects actual
concentrations inthe environment and has been obtained prior to commencement of operations in orderto
provide sound baseline data forcomparisonwithpotential impacts of the WIPP. The focus of this program
includes:

• Samplecollectionat alilocations,accordingto proceduresbasedonacceptedpracticesand
widelyrecognizedmethodologiesandcriteria

• Procedurereviewandrevisionasappropriateto minimizeuncertaintydueto samplingerror
while maintainingcomparabilityandcontinuitybetweenpastandfuturedata

• Dataverificationthrougha continuingprogramof analyticallaboratory,qualitycontrol,
includingparticipationin inter-laboratorycross-checks;duplicatesampleanalysis,and,for
radiologicalsamples,splitsprovidedto theEEG foranalysis

Adherenceto policiessetforthbyfederalOA regulationsincluding:ASME NQA-I, QualityAssurance
ProgramRequirementsfor NuclearFacilities,(ASME, 1989)andEPA, QAMS-005/80,InterimGuidelinesand
SpecificationsforPrepauingQualityAssuranceProjectPlans,(EPA, 1980),fulfillstherequirementsof theOA
planspecifiedin DOE Orders5400.1(DOE, 1988d),5400.3(DOE, 1988e),5700.6B(DOE, 1985c)anddraft
DOE 5400.6(DOE, 19880.

8.1 BASELINE DATA

There are four environmental programs currentlyin place at the WIPP: the NES, the Radiological
EnvironmentalSurveillance(RES), theCooperativeRaptorResearchProgram,and theWIPP
GroundwaterSurveillanceProgram.Their purposeis to collectthedataneededto detectandquantify
anyimpactsthat constructionandoperationalactivitiesat theWIPP sitemayhaveon the surrounding
ecosystem.A baselinedatabasespanningseveralyearsprior to operationsat the WIPP canprovide
objectiveevidence of location-specific anomalies in the test results.

Preliminary studies are importantwhen considering WIPPenvironmentalmonitoringefforts since they
contribute to the baseline data useful duringthe construction phase,and because they are the
predecessors to the long-term monitoringprograms.These studies include:

• WIPP Site Characterization Program - instituted in 1976 by SNL to monitor air quality,
background radiation levels_andgroundwater quality(Pocalujkaet al, 1979; 1980a,b. c; 1981a,
b; Powersct al., 1978;Lappm,1989)
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, wiPP Biology Program. be_ m 1975 with baseline studies of climate, soils, vegetation,
arthropods, andvertebrates (Best, 1980)

• Investigationsofthesitegeohydrology-conductedbytheU.S,GeologicalS.uryey(USGS)atthe
requestottheDOE. Inaddition,theNR_ issueaacontracttoColumoiaUniversitytoperform
a studyofradionuclidemobilityinthehighlysalinegroundwatersoftheDelaware"Basin(U S
GeologicalSurvey,1983) " ' '

• Radiologicalmonitoringofair,water,and biologicalmedia-conductedbytheAtomicEnergy
Com.,_._Jssionbeforeand'aftertheProjectGnome nucleardetonation(USAEC, 1%2a,b,c,d)

82 SAMPLE COIJECTION METHODOLOGIES

Written procedures provide guidance to field personnel for everysample takenand form thebasis of an
au,_table program. The QA Department periodicallyconducts surveillance reports,inspection reports,
anti internal audits to ensure compliance with established procedures, An inspection report surveys
personnel performance in one activity. A surveillance reportassesses a procedure fromdata collection
through data management. Surveillances are conducted accordingto WP 13-011. An internalaudit, a
more comprehensive investigation, evaluates the adequacy and effectiveness of the OA program
implementation and relatedprocedures and practices. An audit may include procedurereview,['de
management, and test equipment. Audits are conductedaccording to WP 13-005. Results of each audit,
surveillance, andoverview are kept on f'deat the WIPP. In 1990,Westinghouse QA eor '_.ucteda total of
13 evaluations of the Environmental Department. There were two surveillance repor: =rformedon
the Environment;._Monitoring Section. One was closed out and the other is awaiting an engineering
u_,gradeto allevi._e the use of strip charts,whose performance was noted as inadequate. (Note: the strip
charts ate a secondary data collection method to the Central Monitoring System.)

There were a total of 11.inspection reports pe; !ormedon the EnvironmentalDepartment in 1990. There
were five performed on the Environmental Monitoring Section. For the :.--.nvironmentalMonitoring
Section, three addxessed the WOSP (groundwater surveillance) and three on overallenvironmental
monitoringsurveillance(otherthangroundwatersurveillance),Two inspectionreportsrequiredfurther
action, Inspection Report 90-28,828A identified and requiredthat ali data loggers and pressure
transducers recerve periodic recertification by the WIPP Calibration laboratory. InspectionReport
90-038, noted appropriate procedures and updated procedures were lacking as well as, ntilation,
labeling, wallbrackets for spill canisters, and trainingrecords. A draft procedure, Ma_. $ement of
Hazardous MaterialsWP 02-507 is being reviewedto correct these deficiencies.

¢ _e OA audit was performed which involved the Environmental Department's equipment from a
maintenance andcalibration standpoint. AP._rreviewof the calibration and :,:_intenancerecords it was
noted that an exemplarysystem was being utilized to track, update and recertlb/monitoring equipment
in the Environmental Department. Corrective actionsare implemented as directed in WP 13-002,Waste
Isolation ;:!or Plant, Waste Isolation, Division Ouality Assurance Program Manual.

Sampling procedures are contained in the followingd):, uments:

• WIPP Groundwater MonitoringProffarn Pl:.... ad Procedure Manual (WP 02-1)

• _[IPP l=nvironrr,::nta] Procedures Mantt_ (WF 02-3)

) Geotechnical Ene,lneerlnf OA Protram Plan (WP 07-1)

• Water OualltySamDllnf Proffam (W]:)07-2)

• EcolotricalMonitorin_ Pro_am SemiannualRermrt(Reith et al., 1985)....

• Radiation Safe_ Manual (WP 12-5)

• WIPP Ouality Assurance Pro_am ' _anual (WP 13-1)
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The samplingproceduresdescribethemethodsforsamplelocationdetermination:timingofcollection;
equipmentcalibration;specificstepsforsamplecollection,analysis,andshipmentpreparation;andthe
shipmentmethod.Thesamplingproceduresalsoprovideprogramrequirementsfordataentry.,sample
tracking,andrecord-keeping;thisensuresdatacollectedandenteredbecomesaqualityrecord.
Standardsamplelocationcodesareusedforreportingresults.TheOEMP, the-_urrentguiding
documentforallenvironmentalprograms,providesdetailsonthesamplingproceduresandcitesthe
documentcontainingthoseprocedures.Chapter11oftheOEMP definesthepoliciesandpracticesthat
areappliedtoprovideconfidenceinthequalityofthedata.

The datacollectedintheNES monitoringprogramsareanalyzedasstatedinguidancedocuments,
DOE/EH-0023(Corleyetal.,1981)andDOE/EH-XXX (DOE, 1987).Section8.0oftheOEMP
discussesatlengththeproceduresusedtoanalyzethedatastatistics'ally.

8.3 I_VISION OF PROCEDURES

One of the responsibilities of datacollection personnel is to assess the performanceof collection and
analysis methodologies. Sample collection field procedures, analysispreparation, and the laboratory
analysismethodologyareperiodicallyreviewedandupdatedandcontinuallyscrutinizedforadequacy.
ThemethodformodifyingproceduresissetforthinWP 15-101.Additionally,cooperativesampling
effortsandradiologicalsamplessplitwiththeEEG actasacheckthatproceauresareadequateandthat
data results arecomparable between WIPPand EEG samples. Ali procedure manuals are reviewed
regularlyand updated and expanded as necessary.

8.4 INTERLABORATORY COMPARISONS

In October 1990,the WIPPwas notified that it was accepted by the DOE-Environmental Measurements
Laboratory (EML) to be included in the DOE-EML cross check intercomparison program. The firstset
of samples for the interlaboratorycomparison were shipped to the WIPPin March 1991.

The DOE-EML will periodicallysend to the WIPP samplesof soil, water,vegetation, animal tissues, and
air f'dters.Analyticalresultsarereportedto DOE-EML within90daysandcomparedwith thetest
results of other participating laboratories. The DOE-EML evaluatesand distributesthe results to the
participating laboratories.

This 1990Site EnvironmentalReport makes no reference to datacomparison's fromthe comparison
program as the WIPP did not participate in 1990.

8.5 LABO.I_TORY QUAIJTY CONTROL

The WIPP has had contract anal)dca] support for the environmentalprograms fromWestinghouse
Advanced Energy SystemsDivision, Waltz Mill, Pennsylvania;Eberlin¢ Analytical Corporation,Santa
Fe, NewMexico; the Universityof NewMexico,Albuquerque,NewMexico;InternationalTechnology
CorporationLaboratories(Export,Pennsylvania,andCerritos,Cali_','_rnia);andUnited Nuclear
CorporationGrandJunction,Colorado.

The contracts with the above mentioned laboratories arecurrentlybeing rebid/renegotiated. Upon the

i acceptance of any laboratory to perform analyticalanalysisfor the WIPP. They must adhere to and
*- provideevidence of the followingcompliance with the ASME NQA-1.

• Routine calibrationof instruments

• Frequent source and background counts (as appropriate-)

• Routineyielddeterminationsof radiochemicalprocedures
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• Repllcate/duplicate analysestocheckprecision

• Analyses of reagents to ensure chemical purity that could affect the results of the analytical
process .... '_

Each laboratorywill have awritten andimplemented QA prosed'amthat utilizesstandardanalysis
methods for each parameter studied. These methods are listed in detail in the OEMP.

Participation in interlaboratorycross-checks can reveal outdated, previouslyacceptable lab procedures
that are currentlyunsuitable or inadequate. Steps are then taken to find updated methodologies. The
four laboratories providing chemical analyticalservices for the WIPP _e required to participate in
interlaboratory cross-checks conducted by the EPA.

8.6 I;_COF, D KEEPING

Records generated in support of the OEMP are controlled and maintainedin accordance with Order
DOE 1324.2 (DOE, 1982a),_' Records Management Procedures (WP 15-030). Ali originalrecords
are maintained in a fire resist.',, cabinetat the WIPP until they :,re transmittedto the WIPP Master
Records Center for permaneri : (WP 15-030). Ali records, includingrawdata, calculations,
computer programs or other .:anipulation,aresubject to review andverification under the WIPP
(2ualityAssurance Program. "_... EnvironmentalMonitoringSection is responsible forvalidationof
these records prior to transmittal to the Master Records Center inaccordance withthe Records
InventoryDisposition Schedule.

r Records (such as reports of analysesand sample receipt formstransmittedby contract analytical
laboratories) are datedupon receipt and a copy made for (DCreviewas specified ta NES/RES (3AJQC
Implementation Procedures (WP 02-302). Specific record and datamanagementprocedures including
the recording and referencing of data manipulationsare implemented according to the WIPP
GroundwaterMonitoring ProgramPlan and Procedures Manual, RES Data Management Procedure
(WP 02-305), and NES Data Management Procedure (WP 02-334).

The WIPP complies with recur'd-keepingrequirements as promulgated under 40CFR Part61, Subpart
H (EPA, 198Yo),which pertain to atmosphericradionuclide emissions (WP 02-301). In addition, unless
regulations are amended in the future,records development pursuant to these criteriawill be maintained
at least 30 years, as specified in DOE 1324.2 (DOE, 1982a), Chapter V, Attachment 1,Schedule
(Medical, Health and Safety Records).

Consistent record keeping in ali aspects of the Environmental Monitoring Programs are a partof QA
requirements. Section 10.0 of the OEMP (DOE, 1989) includes a listing of the required records and
reports andthelaws,regulations,orDOE Orders that contain therequirements. Recordsare
maintainedin accordancewithWP 15-030,RecordsManagement. "

....... I .......... _1111111I] -
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SUMMARY OF H.09b. CULEBRA. ROUND-4

WELL CR_d_CI'Eus'n_

H-09bdrillhole_ locatedT2_, R.31E_Section4,2391.04_ _nd238.63_ southeastEddyCounty,New
Me.xico. The monument elevation at H-Ogbis 2,406.2.0feet _ Top Of Casing (TOC) c[eva_on_ 3,_}6,86feet
amsL(SAND88-1065) The well bore was completedoa August 28, 1979toa totaldepth of 708 feetbelow
ground surface (BGS). Seven inch outside diameter J-55 23 [b/ftcasing was iastaUedto a depth of 638 feet
BGS leaving the Culebra dolomite member of the Rustler formationexposed to the open bore hole
(W'mstaaley-Carras_ 1985). H-O9bhas been used for hydrologicaltesting in the WIPP areafirst forsite
characterizationand most recently for water qualitysampling. Well bore cavingof the open portion of the
wellbore was detected in 1987bri_ the total depth of the well bore up to 670 feet BTOC (Crawley19873,
Westinghouse personnel measured the bottom GEthe well bore in Ja_ua.,y3.990to adepth of 650 ft BTOC with
an accuracydeviation of +/- 4 ft.

S,_MPLING PROCESS

A Bennett sample pump model 1800-6Sn 180@21anda 3.5 inch Baskislidingend inflatable packer witha 4.5
inch packer sleeve instaUedover the packer gland was utilizedfor samplingduringthis sampl_ period. A ?.5
X 1.5 inch packer feed through nipple was utilized to facilitatemonitoringof formation pre.uuresduringthe
samplingperiod. The totallength of the assemblywas appro_atately 8 feet.

Two Geokon model 4500H vibratingwire transducerswere utilized to monitor down hole pressures. The first,
0-100 psi range (Sn 3425) was attached to the tubingbundle ata depth of 600 feet BTOC ia orderto monitor
the integrity of the packer seal. The second traa_ucer Sn (3428), 0-_ psi range was attachedto the packer
feed through nipple and utJfiz.edto monitor pressures below the packer in the formation. Data was collected
and stored at regular intervals ut.ifizinga Geokon micro-10 datalogger (Sn-18),

The pump/packer assembly t'_,asinst_cd on 01-1.5-90to a depth of 632 ft BTOC. Static water level was
measured just prior to installationat a depth of 417.15 ft BTOC (SoIinst # 75.CG-0102). Actual down hole
working pressures just prior to the start of pumping was87 psi. Total drawdown throughout the testing period
was less_an 2.5 fcel The averagepumpin8 rate throughout the t_ period was 33 gallonsper hour.

Four serial sampleswere collected_the fu'ston 01-16-90 after approximately593 gallons of water had been
pumped from the weil F'malsamples were collected oa 01-19-90 after approximately 3058gaUonsof water had
been pumped from the well Samples were collected for InternationalTeclanologyAnalytical Services
Laboratory (IrA.S), Westinghouse Advanced EnergySystems DivisionAnaly_icaiLaboratory(WAESD),
Sandia National Laboratories (SNL), and the New Mexico EnvironmentalEvaluation Group (EEG). Archival
samples were collected for the WIPP project.

ROUND-4 SERIALSAMPLINGRESULTS:

Eh measured + 261 mv, + 245 mv, + _ mv and + 197mv respectively.

pH remained relativelystable during the testing period measuring 7.31 S.U., 7.31 S.U., 7.35 S.U. and 7_36S.U.
respectively.

Temperature measured 21.1 C on day 1,21.0 C on day two 21.5 C on day three and 21.0 C on day four.

Specific Gravity and Specific Conducti,,ity were each measured on the to'stand forth day of sampling,each
remained relativelystable. Specific gra_,_tymeasured L004 @21.0 C, and 1.004 @ 21.1 C respectively.Spcc_c
conductivity measured 3,460 umhos/cm @ 25.0 C and 3,430 umho_/cm@ 25 C respectively,

1
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A/kl/_ty awrag_d 112.9 rag/l, 11_,I mc/t, IL,LIm_ lind 116,2 mg/1.

Chlorld_ averaged 170..5mS/l, 169,0 _ 169.5 mg/land 169.0 m&/L

Divalent Cations measured 42.9 mRR,42.6 rag/l,42.7 mg/Iand 43.0 mg/L

Total Iron averaged 0.08 rag/l,0.09 rag/I,0.08 mg/l and 0,09 mg/L

Ferrous Iron avcra_d 0.06 m4[/l,0.05 ml/l 0.06 mir/]and 0.05 _ comccuttvcly.

COMP_RI_O_ nF Rot_ _uL'l_,wrr_ PREVIOU_ ROUND_

The amountof water pumped prior to f'maJsamp[i_ for the three previous rotm_ is 9550 gallon.s,4300 gallons
and 5LS0gallom respectively, 30_8 gallons were pumped prior to fia_ samplingduriag round4. A comparisoa
of the average final day data for the three previous rounds and Finalday data forrouad=4is de.scril:_dla the
follow_tablefor__, chloride_dicatio_s_totalu'onandItri'oasiron.

AVG. OF FINAL DAY RESULTS AVG. OF FINAL DAY
FOR LAST THREE ROUNDS FOR ROUND-4

1.5.4m$/l Alka_ty116.2 mg/I
Cl_rid_ 180.5 _ Chlorid_ 169.0 m8/l
Dicatiom 42.2mcWl Dicatiom 43.0 m_q/l
TotalIron0.14mg/l TotalIron0.09m[/l
FcrroasIron0.05_ FerrousIron0.05

GENERALOBSERVATIONS/COMMENTS:

A power outage occurred oa 01-16-90 and lasted 30 minutes when on site generatorswere exchanged. The loss
of power hadno apparent a_¢c_ on the samp_ng process or the resuJtsobtained,



l

DOE,rV_IPP 91-008

SUMM,,kRYOF ENGLE WELL, CL'LEBRA,ROL'ND..3

_LL CHARACTE RISTICS

EngleWellkslocatedinT24S,R31F Section4,240FSL and1.500FEL insoutheasternEddyCounty,New
Mexico, Top of casing elevation at EngieWe[l is 3420 feet ares[ (SAND88-1063). Engle Well wasdrilled
to a totaldepth of 682 feet below ground surface (8GS) and cased with6.6_" O,D. casing to a depth of 0.59
feet, The Cttlebra dolomite member of the RttstlerFormation occurring from 659 to 682 feet was left open
to the bore holeDOE/W1PP 86-004),

SAM FLING PROCESS

Samplingwasperformedon01-30-90byGordonTatro(Westinghouse)andJimKinney(NewMexico
EEG), A tengallonwatersamplewastakenfromavalvemountedonthedischargepipeattheweil-head,
The samplewasthentransportedtoamobilefieldlaboratoryandfilteredthrougha,45micronfiher
utilizing a peristaltic pump. Samples were collected for ITAS, EEG, SNL, WAESD, and the field
chemistry lab,

FIELDANALYTICAL RESULTS

,.0.,.C.,andRound-3analyticalresultsforEngleWellwereasfollows,,pH 7,46SU,specificgravityt._3at" " ,,
specificcondttctance2990umhos/cmat25C, Averagesforalkalinity,chlorides,anddi-valentcationswere
79togA,232mg/l,and42meq/lrespectively.

COMPARISON OF ROUND.3 RESULTSWITHPREV1OUSROUNDS

Round-3 resultscompare favorablywith the results of the previous sampling rounds. Round-1 data for
alkalinity was not in agreement andwas omitted from the averages, The results are presented below,

AVERAGEOF PREVIOUS ROUNDS ROUND-3

Alkalinity 75 mg,/I Alkalinity 79 mg/I
Chlorides 230 mg/l Chlorides 232mg,/l
Di-Cats 43 meq/i Di-Cats 42 meq/l

G ENE R.M..O BSERVATIONS/CO MM E_

EngleWellisusedprimarilytoprovidewatertolivestock,A lightoilfilmwasnotedonsomeofthe
samples.
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SUMMARY OF H.09b. CULEBRA.ROUND-4

W_r_ cI4AP_,CT_Itl_I'IC_

H-09b drWhole hth:NuttedT24S, P..31E,Section 4, 2391,04 _ and 238,53 _ southeast EddyCounty,,New
Mexico, e monument elevation at H-09b ht3406.20 feet am.d. Top Of Catial (TOC) elevation iJ 3.t06,86feet
amd. (S_,.._D88-1065) The well bore wu c_mpleted on AuC,tat 28, 1979to a total depth of 708 feet below
ground surface (BGS), Seven inr.hout.tide diameter J.55 23 Ib/ft_ was in•tailed to a depth of 638 feet
BGS leaving the Cu/ebra dolomite member of the Rtmler formationexposed to the open bore hole
(Win._tanley-Carrasco 19_, H-09b hM been used for hydxoloipc,al te_ in the WIPP areafirst forsite
characterization and most re,cendy forwater qualitysampl_ Weil bore c.avia{Iof the open portion of the
weUbore _ detected in 1987bringing the total depth of the well bore up to 670 feet BTOC (Crawtey 1987),
We.ttiaghottse peru3naei measured the bottom of the well bore m January 1990to • depth of 650 ft BTOC w_th
an accuracy deviation of +/- 4 ft.

SAMPLING PROCE_

A Benaen sample pump model 1800-6 Sn 1806-21and a 3.5 inch Basld cltd_ end taft•table packerwith a 4-5
inch packer sleeve izmaUedover the packer gland was taifized for _tmpfiali dur_ thLtsampfia{lperiod. A 3.5
X I.5 inch packer feed through nipple was utJ/izedto facifitate mouitoria{l of formation preumzes durmllthe
sampling period. The total length of the assemb,/was approximately 8 feet.

Two Geokon model 4500H vibratia8 wire uraa_ucen were utilized to monism'dowa h_te preuure& The first,
0-100 psi rtuge (Sn 3425) was attached to the tubing brindleat • depth o(600 feet BTOC in order m monism'
the _esrit'y of the packer teal. The second tran.tducerSn (3428), 0-1..50lXi ra•lie wit attached to the pack_
fee_. _rough nipple and utilized to monitor preuur_ below the packer in the formation. Dsta was _tle4=ed
and stored at regular interva_ urili_n_ • Geokon mi_o-10 data losl_er(Sn-IS).

The pump/packer autembly was in, tailed on 0f 15.90 to a depth of 632 ft BTOC. Static water level wa.t
measured jtat prior to inst•ii•sloe at a depth of 417.1.5ft BTOC (SoKe,tt ,. 75-CG-0102), Acl_al dowa hole
working pre.uures jtat prior to the start of pumping wa_87 psL Total _awdowa through out the testing period
wu Ieus than 2.5 feet. The aver•lp: pumping rate throughota the t_ period was 33 8aiJoatper hour,

Four serial _mpl_ were colle_ed; the ftr_ on 01-16-90 after approximately593 gallons of water had been
pumped from the weil. Final tamp|_ were _llecr i oa 01-19-90 after appro_dmately3058 gaLlo_ of water had
been pumped from the well Samples were c_llec _tfor Inter ioaal Techao|ogy Analytical Service_
Laboratory (l rAS), W_t_tae Advanced Energy SD•eta.- uion Analytical Laboratory (W_ESD),
Sandia National Laboratories (SNL,), and the New Mexico Eavu'onmental Evaluation Group (EEG). Archival
samples were collected for the WIPP project.

ROUND4 SERIAL S,_,_4PLINGRES_,'LT_

Eh measured + 261 my, + 245 my, . 238 my and + 19"7my respectively.

pH remained relatively stable during the testing period measuring 7.31 S.U. 7.31 S.U., 7.35 S.U. and 7.36 S.U,
respecuvely.

Temperaturemeasured21.1C on day_,21.0C on daytwo21.5C ondaythreeand21.0C onday four,

SpeciJ'tcGravityandSpecLficConductivitywereeachmcas_edon the iu'standforthdayof sampLLng,,each
remainedreiatlve|ystable.Speck"tcgra,,'irymeas_ed 1.004_21.0 C, and]..004@ 21.: C respectively.Specie
conductivitymeasured3,460umhosJcm@ _.0 C and3,430u,mJaot/cm@ _ C respecuveiy.
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SUMMARY FOR H-06e. MAGENTA, ROUND.t;

_:ETJT.CI.D.RACTERISTICS

H-06¢ drillhole is located at _ P.3LESection 18281,06FNL and 374,47FWL in southeastern EddyCounty
New Mexico, Ground elevation at H-06¢ is 3347,93 ft amsl and the well casing stick up elevation is 3348.52 ft
amsl, The weLlbore was completed 06.26-"_3to a total depth of 741 feet BGS (Below Ground Surface), Cazlng,
5.5 inch O,D, type J-55 1.5,.5lb/ft, was set ia the borehole to a depth of 699 ft BGS leaving the Rustier Salado
interval open from 700 to 741 ft BGS, After hydrologic testing of the Rustier formationwas completed a bridge
pt_Jgwas set below the Culebra dolomite 641 ft BTOC (Below Top Of Cn.ring),The Calebra intervalwu then
perforated from 6434-627ft BTOC, The well bore wu left undistttrbed until 8.20-86 when a second bridge plug
was installed 534 ft BTOC and the casing was again perforated from490.514 ft BTOC exposing the Magenta
Dolomite to facilitate water quality sampLingfor the WIPP site,

S,t.MPLING PROCESS

The sampling configuration for I-I.06c consisted of a Bennett Sample pump model 1800 (Sn 1802) and a 2,8"
Ardvark sliding end packer (Sn 3690-435), A 3"X1.1/2" Packer feed through assembly wu utilized to facilitate
monitoring of formation pressures below the packer, The total length of the pump/packer assembly was
approximately 8 ft. Two Geokon Model 4500H vibratingwire transducers were utilized to monitor formation
pre.sara'ez.The ftrg, 0.1.50psi range (Sn 3428) was attached to the tubing bundle 25 ft, above the pump/packer
assembly in order to monitor the integrity of the packer seal. The second 0.150 psi range (Sn.3431) waz
attached to the packer feed through assembly to monitor formationpressure,s in the Magenta dolomite. Data
was collected and stored at regular intervals utilizing a micro-10 Geokon data logger (Sn-20),

The pump/packer assembly was installed 03/12/90 to a depth of 483 feet BTOC to the bottom of the pump
intake asaembly. Static Water Level at H-06¢ was measured just prior to start of pumping at a depth of 290_50
feet BTOC. Actual working pressure at installation depth just priorto starting the pump wu 82.35 psi, Total
drawdown throughout the testing p_riod wu approximately 142feet, During the testing period 1453gallons of
water were pumped from the wellbore,at an average pumping rate of 20.05 gallons per hour.

Three serial samples were collected; the t'u'stwas collected on 03-I_3.90after approximately 326 gallons of water
were pumped and l'malsamples were collected on 03-I.5-90after approximately1308 g_llons had been pumped
from the weil. Samples were collected for International Technology

Analytical Sampling Laboratory (ITAS), Westinghouse Advanced EnergySystems Division Analytical
Laboratory (WAESD), Sandia National Laboratory (SNL), and the New Mexico Environmental Evaluation
Group (EEG). Archival samples were collected for the WIPP project.

ROUND.5 SERIAL SAMPLING RESULTS:

Eh remained relatively stable from sample 1 to sample 3 measuring + 183 my, + 221 my and + 224 my
respectively.

pH remained stable throughout the sampling period measuring 7,82 S,U. at 21,0 C, 7,80 S,U, at 20.0 C and 7,83
S,U, at21.2 C respectively

Specific gravity was measured at 1,0032at 20,8 C, for sample number 1and 1,0034 at 21,2 C, for sample number
,...,,

Specific conductivity on day I measured 4,900 umhos/cm at _ C, and 5,200 umhos/cm at _ C. on day three of
the testing period,
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Dally averages for__/were 54,0 _, 52.3 _ _d 51,0 44 resp_vely,

Chiorld_ aver_ed 407 _ 408 mg/I a_d 404 mg/1respectively

DivalentC..adomaveraged42.0meq/L42,0meq/l_md41Jmeq/L

Total iron averaged0,1.5rag/l,0,_ mg/ltad 0,I0 mg/l respectively,

Ferrous h'on averaged0,13 rag/l, 0.11 mg/l a_d 0.07 rag/1re..spcctively,

COMP.kRISON OF ROU'ND._RESULTS/WITH PREVIOUSROUNDg:

The averagenumberof g_om pumpedprior tof'malsampli_ duringthepreviousfourrouad.swu 4073
gallom. A toUd of L308g_om were pumped priorto collecting f'malmm#es duringround-5. A comparison of
the av,.rageflail claydata for the four previou.trounds amdthe flail day data for rotmd-5 tadescribed Lathe
followia$ table for alkalinity, chlorides, di.cats, total Lt'onaaciferrous iron.

AVG, OF FINAL DAY RESULTS AVERAGE OF FINAL DAY
FOR PREVIOUS FOUR ROUNDS FOR ROUND.5

_ty 5t.8me/l AlkalinitySt,0tt_
Ckioride.sat22 =e,/l Ctflorid_4O4.O._1
Di.Cats 41.0 mcq/l DI.Cats 41.3 meodl
Total Iron0.31 mg/l Total Iron 0.10 mg/l
Ferroin Iron 0.20 mg/l Ferrous iron 0.07 mg/l

GENERAL OBSERVATIONS/COMMENTS

No uausuil occurrences or delays to pumping were noted during the tesiing period,
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SUMMARY OF H.18.CULEBRA. ROUND.3

Well Cb.,rsc.t,_risties

WellH.18LtlocatedT22sR3LE Section20964,8FN'Laud445,6FWL i.southeasternEddyCounty,_w
Mexico,atanelevationof3,414.2"Ifeetabovemeansealevel(MSL),tothetopofcasing.Thetotaldepthofthe
drilled hole was 831 feet below ground surfac_ (BGS). The drill hole wu later plumed back to 766 feet BGS,
The well Ltcased to a depth of 673 feet BGS, with 7 inch casing and completed open hole, The _ource of water
sampledfrom ttds well is the C_ebra Dolomite Member of the Rustier formationlocatedat a dep_ mtervaJof
689 to 713 feet 8GS (BeauJ_em,1.987),

Sam_Dl|aq_prncess

The sampling configuration forH-18 consLstedof a model i800 Bennett sample pump (Sn 1.806-21)a.d a 3.';
inch Baski sliding end packer with a 4.5 inchpacker sleeve _nszalledover the pacer gland. The pump a.d
packerwereco_¢cted viaa specia_yfabricatedpackerfeedthxough,,ippl_.The to.d lengthof the
pump/packer assembly was 7,66 feet, Two geokon transducerswere utilized to mon.itorthe premute_ ia the well
bore duriug tesciug. The fu'st(Sn 3428) 0-150 psi range was placed at a depth of 625 feet below top ol casing
(BTOC) to monitor the integrity of the packerseaL The second (Sn 3431) 0-1.50p.; range was attached to the
packer feed through nipple iu order to monitor the pressure in the CulebraDolomite, Data from the
rJ'ansducerswas collected and stored at regular iutervals utilizinga micro-10datalogger (Sn-20).

The pump/packer assembly was imtalled on 03-30-90 to a depth of 658 feet BTOC to the bottom of the _ump
intake. Static water level waz measured just prior to installation at 368.45 ft. BTOC. Ac_al down hole work,ix_
premureprior to the startof pumpingwm127.30psiat the pumpLntz]r_.Touddrawdowuthroughoutthe
testing period was approximately,1lOfeet. During the testing period 7098 gafions of water were pumped [tom
the well bore at an average pumping rate of _ gaUom per hour.

Eight serial samples were collected; the fbst was collected on 04..02-90after approdmately 1336gallons of
water were pumped and f'malsamples were collected on 04-1.0-90after 6933 g_ons of water had been pumped
from the weil. Samples were collected for InternationalTechnology Analytical Services Laboratory(ITAS),
Westinghouse ,_,dvancedEnergy Systems Division A.nal.,,_icalLaboratory (WAESD), Sandia National
Laboratory (SNL), and the New Mexico Env'i.ronmentalEvaluation Group (EEG), Archival sampleswere
collected for the WIPP project,

ROUND-3 SERIAL SAMPLING RESULTS:

Eh Measured + 235 MV, + 208 MV, -,-208 MV, + 39 MV, + 22'7M'V, + 1.71MV, + 169 MV AND + 33 MV
Respectively,

pH measured7.83S.U.,7.83S.U.,"/.79S,U.,"7.78S,U,,'7,7".S,U,,7.75S.U,,"/,70S,U,and7,72S.U,respectively.

Temperaturefortheeightsamplesmeasured;21..2C,_.8C," _C,22.0C,21.4C,21.4C,22.1C and21.5C
respectively,

Specificgravitymeasu1_,d 1,03.32at21..3C forsampleone,1.0220at21..5C forsamplenumbersixand1,0200at
21.5 C for sample numt_ereight.

Specific conductance measured ¢.1,500umhos/cm at _ C, for sample one, 39,800 umho.s/cmat _ C, for sample
six, and 39,300 umbos/cm at _ C, for samle eight,



Alkalinity averagereadtap over the et_ day _amptiagperiod were 55,4 moil, 53_._m_,:510 toga 51,4
52,6 rag/l,51.2 mg/151.3 mg/l a.d 51,6 mg/l respectively,

Chlorides dropped steadily until the fifth day of _,ampl/ng,then stabW.zed,fluctuating only slightly_er the r_
day, Average me.a._uremeauwere; 16,619m&/l,14,862 rag/l,14,.566_ 14,186rag/l, 13,952rag/l, _
13,841rag/1_ad t3,_ _ respe_veiy,

Di.valent cadon¢ averaged 104,2 meq/1,102.5 meq/1,100,2 meq/l, 101,4 meq/l, 100.5meq/1,100,6 meq/1,10t,6
meq/l _d 100,7meqA

'Total a.d Ferrous Iron dropped steadily through the seventh day of testing then tacreacedslightly on the eighth
day, Total Iron meas_ed 1.53 rag/I,0,67 rag/l,0.51 rag/l,0,47 rag.A,0,43 rag/l,0.37 rag/l,0.36 rag/1and 0.38 rag/l,
FerrousIronmeasured1.39mg/_0.54mg/t0.38mg/L0.34rag/t,0.33rag/L,0.30mg/_0,29rag/l,_d 0.33mg/1
respectively.

COMPARI.qON OF ROUND.3 RESULTS WITH PREvIoUs ROUND,It

The amount of water pumped priorto final sampling for the two previous rounds were 9,000 pllom _d 33,000
gallon respectively, 6,933 gallom were pumped prior to f'madsampling during round three, A comparison of
the average final day data for the two previous rounds and final day datafor round-3 is de.uadbedin the
following tab|¢ for alkaliaity,chlorides, di.ca_ total iron and ferrousiron.

AVG. OF FINAL DAY RESULTS AVG. OF FINAL DAY RESULTS
FOR LAST TWO ROUNDS FOR ROUND-3

Alkalinity 51,95 mg/l Alkali.try 51,6 =ga
CbJorid_ 12,375mO Chlorides 13,966mg/l
Di.cats 98.8 meqA Di-cats 100,7meq/l
Total Iron 0,22 mg/l Total Iron0.38 mg/I
Ferrous Iron 0,18 mg/l Ferrous Iron 0.33 mgtl

GENERALOBSERVATIONS/COMMENTS

During the evening hours on 04-01-90 at approximately '22:30hours a failureof the main power generator
caused a pump failure that lasted approximately 10hours, No otherproblemswere encountered during the
testing period.



SUMMARY OF H-0Sb. CULEBRA. ROUND.5

WELL CHARAC'q_R I.qTICS

H-05bh locatedapproximately2.7milesnortheastofthecenteroft:,:WIPP site(:,..')08.30FNL and2.36._
FEI_ Section 1.5,Township _22S,Range 3lE). The ground monument elevation is 3505.38 _e.etamsL,and top of
casing (TOC) h at an elevation of 3506.04 feet arose,(SPJ_TD88-1065).

H-05bwascompleted on 06-13-78 to a total depth of 925 feet. Weil casing (J55 15.5Ib/ft, 5"ID) is in.stalledto a
depth of 881 .eel below ground surface (BGS). The well is completed open hole in the Culeb- v_ich bcs at a
depth from 897-920 feet BGS.

S.aJVlPL_CI PROCES_

A Bennett pump/packer assembly was used for this sa_ _lin8 round. The assembly consisted of a model 1800
Bennett Sample Pump (SN 1806..25)and a 2.8 inch AriZ.'arkdid.tagend packer (SN 3690-435). A 3"to 1.1/2"
packer feed through was utilized to facilitate the monitoring o_ formation pressures below the packer. The total
length of the assembly was 7.54 feet.

Two geokon 4500H vibratingwire transducers were utilized to monitor formationpressures. A 0-250 psi
pressure range (SN 8317) transducer was attached to the tubing bundle 25 ft above the top of the pump at a
depth of 825 feet below top of casing (BTOC) in order to monitor the integrity of the packer seal A seco.',._
transducer (0-250 psi, SN 8319) was attached to the packer feed through assemblyin order to monitor pressures
below the packer. Data was collected and stored on a continuous basis by a Geokon Micro-10 data logger
(sr_-_z).

On 04-23-90 the pump/packer assembly was installed in H-05b. The bottom of the assembly was positioned at a
depth of 858 feet BTOC. Static water level just prior tO inqal]atlon measured 485.77 feet BTOC, (Soli_st probe
75-CG-0101). The well was pumped for a total of9 days at an average rate of approximately 9.53 gallons per
hour. II was determined at three weUborevolumes was equivalent to 1114 gallons of water.

Four serial samples were collected; the first on 04-24-90 after approximately278 gallons of '_.'aterhad been
pumped from the well. Final sampleswere collected on 05-02-90 after approximately2,Z .lions of water had
been pumped from the well Final samples were :.... to International Technology Analyu, ;_ampIiag
Laboratory (I rAS) andWestinghouseAdvancec :rgy Systems Division Analytical Lab (WAESD) for
analysis. Sampleswere also provided to SandiaNational Laboratories(SNL) and the New Mexico
Environmental Evaluation Group (EEG) for independent analysis. Archival samples were collected for the
WIPP Project.

ROUND-.';SEI_IAI. SAMPLING RESULTS:

Eh fluctuated dur_ the 4 daD of sampling measuring + 140 -sv, + 62 my, + 134 my, + 144 my,rc'.:ectively.

pH remajnt d fairly stable during the 4 days of samplh_ measuring 7.47 S.U.. 7.41S.U., 7.29 S.U.,7.20 S.U.,
respectively.

Temperature measured 21.2 C. _-_ C., 19.8 C., _.3 C.respectively.

Sp.-cific Gravity.measured 1.: " at 21.1 C. for sample l, 1.102f t 20.6 C. for sample 2, 1.1040 at 19.4 C. for
_Q.t.,M_Jttaw "at u,,_m.at *.,6V. 'mb _.-- ,_,.. ........ r" -

10
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} Specific Conductance measured 1.51.,900umho_cm at 25 C. for sample 1.,1.53,700umhos/cm @_ C. for sample
2, and 1.55,900umhot/cm at 25 C. for sample 4.

Alk_ll,lty, chlorides and divalent cations fluctuated sllghflyfrom sample 1 to sample 4. Alkal_ty averaged 55.1
rag/l, 52.2 togA,51.2 togA,and 50.9 rag/1respectively. Chlorides averaged85,027 rag/t,85_,288rag/t,85,635
mg/L,a_d86,330 mg/l respectively. Divalent cationsaveraged 264.4 meq/l, 262.4 meq/1,261.2 meq/l and 262.8
mea,/1respectively.

Both ironparameters, (totaJ-h'onand ferrous-Lron)decreased from sample one to sample four. Total-iron
averaged 4.44 rag/l,2.69 rag/l, 2.25 mg/l and 2.76 mg,/lrespectively. Ferrous ironaveraged 3.97 mg/L2.42 mg/L
2.07 rag/t,2.44 mg/l respectively.A sfight increase in both iron parameters for sample fourwas caused by packer
slippage in the early morning hours of the last day of sampling.

COMPAdRI_ONOF ROU'ND..<RESUL'I_ WITH PREVIOUS ROUNDS:

The amount of water,pumped priorto f'madsamplingforeach of the five rounds isa_follows; 1,100 g_lons,
2,000gallon._1,450gallon&,1,996and 2,253gallonsrespec_vely.Round5 resultsare ingoodagreementwith
results obtained from the first four samplingrounds. This comparison was made by comparing chemical
parameter averages for the final day of round-5samplingwith the averageof the chemical parameter values
obtained for dc last day of sampling foreach of the previous four roundt. The results are presented below.

AVG. OFFINA.L DAY RESULTS AVG. OF FINAL DAY
FOR LAST FOUR ROUNDS FOR ROUND-5

_t_ 50.ome_ _t.y50.,_
Chlorides84,571mg/l Chlorides84330 mg/l
Di-Cats 256.8 meqA Di-Cats 262.8 meq/l
Total Iron 3.01 mg/l Total Iron 2.76 mg/I
Ferrous Iron 2.73mg/l Ferrous Iron2.44mg/I

OBSERVATIO_/S/PROBLEMS"

On 04724/90at approximately16:30 hours the pump failed and was replaced on 04/25/90 and pumpingresumed
at 09:45am on that date. On 04727F_ the pressure above the packer began to rise until f'mallyon the morningof
05/02/90 the _um di_erenfiaJ pressure ratingof the packer was overcome and the packer was pushed down
approximately25 feet. The lower trtn.u:lucercable waspurled ia two,however the pump continued to operate.
After rl,nnin_ parameters on Iron and turbiditythe decision was made to collect final samples. After the pump
had been pulled a post-operational testwas preformed on the pump. The cause of the pressure rise above the
packer was determined to be a faultyIower-ditchargecheck valve in the pump which caused water to leak from
the pump to the well bore above the packer seal

r_-,s
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SUMMARY OF H.05c.MAGENTA. ROU_ND._
WELL CHAd_CT_ RI._?rIcs

H,OSc is located 2.7 miles northeast of the center of the WIPP site, (1005.55 FNL 134.95FEL, Sectiou 1.5,
Township 22S, Range 3_ E). Ground monument elevation is 3505.78 feet amsl, and top of casing (TOC) is at an
elevation of 3506.04 feet amsl, (SANDgS-1065).

H-05c was completed on 06-03-78 to a total depth of 1076 feet BGS. Well casing (J-55, 1.5.5#/ft.) is installed to
a depth of 1024 feet The well was originally completed open hole in the Rustler/Salado Contact (1041 to 1076
ft) below ground surface (BGS). After testing of the Rusder/Salado Contact was completed, a bridge plug was
instafled at a depth of 935 ft. BTOC. The well was re-completed in the Culebra from 895 to 925 ft BGS. The
Culebra at thi_ location is situated at a depth from 899 to 924 ft. BTOC. On 08-20-86, a bridge plug was
installed at a depth of 836 ft BTOC, and the well was re-completed, ha the Magenta Dolomite, from 788 to 812
feet BTOC,(SAND85-_),

SAMPLING PROCESg

A pump/packer assembly was used to sample this welL The assembly consisted of a model 1800Bennett
Sample Pump (SN 1802) and a 2.8 inch Ardvark sliding end packer (SN 3685-133). A 3"X 1-112"packer feed
through nipple was used to facilitate monitoring of formation pressures. The toud length of the asu:mbiy was
appro_mateiy 7.84 feet

Two geokon 4500H vibratingwire transducers were utilized to monitor formationpressures. A 0-150 psi
pressure range (SN 3428) transducer was attached to the tubing bundle and installed at a depth of 675 feet
BTOC to monitor the integrityof the packer seaL A second transducer (0-2.50psi, SN 90"77)was attached to the _i
packer feed through assembly in order to monitor pressures below the packer. Data was collected and stored
on a continuous basis by a Geokon Micro-10 data logger (SN-P0).

On 05-09-90 the pump/packer assemblywas installed in the weil. The bottom of the assemblywas positioned at
a depth of 783 feet BTOC. Static water level just prior to installation measured 353.05 feet BTOC, (Solinst
probe 75-CG-0101). The well was pumped for a totaJof 7 days at an average rate of 13.63gallons per hour.

Three serial samples were cohected: the firston 05-14-90 after approximately 1497gallons of water had been
pumped from the well

F'malsamples were coUeaed on 05-16-90 after appro_xtately 1940gallons of water had been pumped from the
weil. F'mal samples were sem to latemational Technology Analytical Sampling LaboratorY (ITAS) and
Westinghouse Advanced Energy Systems Didsion Analytical Lab (WAESD) for analysis. Samples were also
provided to Sandia National Laboratories (SNL) and the New Mexico Environmental Evaluation Group (EEG)
for independent analysis. Archival samples were collected for the WIPP Project.

ROUND-S SERIAL SAMPLING RESULTS:

Eh fluctuated during the 3 days of sampling measuring 0 my,-2 my,and -4 mv respectively.

pH remained fairlystable during the 4 days of sampLingmeasuring 7.91 S.U., 7.92 S.U. and 7.95 S.U.
respectively.

Temperaturemeasured21.7C.ondayI,21.8C.onday2 and21.8C.on day3.

_ Specific Gravity measured 1.0070 at 2I..5 C. on day 1, and i.0062 at2i.8 C. vn day 3.
_
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SpecificConductancemeasured8500m_ho_cm at25C.onday1,a_d8480umho_/_mat_ C.o_day3,

_, chlorides and d_valentcafio_ remained fairly stable throughoutthe 4daysamplingperiod.
Alk-llnit7 averaged57.6 _ 58.2 mg/land 59.2 mg/l respectively. Chlorides averaged 1037rag/l,1031_ and
1028mg/l r_pectively. Divalent cationc averaged42.8 meq/l, 42.7 meq/l and 42.6 mect/lrespectively.

Both iron paramete_ (total-iron and ferrous-iron) decreased from day one to day three duringthe 3 day
samplingperiod. Total-iron averaged 022 mgA,0.2Dmg/] and0.18 mg/l respectively. Ferrous ironaveraged
0.1.5rag/I,0.13 mg/l and 0.10 mg/l respectively.

COMPARISON OF ROUND._;R_ULTS _ PREVIOUS ROIYND.q.

The amount of water pumped prior to f'malsampling for each of the five rounds is as follows; 5,800 gallons,
1,900gallon_t,2,500 gallon._,1.,997and 1940gallons respectively. Comparisonof round-5 resultswithresu_
obtained from the first four round& indicate that a representative samplewas obtained. Th_ compa.n.u3nwas
madeby comparing chemical parameteraverages for the f'malday of round-5 samplingwith the averageof the
chemicalparameter values obtained for the last day of sampting foreach of the previous four romuit. The
results are pre._entedbelow.

AVG. OF FINAL DAY RESULTS AVG. OF FINAL DAY
FOR LAST FOUR ROUNDS FOR ROUND-5

Alkafinity5"7.3m8/1 AJkalknity59.2 mg/l
Chlorides 1035 mg/l Chlorides 1028mg
Di-C.ati 42.1 meo,/l Di-Ca_ 42.6 meq/I
Total Iron 0.86 mg/i Total Iron0.18 rag/
Ferrous Iron 0.61 mg/l Ferrous Iron 0.10 mg/I

The averages for Total iron and Ferrous iron from the first three roundsis misleading because the first round
averages are much l_,her than the other two rounds. Round-5 ironresets compare most favorablywith
round-2 and round-4 resul_ Ironduringrounds.1 and 3 was considerablyhigher than rounds-Z,4 and 5.

GENERAL OBSERVATIONS/PROBLEMS:

Water from the Magenta at _ location is extremely gaseous. Oa 05-1.5-90,rbesecond day of sampling the
pump began to show early war_ signs of failure,r_m,ln_ intermittently.Based on the symptoms of the pump
final sampling was moved up one day from 05-17-90 to 05-16-90.

13
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SUMMARY OF TWIN WELL (PASTURE), DEWEY lAKE, ROUND.4

W_LI_ CHARAC'rERIs'rIcs

Twin Well(Pasture) Ltlocated approa_nately ten miles south of the center of the WIPPsite. Twin wells cons/st
oftwowellsindoseproximity,theHousewellandtheFutureweiLThissamplingwasperformedinthe
pasture well Surface elevation is 3,523 feet above mean sea level (amsl). The total depth of the well is 132feet
below the ground surface (BGS)(Winstanley and Carrasco, 1986). Water is pumped to the surface by a
windmill The well is completed in the Dewey Lake Redbeds.

SAMPLING PROCES_

Samples were collected on 05-30-90, from a discharge pipe at the base of the windmill. Samples were f'dtercd
with a portable peristaltic pump. Samples were collected for International Technology Analytic.alServices
(ITAS) and Westinghouse Advanced Energy Systems Division (WAF_D) for analys/& Samples were also
provided to Sandia National Laboratories (SN't,) and the New Mexico Environmental Evaluation Group (EEG).

FIELD ANALYTICALRESULTS

Round-4 analytic.alresults for Twin Pasture Well were as foUows_pH 7.7 SU, secifi¢ gravity 110028@ 23.2
degrees C, and specific conductance 614 umhos/cm @ 25 degrees C. Averag_ forAlkalinity,Chloride and
Divalent Cations were 218.9 rag/l,56 rag/1and 5.5 meq/l respectively.

COMPARISON OF RO[_I'D-4RESULTS WITH PREVIOUS ROUNDS:

Round..';resultscomparefavorablywithresultsobtainedfromtheprevioussamplingrounds.Round-2datawas
notinagreementandwasnotincludedintheaverages.The resultsarepresentedbelow:.

AVER.AGE OF PREVIOUS ROUNDS ROUND-4

Alke_iaity222.9 mg,/l Alkalinity 218.9 mg/l
Chlorides 41.5 mg/l Chlorides 56 rag/1
Di-Cats 7.9 meq/l Di-Cats 5.5 meq/l

GENERAL OBSERVATIONS/COMMENTS:

This well supplies water for livestock.

14
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SUMMARY OF WIPP.19. CULEBRA. ROUND.$

WEr_r. C_R_,CT_IU_'IC_

WIPP-19 is located appro_maately 0._ m_e_ north of the center of the WIPP site (2286,5 FNL and 12..7FEI..,
Section 20, Tow_hip _, Range :3:LE),The grotmd monument elevation _ 3433,08 fectamsL and top of casing

(TOC) _ at an elevation of 3435,14 feet am_. (SAND88-1065),

WIYP-19 was drilled in May of 1978 to a total depth of 1038 feet below ground surface (BGS). Following

investigadom to further characterize the WIPP site geology the well was fiJled with brine mud and abandoned
tm_ October 1985. In October of 1985, the wel/bore was reamed to 7,8"75inch_ and a 5.5 inch well casing was

installed to a depth of 103"7feet BGS, The well casing was perforated in the CuJebra Dolomite Member of the
Rustier Formation from 754 to 780 feet BGS, The Cu,lebra at th_ locadon is located from 756 to 779 feet BGS

(SANDST-0039).

SAMPLING PROCESS

A Bennett pump/packer assembly was used for thh sampling round. The as._mbly consisted nra model 1800
Bennett Sample Pump (SN 1.806-21) and a 2.8 inch Ardvark sliding end packer (SN 3690-435). A 3' to 1.1/2"
packer feed through was utiJ_d to facifitate the monitoring of formation pressures below the packer. The total
length of the assembly was 7.52 feet.

Two $eokon 4500H vibrating wire transducers were utilized to monitor formation pressures. A 0.1.50 psi
pressure range (SN 3428) transducer was attached to the tubing bundle 25 ft above the top of the pump at a
depth of 700 feet below top of casing (BTOC) in order to monitor the integrity of the packer seaL A second

transducer (0-1.50 psi, SN 9075) was attached to the packer feed through assembly in order to monitor pressuresbelow the packer. Data was collected and stored on a continuous basis by a Geokon Micro-10 data logger
(SN-_).

On 05-30-90 the pump/packer assembly was installed in WTPP-19. The bottom of the assembly was positioned
at a depth of 733 feet BTOC. Static water level just prior to installation measured 434.28 feet BTOC,.(Solinst
probe 75-CG-0101). The well was pumped for a total of 14 days at an average rate of appronmately 17.16
gallons per hour.

Six serial samples were collected; the first on 06-04-90 after approzimately 2512 gallons of water had been
pumped from the weiL Final samples were collected on 06-L2-90 after approximately 5516 gallons of water had
been pumped from the welL F'mal tamples were sent to International Technology Analytical Sampling
Laboratory (I rAS) and Westinghouse Advanced EnergySystems Division Analytical Lab (WAESD) for
analysis. Samples were also provided to Sandia National Laboratories (SNL) and the New Mexico
Environmental Evaluation Group (EEG) for mdependent a_lysis. Archival samples were collected for the
WIPP Project.

_OUND.._ ,qERLt.L SAMPLING RESL_TS:

Eh fluctuated widely throughout the sampling period from a maximum of + 210 to a low of -53. Serial samplmg
values were + 1.57, + 1.3,-53, + 85, . 210 and + 204 respectively.

pH remained fairly stable during the 6 days of sampling measuring 7.46 S.U., 7__6S.U., 7.50 S.U. 7.38 S.U., "748
S.U. and 7.31 S.U. respectively,

Temperature measured 23.0 C., 22.9 C., 22.8 C., _.0 C., 22.5 C. and 23.1 C. respectively.

15
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SpecificGravitymeasuredi.0570(_23,4C,forsample1,1.056(}@ 22,9C,forsample4_nd1.0546@ 5.2C,
on day3,

SpecificConductancemc_ured 94,800umhos/cm@25 C.forsampleL and91,800u.mhos,/c:m@ P.SC,for
sample6.

Alkalinity,chloridesanddivalentcationsdecreasedfromsampleItosample6,Alksllnityaveraged,"_,.rag/I,
65.3 m8/l and 63.0 m8,/l,58.1 rag/l, 57.8 mg/l _ ._59.4 mg/l respectively, Chlorides averaged41.303rag/t, 40681
rag/l, 41061 mg/].,40438mg/1, 4(}370mg/Iand ,t0508 _ respectively. Divalent cations averaged 191.8 meq/l,
188.2 meq/l, 181.3 meq/1, 184,9 meq/l 178.3 me,:_/land 178.9 meq/l respectively.

Bothironparameters,(total.ironandferrous-iron)decreaseddramadcaUv_sm sampleItosample3,
Total.ironaveraged2.19rag/t,2.51mg/1,2.33rag/l,1.08_ 1.05rag/l,a.r,,83mg/lrespectively,Ferrousiron
averaged 2.16 rag/l, 2.43 _ 2.22 rag/l, 1.01 rag./10.99rag,/1and 0.72 mg/lrespectively.

COMPARISON OF ROUND._;RKSUI_TSWITH PREVIOUS ROUNDS.

The amount of water pumped prior to i,_al sampling for each of the five rounds is as follows; 7.,400gallons,
3,050 gallons, 5,300 gallons, 6292 and 5,516 gallons respectively. Round-5 final day results are slighdy lower
than results obtained from the fm_ day average fromthe Firstfour sa::,JpRngrounds. This comparison was
made by comparing chemical parameter averages for the final day of round-5 sampLh_:with the average of the
chemical parameter values obtained for the last day of sampling foreach of th_ _reviou.sfour rounds. The
results are presented below.

AVG. OF FINAL DAY RESLR.TS AVG. OF FINAl. DAY
FOR LAST FOUR ROUNDS FOR ROUND-5

Alkalinity68.5mg/l Alkalinity59,4mg/l
Chlorides48,848mg/l C I .)rides40,508mg/l
Di.Cats230.6meq/l Di-C:_ts178.9meq/l
Total Iron 1.41 mg/l Tota. ron 0.83 mg/l
Ferroush'_n1.25mg/l FerrousIron0._mg/l

GENKRALOBSERVATION.q/PROBLEMS.

During the sampling period a full packer seal was probably not achieved. On (}6-04-90the packer assembly was
raised to a total depth of 7_ feet BTOC from 733 Btoc in an ur.-.uccesshtlattempt to seat the .±er because of
the highiron content of the water samples. During the early m_: ,.ing hours of 06-06-90 at approx/mately03:00
pumping was interrupted due to a faulty fuel injetnor pump on generator # 75-PE-001 pumping was resumed at
05:55. On 06-08-90 pumping was again interrupted when the alternator in !zenerator75-PE-002 failed at
approximately21:00.Attemptstorcsta.nthepump ,afterreplacingthege_ _torwereunsuccessfulandthe
pump waspulledfromthewellbore_d replacedwithandalternatepump,.nepackerassemblywasreinstalled
on06-09-90toadepthof745feett tothebottomofthepump intake,Theattempttoachieveapackerseal
atthisdepthwasagainbelievedtobeunsuccessfulhowever,lhcironcontentofthesamplesshowedfavorable
trends.

E
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SUMMARY OF BARN WELL DEWEY LAKE. I_OUND-4

W_TJz:CHC_RAC_RI_C_

Barn Well Lslocated apprcs_aately three andfour tenths or"mile south sou_we_t of the center of the WIPPsite,
Surfaceelevationis3,31.5feetabovemeausealevel (am.cd).The total deptls(TD) of thiswellis138feetbelow
the groundsurface(BGS) (CooperandGlauzmaa,1971). Water is pumpedusingauelectricsubmersible
pump.

SAMPLING PROCESS

water samples were collected on 06-21-90 from a runningsLreamof waterfrom a spigot located Lathe owner's
yard. Samples were filtered (0.45 micron)with a portable peristaltic pump. Samples were collected for
InternationalTechnology AnalyticalServices (ITAS), and Westinghouse Advanced Energy SystemDivision
(WAESD) for analys_ Samples were also provided to Sandia National Laboratories(SNL) and the New
Mexico Environn_ntal Evzlu_tion Group (EEG).

UELD _.N_,LY'rlC_LLP_SULT_

Round four analytical results for Barn WeUwere as follows:pH 7.58, Specific Gravity1.0008 @ 25.2 C, Specific
Conductivity1070 umhos/cm @ 25 C. Average readings forp,tk21inlty,Chlorides and Divalent Cations were
284.1 nag/l,56 mg/land 5 meq/l respectively.

COMPARISON OF ROUND._ RESULTSWITH PREyIOUS ROI_TN_S_

Round-5 results compare favorablywithresults obtained from the previous four sampling rounds. This
comparison was made by comparing chemicalparameter averagesfor round-5with the averageof the chemical
parameter values obtained for the previous rounds. The results are presented below:.

AVERAGE OF PREVIOUS AVERAGE OF
FOUR ,ROUNDS ROUND-5

Alkalinity ?_81.7z_3/l Alkalinity284.1 mg/l
Chlorides 47.2 mg/l Chlorides 56.0 mg/l
Di-Cats 6.8 meq/l Di.Cats 5.0 meq/i

GE]_YER.ALOBSERVATIONS/COMMENTS:

This well supplies drinking water for a residence located approximatelyone mile northwestof the well site.
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SUMMARY OF RANCH WELL DEWEY LAKE, ROUND.$

WEI_LCHARACTERISTICS
.

Ranch Well is located approximatelythree and two tenths miles south southeast of the center of the WIPP ;lte.
Surface elevation is 3,310 feet above mean sea level (am.sl). The total depth of the well is 1.56feet below the

ground surface (BGS). Water is pumped to the surface by an electric submersible pump (Cooper and
Glanzman, I971),

SAMPLING pROCESS

Samples were colk _d on 06-19-90, from a discharge pipe above a storage tank located approximatelytwenty
feet north of the we_. Samples were fdtered with a portable peristaltic pump. Samples were collected for
International Technology Analyti_ Services (ITAS) and Westinghouse Advanced EnergySystems Division
(WAE,SD) foranalysis. Samples were also provided to Sandia National Laboratories (SNL) and the New
Mexico EnvironmentalEvaluation Group (EEG).

FIELD ANALYTICALRESULTS

Rotmd-5 analyticalresults forRanch Well were as follows;pH 7.24 SU, Specific Gravity 1.0014@ 23.7 degrees
C, Specific Conductivity 3020 umhos: :m @ 7.5degrees C. Average readings for Alkal!nlty, C]_oride.$and
Divalent Cations were; 247.7 rag/l, 358 rag/l, and 38.5 meq/l respectively.

COMPARISON OF ROUND.5 RESULTS WITH PREVIOUS ROUNDS:

Rutmd-5 results compare favorablywith results obtained from the previous four sampLingrounds. This
comparison was made by comparing chemical parameter averagesfor round-5 with the average of the chemical
parameter values obtained for previous four rounds. The results are presented below:.

AVERAGE OF PREVIOUS AVERAGE OF
FOUR ROUNDS ROUND.5

Alkalinity 241.8 mg/l Alkalinity247.7 mg/l
Chlorides 383.8 mg/l Chlorides 358 mg/l
Di-Cats 35.2 meq/l Di.cats 38..5meq/l

Round-2 alkalinitywas measured at 39.8 mg/l. This value was not included in the average above
because it is considered to be a suspect value.and not representative of other sampling rounds.

_ENERAL ORSERVATIONS/COMMENTS

This well supplies water for livestock.
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SUMMARY OF H.02e. CULEBRA. ROUND-2

WI_LI.C_CTERI_'FIC_

H.(Y2cis located approximately0.5 miles west of the center of the WIPP site (637,1.5FNL and 1708,62FW_
Section 29, Township 22S,Range 3lE), The grotmd monument elevation is 3377,69 feet amst,and top of casing
(TOC) is at au elevation of 3378,41 feet ants[, (SANDS8.1065),

H.02c was completed on 02-05-77 to a total depth of 795 feet below ground surface (BGS), WeUcasing (J55, 24
lh/ft, 6,625"OD) is ksstalledto a depth of 742 feet BGS, The well was originallycompleted open hole in the
RttstJer/Saladocontact which occurs from 743-795 feet BGS, The well was recompleted to the Cu]ebra through
casing perforations (3-holes per foot) from 624-654 feet BGS, A production inflation packer (PIP) was iniWtlly
i_stalled to isolate the Culebra from the Rustler/Salado, The PIP was tater removed and a retrievablebridge
plug was installed at a depth of 731 feet BGS, (SAND85.7206),

Sh2dPLING PROCESS

A Bennett pmnp/packer assemblywas used for tiffssampling round. The assembly consisted of a model 1800
Bennett Sample Pump and a 3.5 inch Baskislldja_ end in.qatablepacker (SN 1981), A 3-1./2' to 1-1/2' packer
feed through was utiJjacdto facilitate the monitoring of formation pressures below the packer, A 4-132'packer
sleeve was installed overthe packer gland. The total length of the configuration waz 7.7 feet.

Two geokon 4500H vibratingwire traasducers were utillzcd to monitor formationpressures. A O-1.50psi
pressure range (SN 3428) transducer was attached to the tubing and installed at a depth of 575 feet BTOC in
order to monitor the integrity of the packer seal A second transducer(0-150 psi, SN 9075) was attached to the
packer feed through assembly in order to monitor pressures below the packer, Data waz collected and stored
on a continuous basis by a Geokon Micro-10 data logger (SN-20).

On 07-09-90 the firstpump/packer assembly (Bennett pump SN1806-11) was installed in H-02c. The bottom of
the assembly was positioned at a depth of 613 feet BTOC, Staticwater level just prior to installation measured
376,45 feet BTOC, (Soliust probe 75-CG-0101). This pump operated for five days and then failedon 07-13-90,
after pumping approximately 1141gallons of water.

On 07.13-90 the second pump/packer assembly(Bennett pump 1802) was installed iu H-02c. The bottom of
the pump assembly was positioned at a depth of 613 BTOC, Pumping conti-ued fora total of 17 days at an
average rate of approximately 11.74 ga/Ions per hour.

F'tnalsamples were sent to InternationalTechnology Analytical Sampling Laboratory(ITAS) and WestJ_ouse
Advanced Energy Systems Division Analytical Lab (WAE.SD)foranalysis. Samples were also provided to
Sandia National Laboratories(SN'L)and the New Mexico EnvironmentalEvaluation Group (F..EG)for
independent analysis. Archivalsamples were collected for the WIPP Project,

ROIYND.2SERIAL _AMPI.INGRE_qULTS:

A total of five serial samples were coUected during round-7.. Five serial samples were collected from 07.19-90
to 07.24-90. The first samplewas collected after approximately2939gallons of water had been pumped. The
final sample was collected after approximately 4294gallons of waterhad been pumped.

Eh fluctuated slightly during the sampling period. From 07.19-90 to 07.24-90 five measurements were taken.
The measurements were + 229 my, + 235 my, : 213 my, + 274 my, and + 245 my, respectively,
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pH remained fairly stable during the _tmpling period. The measurements were 7,71 S,U,, 7,78 S,U,, 7,78 S,U,,
7,88 S,U,, 7,72 S,U., respectively,

Tcmperatttre fluctuated during the two periods of sampling, From 07.19-90 to 07.24-90 five meas_cments
were taken, The measurements were 22.0 C., 21.0 C., 22,0 C., 21.6 C., 22.2 C. respectively,

Specificgravitymeasur_ 1,010at22,6C,on07.19-90,1,010at_.0C,on07.20-_,and1,010at_ C,on
O7.24-9O,

Specific conductance measur'cd 1.2,600un_os,/cm on 07.19-90, and 1.2_10 um_os/cm on 07-24-90.

Alk21inity,chlorides and di,,_ent cations remained relativelystable throughout the samp[_ period. For the
five sampl_ collected alkaUaityaveraged 59.6 rag/L,59.1 o8/I, 60.0 mS/t,60.5 mS/[.and60.9 toga, reapectively.
Chlorides averaged 3,037 mf,/I,2,982 togA,2,992 mirA,2,975 m#_and 2,999 u_ respectively. Divalent:cations
averaged 48.4 meq/l, 48.6 meq/I, 48.6 meq/[, 48.2 meq/I, and 48.7 meq/l respectively.

Both ironparameters, (total.boa and ferrous-iron) remained relatively stable duringthe sampling period. A
spike in the iron parameters occurred on 07-23-90, when the pump stopped for several hours. Total iron
averaged 1.46 mS/l, 1.29rag/I, 1.50 rag/I,2.06 mg/Land 1.19 mS/I,respectively. Ferrous iron averaged I.i2 rag/l,
1.05 ms/I, 1.35 ms/l, 1.72 _ and 1.07m8/l respectively.

COMPARISON OF ROUND-I ltESULTS WITHROUND-2 RESULTS

The amount of water pumped priorto final utmplin8 dta'_ round-1 was 6,660 gallons compared to 4294
gallons for round-2, p Lkalinity,Chlorides and Divalent Cations compared favorablywith round one f'malday
averages. Both Iron p_'ameters, however, were slightlyhigher than in roundone.

AVERAGE OF FINAL DAY RESULTS AVERAGE OF FINAL DAY
FOR ROUND.1 FOR ROUND-2

,adkaJJxLiry58.3_ AJkatiz_ty6O.9
Chlorides3836_ Chlorides2999
Di.cats 52.4 meq/! Di.cats 48.7 meq/I
Total Iron0.79mg/l Total Iron 1,19mg/l
Ferrous Iron 0.57 m(r,/I Ferrous Iron 1.07 ml&/!

_£AL.12BS_,,Vx_ oNs/c c ,._

Water at this location is mildly effervescent and exhibits a greenish color tint.Two pump failures occurred
during the testing period. The ftrstoccurred on 07-L3-90and resulted in pump Sn # 1806-11 being replaced by
pump Sn # 1802. The second pump failed the evening of 07.22-90 but tccanical personnel were able to restart
the pump on 07-23-90 and keep it running until t'malsamples had been collected. The pump was lch in
operation for and extra day to facilitate collection of samples by the University of New Mexico Geology
DepattmenL The total gallons of water purged from the well from07-09-90 until 07-25-90 were approximately
4.800.
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SUMMARY OF WELL H.3b3, CULEBRA,!iOUND.$

WELI, CHARtCTEItLWrlf_S

WeL[H.3b3 htlocated approximately0,8 miles south of the WI_P site, (2022.35 FSL,,217.30 FEL, Section 29,
Towxtahtp22S, Raa$e 31 E), Surface elevation ht3389.42 feet ams[,and top of c.asin8TC)Cis at an elevationof
3388,6'7feet amt1,(SAND88-1065), A ct.d_ stick up ht lee,teed0.5 feet above ground surface, The well was
completed on 01.30-g4 to a total depth of 730 feet below grouad surface, (BGS), J-55, (1.5-5lb/ft, 5.50.D) well
ca_ is inattlled to a depth of 670.5 feet BGS, leaving the Culebra Dolomite, which lalocated at a depth of 673
to 696 feet BGS, open hole,

SAMPLINP, pROCESS

Bennett pump/packer assembly was used for this utmplkt$ round. The axtemblycondsted of a model 1800
Betuaettsample pump (Sn 1806-2.1)and an ardv_k 2.8 inch eliding end packer inIlatabie packer (Sn3690-4350.
The toud length of dm a.tsemblywu 7.53 feet.

Two geokou 4500H vibrating wire transducerswere utilized to monitor formationpressures. A 0-I._ psi
tra.asducer(SN 3428) was attached to the tubing bundle 25 feet above the top of the pump/packertummbly, A
second 0-1.50psl transducer (SN 9075) wasattached to the parker feed througha.tsemblyhtorderto mouitor
presaures below the packer. Data was collected and _orcd on a conttauota ba.sitbya mice'o-10geokon data
logger (SN.18),

On 08-07-90 the pump/packer as.semblywas ha.stalledia the well The bottom of the asaembly was positioned tt
a depth of 658 feet BTOC. Static w_ter level just prior to i_taUatlott measured 404,75 feet BTOC The well
was pumped fora total of 9 days at an averagerate of 28.91gallont per hour,

Four serial sampleswere collected', the iu'ston 08-1.2-90after approximately3403 $allonaof waterhad been
pumped from the welL Final samples were collected on 08-15-90 after appro_tutteiy 5466 gaUon_of water had
been pumped from the well FmaJsamples were sent to InternationalTectmology AaaJyticalSampling
Laboratory(IrA.S), and Westinghouse AdvlmcedEnergy Systems Dividon Amdytical Lab (WA.ESD)for
analysis. Samples were also provided to Sandia NadonaJLaboratories (SNL) and the New Mexico
Environmental Evaluation Group (EEG) for independent amalysia.Archival _tnple.s were collected for the
WIPP Project.

RO_-S SE]_IALSAMPLINGRESULTS:

From day 1 to day 4 Eh measured 206 my, 190my, 212 my, and 175my, respectively,

From day 1 to day 4 pH measured 7-5I S.U., 7.41 S.U., 7,44 S.U., and 7.45 S.U., respectively.

From day Xto day 4, temperature measured 22.1 C., 'L2.1C., 22.2 C., and22.2 C. respectively.

Specific Gravitymeasured 1.0420at 22.3 C. on day 1, and 1.0400 at 22.4C. on day 4.

Specific Conductance measured 69,300 umhos/cm at 25 C. on day 1, and 69,300 umhosJcmat 25 C, on day 4.

A.lk_ty remained fairly stable throughoutround-5. From day 1 to day4, alkaliaityaveraged50.5 rag/l, 50.6
rag/l,50-5nag/l,and50.5mg/L respectively.

Chloridesfluctuated slightly. Fromday1 to day4 chloridesaveraged27,747rag/I,27,677mg/L27,781rag/L,and
27,695 mg/I respectively,
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DivalentCadom remaimedfairlystableUu'oughoutround-5,From clayItoday4cfi',_dentcationsaveraged
1.37,6meoj%,136,7ro=q/l,136,7mec[_and'137,9mco_ rcspecfiveJy,

ForthefouJrdaysot_t.mpL{n8totalironaveraged0.22mE/l,0.20rag/t,0.21mg/_and0_4 _I respe_vely.

From day 1 to day 4 ferrous iron averaged0,19 rag/l,0,1.5rag/l,0,19 and 0,19 mg/l respecuvely,

COMPARISON OF ROU'ND,SRESULTS WITH PREV]OU.q P,OUNDSs

The amountof water pumped prior to final sampling Loreach of the five rounds is as follows; 16,300 gallons,
40,00C -dons, 94,000 gallon& 101,919 and 5,466gallons respectively, Round.5 parameters compare favorably
to aft. :.¢previous rounds, This comparison was made by comparing chemical p_ameter averages for the
final c_ of round-5 samplingwith the average of the chemicadparameter values obtained for the last day of
sampling for each of the previous four rounds, The results are presented below,

AVG, OF FINAL DAY RESULTS AVG, OF FINAL DAY
FOR LAST FOUR ROUNDS FOR ROUND-5

_ty 50.9 ms/1 Algatiaity 50.5 m_q
Chlorides 28,083 mg/l Chlorides 27,69: _1
Di-Cats 145.1 meq/l Di-Cats 137,9 m=_t
Total iron 0,17 m8/I Total Iron 02.4 mg/l
Ferrous Iron 0.14 m8/l Ferro_ Iron 0.19 m8/l

GENERAL OBSERVATIONS/COMMENTS:

This was the fast round of samplingwhere a Bennett sample pumpwas utillzed for the sampling process, la ali
parameters with the exception of the Iron parameters the resets were comparable to other test round
parameters. Iron parameters were probablyelevated due to the lesser volume of water withdrawn from the
aquifer.
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SUMMARY OF WELL H.03bL MAGENTA. ROUND._

WELL C HAI_ CTt IO_qYIC.e

Well H-03bl is located approximately0.8 mil_ south of the WIPP

site, (2/)85.31PSI., 138,10FEL, Section 29, Towasldp 22S,Range 31 E),

Surfaceelevation ht3389,42 feet amsLand top of casing (TOC) htat an elevation of 3390,64 feet area,
(SAND88..i0(_, The well was completed on 08-1.2-76to a tot.aldepth of 902 feet below ground surface, (BGS),

1.55, (24#/ft., 6,625 O.D,) well casing is installed to a depth of 891feet BGS, tniti_ completion was in the
Rustier/Salado Contact (813 to 837 feet BGS), The well was next completed in the Magenta and Culebra. A
bridgepacker was _ed at approximately795 feet BGS, The _ wtr perforated in the Magenta (562 to
590 feet BGS) and in the Culebra (675 to 703 feet BGS), A Production InflationPacker (PIP)was iastaUedat a
depth of approximately 652 feet BGS, providingacce.utto both taterva_

On 07-0886 the PIP was removed and a 4,_ inch bridge packer was installed to providepermanent acceu to
the Masenta.

SAMPLING PROCERg

, A pump/packer aasemblywas used to sample H-3bl. The assembly consisted of a Model 1800 Bennett sample
pump (SN 1806-25) and a Baakt3.5 inch sliding end packer (SN 1981),witha 4.5 inch packer sleeve (SN 1922)
iastaUedover the packer element. Tbe total length of the axsemblywas7.66 feet.

Two Geokon 4500h vibratingwire transducers were utilized to monitor formationpre._ure..t.The first
trmuducer (SN 3428) v/at attached to the tubing bundle 25 feet abovethe pump/packer assemblyat a depth of
51.5feet BTOC, A second transducer (SN 9075) was attached to the packer feed throush assemblyin orderto
monitor pressures below the packer, Data wa_collected and stored on a continuous ba._ by a Micro-10
Geokon datalogser (SN 18),

On 08-21-90 the pump/packer assemblywas i.astalledin the weiL The bottom of the a.s_mbly was positioned at
a depth of 548 feet BTOC,

Static water level just prior to installationmeasured 251,49 feet BTOC, (SoLLt_tProbe 75-CG 0102), The well
was pumped for a total of seven daD at an average rate of 10,86gallons per hour. Readings from the lower
transducer slowly decreased from 1.30psi to less tban 30 psi.

, ,

Five serial samples were collected; the firston 08.23-90 after approximately475 gaUoasof water had been
pumped from timweil.

Final _mpl_ were collected on 08.28-_ after approximately 1795gallom of water had been pumped from the
weil. F'md samples were sent to International Technology Analytical SampLingLaboratory (IT.AS), and
We_dnghouse Advanced Energy Systems Division Analytical Lab (WAESD) foranalysis. Samples were abe
provided to Sandia National Laboratories (SNL) and the New Mexico Environmental Evaluation Group (EEG)
for independent analysis. Archival samples were collected for the WIPP Project.

ROUND._ ._EltlAL SAMPLE RESULTS

Fromsample 1 to sample .5Eh measured + 48 my, -'78my, -62 my, -24 my and -5 my respectively,
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pH remained fairlystable throughout the testing period. From sample I to 5 pH measured 7.86 S.U., 7.78 S.U.,
7.76 S.U., 7.81 S.U., and 7.75 S.U. respectively.

From sample 1 to sample:5 temperature measured 22.9 C, 24.4 C, 24.3 C, 23.0 C, and 23.6 C respectively.

Specificgravitymeatu.red1.00,¢_at22.9C on dayIand1.0080at232 C forsam.ple5.

Specific conductance measured _12,200umhos/cm at 25 C. on day I and 12,2130umhos/c_nat 25 C. on day 5.

Alkalk_t7 remained fairlystable throughoutround-5. From sample I to 5 _ averaged 46.4 mg/L 47.0
ms,A, 46.9 roSA,46.5 m$/l and 45.9 mg/l respectively.

Chlorides for rotmd-5 averaged 3426 mg/L3387 mg/L 3447 mg/L 3462 ml/t, and 3458 mg/l respectively.

Divalent cations were relatively stable fromsample 1 to sample 5. Divalent cations averaged74.7 meq/I, 73.9
meq/1,73.8 meq/l, 73.5 meq/l, and 73.7 meq/l respectively.

Both iron parameters (total ironand ferrous iron) were very low. The lower detection limit for measuringiron
in the field lab is 0.02 rag/1.

Ali but the firstday of measurements could only be reported as le,u than 0.02 _ Averase ironmeasurements
for the first day were O.ff7mg/l for total iron a_d 0.05 mg/l for ferrous iron.

COMPARISON OF ROUND-5 RESULTS WITH PREVIOUS ROUNDS:

The amount of water pumped prior to f'malsampling for each of the five rounds is ts follows;3,800 gallons,
1,.500ga_ion&1,700 gallons, 2280 gallons, and L795 gallont respectively. Round-5 parameters compare
favorablyto iii of the previous rounds. This comparison was made by comparing chemical parameter averages
for the f'malday of round-5 sampling with the average of the chemical parameter values obtained for the last day
of sampling for each of the previous four rounds. The resulLsare presented below.

AVG. OF FINAL, DAY RESULTS AVG. OF FINAL DAY
FOR LAST FOUR ROUNDS FOR ROUND-5

a

Att:,ll.lt_ ,_.1 taga Alkatiaity 45.9 mg/I
Chlorides 3316 mg/l Chlorides 3458 rag/!
Di-Cats 73.6 meq/! Di-Cats 73.7 meq/l
Total Iroa 0.32 mg/1 Total Iron mg/l
Ferrotmboa 0.21 mg/l Ferrous Iron ml_/l

,GENERAL OBSERVATIONS/COMMENTS:

Formation water from the Magenta at this Iocaticmts slightly effervescent and has a hydro-carbonodor. The
water contains a small amount of black paniculate matter that can be observed on a 0.45 ural'deer.

p.EFERENCES CrTED:

S#u'qDgS-1065Comt_ilation andComparison f'oTest-Hoie Location Surv_v_in ....., .-._t.L_,,,....L_m: y l_tnlty ot t_Ltt: _ _c_t_

Isolation pilot Plant$itt. 1989, Mary M. Got_les, Earth Sciences Division, Sandia Nacional Lalooratorie.s,
Albuquerque, New Mexico.

J
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SUMMARY OF WELL H-4b CULI_BRA. ROUND-S

W_ L C__'1'ERISWIC'_

Well H-04b b located two and four tenths miles south southwest of the WIPP si_C,(498.47FNL. 632..54FWL,
Section 5, Township 23S, Range 31 E). Surface elevation is 3332.67 feet above mm sea level (amsl), and the
top of casing (TOC) is at an elevation of 333335 feet amsl, (SANDS&.1065). The well wu completed on
05-1.5.78to a total depth of 529 feet below groundsurface, (BGS), (W'mstanley/Can'asco,I986). Well casing
(J-55, 1.5.5lh/ft) is installed to a depth of 476 feet BGS, with the remaining 'depthcompleted open hole. The
entire thickness of the Culebra is exposed in the open hole section. At this location the Culebra lies from
498-522 feet BGS (SANDRS-7206).

SAMPLING PROCEgq

A pump/packer assembly was used to sample H-04b. The assembly conshted of a model 1800Bennett Sample
Pump (SN 1806-11) and a 2.8 inch Ardvark sliding end packer (SN 3690-435). The total length of the assembly
was 7.56 feet.

Two geokon 4500H vibrating wire transducers were utilized to monitor formation pres,sures. A 0-LS0psi
pressure range (SN 3431) transducer was att:_chedto the tubing bundle 25 feet above the top of the
pump/packer assembly at a depth of 425 feet BTOC. A secon,_ transducer (0-1.50psi, SN 3432) was attached to
the packer feed through assembly in order to monitor pressures below the parker. Data was collected and
stored on a continuous bash by a CR.10 geokon data logger (SN-22).

On 09-06-90 the pump/packer assembly waz installed in the well The bottom of the assembly was positioned at
a depth of 457.56 feet BTOC. Static water level just prior to insta._ationmeasured 334.80 feet BTOC, (Soli_t
probe 75.CG-0102). The well was pumped fora total of 7 days at an averagerate of 10.81gallons per hour.

Four serial samples were coUected; the firston 09-09.90 after approximately522 gallons of waterhad been
pumped and final samples were collected on 09-12-90 after approximately 1286gallons of water hadbeen
pumped from the weiL F'mal samples were sent to InternationalTechnology Analytical Sampling Laboratory
(IrAS), United Nuclear Corporation (UNC), and Westinghouse Advanced EnergySystems Division Analytical
Lab (WAESD) foranalysis. Samples were also provided to Sandia National Laboratories (SNL) and the New
Mexico Environmental Evaluation Group (EEG). Archival samples were collected for the WIPP ProjecI.

ROUND-S SERIALSAMPLING RESULTS:

Ali parameters remained relativelystable throughout the testing period with the exception of the Iron
parameters which continued to decrease troughoutthe period.

Eh measured +9'$ my, + 113 my, + 11.2mv and + 114 mv.

pH measured 7.81 S.U., 7.74 S.U., 7.77 S.U. and 7.76 S.U. respectively.

Temperature measured 222 C, 21.8 C, 21.5 C and 22.1 C.

Specific gravity measured 1.0168 at 22.3 C on day one and 1.0164at 21.5C on day four.

Specific conductivity measured 24,400 umhos at 25 C. on day one and 26,400 umhos at 25 C. on day four.

-"--- ,_ __.L. c.... ._..... ,.,,6"7_ m_/l_683 am/L 683 rag/!and 69.1 mg/l respect.ivclvAlkalin.irymeasurements for ,_,,. .......... ,. - • -
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Chlorides averaged 7,657 rag/I,7J1.5 mS/I,7,568 mg/l and 7,577 ms/l respectively.

Divalent cation bom day one to day four 70.8 rag/l,71.7 mg,/l,71.9 toga and 71.4 mg/l respe_ively.

Both Iron parameters decreased steadily over the four day period. Total Ironaveraged 1.26ms/I, 1.06 mg_
1.03 tn_ and 1.01 mg/LFerrous Iron Averaged 1.21 mg/l 1.00 rag/l,0.96 m$/l and 0.89 mg/l respe_vely.

COMPARISON OF ROUND.S RESULTS WITH PREVIOUS I_O_S:

The amount of water pumped prior to final sampling for each of the five rounds is u follows; 4700 gallons, 2450
gallons, 2500gallons, 1048gallons, and 1286 respectively. Rotmd-5 parameterscompare favorablyto ali of the
previous rounds of testing. This comparison was made by comparingchemical parameteraverages for the final
day of round-5 samplingwith the average of the chemical parameter values obtained for the last day of
sampling for each of the previous four rounds. The r_uits are presented below.

AVG. OF FINAL DAY RESULTS AVG. OF FINAL DAY
FOR LAST FOUR ROUNDS FOR ROUND-5

Alkalinity 69,1 mg/l Chlorides 7445 mg/l
Chlorides 7577m$/I Di-Ca_ 71..5meq/l
Di-Cats 71.4 meq/l Total iron0.83 mg/I

_ Total Iron 1.01 mg/I Ferrous Iron0.41 mg/l
Ferrous Iron 0.89 m_

g
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SUMMARY OF WELL H.4c.MAGENTA. ROUND-_

V,_Lr.CHAIL_CTERIffrlCS

WellH.04cislocatedtwoandfourtenthsmiles southsouthwestoftheWTPP site,(446.36FNL,717,89FW1.,
Section5,TownshipDS, Range31E),Surfaceelevationis3333,45feetabovero=ansealevel(am._),andthe
topofcuing(TOC) isatanelevationof3334.04feetanu_(SANDS&1065).The wellwascompletedon
05-09-78toa totaldepthof661feetbelowpound surfa=,(BGS),(W'u_tanley/Carrasco,1986),1-55,(1.5.5
Ib/f't,5.50.D)wellcasingisi_talledtoa depthof610feetBGS. InitialcompletionwasintheCu2cbra.A
Lynesbridgepackerwasinsta_datadepthof530feetbrOC andthecasingwu shotpedoratedfrom496to
520feetBGS, (SAND85-72_).InAugu_ of1986thewellwasrecompletedtotheMagenta.A _condLy.es
bridge packer w'u in.stalled.at a depth of 435 feet BTOC and the wellcasing was sho_pcdoratcd from 377 to
403feetBTOC.

_AMPLING PROCESS
L

A pump/packer assemblywas used to sample H-04r. The assemblyconsi_ed of a model 1800Bennetl Sample
Pump (SN 1802) and a 2.8 inch Ardvarksliding end packer.(SN 3690.43_. Tlm total length of the u,r,cmbly wu
7.53feet.

Two geokon4500Hvibratingwiretransducerswereutilizedtomonitorformationpreuure.LA 0-150l_i
pressure range (SN 3428) transducer was attached to the tubing bundle 2.5feet above-the_op of the
pump/packer assemblyzt a depth of 340 feet BTOC. A second transducer(0-1.50psi, SN9075) waz attached to
the packer feed through assembly in order to monitor pressures below the packer. Dam waz collected tad
stored on a continuous basis by a CR-10 geokon data logger (SN-20).

On 09-25-90 the pump/packer assembly was installed in the welL The bottom of the as_mbly was positioned at
a depth of 372.53 feet BTOC. Static water level just prior to installationmeasured 192.31 feet BTOC, (SoLiast
probe 75-CG-0102). The well was pumped for a total of 7 days at an average rate of 3.72 gallons per hour.

Five serial samples were collected; the firston 09.27-90 after approximately161gallons of water hadbeen
pumped and final samples were collected on 10-02-90 after approximately585 gallons of water hadbeen
pumped from the welL F'malsamples were sent to International Technology Analytical Sampling Laboratory
(ITAS), United Nuc.iearCorporation (UNC), and Westinghouse Advanced Energy Systena Division Analytical
Lab (WAESD) for analysit. Samples were the provided to SandiaNational Laboratories (SNL). The New
Mexico Environmental Evaluation Group (EEG) was notified of sampling and elected not to take a sample for
analys_ Archival samples were collected for the WIPP Project.

ROUND FIVE .qEI_IAL_AMPLING RESULTS.

Eh metro'cd .86 my, -82 my, .58 my, -81 myand -61 mv respectively

pH measured 7.96 S.U., 8.00 S.U., 8.03 S.U., 8.00 S.U. and 8.01 S,U.

Temperature measured form day one to day five 23.9 C, 21.7 C.,21.0 C, 21.6 C and 20.6 C.

Specific gravity and Specific Conductivity were measured on day one and day five of the sampling period.

Specific gravity measured 1.02 at 24.1 C. on day one and 1.0202at 20.4 C. on day five.

Specific conductivity measured 30,900 umhos/cm at 25.0 C. oa dayone and 30,900 umhos/cm at 25 C. on day
i five.
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Alkalinity averaged80.6me/L79.5mg/L82.5 mg/L80.9mg/l and80.9tn_ respectively.

Chloridc.s,vera4ged8,431mg/L8,516rag/l,8.502rag/l,8,.501rng/land8,492rag/1resix:ctively.

Divalent Cations reamained relitively stable measureiag 70.35 rag/l, 69.25 togA, 7030 rag/l,70.10 mg/l and 70.10
naSAdsdlyaverage reacim_

Both iron parameters remained fairly stable throughout the sampling period, oralIron average: _.145mg/L
0.165 mg/L0.175 mg/L0.16.5rag/1and 0.165 mg/L Ferrous Iron averaged 0.12.5mg,/L0.105 mg/Lu.06 mg/L0.085
mg/l and 0.095 nasa respectively.

COMPARI.qONOF ROUND.5 RESULTS WITH pREVIOUS ROUNDS.

The amountof waterpumpedprior to {',nalsamplingfor eachof the ourroundsisa.s _dows;700galloag1,100
gallons,700gallons,and450gallonsand585gallonsrespectively.Rouad-5parameterscomparefavorablyto a_
of the previous rounds even though a smaller amount of water was pureed. This comparison was made by
comparing chemical parameter averages for the final day of round-5 s: piing with the average of the chemical
parameter values obtained for the last day of sampling,for each of the previous four rounds. The results are
pre,seated below.

AVG. OF FINAL DAY RE,SULTS AVG. OF FINAL DAY
FOR LAST FOUR ROUNDS FOR ROUND-5

8o. so.9
Chlorides 8368 mg/l Chlorides 8493 mg/l
Di-Cats 68.7 meq/l Di-Cats 70.1 meq/l
TotalIron0.61mg/l TotalIron0.17mg/
Ferrous Iron 0.38 mg/l Ferrous Iron 0.10 mg/l

GENEILt_ OB_ERVATIONS/COMM_

Formation water from the Magenta at this location is slightly effervescent and has a strong.::ul/ttrousodor. The
water contains a large amount of black particulate matter that can be observed on 0.45 am fitters. The Magenta
can easily be de.watered at this location so pumping rates mug be kept low (i.e, 3.72 gph).
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SUMMARY .OF WELL H.11b3. CULEBRA. ROUND-5

WEt J,CHAR_c'rI__C_

WellH-II.B3_ _ _ ladtwotemps_ _uth-_utheastoftheWl_P site,(1301.7FSL,1053.FEL.
Section 33, Tow_r,b_p22.$/iRa_ 31 E), Surface elevado- _ 3412.07feet above mean scalevel (am.d), and the
top of casing ('1'O(;)L__6at eJ,e,vation of 3412.42 feet am.d, (SAND88-1065), The wellwas completed on
12-18-83 to a to_.'d,p(]d (TD) of 787 feet below $rouad surface, (BGS), (W'tnstaaley/Carrasco,1985). Well
cash_ (J55 L%5lb/_, .51inch/liD,)_ imtaUed to a depth of 733 feet BGS. The well is completed open hole in the
Cuiebra which lies at a depth from 734-759 feet BGS (SAND85-72{_, Winst_y tad C.arra.sco,1985),

sAMPLING PROCESS

A Bennett pump/packerassembly was used to sample H-11b3, The assembly con.sistedof a model 1800Bennett
Sample Pump (SN 1806-21) and a 2.8 inch Ardvark sliding end packer (SN 3690-435). "It,,,:total ieugth of the
assembly was 7.54 feet.

Two geokon 4500H vibratingwire transducers were uti_d to monitor formation preuure_, A 0-130 pti
pres.sureraage (SN 3428) transducer was attached to the tubingbundle 25 feet above the to_ of the
pump/packer assembly at a depth of 695 feet BTOC. A second transducer (0-1.50pti, SN%75) ,mmattached to
the packer feed through assembly ;n order to monitor pres.suresbelow the packer. Data wxt collected and
stored on a cotttiauota basis by a CR-10 gtolmn data logger (SN.20).

On 10-10-90 the pump/packer assembly was installed ;n thewelL The bottom of the attembly wit potidoued at
a depth of 727.54 feet BTOC. Static water level just priorto hataUatioe measured 436.53 feet BTOC.,(So[la.st

probe 75-CG-0102). The well was pumped for a total of 8 days at an average rate of 26.59 8allom per hour.
Four serial samples were collected_the first on 10-14-90xfter approximately2454gallons of waterhad been
pumped aud final samples were coLlectedon 10-17-90 afterapproximately 4368 gallonsof water had been
pumped from the weiL Final samples were sent to InternationalTectmo|ogy Aaalytical Sampliag Labor_tory
(ITAS), United Nuclear Corporation (UNC), and Westinghouse Advanced EnergySystems Division Analytical
L_b (WA.ESD) for analysis. Samples were aLsoprovided to Sandia National Laboratories (SNL). The New
Mexico Eaviroumental Evaluation Group (EEG) was notified of sampling and elected not to take a sample for
a_alys_ AsctxivaJsamples were collected for the WIPPProject.

_ROUND._[SERIALS/uMPLINGRESULTS:

Eh mea.smments fluctuatedslighdy from .sampleone thruoghsample 4, measurement were + 118my, + 144 my,
+ 102 mv and + 119mv respectively.

pH measureateats Were7.37 S.U., 7.38 S.U., 7.36 S.U. and 7.38 STU.rcsp_,:_ively.

Specicic gravityremained c_n.stanttwo meas_ements were taken t_e fi_,_,on day one 1.0804 at21.6 C. and the
second on day four 1.0804 at 21.3 C,

Specific Conductivitymeasured 1.33,400u_osdcm at 25 C. on day one and 133,800u_o.Vcm at 25 C. on day
four.

Alka_ty average readings wer: 55.8 rag/l, 55.0 mg/L55.3 mg/l and 54.1 mg/l respectively,

Chlorides were relativelystable averaging 66,3-10rag/l,65,184 rag/l, 65,540 mg/land 65,451 mg/l respectively.



Divalent Cations averaged 186.8meq/t, 186.2 meq/l, 185.8meq/1and 1852. mcq/l respe_vely.

Total Iron and Ferrous Iron remained relatively stable duri_ the four days of tesr.i_ averagiag 0._ rag/t, 0.44
rag/t,0.46 mg/l and 0,47 mg/IforTotal Iron and0J?mg/l, 035 rag/t,034 _ and 0.38 u_,/l respe_veiy for
Ferrous Iron.

CO_PM_I_ON OF RO[_D.ff }_SLrLTS WITH PREVIOUS ROUNDS=

The amountof waterpumpedprior to f'malsamplingfor eachof the fiveroundsisasfollows;1.26,000gallons,
30,800gallons,27,500gallons,4,751gallonsand4,368gallonsrespectively.Roundfiveparameterscompare
favorablyto ali of thepreviousrounds. Thiscomparisonwasmadebycomparingchemicalparameteraverages
for the fundday of round five samplingwith the average of the chemicalparameter values for the _ day of
sampti_ foreach of the previous four rounds. The results are presented below.

AVG. OF FINAL DAY RESULTS AVG. OF FINAL DAY
FOR LAST FOUR ROUNDS FOR ROUND-5

.4akatini_5sim_ _ty 54.zn_3
Chlorides 65,570 mg/l Chlorides 65,451 m8/I
Di-Cats 187.0 meq/l Di-C.ats 1852 meq/I
Total Iron 0.36 mg/l Total Iron0.47 mg/l
Ferrous Iron 0.24 mg/I Ferrous Iron 0.38 ml;/[

GENERAL OBSERVAT!ONS/COM MEN_+

Formation water from the Culebra at this location is slightlyeffervescent.

3O
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SUMMARY OF WELL H.Tb, CULEBRA. ROUND-5

WELL {__fYI_PJSTIL'_

Well H-Tbhtlocated 6 mile, southwest of the WIPP site' (2565.80 FNL, 2563,45 FWL Section 14, Towe.shJp
23S, Range 30 E). Surfaceelevatioe i.s3163.56feet _ and top of caslag (TOC) _ at ta elevationof 316,;.17
feet am_ (SANDgS-1065). The well was completed on 09.18-79 to a total depth of 286 feet below grouad
surface, (BGS). Well casing (J-55,23 lh/ft, 7 inch O,13)e_zen_ to a depth of 230 feet BGS. The CuJebraat th_
location lies at a depth of 232 feet to 280 feet BI OC, (Win_tanieylCarrasco,1986). The well appears to be
ob_'ucted at a depth of 208 feet BTOC. The cause of thit obstruction_ unknown.

._AMPLIN'GPROCESS

A pump/packer a.su:mblywas used to sample H-To. The a.saemblycon.si_tedof a model 1800Bennett Sample
Pump (SN 1806-25) and a 3.5 inch Basld _ding end packer (SN 1981) witha Bas,ki 4 inch packer _eeve
imtaUed around the packer gland (SN 1922). The total length of the tu,emblywa 7.7 feet.

Two geokon 4500H vibratingwire transducerswere utilized to monitor formation pressures. A 0-150
pre,_ure range (SN 3431) transducer was attached to the tubingbuadle and positioned at a depth of 175feet
BTOC to monitor the integrity of the packer seal. A second tram,ducer (0-1.50_ SN 3432) wagattached to the
packer feed through as,_emblyin order to monitorpressures below the packer. Data was collected andgored
on a continuous basi_tbya micro-10_eokon data logger (SN-20).

On 10-31-90 the pump/packer assemblyw_ in.sta_d in the well The bottom of the tttembly wagpetitioned at
a depth of 198feet BTOC. Static water leveljust prior to installationmeasured 168.85feet BTOC, (So[in.st
probe 75-CG-0101). The well was pumped for a total of 9 days at an averagerate of 47.2 gallons per hour.
Appro_0_ely 9287 gallons were pumped from the well bore t_ough out the pumping period.

Six serial samples were collected; the firston 11-02-90after approximately2008gallons of water had been
pumped from the welL FinaJsamples were collected on 11-08-_ after approximately8878 gaIlom of waterhad
been pumped from the well F'malsamples were sent to InternationalTechnology Analytical Services
Laboratory (ITAS) and Westinghouse Advanced Energy Systems Division AnalyticalLab (WAESD) for
anaJysit. Samples were al.soprovided to SandiaNational Laboratories (SNL). New Mexico Environmen_
Evaluation Group (EEG) were offered samples for independent analysis,howeverthey declined the samples.
Archival samples were collected for the WIPP Project.

ROU'ND._SERIAL SAMPLING RE_qULTS:

Parameters for H-To, round.5 stabilizedvery quickly. A total of sixsamples were collected. R_uks of daily
serialsamptiagparameten are give-,below.

Eh fluctuated during the 6 days of sampfiagmeasuring + 356, + 337, + 33,;, + 311, + 353 aad + 335 respe_vely.

pH remained fairly stable during the 6 daysof sampIh_gmeasuring7.35 S.U., 7.38 S.U., 7.35 S.U.,7.36 S.U., "7.32
S.U.tnd7.34S.U.respectively.

Temperaturemeasured21.9C.ondayL,21.2C.onday2,21.6C or,day3,21.4C onday4,20.6C onday5and
20.8C.o-d_y6.

SpecificGravitymeasured1.0042at_.0C ondayI,and1.0026at20.8C onday6.

SpecificConductancemeasured3520at25C ondayI,and3620at25C onday6.

31



_ty, ch,ioride__uaddJv_dentcationsremainedfairlystablethroughoutthe6 cLmy_mpl_ period,
A_w_ity aw:raged11.2..6zng_,111.0mg/L112.5rag/t,11.33mg/L ! 1.33_ Lhd11.2.8m_ respectively,
C_orides averaged2'78n_ 275mg/L276mg/L276mg/L27"7mg/Lamd276mg/lre_:_vely, Divalentca_o_
averaged48.7meo,/l,4,8.0meq/t,46.5meq/t,47.6meq._,47,9meq/l and47.6meq/qrespe_veiy,

Both iron paramete_ (total-Lron_d ferrous-Won)fluctuatedsl_,htlydm'Lngthe6 daysampiJ_period.
Totll-iron averaged0.27 mg/L0.60n_l, 0.18rag/t,03.0mg/_0.18mg_ _d 0.21mg/lrespe_veiy. Ferrot_ iron
averaged0_ rag/t,0..56n_/L 0.13rag/l,0.13 _ 0,1.5rag/i,and 0.1.7m¢,/1respectively.

The amountofwaterpumped priortolaudsamplingforeachofthefiveroundsisasfollows;38,900gallon._,
62,600gallon.s,112,400gaUons,3,909gallonsand8878gallonsrespectively.Round fiveparameterscompare
favorablytoallofthepreviousrounds.Thiscomparisonwasr_adeb_comparingchemicalparameteraverages
for the f'maldayof rotmd-5s_mpi_g with the averageof the cbemlc_j'parzmeterv_uesobtainedfor the 1_ day
ofsamplingfor eachofthe previoustomrrounds. The resultsarepresentedbelow.

AVG. OF FINAL _,Y RESULTS, AVG, OF FTNALDAY
FOR LAST FOUR ROUNDS FOR ROUND-5

A_atinity_20._m_ A_d_tyZ_.._
C_Iorid_298_ Chlorides276ms/l
Di-Ca_42.9meq/1 Di.Ca_47.6meq/l
TotalIron0.I0mg/l TotalIron0.21mg/l
Ferro_ Iron0.05mg/l FerrousIron0.17mg/l

GENERAL OBSERyATIONS/COM MENTS:

A spike in the Iron parameters oa day two of the serial sampling process was attributable to I pump failure
which occurred during the early morning hours of 11/04/90. However there appears to be a long term upward
trend i_ both iron parameters. Given the obstruction Lncasing dL_'.,overedduring round four thh upward u'end
mightbe attributed to the cont.Lntti_gdeterioration of the well casing.
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LAST DAY SERIAL SAMPLING RESULTS FROM PREVIOUS ROUND,el

t



DOE/WIPP 91.008

This page intentionally left blank.



II

t t i i 4
ii ii ii ii ,,,,,, _ N ii ii _l _ ii



L

DO_P 91



DOWWTPP9"t..oee



DO_P _I.0,M





I_E/WIPp 91-OOg

I I o

MOI_m . • ' . • .o

I++"_i !
#Nt 0 Mr N _ 1.mo m

.",--+1.

:+_-ji,+ . .,
UQ U
# I
N m
N _
N_ u

I_-.--_''++' ! | +'+__P_+++,++,+"+"_:++"++-,+'
II l.,,,I II o

M _ ,
ii N

:1.__ :1_1 0 ,_1' _ O+ ,_1' Ok I_ i,., . lO _ I%1 01, O_i Ok IP,,_ p

am%

N M

t II

" 'II I.J u °o

luuuu uuuu u uuu u_u !1 :":

i + ii: iiO_,....o (11! aN

!+_ _!!+'.!!_. _,++:!+. • :..: . . .: . ._..., " .__,_ _ 1" : ._.:
, ,=;8o

P+" :_ ° _.o

_' lm + • • l +,

_I_ N I_I N o llml II-, - ,..,,,. , -,,,o
II N o

: 18;888888888 8883: .,_::

N II o 161 •
II II + IIII, I

+s +eesssssssss ecsc+ ees8 , , ,
"- + ++ dd_ ' +' '+' ;+++ ii

li 10

'.+i "I! lira,ml
04

IIW H I I I I I I I II Ii I • I II II I ml NJ al

'_, ttr°+° -.+
N It
II OI
II II
M N ""

,, _+!!+++:'i+i++..+++++ + ++:_• :_" ;, 3: -++



APPENDIX VI

TABULATED RESULTS.

CONTRACT LABORATORY ANALYSIS
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DOE/V_PP 91-008
COIITIMCTLAIIC_TORV k_LTSlS

N'Ogt), CULEIU, lC:UND4

GENERALCNEN%STRY

PARAJ4ETER V VALUE S 0 VALUEDUP: ACXC)BLANKWATERBLAWCU_IITS DATE

I_ 7.4100 7.4200 01- 19-90

epec_f i ¢ Corduct_¢I 3590.0000 3590.0000 uNhos/c_4_2SC01.19- 90

ALkmLi ni ty (MC03) 120.0000 0.0000 mg/l 0I- 19-90

Jraside ¢ 2.0000 c 2.0000 _ll/L 01-19-90

ChLoride 160.0000 160.0000 mglL 01-19-90

Atket inity (C03) 0.0000 NA 0.0000 mg/t 01-19-90

Cyanide ( 0.0100 NA 0.0000 _I/t 01-19-90

FLuar_de 3.5000 MA 0.0000 mg/L 01,19-90

lodtde < 2.0000 < 2.0000 rng/t 01-19-90

M(trite O.1I00 O.1I00 _/| 01-19-90

TotmL Phenol,icl 0.0060 NA 0.0000 mll/t 01-19-90

Phoephorul ( 0.0100 ( 0.0100 nqi/L 01- 19-90

Residue, F! tterMDte ii 180 c 3300,0000 3300.0000 mll/t 01-19-90

Residue, NonfttterabLe ii 105 ¢_ 4.0000 < 4.0000 mg/t 01-19-90

St I its 12.0000 12.0000 n_/t 01-19-90

Sutfmte 1800.0000 1900.0000 mB/t 01-19-90

TotmL Orglmt¢ Carbon 1.0000 ¢ 1.0000 nql/L 01- 19-90

TotIt Orglni¢ Halides _ 0.0500 c 0.0500 mglt 01-19-90

O
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COMTUCTI.J_ATOMY AMALT$IS

M-O9b, _JLEIIIA, IlOlAO 4

14ETALSAMALYS|S

PARA/qTER V VALUE S 0 VALUI[OUP ACZDIII.JUlICtdATI_RIK.AIIKUNITS DATE

CaLc|_ 650.0000 580.0000 _1/t 01-19-90

Iqa_'mll|_11 160,0000 130.0000 mg/L 01.19-90

PotasS| _4B 8.3000 8.2000 q/L 01• _9-90

Sod1_m 100.0000 100.0000 q/_ 01- 19-90

At_llinull ¢ 0.2000 x 0.2000 < .2 < .2 mll/t 01-19-90

Ant|rainy 0.0900 0.1200 ¢ .06 ¢ .06 q/t 01-19-90

Arsenic ¢ 0.0100 NA 0.0000 ¢ .01 ¢ .01 q/t 01-19-90

Elar4_m , 0.2000 ¢ 0.2000 ¢ .2 < .2 q/t 01-19-90

IleryLL|_ ¢ 0.0050 ¢ 0.0500 < .00S • .00S _l/t 01-19-90

Ioran 0.6000 0.5300 • ,0Z ¢ .02 _/t 01-19-90

c_lm_m 0.0090 0.01&0 ¢ .005 • .00S q/t ,1-19-90

Cesium ¢ 0.2000 • 0.2000 c .2 • .2 q/t 01-19-90

Chrmi_ 0.0200 0.0400 ¢ .01 ¢ .01 q/t 01-19-90

CobaLt • 0.0500 ¢ 0.0500 ¢ .0S • .0S q/t 01-19-90

CO1=l_r • 0.0250 • 0.0250 • .025 • .025 mg/t 01-19-90

Iron • 0.1000 • 0.1000 < .1 • .1 q/t 01-19-90

LeM 0.0600 0.1100 • .0S • .0S q/t 01-19-90

L|th|_ll 0.2000 0.2000 • .01 • .01 mg/t 01-19-90

N_genete 0.2100 0.03_0 • .015 • .015 mll/t 01-19-90

Nercury • 0.0002 ¢ 0.0002 • .0002 • .0002 mg/t 01-19-90

MoLytxkm_ 0.0§00 0.0500 • .02 ¢ .02 mg/t 01-19-90

Nickel • 0.0_00 • 0.0400 • .04 • .04 mg/t 01-19-90

Selen4tal c 0.0S00 NA 0.0000 • .00S • .005 mg/t 01-19-90

Sttver 0.0200 0.0300 ( .01 • .01 n_l/t 01-19-90

Strcx_t|_ 7.5000 6._.000 • .01 • .01 mg/t 01-19-90

ThaLtt_ll • 10.0000 )lA 0.0000 • .01 • .01 milli 01-19-90

Tit_ttJa 0.0100 • 0.0100 • .01 • .01 rag/t, 01-19-90

Vw'Idi_l • 0.0500 • 0.0500 , .05 • .0,5 _l/t 01-19-90

Zinc • 0.0200 ' 0.0200 • .02 • .02 r_l/t 01-19-90
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CO,TIL&CT LAIIORATOItYANALYSZS

H-Ogb, CULE|RA, ROUNO6

VOLATILE HAZARDCIJSSUBSTANCES

PAIIANI[TER V VALUE S O VALUE DL_ ACXOIILANKWATERilLAN[ UNITS OATE

C_torom_hene ¢ 10.0000 NA 0.0000 , 10 T , 10 N ug/t 01.19-90

Ilrommuthlme ( 10.0000 NA 0.0000 ¢ 10 T ¢ i0 N ug/t 01-19"90

VinYt chLor|de , 10.0000 NA 0.0000 ¢ 10 T , 10 N _ii/t 01"19-90

¢htoroethllne < 10.0000 NA 0.0000 ¢ 10 T < 10 NI ug/L 01"19-90

I_thyLene chloride ¢ 6.0000 NA 0.0000 15 T ¢ 5 M ug/t 01-19-99

Acetone _ 10.0000 NA 0.0000 ¢ 10 T ¢ 10 N ug/L 01-19-90

C_rbon d_llutficle ¢ 5.0000 NA 0.0000 ¢ § T ¢ S N u_l/L 01-19-90

1,1-Dichtor_ethene • S.0000 NA 0.0000 ¢ 5 T ¢ 5 N ug/t 01-19-90

1,1-Dtchtoroethw_e ( 5.0000 NA 0.0000 ¢ 5 T < 5 N ug/t 01-19-90

1,2-Dichtoroethm_e • $.0000 NA 0.0000 c S T • 5 N ug/t 01-19-90

¢hLoroforlll • 5.0000 NA 0.0000 ¢ S T • S 14 ug/t 01-19-90

1,2-Dtchtoroethlme • 5.0000 NA 0.0000 ¢ S T • S )I ug/t 01-19-90

2-1utu_me • 10.0000 NA 0.0000 ¢ 10 T < 10 N _tl/t 01-19-90

1,1,1-TrJchtoroethu_ • 5.0000 NA 0.0000 < S T ¢ S N Ug/t 01-19-90

Carbon t_trlchtorJde • S.0000 NA 0.0000 c 5 T • S N _ll/L 01-19-90

Vinyl icezate • 10.0000 NA 0.0000 ¢ 10 T • 10 N ug/L 01-19-90

Ir_mm:l|chlormuthllnl ¢ 5.0000 NA 0.0000 ¢ 5 T < S N ug/t 01-19-90

FREOII 113 ¢ 50.0000 NA 0.0000 ¢ 50 T < 50 N ug/l 01-19-90

1,2-Olchtorogr_ • 9.0000 NA 0.0000 • S T < S 14 ug/L 01-19-90

¢l|-1,3-D|¢h[orolprcqDene • S.0000 NA 0.0000 • 5 T • 5 N ug/t 01-19-90

Trichtoroethene • 5.0000 NA 0.0000 ( 5 T ¢ 5 N ug/| 01-19-90

Dtl_'omD¢hLoromlthlnt < 5.0OO0 IM 0.0000 ¢ 5 T • 5 N ug/t 01-19-90

Tm IM ACID ILAM[ ¢OLUNII INOICATES TRIP ILJUIK

Mm IN MATER ILAIIK COLUNN INDICATES /4ETNCOILAMK

1,1,2-TRICNLOIIO-1,2,2-TRIFLUORETHAME IS FREON 113



T" lM ACID li,ANl COLUNN INOICATES TRIP ILANK

N" lM WATIERIBLANKGOLLJtN IHOtCATES 14ETHGOILAII¢

t
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COIdTRACTLABOI_TORYANALYSIS

H-ogb, _LEIU, ROUIiO4

5ENIVOLATILE HAZARDOUSSUBSTANCES

PARA/JIlTER V VALUE $ 0 VALUE.OUP ACID|LANKkIATERILANKUHITS OATS

Phenol , 10.0000 NA 0.0000 , 10 NI tJg/l 01-19.90

bts(2-ChloroethyL)ether ( 10.0000 NA 0.0000 ¢ 10 N ugll 01"19-90

2-ChLoro¢=hl_l ¢ I0.0000 NA 0,0000 ¢ 10 N ugll 01-19-90

1-3-Dt•htoroIDm'_z_ 20.0000 NA 0.0000 13 N ug/t 01.19-90

1-4.OichtoroOe_zer_ _ I0.0000 NA 0.0000 c 10 M ug/t 01.19-90

8enzy( =tco_ot < 10.0000 M_ 0.0000 < 10 M ug/t 01-19-90

1,2-01¢htorcd_zene ( 10.0000 MA 0.0000 • 10 M US/L 01-19-90

2-NethYtl=heno| ( 10.0000 NA 0.0000 ¢ 10 N US/t 01-19-90

bis(2-Chtor_sopropyl)ethee ¢ 10.0000 NA 0.0000 < 10 N ug/L 01-19-90

&-NethyLllhlnot • 10.0000 IE4 0.0000 ¢ 10 N _II/L 01-19-90

N-Nitroeo-dt-n*pro_yt_ne _ 10.0000 NA 0.0000 ( 10 # UB/L 01-19-90

H_ochLoroethlne ¢ 10.0000 NA 0.0000 • 10 N US/t 01-19-90

N| t roi=m_z_ • 10.0000 MA O.0000 _ I0 N us/t 01 - 19-90

l|achor¢_ ( 10.0000 NA 0.0000 ¢ 10 N US/t 01-19-90

2-N|troa_m_ol. • 10.0000 NA 0.0000 _ 10 N US/t 01-19-90

2,4-O|methyLphenot • 10.0000 NA 0.0000 • 10 N US/L 01- 19-90

ilmZoJ¢ I¢_d • 50.0000 NA 0.0000 < 50 N US/L 01-19-90

bis(Z-ChLoroethoxy)methllne • 10.0000 NA 0.0000 • 10 N US/t 01-19-90

2,&-O|¢htoroC_enot • 10.0000 NA 0.0000 _ 10 N ug/t 01-19-90

1,2,4-Tri•htoroO_=l_ • 10.0000 NA 0.0000 • 10 N ug/t 01-19-90

N_thatene • 10.0000 NA 0.0000 _ 10 N ug/i, 01-19-90

4-Chtoro_ttl_ c 10.0000 NA 0.0000 • 10 N ug/t 01-19-90

Nexa©htorc_tacilene ( 10.0000 NA 0.0000 _ 10 N ug/t 01-19-90

&-Cbtoro-3-_thytpt_lf_oL c 10.0000 NA 0.0000 • 10 N ug/t 01- 19-90

2.NethyLnlll=hthllLilne < 10.0000 NA 0.0000 • 10 N ug/t 01-19-90

NexichtorocyctolwnugHene c 10.0000 NA 0.0000 • 10 N ug/L 01-19-90

2,4,6-Trtchtoro1_eno| < 10.0000 NA 0.0000 • 10 N ug/t 01-19-90

2,t,S.Tr_chtorol_lmot , SO.O000 1¢4 0.0000 • 50 N ug/t 01-19-90

T" IN ACID BLANKCOLUMNINDICATESTRIP ILAN[

N" IN klATERBLANKCOLUNNINDICATESNETHO0BLANK
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CO_TRACTLAIQmATOJYANALYSIS

H-O9b, CULEIIA, IOUNO&

SENIVQLATILEHAZARDOUSSUBSTANCES

(CONTINUED)

q

PARANETER V VALUE S 0 VALUEDUP ACIOIILANKt|_ATERIILANKUNITS DATE

2-ChLoror_pNthlLene • 10.0000 NA 0.0000 ¢ 10 N ug/! 01-19-90

2-N(zrc_n4Ltn, • 50.0000 NA 0.0000 < 50 X _/t 01-19-90

O4mothyLphthatate < 10.0000 NA 0.0000 • 10 M _g/t 01.19.90
,

A(:enellttthyLene • 10.0000 NA 0.0000 • 10 M ug/L 01-19-90

2,6-Dtn4trotoLuone • 10.0000 NA 0.0000 • 10 N ug/L 01-19,90

3-Nttroanitine • 50.0000 NA 0.0000 • 50 N _g/l, 01-19-90

Acenel_thlme ¢ 10.0000 NA 0.0000 • 10 M _ll/t 01.19-90

2,4-Oin|tvOl_ermL • 50.0000 NA 0.0000 • 50 M _li/t 01-19-90

&-Nitrol]hefloL • 50.0000 NA 0.0000 < 50 li _Jtl/L 01-19-90

D4txmzofuren • 10.0000 NA 0.0000 ¢ 10 N _g/t 01-19-90

2,4-Dinttrototuone • 10.0000 NA 0.0000 ¢ 10 ii uII/t 01-19-90

D|ethyL_thoL|te • 10.0000 NA 0.0000 < 10 N _/t 01-19-90

4-ChLoropheflyL-ph_yLether • 10.0000 NA 0.0000 ( 10 N _8/t 01-19-90

Fluorene • 10.0000 NA O.0000 < 1ON _g/L 01-19-90

4-Nttroentttne • 50.0000 NA 0.0DOD • 50 N ug/L 01-19-90

k,6-Ointtro-E-_thyLphenoL ¢ 50.0000 NA 0'.0000 • 50 14 ug/t 01-19-90

N-Nitro|odtphm_yLmtne • 10.0000 NA 0.0000 ( 10 R UB/L 01-19-90

4-lrcmoahenyi-pfleflyLetheP • 10.0000 NA 0.0000 , i0 N ug/t 01-19-90

NexllchLorol:Nmzene • 10.0000 NA 0.0000 ¢ 10 M ug/t 01-19-90

Per_tllchLoro_hamoL ¢ 50,0000 NA 0.0000 < 50 M ug/L 01.19-90

Phenanthro_e < 10.0000 NA 0.0000 • 10 N ug/L 07-19-90

AnthrllCllne • 10.0000 NA 0.0000 • 10 M ug/t 01-19-90

Dt-n-butyLp_thmLate t 10.0000 NA 0.0000 • 10 N ug/L 01-19-90

Ptuoranthefle • 10.0000 NA 0.0000 • 10 N ug/t 01-19-90

Pyrene < 10.0000 NA 0.0000 • 10 N t._l/t 01-19-90

|utytbenzytphthetote ¢ 10.0000 NA 0.0000 • 10 N ug/t 01-19-90

3,3'-Dichtor_tdine • 20.0000 NA 0.0000 ( 20 N ug/t 01-19-90

ief_to(I)_throcerm • 10.0000 NA 0.0000 • 10 R _g/t 01-19-90

T" IN ACID II.ANK COLL,ININDICATESTRIP BLANK

N** IN NATERBLANKCOLUMNINDICATESNETHOOBLANK

qll



CONTRACTLAIOIIATOIIT AIIAL¥$ l $

H'09_, CULEIIIA, ll_JlO l,

SEMIVOLATIL[ HAZAIDOLPJSUIITANCEI

( CONTI MUED)

PARA_NETER V VALUE S D VALUE_DUll A¢IDILAN[ WATERBLANK UNITS DATE

Chryz_ _ I0.0000 NA 0.0000 _ 10 N _g/_ 01.19-90

b(m(2-EthyLhexyL)l:_thaLlte ( 10.0000 NA 0.0000 _ 10 N ug/l 01.19-90

D|-n.octyLl:#IthlL|te < 10,0000 NA 0.0000 ,( 10 N ug/L 01.19-90

lenlo(b)fL_J_rlmthene ( 10.0000 NA 0.0000 _ 10 N ug/L 01.19-90

lenlo(k)ft_rmnthene < 10.0000 NA 0.0000 _ 10 N ug/L 01-19-90

ISM_O(I]wrenw , 10.0000 NA 0.0000 , 10 N ug/L 01-19-90

Indlfw(1,Z,3-©d)lWrlme , 10.0000 NA 0.0000 _ 10 N Uglt 01.19-90

Dll:xmzo(i,h,)lnthrl©ene ( 10.0000 NA 0.0000 ( 10 N uBIL 01"19-90

IImzo(i,h,4)pmryL_ _ 10.0000 NA 0.0000 ( 10 N ui/| 01-19-90

Tx lM ACiD BLANK COLUMN INDICATES TRIP BLANK

N" IN WATEI ILJUd[ COLLJI$11INDICATES NETH(]) ILAN[

=.
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DOF.,_'[PP 91..008

COIITI_CT LABOi_TOIIYANALYS|$ _i

H-O9b, CULEilU, ROUUD&

POLYCHLalt|NATEDII|PHENYLS

PAR_TER V VALUE $ D VALI_ OUP ACIDIILANKUATERIILAN[UNITS OAT[

ArocLor 1016 < O.SO00 NA 0.0000 • .S ii _i/t 01-19-90

AroctoP 1221 ¢ 0.5000 NA 0.0000 • .$ N ull/t 01-19-90

Aroctor 1232 ( _ 0.5000 NA 0.0000 • .$ N _I/t 01-19-90

Aroctor 1242 ¢ 0.5000 NA 0.0000 • .5 N _ll/t 01-19-90

Aroctor 12441 , 0.5000 NA 0.0000 • .5 N ul/t 01-19-90

ArocLor' 125& ¢ 1.0000 NA 0.0000 •1.0 N u11/t 01.19-90

APocLo_ _60 ¢ 1.0000 NA _.0000 •1.0 Iq u_/t 01-19-9Q '

T= IN ACID li.ANl C:OLUI_INDICATESTRIP ILANK

N" Iii UATEIlilLAiIK COLUI_ INDICATESNETNO0ILAN[

$



DOi_/_PP 9L-OQ4

CONTRACTLABORAT_Y ANALYS!S

EHGLE WELL,CULERRA, ROUNO 3

OENERALCHENISTRY

$

PARANETER V VALUE S 0 VALUE.OUPAC;DILAN[ WATERBL/N[UN/TS OATE

pH 7.1000 7.1100 01-)1-90

Speci f (c Conduct_ce _060.0000 4060.0000 uMhos/c_2SC 01- 31-_

ALkIL |n| ty JNC03) 110.0000 110.0000 mo/L 01-31-90

Bromide ( 2,0000 ( 2.0000 mo/t 01-3! -90

CaLcium Nercb_etm 1S00.0000 1500.0000 mo/t 01-31-90

Total Hardness 2200.0000 NA 0.0000 q/t 01-31-90

ChLoride 190.0000 NA O.0000 mo/t 01-31 -r/O

ALkoL(nlty (C03) 0.0000 NA 0.0000 _Ml/t 01-31-90

Cylnide ( 0.0100 NA 0.0000 qllL 01_.!.90

FLuoride 2.8000 tA O,0000 mg/L 01-31-90

1odide ( 2.0000 • 2.0000 mo/t 01-31-90

trite O.1100 O. 1200 moll 01-31-90
Nt

Total Phenol ici 0.0060 0.0000 mo/t 01-31-90.

Phol_orLal c 0.0100 NA O.0000 mo/( 01-31-90

Mesick_l,F(LtermbLei 180 c 3600.0000 3600.0000 q/L 01-31-90

Res(d_e, NonfiLtirlble i 105 cx G,O000 • 6,0000 mg/L 01-31-90

SiLici 12.0000 12.0000 moil 01-31-90

SuLfire 1900.0000 2000.0000 mo/t 01 -]1-90

Total Organic Cartx)_ < 1.0000 • 1,0000 mo/L 01-]i-90

Totli Orgimi¢ HaLides • 0.0500 • 0.0500 mo/L 01-31-90



CONTRACTLABORATORYANALYSIS

EMGLE14LL, O.ILEIU, ROUMO3

Iq[TALSANALYSIS

PklINqTER V VALUE S 0 VALUE.OI/ ACIDILANI( t_TEItlLAIII( UNITS DATE

CaL©ilJa 610.0000 610.0000 • 0.1 • 0.1 mill 01-31-90

I_llrm_J _50.0000 150.0000 • 0.1 • 0.1 NI/t 01-31-90

Potlsst_l 7.6000 7.5000 • 0.1 • 0.1 m6/L 01-31-90

Sm:iii.li 220.0000 220.0000 • 0.1 • 0.1 mill 01-31-90

At_amiu 0.2000 0.2000 c 0.1 • 0.1 q/| 01-3t-90

An:_mr_y 0.1200 0.1000 • .05 • .05 mll/L 01-31-90

kr'llrti¢ < 0.0020 MA 0.0000 ¢ .002 ¢ .002 q/L 01-]1-90

IirtiJII , O.OSOO • O.OSO0¢ .OOS • .005 mll/L 01-31-90

Ilryttt_ll • O.OOSO' • O.OOSO• .OOS • .OOS ml/L 01-31-90

lore 1.2000 1.3000 • 0.02 • 0.0;_ mi/L 01-31-90

Caclm]i,m 0.0130 0.0110 < .00S ( .00S hilt 01-31-90

CetliLII • 0.2000 • 0.2000 • O.Z • 0.2 ml/t 01-31-90

Chr_i_m 0.0600 0.0600 < .02 • .01 mg/L 01-31-90

CobaLt 0.0200 0.0200 • .01 ( .01 ml/L 01-31-90

Copper • 0.1000 • 0.1000 ¢ .01 ( .01 m{l/t 0_-31-90

Iran • 0.0300 • 0.0300 • .03 • .03 mill 01-31-90

Lncl 0.(N_X) 0.0800 • .05 • .0S mS/L 01-31-90

Lt_ht_JI 0.1600 0.1600 ¢ .01 • .01 _I/L 01-]1-99

Nm_lenele 0.0390 0.0360 ¢ .00S • .005 mglt 01-31-90

Mercury ¢ 0.0002 • 0.0002 • .0002 • .0002 mg/t 01-31-90

I,ioLytxlm_ 0.0500 0.0500 ¢ .02 • .02 mi/L 01-31-90

Nickel 0.0300 • 0.0300 • .03 • .03 mi/L 01-31-90

SeLanlt.m • 0.2000 IdA 0.0000 • .002 • .002 q/L 01-31-90

Si Lver 0.0200 0.0200 • .01 , .01 mgtL 01-31-90

Strantil.II 7.9000 6.0000 • .01 • .01 mil/L 01.31-90

Thl|LilJ ¢ 0.0100 NA 0.0000 • .001 , .001 mg/t 01-31-90

Tit:lnitJ ,c 0.0100 ¢ 0.0100 • .01 < .01 mg/L 01-31-90

Varmdi_ 0,0400 0.OL,O0 • .01 • .01 mglL 01-31-90

Zir_c _..Z0OO 2.2000 ¢ .02 ¢ .02 "_iitL 01-31-90

e
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DO&_pP 91-0041

r

,O
CONTIIACT LAilOIIATOIIY ANALY$|S

EMGLE _LL, r.ULEIIIIA, ROUND]

VOLAT!LE HAZAItDCIJ$SUIISTANCES

PAIIIAIqETEIII V VALUE $ 0 VALUE OUP ACIDIILANK _TERmLANK UNITS DATE

ChLormlnthllt_ _ 10.0000 NA 0.0000 T( 10 N4 10 ug/t 01-]1-90

lrmllo_thMte < 10.0000 MA 0.0000 T< 10 N< 10 u_l/L 01-31-90

V|WL ¢hLorlW ¢ 10.0000 NA 0.0000 T¢ 10 N¢ 10 ug/L 01-31.90

Ch[ol'oeEhll_ < 10.0000 NA 0.0000 Tc 10 Nc 10 ug/L 01-31-90

NethyLM_e ¢hLor4ckl < 5.0000 MA 0.0000 T G N 6 ug/| 01-31-90

Acetomm _ 10.00OO NA 0.0000 T( 10 N( 10 ug/t 01-31-90

Carll_ disutftdl ( 5.0000 NA 0.0000 T_ 5 N_ S ug/L 01-31-90

l,l-Otchtoroethene _ 5.0000 NA 0.0000 T_ 5 N_ 5 _l/L 01-31-90

1,1-Oich(oroethw_e ( 5.0000 MA 0.0000 T( 5 N< 7 ug/t 01-31-90

1,2-O|¢h(oroQthef_(Totst) , 5.0000 NA 0.0000 T_ 5 Nq 5 ug/t 01-31-90

Chtoroforll , 5.0000 NA 0.0000 T_ 5 N( 5 ug/L 01.31-90

1,2-OtchLorcNIthl_ ( 5.0000 NA 0,0000 T( 5 N¢ 5 ug/( 01.31-90

2-luga_ , 10.0000 NA 0.0000 T, 10 M, 10 ug/L 01-31.90

lel,l-Trtchloroethlne ( 5.0000 NA 0.0000 T,c 5 N_ 5 _g/{ 01"31-90

CIrl>o_ tltrlchtortcle ¢ 5.0000 NA 0.0000 T_ 5 N_ 5 ug/t 01.31-90

Vtny( acetlte < 10.0000 MA 0.0000 T( 10 N_ 10 ug/L 01-31-90

Bromodtchtor_th_ _ 5.0000 NA 0.0000 T( 5 kl_ 5 ug/L 01-31-90

FrNn-113 _ 50.0000 NA 0.0000 T( S0 lq¢ S0 ug/L 01-31.90

1,2-Dichtoro_rol_ll_ _ 5.0000 NA 0.0000 T_ 5 N_ 5 ug/L 01.31-90

cis-l,3-Otr.htoropr_ _ 5,0000 IU, 0.0000 T_ 5 N_ 5 ug/t 01-31-90

TrichLoroethene < 5.0000 NA 0.0000 T( 5 H( 5 ug/( 01-31-90

0Jbromoc_toromthane _ 5.0000 NA 0.0000 T( 5 _( 5 ug/( 01-31-90

1,1,2-TrtchLoroothane < 5.0000 NA 0.0000 T( 5 N, 5 ug/L 01-31.90

ile_zef_ , 5.0000 NA 0.0000 T_ 5 Mx 5 uglL 01-31-90

trmr_-l,3-O4chLorol_o_ , 5.0000 NA 0.0000 T< S N( 5 ug/t 01-31-90

ilromofom < 5.0000 MP. 0.0000 T< 5 N< 5 ug/L 01-31-90

/,.Nethyi-2-1:_mtllr_¢_ _. 10.0000 NA 0.0000 T_ 10 _ 10 ug/L 01-31-90

2-Hexar_e ( 10.0000 NA 0.0000 T, 10 N, 10 ug/t 01-31-90

TetrllchLoroethene , 5.0000 NA 0.0000 T( § N< 5 ug/t 01-31-90

11



DOE/W_p 91-OOS

CONTP.ACTLAilORATOR¥AULTSI|

ENGLE 14LL, ¢UL|IIU, IK_lle 3

VOLAT!LE HAZAIII)OJS IUUTAIICEI

( COIIT1NUED)

PAIUUqTER V VALUE S D VALUE OUP ACXDllLANK;_4TERIILANK UNITS D&TE

1,1,2,2-Totrllchtoroethlurm _ 5.0000 NA 0.0000 T¢ S N¢ 5 ug/L 01.31.90

Totumqr_ ¢ S,0000 NA . 0,0000 Tc S N_ $ ug/L 01-31-90

ChLorolm'tzm'_ < 5.0000 NA 0,0000 Tc S N< S ug/L 01-37-90

EthytlDImzlme ¢ 5.0000 NA 0.0000 Tc S N¢ 5 uS/t 01-31-90

Stye¢l_ _ ( 5.0000 NA 0.0000 T¢ 5 /A( 5 uS/t 01-31-90

XyLene (totaL) ¢ 5.0000 NA 0.0000 Tc 5 N¢ 5 ug/L 01-31-90

NQTE: nTU IN ASCID BLANK COLU_I INDICATES TRIP BLANK

"Wu IN WATERIILANK COLUI¢II |NDICATES HETHOD ELAN[

Freen-133 is 1,1,2-TrichLoro-l,2,2-Tr_fLuoroethene

12



_P 91.o_

C_TtIACT LAilalATC_TANALYSTS

ENGLE_LL, ¢3JLEIIILA,ROUfflD3

SEN!VOLATZLI[NAZJUIOOU$SUIISTAIICES

13
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i)OF_pp 91.008

CO_TIIACTLAIOIATOIV ANALYSIS

ENGLE_LL, CULEIIIA, _0LINO3

SEN! VOLAT1LE HAZARDOUS_IISTk_!

(COilTII_JED)

PARANETER V VALUE S D VALUEDUP AC!OILANKdATEIUlLANKUNITS DATE

2-Cb toem_am_thlt n ¢ 10.0000 NA 0.0000 Nx 10 ul/L 01-31-90

2-NI trcMm| t 4ni ¢ 50.0000 NA 0.0000 Nx $0 Utl/t 01-31-90

D(mthytphtheiate ¢ 10.0000 NA 0.0000 Nx 10 u11/l 01-31-90

A•ec_phthy t ¢me ¢ 10.0000 MA 0.0000 N¢ 10 ug/t 01-31-90

2,6-D|nt tro :otuone ¢ 10.0000 NA 0.0000 i,¢ 10 Ull/t 01-31-90

3-N4trrMmt t 4he ¢ 50.0000 NA 0.0000 X¢ SO ul/L 01.31-90

AcenuDhtheme ¢ 10.0000 t_A 0.0000 Nx 10 ug/t 01.31-90

2,6-Otnl trcqlhenot ¢ 50.0000 NA 0.0000 Nx S0 ul/| 01-31-90

4-NI trcl_eno| • 50.0000 NA 0.0000 Nx 50 ug/t 01-_J1-90

0 tbenzofuram • 10.0000 NA 0.0000 N< 10 ug/t 01-31-90

2,4-0tn1 trototuene • 10.0000 NA 0.0000 N< 10 uglt 01-31-90

D4,thytl_thetate • 10.0000 IM 0.0000 N( 10 ug/t 01-31-90

6- Chtoro_enyt -I_WL ether • 10.0000 MA 0.0000 Nx 10 ug/t 01-31-90

Ft uoree_e • 10.0000 NA 0.0000 Nx 10 ug/t 01.31-90

4-Ni treent t the • 50.0000 MA 0.0000 14¢50 ug/t 01-31-90

4,6-0 t n( _ro- 2-nmthyt I:menot • 50.0000 MA 0.0000 N< 50 uglt 01-31-90

N-N| t rmloclt phenytmi r_ ¢ 10.0000 IM 0.0000 Nx 10 ug/t 01-31"90

&- I rm_lihlmyt • phlmyt ether • 10.0000 lM 0.0000 Nx 10 Wit 01-31-90

Hex_:ht oro4_nzerm ¢ 10.0000 lM 0.0000 Nx 10 ug/t 01-31-90

Pentar..ht or_lheno t q 50.0000 NA 0.0000 N¢ 50 ug/t 01-31-q0

Phlmmlthrwl ¢ 10.0000 lM 0.0000 Nx 10 ug/t 01-31-90

Anthrlcfm ¢ 10.0000 NA 0.0000 Nx 10 ug/t 01-31-90

0t -n-butytphthotlte ¢ 10.0000 IM 0.0000 Nx 10 Ull/t 01-31-90

Ft uorMlth¢l¢_ < 10.0000 MA 0.0000 N¢ 10 ug/t 01.31-90

Pyrene • 10.0000 NA 0.0000 Nx 10 ug/t 01-31-90

lutylbenzylphthll lte • 10.0000 NA 0.0000 N, 10 ug/l 01-31-90

3,3 _.0 i ¢htorobenzldl ne • 20.0000 MA 0.0000 H• 20 ug/L 01-31-90

B_zo( i)lnthrocer_l • 10.0000 MA 0.0000 Nx 10 ug/L 01-31-90

14



_L_Pp 91

CONTRACTLABORATOIIT ANALYSXS

ENGLE IdELL, CULEBILA, ROUND3

SEMXVOLATXLEHAZAROCXJ$SUBSTANCES

(CONTINUED)

PARA/q[TER V VALUE S 0 VALUE_OUP AC|DBLANK RATERBLANKUNITS DATE

Chrysene ¢ 10.0000 NA 0.0000 _¢ 10 _I/L 01.31-90

bts(2-EthyLhexyt)ph_hlLite ( 10.0000 NA 0.0000 Mc 10 ug/L 01-31.90

O|-n-octytl_thaLa_e ¢ 10.0000 NA 0.0000 Nx 10 ug/L 01-31-90

Itl¢lzo(b)f(uorMIthene < 10.0000 NA 0.0000 _¢ 10 _l/t 01-31.90

I¢l¢_to(k)ftuorlmthlme ( I0.0000 NA 0.0000 Mc 10 ug/L 01-31-90

lenzo(i)Wrene ( 10.0000 NA 0.0000 N¢ 10 ug/| 01-31-90

Inmrm(1,Z,3-Cd)lWrene ¢ 10.0000 NA 0.0000 N¢ 10 Ull/L 91-31-90

0tlN_o(i,h.)eflthrBcene ¢ 10.0000 NA 0.0000 N¢ 10 ug/( 01-31-90

|lmzo(|,h,4)per'yLIme < 10.0000 NA 0.0000 N¢ 10 ug/( 01-31-90

NOTE: _T" IN ASCZD ILANK COLLFtNINDICATES TRIP BLANK

**N" IN WATERBLANKCOLLI_I INDICATEg NETH00 BLANK

15



CONTRACTLABOItATOIYANALYSIS

ENGLEWELL, CULEiNA, ROUNO3

PESTICIDEANALYSIS

PAIUUqETER V VALUE S 0 VALUE_OUPAC|OILAN[ qdATERBLANKUNITS DATE

L4_ , O.OSO0 NA 0.0000 N, .OS ug/t 01-31-¢0

En_tn , 0.1000 NA 0.0000 X_ .10 ug/l 01-31-90

Nethoxychtor _ 0.5000 NA 0.0000 N¢ .$0 ug/t 01-31-90

Tox_:l_ene • 1.0000 NA 0.0000 N_ 1.0 _l/t 01-31-90

2,_-0 , 12.0000 NA 0.0000 M• 12 ug/L 01-31-90

2,4,$-TP(Sltvex) • 1.7000 NA 0.0000 N¢ 1.7 ug/t 01-31-90

NOTE: "Tri IN ASCIDILANK COLUMNINDICATESTRIP

"tin IN WATERIL/,NKCOLUIqNII_IOICATESNETHO

16



CONTRACTLAIK_ATCXIYAkIALYS%S

H'O6b, _JLEIImA, q_ilD 5

GENEIAL CHEN|STRY

17



CONTRACTLAIIOILATOIRYAkLALYI;I

H"061), CULEIU, mOUliO5o

NSTALSANALYSIS

18



DOEJWIPp 91.0_

COIITIIACTLAIC_ATOaYANALYS|S

H'06_, ¢:ULEBIU,IIOUNOS

¥OLAT!LE HAZAIIDCUSSUISTANC|S

PAIIAMETEII V VALUE S D VALUEDUP AC:|DIILANK_4TERIILANI(UNITS DATE

ChLor_mwthlrm ¢ 10.0000 MA 0.0000 Tc 10 Mc 10 ug/l 02-12-90

Ilralm_th_ ¢ 10.0000 NA 0.0000 T¢ 10 Mc 10 _g/L 02-12-90

V_ny| •hLor4do ¢ 10.0000 NA 0.0000 T< 10 N• 10 WI_ 02-12-90

(:hLorooth_ _ I0.0000 NA 0.0000 T¢ _0 Mc 10 _II! 02-12.90

l_tllykqme chLor(de ( 5.0000 NA 0.0000 Tc 5 Mc 5 _SlIL 02-12.90

A©el:orm ( 10.0000 _ 0.0000 T_ 10 M( 10 _l/t 02-_2-90

Carbon d(lluLf(_l ( 5.0000 NA 0.0000 Tc 5 Mx S _llt 02-,;_-90

l,l-O(¢htoroeth_ ¢ 5.0000 14A 0.0000 T_ 5 14<5 _il/t 02-12.90

1,1-DichLoroethane < 5.0000 NA O.0000 T_ 5 N( S t4/t 02"12-90

1,2-DtchLoroethene(TotmL) • 5.0000 NA O.QO00 Tc 5 N¢ 5 _gt| 02-12-90

ChLoroform < 5.O00O NA O.O000 T( 5 M¢ 5 Wit 02-12o90

1,2-Oichtoroethane • 5.0000 NA 0,0000 Tc 5 M• 5 ug/L 02-12-90

2-11utlmone • 10.0000 NA 0.0OOO T• 10 16 ug/t 02-12.90

1,1,1-Trichtoroethm-_ • 5.0000 NA 0.0000 T¢ 5 14• _ ug/t 02-12-90

Carbon tetrachloride < 5.0000 MA 0.0000 Tw 5 14• 5 uglt 02-12-90

Vinyl _etal_e • 10.0000 NA 0.0000Tc I0 M, 10 ug/l 02-12-90

IrmmDd(chlora_thm_ • 5.0000 NA 0.0000Tc 5 Mw 5 ug/& 01-I)-90

;r_on-ll3 • 50.0000 _ 0.0000 Tc 50 M• S0 ug/& 02-I;_-90

1,2-Otchtoropromme ¢ 5.0000 NA 0.0OOOTc 5 Mx 5 ug/t 02-12-90

c4m-l,3-Dichtorwopm_ ¢ 5.0UOO NA 0.0000 Tc 5 M< $ k_glL 02-12-90

Tr(ch_oroethcm • 5.0000 NA 0.0000 T• 5 M• 5 ug/& 02-12-90

O(brcmochLorw_tflllne _ 5.0000 NA 0.0000 Tc 5 M< 5 ug/t 02-I.;!-90

19



CONTRACTLABOIMTORYANALYSIS

H.O6b, CULEIRA, RO|M) S

VOLATXLEHAZARDOUSSU|STANCES

(CONT|HUED)

PAIIA_TER V VALUE S D VALUIO_ AC|DILAH[ _|tATERILANKUNITS OATE

1,1,2.Tr4chLoroethl_ ¢ 5.00OO NA 0.0000 T¢ 5 N< S ug/L 02-12.90

|enzene < 5.0000 NA 0.0000 T¢5 N¢ 5 ug/L 02.12-90

trarm-1,3-O4¢hLorcqDro_ ¢ 5.0000 NA 0o0000 T¢ S N¢ S us/L 02.12-90

|rammofom ¢ 5.00_ NA 0.0000 T¢ 5 N( S ue/t 02-12.90

4-_tethyt-2-pentl_ ¢ I0.0OOO NA 0.0000 T¢ 10 N< 10 _g/t 02-12-g_

2-Hexm , 10.0000 NA 0.00OO T¢ 10 N¢ 10 ug/t 02-12-90

TetrlN:hLoroethl_ < 5.0000 NA 0.0000 T¢ 5 Mc 5 W/L 02-12-90

1,1,2,2-Tetrschtoroethl_ ¢ S.OOOO NA 0.0000 T< S N¢ 5 Utl/t 02-12-90

Totuane < 5.0OOO MA 0.0000 T¢ 5 N¢ S uS/L 02-12-90

Chtor_ene , 5.00OO NA 0.0000 T¢ 5 M_ 5 us/t 02-12-90

EthytNnzene ¢ 5.0OOO NA 0.00OO T< S M¢ 5 W/L 02.12-90

Styrene < 5.0nn_ NA 0.0000 T< 5 N( 5 ug/t 02-12-90

Xytlm (to_aL) ¢ 5.0000 NA 0.0000 T, 5 M¢ 5 ug/L 02-12-_

NOTE: "T" IN ASC|D BLANKCOLUNN|ND|r..ATESTRIP

"Nn IN WkTER|LAHK¢OLUNN|NDZCATES14ETHO

Freon-133 _s 1,1,2-TrtchLoro-l,2,2-Tr4_Luoroethime

20



CONTRA(_rLAIOglATOIIYANALYSIS

H'06¢, NAMNTA, ROUNO S

_EHEIIIALCHEMISTIIY

PAIL4METEII V VALUE_ S D VALUE.DUP ACZDILANK_TEIIIIILJUdK:UNITS DATE

I_ ?.4500 7.4600 , 03.15-90

sD,c_f_ccom_,_, 66oo.oooo 66o0.0000 u_--/c_zsc o3.15-_o I_'
ALkoLIn| ty (HC03) 51,0000 54,0000 _I/L 03,15-90

mr_tm , 2.0000 , z.oooo melt o3.15.9o
CaLcium Hmrdnum 0.0000 0 0000 q/t 03-15-90

Totmi NerdNiee 0.0000 NA 0.0000 q/L 03.I§-90

Chtor_de 390.0000 NA 0.0000 " qlL 03-15"90

Atket tnttry (CO,]) 0.0000 NA 0.0000 q/L 03.15-90

Cylm|m < 0.0100 ¢ 0.0200 enel/L 03-15-_

Ftuor Ida I. 9000 I, 9000 _t t 03-15,,90

Iod4¢kl _ 2 0000 , 2.0000 mott 03-15-90

Nltrmte < 0 0200 < 0.0200 melt 03-15.90

Toter Phormltce ,c 0 0050 0.0000 mg/| 03-15-90

PhosphorUI < 0 0100 MA O.0000 rag/l 03-15 - 90

R_l_, F(ItermLe 0 180 C g,iiO0.0000 GB00.0U00 moll 03-15-90

llnldui, NonfltterM_te ii 105 c 10.0000 7.0000 molt 03-15,90

St t tom 5.1000 5.1000 mill I 03-15-90

SuLfete 2600.0000 P500.0000 mo/L 03-15 - 90

Tote{ Org_(c Cer_ 1.0000 1.0000 moil 03-15-90

ToteL Or|lilt NeLtckitl ¢ 0.0500 ¢ 0.0500 moll 03-15-90
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DOE/Wt1,1,91.0ee

COiITRACTLABORATOitTAiiALYS|S

H-06¢, MAGENTA,ROUMOS

METALSAIIALYSl S

PARA/4ETEIt V VALUE S D VALUEDUP ACXDILAMICIdATERIILANI[UNITS DATE

CaLciua 570.0000 570.0000 ml/L 03-15-90

X,llnes t,J_ 170.0000 1TO.0000 q/L 03-15-9_

Po_asst_ 20.0000 20.0000 iii/t 03-15- 90

Sod|_m 570.0000 590.0000 q/L 03- fS-90

At_Jeiu , 2.0000 , 2.0000 q/t 03-15-90

Antim • 0.6000 • 0.6000 q/t 03-15-90i

Arsenic • 0.0100 IM 0.0000 ml/t 03-15-90

8_rJ_am • 2.0000 • 2.0000 ml/L 03-15-90

BeryLLium • 0.0500 • 0.0500 NI/L 03-15-90

Boron 2.3000 2.6000 NI/L 03-15-90

Cadmt_Jn • 0.OSO0 c 0.0500 ml/L 03-15-90

Cesium • 0.2000 • 0.2090 ml/t 03-15-90

Chromium • 0.1000 • 0.10C0 mg/L 03-15-90

CoUett • O.SO00 ( 0.$000 mll/t 03-15-90

Coq=er • 0.2S00 • 0.2500 ml/L 03-15-90

Iron • 1.0000 • 1.0000 ml/t 03-15-90

Lem:l • 0.5000 • 0.5000 ml/L 03-15-90

LJth JLIR 0.2100 0.2100 ml/t 03-15-90

_e , 0.1500 c 0.1500 ml/l 03-15-90

IMrcury • 0.0004 • 0.0004 ml/t 03-15-90

_c_Lytxlen_ • 0.2000 , 0.2000 mli/t 03-15-90

N_cket • 0._000 , 0._.000 ml/L 03-15-90

SeL,ni_a • 0.5000 NA 0.0000 mill 03-15-90

Sitver • 0.1000 • 0.1000 ml/L 03-15-90

S_ronti_m 10.0000 10.0000 ml/L 03-15-90

ThmLli_J • 0.1000 NA 0.0000 ml/L 03-15-90

T|tani_m < 0.1000 • 0.1000 ml/t 03-15-90

Wr'_di_ • O.SO00 • 0.5000 mill 03-1S-90

Zi _ • 0.2000 • 0.2000 mO/l 03-15 • 90

22



__ 9L_G8

C31_'UCT LAi3.ATOIY ANALYSIS

H'06<:, MAGENTA,ROJ_ S

VOLAT! LE HAZARDOUSSUISTANCES

PAIIAIiTEI V VALUE S D VALUIEDUP AC|0|LAMKI_ATEIIII.ANI{UN|TS DATE

• hLoraml:hane ¢ 10.0000 NA 0.0000 Tc 10 ii( 10 ug/L 03-1S-90

lrithlme • 10.0000 MA 0.000O Tc 10 14<10 ug/t 03-15-90

V|nyL chLor_cie < 10.0000 NA 0.0000 Tc 10 Mc 10 ug/t 03-15-90

Chtoroe_hene < 10.0000 _A O.0000 T,_ 10 M( 10 uglL 03-15-90

NethyLilrm chLorJm ¢ S.O000 NA O.O00OT < _; Mc5 uglL 03-15-90

A©eCnne • 10.0000 lIA 0.0000 Tc 10 14c10 _/t 03-15-90

Carbon dfsuLf_de < 5.0000 NA 0.0000 T< S 14¢5 ug/t 03-15-90

1,1-Otchtoroethene ¢ 5.0000 NA 0.0000 Tc S N< 5 Wit 03-15-90

1,1-Ol•hLoroeth_ ¢ 5.OOOO lM 0.0000 Tc 5 N¢ 5 _I/L 03-15-90

1,2-Dtch|oroetheneCTotlL) • 5.0000 HA ' 0.0000 Tc 5 Mc 5 ug/t 03-15-90

C:hLoroform • 5.0000 I_A 0.0000 T( 5 M( 5 ug/L 03-15-90

1,2-O4chLoroethime ¢ 5.0000 lM 0.0000 Tc 5 _1¢5 ug/t 03-15-90

2-1utm • 10.0000 iiA 0.0000 T< 10 M 13 uglL 03-75-90

1,1,1-TrJch|oroethlrm • 5.0000 IiA 0.0000 T• 5 I_• 5 ug/L 03-75-90

Clrt)orl tltr'llchLol'ide • S.O000 HA 0.0000 T• S N• S uglt 03-1S-90

V|rIyL e¢ltltl • 10.0000 HA 0.0000 T¢ 10 M• 10 ug/L 03-15-90

Iromdtchtorom_hlme • S.O000 lM O.0000 Tc 5 N< 5 ug/t 03-15-90

1,2-Dichtoroprol)erm ¢ 5.0000 MA 0.0000 T< 5 M< 5 uglt 03-15-90

¢is-1,3-O|chtoroDra_Dene ( 5.0000 liA 0.0000 Tc 5 _lc 5 ug/t 03-15-90

Tr4chLoroethene • 5.0000 tM 0.0OO0 T( 5 Mc 5 ' ,wfl/t 03-15-90

OtbramochLoraamthlml ( S.00OO 14A 0.0000 T• 5 14( 5 _i/L 03-75-90

=
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DO FgI

CONTRACTLAiiOItATOflYANALYSZS

H"06¢, f4AGENTA,ROUMOS

VOLATILE HAZAIIDCIJSSUIISTANCES

( C_IT1HUED)

PARANETER V VALUE _ _, VALUEOUP ACZDBLAMIC_dATERIILANICUNITS OATE

1,1,2-Trichtoroethane c 5.0000 NA 0.0000 Tc S N¢ S ug/t 03-15-90

Ilenzerm _ 5.0000 NA 0.0000 T< 5 Mc 5 ug/L 03-1S-90

trarI-1,3-OtchLoropro_ • 5.0000 NA 0.0000 Tc 5 N< 5 ue/L 03-15-90

lramofOrll < S.0000 IdA 0.0000 T< 5 N< S Utl/L 03-15-90

&-Nethyt-2-pentm ¢ 10.0000 NA 0.0000 T( 10 N< 10 _l/t 03-15-90

2-Nexm • 10.0000 NA 0.0000 Tc 10 N¢ 10 ug/t 03-15-90

Tetrec_toroetherm ¢ 5,0OOO NA 0.0000 T¢ 5 Xc 5 USlSL 03-15-90

1,1,2,2-Tetrllchtoroev.hene ¢ 5.0000 NA 0.0000 Tc 5 N¢ S ug/L 03-15-90

ToLuene ,c S.0000 HA 0.0000 Tc 5 N, 5 ug/L 03-15-90

ChtoraOeflzefle • 5.0000 IVA 0.0000 Tc 5 _*¢S ug/L 03-15-90,

Ethytbi_zime , §.0000 NA 0.0000 Tc 5 _4¢5 ug/t 03-15-90

Styrene ¢ 5.0000 HA 0.0000 Tc 5 ,4¢ 5 ug/t 03-15-90

XyLene (totllt) , S.0000 NA 0.0000 Tc 5 14, 5 _Jg/t 03-15-90

NOTE: '*Tn IN ASCID BLANKCOLUNNZND;CATESTRXP

'*Nu |N blATERIILANKCOLUNN[NO[CATESNETHO



DGWW13 t-Om

CONTRACT LA|ORAI'ORTANALYS|S

H'18, CULEBRA,IIOUNO

GENERALCHENISTIIIy

PAIL4hlETEII V VALUE $ 0 VALUEDUP ACXDIILANKt4tTERIILANKUN|TS DATE

p_ 7.$900 ?. 6000 _- 10-90

Sl_if{c Corcluctmnca 39300.0000 39300.0000 u_os/cmli25C _-I0.90

ALkaLinity (HC03) 56.0000 NA 0.0000 q/L 04- I0.90

Irml cia 14,0000 14. OttO0 _1/L 04-1O-90

CaLc(_IB Nmrdrmtl 0.0000 0.0000 q/t 0_- 10-90

Total Nmrcln_a 0,0000 NA 0.0000 q/L 0/.- 10-90

_tor_de 13000.0000 13000.0000 Wit 04-10-90

ALkaLinity (C03) 0.0000 NA 0.0000 " mill| 0/o-10-90

Cymtde < 0,0100 _A 0.0000 mg/t 0/,- 10-90

Ftuor4de 1,71)00 1.7000 mlltt 04• 10-90

Iodide ( 2,0000 c 2.0000 mll/t _- 10-90

Nitrate < 0.2000 NA 0,0000 mll/L 04-10-90

To_aL PhenoLic| 0.1200 NA 0.0000 _l/t 0_- 10-90

Phox#_arue • 0.0100 MA 0.0000 mglL 04-10-90

Residue, FtttermbLe ii 180 c ]1000.0000 31000.0000 m_/t 04-10-90

Residue, NanftLtarabta ii 105 c_ 4.0000 7.0000 mg/L 04-10-90

Si t t cs 5.1000 NA 0.0000 ,411L 04.1 O-90

SuLfate 5200.0000 NA 0.0000 mg/l 04.10-90

Total Orphic Ca_oan 4,0000 5.0000 _ll/t 04-10-90

Total Organic flat i¢lez 0.4300 0./.100 mil/L 04-10-90

ZS



DOE._PP 91

CONTRACTLAOO_ATOIIYANALYSIS

H-18, CULEBMA,tOU_ 3

NETALSANALYSIS

PARANETER V VALUE S 0 VALUE_DUPACIDILANKdATEROLANKUNITS DATE

CaLcium 1200.0000 1200.0000 mo/L 04-10-90

Ne_mi_m 520.0000 520.0000 q/L 04.10-90

Potasei_u 300,0000 200.0000 q/L 04-10-90

SadltJ 8000.0000 8000.0000 qlt 04-10-90

Al_,lllirMm < 2.0000 , 2.0000 qlt 04.10-90

/mtimny < 0.6000 , 0.6000 q/L 04-10-90

Arsenic , 0.1000 NA 0.0000 Mit 04-I0-90

|eri_m • 2.0000 , 2.0000 _/L 04-10-90

I!_LLI_n , 0.0500 c 0.0500 q/L 04-10-90

lorm 16.0000 16.0000 moll 04-10-90

CadBi_m ¢ 0.0500 , 0.0500 moll 04-10-90

Cntua O.7000 0; 8000 motL 04-10-90

Chr_i _ O.2000 O.2000 mo/L 04-1O-90

C(_ltt • 0.5000 • 0.5000 moll 04-10-90

CocqNr • 0,2500 • 0,2500 mo/L 04-10-90

Iron • 1.0000 ( 1.0000 molL 04-10-90

Lead < 0.5000 • 0.5000 m41/L 04-10-90

Lithium 0.2000 0.1000 moll 04-10-90

Na_lenese 0.2100 0.2000 moll 04-10-90

Nercury , 0.0002 , 0.0002 mOlL 04-10-90

Notyedef_m ¢ 0.2000 ( 0.2000 moIL 04-10-90

Nickel < 0.4000 ¢ 0.4000 moil 04-10-90

SeLImi_lB • 0.5000 NA 0.0000 rl_/L 04-10-90

SiLver , 0.1000 • 0.1000 moll 04-10-90

Strontium 15.0000 15.0000 moll 04-10-90

TheLL{um • 0.5000 NA 0.0000 moll 04-10-90

Tttam(uXM ( 0.1000 • 0.1000 n_Jll 04.10-90

Venadi_,m| • 0.5000 • 0.5000 moll 0_-10-90

Zinc , 0.2000 , 0.2000 mg/L 04-I0.90

26



CONTRACTLAIORATORYANALYSIS

H-18, CULE/RA, ROUNO3

VOLAT|LE HAL4DROUSSUESTAIeCES



DG_'_IPP 9t.0438
CQIiTUCT LAIOILATOIIYAIMLYSZI

H-OSb, CULEBItA,IltOlJIOS

GENERALCNENSSTRY

PAIUUqT|II V VALUE S 0 VALUEOUP ACZDILAIdK_dATERIILANICUNITS DATE

p_ 8.3300 8.3300 (35.02-q0

Spec4ftc CoruSuc_ance 153000.0000 153000.0000 _qhos/cmli25¢05.02-90

ALkaLtnt ty (tlC03) 41.0000 hl .0000 mli/t 05-02-90

llrantcte 69.0000 NA 0.0000 q/t 05-02-q_

ChLoride 92100.0000 NA 0.0OOO mg/L 05-02-99

ALkaL|ntty (¢03) O. 0000 NA 0.0000 mli/t 0S-02-90

Cyenide , 0.0100 NA 0.0000 nql/t 05-02-90

Fluoride 0.9000 0.9000 nq/l 05-02-90

lo_ide , 2.0000 , 2.0000 qtl 05-02-90

N4t _mto O.0300 O.0400 "ql/t 05 -02- 90

Total Phenol ice 0.1600 NA 0.0000 q/t 05-02-q0

Phml_ortal O.0200 NA O.0000 mO/t 05- 02- qO

Residue, Ft tterl_te 0 180 c 160000.0000 173000,0000 q/t 05-02-90

Reo|_, NonfiLterabLe O 105 c 38.0000 3&.O000 moll OS-O2-qO

Si LIce 2.7000 3.2000 q/t 05- 02- 90

Sut fate 7900.0000 7_00,0(300 _1/t 05 •02 -90

Total Orgol_IC CmrlDm_ 9.0000 NA 0,00OO mg/t 05.02-90

Total Organlc HaLides 0.8900 NA 0.0000 moll 05-02-90
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D__pp 91-008
CONTRACTL,AIBOAATQEYAIIALYSI|

H-OSb, CULEiIllA,llOLAiO5

NETALSANALYSIS

PAiitAJCETEII V VALUE S 0 VALUEour ACIOSLANK_LATERBLAIIKUNITS DATE

C:,Lc4_JR 1500,0000 IS00.0000 ms/L 05- 02.90

Natlr_s| um IISO0.0000 1700.0000 ms/L 05.02.90

Po_au4 _ I ZOO.0000 IZO0.O000 ms/t 05.02-90

SodiLin 55200.0000 55200.0000 ms/l 05-02-90

Al_n_m , 2.0000 ¢ 2,0000 q .2 , .2 melt 05-02-90

Antimony 0.6000 0.6000 ¢ .06 _ .06 ms/l 05-02-90

Xrs_ic , 0.1000 XA 0.0000 ,c .01 , .01 mOIL 05-02-90

hr4ula ¢ Z.O000 _ 2.0000 q .2 < .2 qlL 05"02.90

ierylltuln , 0.0500 , _ 0.0500 < .005 , .005 molt 05-02-90

|or¢_ 30.0000 30,0000 • .02 , .02 moil 05-02-90

C_ilmi_in 0.1000 0.I000 _ .005 , ,005 molt 05-02-90

Cni_ia , 0.2000 , 2.0000 _ ,2 , .2 qtl 0_-02-90

Chromlun 0.3000 0,3000 .01 .01 moil 05-02-90

Ccdml_ , O.SO00 • 0.5000 , ,05 , .05 q/l 05-02-99

Co_r ¢ 0.2500 , 0.2500 , .025 , .025 q/l 05-02-90

Ir_ 2.0000 2.0000 , .I , ,I ms/t 05-02-90

Lead ,', 0.5000 , 0.5000 _ .05 _ .05 moll 05-02-90

Lith4_n 1.0000 1.0000 ¢ .01 c .01 moll 05,02-90

Na_gw_ese 0.2300 0.21,00 , .015 , ,015 moll 05-02-90

14ercury < 0.0002 ( 0.0002 , .0002 < .0002 moll 05-02-90

Notybde'.J 0.3000 0.3000 , .02 ( .02 _/l 05-02-90

llJckel , 0.1,000 , 0.1,000 c .04 , .04 moll 05-02-90

Setent_Jn , S,O000 NA 0.0000 c .005 , .005 moll 05-02-90

Silver 0.1000 0.1000 ¢ .01 _ .01 molt 05-02-90

Stror_tt_am 26.0000 26.0000 , .01 , ,01 rag/l 05-02-90

Thlill|_an , 10.0000 NA 0.0000 , .01 , .01 moll 05-02,90

Titaw1_li ¢ 0.1000 _ 0.1000 ¢ .01 ¢ .01 mo/l 05-02-90

VeNcii_m , 0.0500 , 0.0500 , .05 , .05 mg/t 05-02-90

Zt rc O.8000 O.BOO0, . 02 , .02 mill l 05 -02- 90
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CC_T_ L_IaULTCmV_LV|II

H'0Sb, DJLEIRA, ROUiI05

VOLATILEHAZAIIDOIJISUISTANCES

PARN$4_TER V VALUE S D VALUE pup AC|OILAN[WATEI_ILANKUNITS DATE

Chtol'¢mlthlne < 10.0000 NA 0,0000 Tc 10 N< 10 ug/t 05.02.90

Irmmmthmne ¢ 10,0000 NA 0,0000 Tc 10 Nx 10 ug/t 0S.02.90

Vinyl ¢hLorJcM ¢ 10.0000 NA 0.0000 Tc 10 Mc 10 ug/t 0S-02-90

Chtoroe_h_e _ 10.0000 NA 0,0000 Tc 10 Mc 10 Utl/t 05-02.90

Nethylene chloride 6.0000 MA 0.0000 T 10 N¢ 5 _/t 05-02.90

Aceto_ , 10.0000 NA 0.0000 T, 10 Nc 10 uS/L 05.02.90

Carbon dCmutfCde ¢ 5.0000 NA 0,0000 T¢ 5 N, 5 uII/L 05.02-_0

1,1-D4¢hLoroethene c 5 . 0000 NA 0r. _O00 T ¢ S N¢ _ _/ L 05 " 02 " _

1,1-04¢hloroethmrm x S.0000 NA 0.0000 T¢ 5 Nx § uQ/L 05-02.90

1,2-Oichtoroethn (TOTAL) ¢ 5.0000 NA 0;0000 Tc 5 N¢ 5 ug/t 05-02-90

ChtorofoMIm c .5.0000 MA 0.0000 Tc .5 14,_5 UCl/t 05-02-90

1,2-Dtchtoroethmrm c 5.0000 NA 0.0000 Tc S Ht 5 u2tt 05-02-90

2-1ulm c 10.0000 MA 0.0OO0 Tc 10 Nc 10 uKI/t 05-02-90

1,1,1-Tr_chtorcNl_ha_l ¢ 5,0000 NA 0.0000 T¢ 5 Mc 5 ul/t 05-02-90

C:arbcm_etrKhtorCcle c 5.0000 NA 0.0000 T¢ 5 Hc 5 us/t 05-02-90

Vtnyt 8¢etlmto ¢ 10.0000 MA 0.0000 Tc 10 )_, 10 ug/t 05-02-9_)

Ilrommcl|chtoroemtl'tartt ¢ 5.0000 MA 0._O0_ Tc 5 14c$ ug/t 05.02-90

1,2-Otchtorol_r'ot:mt_ c 5.0000 NA 0.0000 Tc 5 Nc 5 ug/t 05.02-90

cil-l,3-OtchtoroprotNme c . 5.0000 NA 0.0000 Tc 5 N_ 5 ug/t 05-02.90

TrCthlorcHithll_ c 5.0000 NA 0.0000 T¢ S Nc 5 ug/t 0.5-02-90

Dtbromochtoromlthane ¢ 5.0000 ria 0.0000 T¢ 5 Nc 5 ug/t 05-02-90

1,1,2-TrCchtoroethmr_ c S.0000 NA 0.0000 Tc S Nx S ug/t 05-02-90

lenz_e c 5.0000 MA 0.0000 Tc 5 Nc 5 uO/t 05-02-90

trmrm-1,3-Otchloropr_ , 5.0(3)0 NA 0.00OO T< § N¢ 5 _,_l/t 05-02-90

Ilrolmmform ¢ 5.00OO NA 0.0OOO Tc S N¢ lt uCi/t 05-02-90

4-Nethyt-2-1_mtm ¢ 10.00OO NA 0.0000 Tc 10 N( 10 ug/t 05-02-90

2-14exlmone ¢ 10.0000 NA 0.0000 Tc 10 N¢ 10 ug/t 0S-02-90

TetrKd_toroethene c S.0000 NA 0.0000 Tc S N¢ S ug/t 05-02-90

1,1,2,2-Tetrechtoroethlme ¢ 5.0000 NA 0.0000 Tc 5 N¢ 5 ug/t 05-02-90

Toluene c 5.0000 NA 0.0000 T, 5 14¢5 ug/t 05-02-90

ChtoreC_mz_ ( 5.0000 NA 0.0000 Tc 5 14_5 ug/l 05.02-90

El:hy_l_enz_ c 5.0000 NA 0.0000 Tc S 14¢5 ug/t 05.02-90

Styrer_e _ 5.0000 NS, 0.0000 Tc 5 14, S uglt 05-02-90

Xylene (total) , 5.0000 _A 0.0000 Tc S 14c5 ug/t 05-02-90

T" IN ACID BLANKCOLUNNINDICATESTRIP BLANK

14" IN MATERBLANKCOLUNilINDICATES14ETHODBLANK
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H'OS¢_ MAGENTA,IOUNO5

GENERALCHENIITIY



DOE/WIPP 9I-O(N!
CO*IT_¢T LAIIOUTC_YAJIAI.YIII

H-OS¢, MAW[NTA,IOLMD S

N|TALS AiIALY||S

PAItA/qET|R V VALUE S D VMLU|.OUP A{::IOILAilI(1¢4TEltlLAIIKUI_ITS OATI[

Cmtc4LJm 560.0000 560.0000 . ms/L 05.16.90

Meirml t kJ 180.0000 180.0000 mO/L OS-16-90

Pot mns_IJS 36.0000 36.0000 mS/t 05.16- 90

Sod4us 1000.0000 1000.0000 mS/L 05.16.90

Atus4r_ , 2.0000 ¢ 2.0000 mS/t 05.16-90

A_t J_Y , 0.6000 , 0.6000 mS/t 05.16-90

Arllnt © < O. 1000 )lA 0.0000 ms/t 05.16-90

Isr'4_lm , 2.0000 ¢ 2.0000 ms/t 05-16-90

ler'yt t ius , 0.0500 _ 0.0500 mS/t 05-16-90

Ioran 10.0000 10.0000 mstt 05-16-90

CKIm(_mm, < 0.0500 , O.OSO0 ms/t 05-16-90

Cemtus _ 0.2000 , 0.2000 ms/t _.16.90

Chran4_ , 0.1000 • 0.1000 q/t 05.16-90

Coimkt , 0.5000 ,c 0.5000 mstt 05-16-90

Copper , 0.2.500 , 0.2500 mS/t 05-16-90

lrm_ < 1.0000 , 1.0000 mS/t 05-16-90

LIIW , 0.5000 ' 0.$000 mS/t 05.16"90

LJtt_4us 0. 2000 O. 2000 mS/t OS-16"90

Mmr_iw_mme ¢ O.It;O0 , 0.1500 mSlt 05-16-90

Mercury ( O.0002 < O.000;! mS/k 05-16-90

Mot_ , 0.2000 ' 0.2000 mS/L 05-16-90

NicKer _ 0._,000 ¢ 0./,000 mSl/t 05-16-90

ScLera(us , 0.0050 )lA 0.0000 mS/t 05-16-90

S(tvep , O.1000 , 0.1000 mS/t 05-16-90

St font ius 9,8000 9,8000 mS/t 05-16-99

Thstt4us ¢ 0.2500 MA 0.0000 _tt 05-16-90

Ti_intus c 0.1000 , 0.1000 mSlt 05-16-90

Va_4|cl(us , 0.5000 , 0.5000 mS/t 05.16-90

Z( rc , O.;!000 , 0. ZOO0 mS/t 05-16- 90

,t2



IX)_'PI:' 9t
COIITRA_ LAII_IATmY ANAL'rill

TWINt4LL, OEWY LAU, M_ 4

aENEIIALCHINI_TIIY

PAIIA_NET|II V VALUE S 0 VALUE.OUP ACIO|LANKWATEIqlLANKUNITS OATE

p_ 7,5400 7.5500 05.30.90

Sl_ f4c Cor_i_mr_e 1030,0000 I030,0000 uMhom/cm/125005.30.90

CIIo4LIHmranemm (mQ/LCaC03) 2M,O000 MA 0,0000 mQ/l 05.30.90

Lmrqlel4erImturmt4onIndex 0,2600 NA 0,0000 NA 05.30.90

AIkat!n_ty (NC03) 2I0.0000 220,0000 q/l 05.30-90

|r_ _ 3.0000 0.0000 _I/_ 0S.30-90

Chl or IM 35,0000 0,0000 q/l 05" 30-90

Alkai4njty(003) 0,0000 NA 0.0000 mg/( 05.30-90

CymnJde _ 0.0i00 , 0.0200 mQ/k 05.30-90

FIumride 0.6000 O,0000 q/l 05-30-90

lodickt ,_ 2,0000 ( 2.0000 _tt 05-30.90

N4t rlte 9.2000 0.0000 eql/l 05.30.90

Total Ph_l 4cs _ 0.0050 0.0000 ml1/| 05-30-90

. phollmorIj _ 0,0100 _ 0.0i00 mqlL 05-30-90

Mu4clue, f11termle ii 180 = 410.00OO 0.004)0 e_/l 05.30-90

Mnidue, Nmfiltmrmble _ 105 ct 9,0000 6,0000 mg/l 05.30-90

Si l Jcm 18,0000 18.0000 _ltl 05.30-90

Sulfite 59°0000 NA 0.0000 n_I/l 05-30.90

To,mL Ong_4c Ca_-bon 2.0000 2.0000 mg/l 05-30.90

TotmmlOrgamt¢ H#mLidel , 0.0500 ( O.OSO0 _l/l 05.30.90
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DO--PP 9

¢ONI'ItAGTLAIIORATOllYAI£4LY||I

TWXN_LL, OU_Y LAJO[otOU_

NII'ALSANALYSTS
'i

p

PARAJqTER V VALUE _ 0 VALUEOUP AC%DIILANKWATERIILANKUNITS [:)ATE

Cal¢4US 77.0000 _. 0000 _/( 01;'30"90

Na_ I us 24.0000 24.0000 mi/( 05-30.90

Potm,s4us , S.O000 , 5.0000 _/L 0!;.30.90

So¢14us 23.0000 22.0000 q/( 05.30-90

ALumtrum , 0.2000 , 0.2000 millL 0S-30-90

Ant4mnY , 0.0600 , 0.0600 _/( 05.30.90

Armen4© , 0.0100 NA 0.0000 mll/I. 05.30-90

|lr4us , 0.2000 , 0.2000 q/L 05-30-90

Ier'I/lL4us ( O.OOSO _ O.OOSO q/L 05"30-90

Iorm 0.1500 0.1600 ml/L 05-30.90

CNm_US , 0.0050 , 0.00S0 mll/L 05-30-90

¢,mlus , 0.2000 , 0.2000 mQ/L 05.30-90

Chr.mtus 0.0200 0.0200 _/L 05.30-90

Co_m_t 0.0500 0.0500 q/L 05-30-90

Commr 0.0480 0.0470 q/L 05•30-90

Iron ( 0.1000 x 0.1000 q/L 05-30-90

L,_ _ 0.0_00 , 0.0500 ,_tl 05.30-90

L4th4us < O.I000 , O.I000 nql/L 05-30-90

Nmr_mnest 0.0190 0.0190 rag/L 05"30-90

Mercury 0.0002 , 0.0002 nql/t 05.30-90

Not,_ , 0.0200 , 0.0200 _/l 05.30-90

_14cka( , 0.0400 , 0.0_.00 _It 05-30-90

Sekm4us , 0.0500 NA 0.0000 n_/i. 05-30-90

Si Lwr , 0.0100 , 0.0100 mStL 05-30-90

Stv'on_4umm I.0000 I.00_ ql t 05-30.90

Tha(l_us _ 0.0100 NA 0.0000 _/L 05-30-90

T4tl_tus _ 0.0100 _ 0.0100 n_i/L 05-30-90

V_mcltus , 0.0_00 ¢ O.OSO0 _/t 05-30-90

Z4r_ O.S200 O.5200 _i/_, 05-30-90
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DO--PP 91.008
CO_TILAC:LAIOItATOeV_AL?III

_lPtl'19, CI.ILEIUo IIIOL_O]

GEHEIIIAL,CHEMISTIllY

PARAJ_IETEII V VALUE 5 0 VALUE.DUP ACIDIILAkIKWATEIIIILAMKUNITS DATE

pH 7,21.00 7,2400 06-13.90

Sl>ectf_c Coccluc_mr_e 90800,0000 91100.0000 _NhostcmG2SC06.13.90

kLkaLte4ty (HC03) 5_,0000 NA 0,0000 m_l/L 06.13.90

lroml de 1.9,0000 4¢, 0000 _ll/t O&-13.90

ChLoride 3_00,0000 NA 0,0000 e_l/_ 06-13._

ALkaL4ntty ( CCL3) 0.0000 MA 000000 mli/L 06.13.90

Cyamtde c 0,0100 XA 0,0000 mlltL 06.13.90

; Luor Icm 1,0000 1.0000 eq/L 06.13.90

lodJde < 2,0000 c 2.0000 mgtL 06-13'90

Httrate ¢ 0.0200 ( 0.0200 _lL 06-13.90

Total PhlrtoLtca < 0.0050 ¢ 0.0100 rnll/L 06-13-90

Phoap_or_ ( 0.0100 _IA 0.0000 qtL 06-13-90

inlU, ;tlterlble ii 180 c 77200.0000 71.500,0000 mlitl 06-13-g0

RnIMe Nonf]ltarlbLa a 105 ¢ 19.0000 16.0000 _i/l 06-13-90

5t Ltca 1..3000 NA O.0000 mlltL 06-13-90

sulfate 5000.0000 xA 0.0000 q/L 06-13-_0

Total Orillnt¢ Carbon 7.0000 5.0000 mgtL 06-13-Q0

Total Orglmtc HmLtd_ 0.590(J 0.51.00 mgtL 06-13-90
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DOE/WIPP 91-008
¢ONTRA¢_TOitY AJtALYSIS

*_IPP-19, CI,JLEIIRA,ROUNDS

METALSANALYS%S

PARA/4ETER V VALUE S 0 VALUE.OUP ACZDiLANICWATERBLANRUNXTS OATE

Calci _au 1/,00.0000 1400.0000 m_l/L 06-13- 90

Iqegnesi ulu 1000.0000 1000.0000 rag/t 06 - 13-90

Petn= i _m 600.0000 580.0000 rag/L 06-13- 90

Sod|_, 31000.0000 31000.0000 q/L 06-13-90

AL_auiruulu , 0.2000 , 0.2000 mg/l 06-13-99

An_illmtly < 0.6000 ¢ 0'.6000 mll/l 06-13-90

_.'*_anic _ 0.0200 NA 0.0000 q/l 06-13-90

Imr i _au , 2.0000 , 2.0000 rag/t 06-13- 90

Beryl Lt_m < 0.0500 ( 0.0500 mgll 06-13-90

Boron 26.0000 26.0000 mg/l 06-13 -90

Caclmi_au • 0.0500 , 0.0500 ,q/l 06-13-90

¢:esiuu , 0.2000 • 0.;_000 nq/t 06-13-90

Chrmuiun 0.1000 O.1000 m8/l 06-13-90

CotulJ.t • 0.5000 , 0.5000 mill 06-13-90

CoOquer • 0.2500 , 0.2500 milli 06-13-90

! ran • 1.0000 , I. 0000 mg/l 06-13- 90

Lem:l • 0.5000 , 0.5000 mS/l 06-13-90

Li th i _m O.6000 O.5000 millI 06- I 3-90

N_er_se O.8000 O.8000 _1t t 06-13 - 90

Nercury • O.0002 • O.0002 mg/L 06-13- 90

NoLy'ommLm < 0.2000 , 0.2000 mg/L 06-13-90

Nickel ¢ O.&O00 • 0._.000 mql/I 06-13-90

SeLim(du • 0.5000 NA 0.0000 m,_/L 06-13-90

Silver • 0.1000 • 0.1000 mg/L 06-13-90

Strant iun 22.0000 22.0000 rag/l 06-13- 90

ThaLLidu , 0.1000 NA 0.0000 mg/l 06-13-90

TitllntLau • 0.1000 , 0.1000 mg/t 06-13-90

Vaw_N:li_m • 0.5000 • 0.5000 mg/t 06-13-90

Zi rc • 0.2000 • 0.2000 mqi/L 06-13- 90
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DOE/WIPp 91._B
¢OilTUCT LJUIOi_TOItYANALYSIS

ItAilCNWELL, OE_Y LA_, I_OUtiO5

GEHERALCHENZSTRY

PAIIA/qTEII V VALUE S D VALUE.DUP ACIDIILAN[WATERllLAN[UNITS DATE

mt 7.2000 7'.ZOO0 06- 20-90

SINe i f t c CorOactancl 3650.0000 367'0.0000 _lhos/r.n_25C 06-20- 90

LangeLier Saturmtion [nclex 0.17'00 NA 0.0000 06-20-90

AtkaL|nj ty (NC03) 230.0000 230.0000 m_/t 06-20-90

IIramide • 2.0000 O.0000 roll/t 06- ZO.90

r.ht or i de 340.0000 O.0000 _t t 06- 20- 90

ALkit tnity (C03) O.00_10 NA O.0000 q/t 06-20-90

Cylmtde _ 0.0100 0.0000 nql/l 06-20-90

FLuor4de I. 0000 O.0000 ms/t 06- 2O-90

Iodide ( 2.0000 _ 2.0000 m6/t 06-20-90

llt trite 7_.0000 7'_.0000 mB/t 06- 20-90

Total Phlmot|c| ¢ 0.0050 O.0000 mg/l 06-20-99

Phon_or_ ( 0.0100 , 0.0100 .ql/t 06-20-90

Residue, F|Ltar_Dls ii 180 c 3000.0000 3000.0000 nql/t 06-20-90

Residue, Nonfilterable ii 105 ¢( 4.0000 _ 4.0000 mS/l 06-20-90

st t icn 20.0000 O.0000 ms/L 06- 20.90

Surfate 1_,00.0000 1_,00.0000 ms/L 06- 20- 90

TotmL Organic Cmrt_on 3.0000 2.0000 ms/t 06-20-90

TotlL Orgimic Halides _ O.OSO0 _ O.OSO0 ms/l Ob-ZO-90



DO_PP 91-4)08

CONTIACTLAIOIATQIY AI/ALYSlS,

RANCH_LL, o|_y LA[II, ROLMO5

NETALSANALYSIS

PAmAIIET|II V VALUE S O VALUE OUP ACZDILANKWATENILAN[UNZTS DATE

CaLcium 550.0000 550.0000 _/t 06-20-90

NaOnes i umm 150.0000 150.0000 ._/t 06- 20- q0

Potassium < 5.0000 • 5.0000 q/t 06-Z0-90

$od4um 220.0000 220.0000 q/t 06- 20- 90

At_minumm • 2.0000 • 2.0000 _/t 06-20-90

.4u.ttimef_ O. 1100 O. 1100 mit 06-20-90

Arsw_(¢ < 0.0100 NA 0.0000 mg/t 06-20-90

Barium • 0.2000 • 0.2000 q/t 06-20-90

Beryl t (_ • 0.0050 • 0.0050 q/t Ob-20'90

,. Iorm 0.3300 0.3200 mO/t 06- 20- 90

Csdmum 0.0090 0.0100 q/t 06-20-90

Central • 0.2000 • 0.2000 mg/t 0b-20-90

Chromium ( 0.0100 0.0100 q/t 06-20-90

Cotxitt • 0.0500 ( 0.0500 q/t 06-20-90

Co;xmr • 0.0250 • 0.0250 mo/t 06-20-';K}

I rort • 0.1000 • 0.1000 mO/t 06- 20- 90

Lead 0.0600 0.0600 mill t 06- 20- 90

Li thium • O. 1000 • O.1000 melt 06-20-90

Nanglrtele • 0.0150 • 0.0150 mg/t 06-20-90

Mercury • 0.0002 • 0.0002 mg/t 06-20-90

Not_ 0.0400 0.0_,00 _g/t 06- 20- 90

N(cket • 0.0400 • 0.Q400 aqi/t 06-20-90

Seten_dl • 0.0500 NA 0.0000 mO/t 06-Z0-90

Si tver 0.0200 0.0200 mg/t 06-20-90

Stront lure 5. 1000 5. 1000 t_l/t 06"20= 90

That t ium • 1.0000 NA 0.0000 aq/t 06-20-90

T|tsn/um 0.0100 0.0100 fl_ll/t 06-20-90

Vm'u_di La O.0500 O.0500 .q/t 06- 20-90

Z|rc O.0200 O.0200 rag/t 06- 20- 90
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DOF.C_ P9l-O_ll
CO_TIIACTLAEOItATOIIYAI_LTSIS

BARNWELL, DE_Y LA[E, 10UII0 4

GENEEALCHEM|STIIY

PARANETEII V VALUE S D VALUE.OUP ACIDIILANE1_4TEMIILANKUNITS DATE

p)l ?, 6900 7.6_00 06- 21- 90

Spm:if i c Corckaccanca 1048.0000 1049.0000 _lnos/cmi25C 06-21-90

L&_lQLtlr Satuniltio¢_ Ir_clex 0.2500 NA 0,0000 06-21-90

ALkeLintty CHC03) 280.0000 NA 0.0000 mslt 06.21-90

Ilrcm_de _ 2.0000 • 2,0000 ms/L 06-21-90

Calcium Nardr_sm (Cat03) 150 NA 0.0000 mstl 06-21-90

Chtor _cia _,1.0000 NA 0.0000 q/L 06-21-90

ALkml{nity (C03) 0.0000 NA 0.0000 ms/L 06.21-90

Cyanide ( 0.0100 NA 0.0000 mg/l 06-21-90

Ftuoricia 2.6000 NA O.0000 ms/l 06-2I-90

Xc_l_ale _ 2.0000 _ 2.0000 mQll _-21-90

Nttrmte 8.9000 NA 0.0000 mall 06-ZI-90

Total Phil icl , 0.00§0 NA 0.0000 mll/l, 06-21-q_)

Phoal_OnA _ 0.0100 I_ 0.0000 melt 06-21-90

II_lidue, FtltermbLe a 180 c 6S0.0000 650.0000 q/t _-21-90

Residue, N_filtmraDla i 105 ¢( 4.0000 _ _,.0000 ms/l _-21-90

S| l i¢ll 2S.0000 NA O,0000 mall 06-21-90

Sulfate 180.0000 NA 0.0000 ms/l 06-21-90

Total 0rg_i¢ CartDo_ < 1.0000 < 1.0000 ms/L 06-21-90

Total Orglw_i¢HaLides 0.1800 0.1200 ms/l 06.21.90
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DOE/WIPP 91-008
COIITRACTLABORATORYAJdALY$1B

BARN_LL, DEk/IY LAKE, ROUNO/,

METALSANALYSt$

PARAMETER V VALUE $ D VALUEDUP ACIDIL.ANKWATERIILANKUNITS OAT[

CsL¢ t uu 6_. 0000 _. 0000 ms/L 06- 21-90

MutrN,s4um 33.0000 33.0000 msl t 06- 21.90

Potmsmium • 5.0000 , 5.0000 mslt 06-21.90

Sodl um 120.0000 120.0000 fall/l _ 06- 21.90

Atum(r_m • 2.0000 , 2.0000 q/l 06-21 .qO

Ant i mony • O.0600 • O.0600 mS/l 06- 21.90

Arsenic , 0.0100 HA 0.0000 mS/l 06-21-90

lartLm • 0.2000 • 0.2000 mS/t 06-21-90

ler'yL Limb < 0.0050 < ' 0.0050 mS/l 06-21-90

Boron 0.3600 0.3600 mS/l 06- 21-90

_.l¢lm_mu" • 0.0050 , 0.0050 mS/I 06-21-90

Ce|lt_ • 0.2000 ¢ 0.2000 q/l 06-21-90

Chromlum • 0.0100 < 0.0100 _llt 06-21-90

Cobalt • 0.0500 • 0.0500 mg/l 06-21-90

Cooper • 0.0250 • 0.0250 mSll 06-21-90

[ ton • 0.1000 • 0.1000 mg/t 06-21.90

LeKI • 0.0500 • 0.0500 mg/l 06-21-90

Lt tt_(um 0.0400 0.0400 rag/l 06- 21-90

Mengnr_se • 0.0150 • 0.0150 ,q/l 06-21-90

Mercury ( 0.0002 • 0.0002 _iill 06-21-90

Mol y_ct4_|Jm • 0.0200 • 0.0200 _ii/l 06-21-90

Nickel • 0.0400 • 0.0/.00 msll 06-21-90

SeLenium < 0.0SOO NA 0.0000 mg/l 06-21-90

Si lver • 0.0100 ( 0.0100 _ll/t 06-21-90

Stront i_ 0.9400 0.9/,00 mg/l 06-21-90

Thal l lulu , 0.0100 NA 0.0000 .q/t 06-21 "90

Tt t_niUlll < 0.0100 • 0.0100 nva/t 06-21-90

vinld tLa O.0600 O.0600 rag/l 06- 21-90

Zinc • 0.0200 • 0.0200 mg/i 06-2_-90

4O
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COIdTILACTL-_IlaLATOmTAUL'tI[|

H-02¢, ClII.EIIIA, IOLIIO |

OEHEUL CNEIqlSTIY
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I)OL'W11D?91
C31TUCI' LAIIOILAI'OIITAJlALYIII

H-02c, L'ULEIIk, IOUI¢ |

NETAL$A)lALYS23

PAIIANETEII V VALUE S D VALUE.OUP AClDIILANKWATEmlILA_KU)IlT$ DATE

Cat c IL.m 680. 0000 680.0000 _/t 07.2.';- 90

Na_ t _,, 160.0000 160.0000 _1/t 07.25 -90

Pot msmi_.m 100.0000 100.0000 mg/t 07.25.90

Sodl Lm 2000.0000 2000.0000 q/t 07-7.5-90

Al,_aliu • 2.0000 q 2.0000 _ ,2 '( ,2 mll/l 07-25-90

Im_mrrf ¢ 0.6000 , 0.6000 , .06 • .06 _It 07,Z5.90

Arslmtc < 0.0100 NA 0.0000 < .01 , .01 qlt 07.25.90

lsrftl , 2.0000 < 2.0000 , .2 ,( .2 qlt 07-Z5-90

lerytllt.m < 0.0500 < 0.0S00 _ .005 , .005 _I/t 07-25-90

lloran 11.0000 11.0000 < ,02 , .02 a_I/L 07-25-90

C_Imil.m • 0.0500 , 0.0500 , .00S ,( .005 mglt 07-25-90

C_ • 0.2000 , 0.2000 , .2 , .2 q/t 07-25-90

Chr_i_ 0.1000 0.1000 , .01 , .02 q/t 07-25-90

Cobett • 0.5000 , 0.5000 , .05 , .OS q/t 07-25-90

teemed" , O.ZSO0 , 0.2S00 , .02_ , .025 q/t 07-25-90

I rort 1.0000 1.0000 c . 1 , , 1 q/t OY-2S- 90

LeNI < 0.5000 < 0.$000 ,t .05 < .05 a_l/t 07-25-90

Lithtta 0.2000 0.2000 < .01 < .01 n_/t 07"25-90

_lengw'_ese , 0.1500 , 0,1500 _ .015 , .015 mglt 07-25-90

Nercury • 0.0002 , 0.000Z , .0002 ( .0002 r_illt 07-25-90

Not_ ¢ 0.2000 , 0,2000 ,t .02 , .02 m_/t 07-25-90

)l_cket , 0.4000 , 0._,000 • .O& , .O& mglt 07-25-90

Seterd_l ¢ 0.0500 )lA 0.0000 ( .005 _ .005 _llt 07-25-90

Sitver • 0.1000 , 0.1000 , .01 • .01 a_ltt 07-25-90

S_r_i_.m 8.7000 8.8000 , .01 , .01 mllt 07-25-90

Thatt|_J c 0.0100 NA 0.0000 < .01 , .01 _/t 07-25-90

T_tw_um , 0.1000 , 0.1000 _ .01 ¢ .01 _llt 07-25-90

V=n4dium • 0.5000 c 0.5000 _ .05 , ,05 _i/t 07-25-90

Ztr¢ ,= 0.2000 , O,ZO00 , .02 , .02 mg/t 07-25-90
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D_.._I_ 91.008
COilTRACTLAIOIIATOlI¥AIIALYSl|

H-0363, CULEIRA, IOUMOS

CiI_NE_LCH[I_ISTItV

PAINA)IET|R V VALUE S O VALUE DUP ACIDILAMKWATER|LANKUNITS OATE

I_ 7 1600 7,1600 08.1S. 90

Spec4ftc ComkJc_arce 66000.0000 66000.0000 _hos/_S[: OB-lS.90

ktkmL4n_ty (HC03) 49 0000 NA 0.0000 mg/L 08-15-90

|rom4em 27 0000 27.0000 mg/l 08-15.90

¢:hLor4de 2?'000 0000 27000.0000 mg/L Oa-lS-_O '

ALkaLinity (CO]) 0 0000 NA 0.0000 mg/L 08-15.90

Cylltl]cM) _ 0 0100 0.0000 mg/L 08- 15.90

e[ uor Ide 1 5000 O.0000 rag/L 08.15- 90

Iodide , 2 0000 , 2.0000 mtl/_ 08.15.90

Nitrate < 0.0200 0.0000 mql/t 08.15-90

Totl_ Phm'_oti¢I < 0.0050 < 0.0100 mg/l, 08-15-90

I_OSl_or'_ ( 0,0100 0.0000 mllt 08-15-90

Residue, F(tttrMlit ii 180 c 55000.0000 0.0000 qlt 08-15-90

lmmJckal, Nm_ftttel'mLe ;1 105 c 100.0000 0.0000 mi/I, 08-15-90

St t 1¢8 4.5000 O.0000 ml/I, 08-15- 90

suLfmte _700.0000 O.0000 millL 08-15-90

TotlL Orillrl|¢ Carbon < 1.0000 1.0000 mg/L 08"15-90

Totmt Orllmnlc Nrelides O.1300 O.1_,00 mg/t 08-15-90
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DO--PP 9I.008
COIITItACTLAIIOIIATOIIYANALY|[|

H"031_, CULl[IRA, mOUilO5 '

NI[TALSANALYSZS

PAmAJqTEN V VALUE S 0 VALUE OUP ACIOIILANKWATEINILAN[UNITS OATS

C,t c4_ 1300,0000 1300.0000 mg/l 08.1t. 90

NeSRws4umm 700.0000 710.0000 mS/L 08.1 t. 90

Pot#mmsI_Jm /,50.0000 450.0000 mS/L 08.15.90

Sod4_m 16000.0000 16000.0000 mS/t 08.15.90

Atum4u , 2.0000 , 2.0000 ms/t 08-15.90

Ant t imrty ( O.6000 _ 0.6000 ms/t 08.15.90

Arllm_ c < O. _000 NA O.0000 ms/t 08- 15-90

hrJ_ll , 2.0000 _ 2.0000 mS/L 08-15.90

leryl,t_ ( 0.0500 _ 0.0500 mSl/t 08-15-90

Ioron 22.0000 22,0000 miS/l, ' 08-15.90

Cadmt_ _ 0.0500 , 0.0500 mS/t 08-15.90

C,sJ_ < 0.2000 , 0.2000 _/t 08-15-90

Chr_J _ O._000 0.2000 ml/t Oa-15-90

CoUtt , 0.5000 , 0.5000 q/l, 08-15-90

CoR_er , 0.2500 , 0.2500 .qll l, 08-15-90

Iron , 1.0000 , 1.0000 mS/t 08-15-90

Leod , 0.5000 , 0.5000 roll/l, 08-15.90

Lt 1:ht _ O./,000 O._,000 mS/t 08-15 - 90

N,_illnttl, , O.1500 , O. 1500 mS/t 08- 15-90

Nercur'y , 0.0002 , 0.0002 mS/l, 08.15-90

Notytxl, e_ , 0.2000 , 0.2000 mS/t 08.15-90

Nickel, , 0._.000 , 0.1.000 mg/t 08.15.90

S, I,I/'t t _11 , 0.5000 NA 0.0000 mS/l, 08-15-90

54 l,ver ¢ 0.1000 ¢ 0.1000 mS/l, 08-15-90

St font i _ 23.0000 23.0000 mS/l, 08-15 -90

Thll, l,t_ ¢ 10.0000 NA 0.0000 mS/l, 08-15-90

T( tlm|_ll ( 0.1000 ¢ 0.1000 mS/l, 08-15-90

V_m¢14mm , 0.5000 , 0.5000 mS/t 08-15-90

ZJrc ( 0.2000 , 0.2000 mS/l, 08-15- 90



DOE,/WIPP91-_1
C_T_CT _U_U_T_T _LYIII

H"0361e NAGJNTA,lqOLJlO5

aENEIIALCHENISTMY

PAIIAJdETEII V VALUE S D VALUE.DUP ACIDILANKWATERIILANKUNITS DATE

I_ 6,5000 6,5100 08.28.90

Spec4f4c Cmduc_m_i i0300,0000 10310,0000 _hom/:mli2_C 08.28.90

AtkaL 4nity (HC03) 36.0000 0,0000 nql/L 08.28.90

Ir_40m 6 0000 6,0000 me/L 08, 28-90

C:htor4de 3200 0000 3200,0000 nql/L 08.28.90

ALkaL_nlty (C_) 0 0000 NA 0,0000 mQ/t 08.28.90

Cy_4_ , 0,0100 0.0000 mg/t 08.Z8.90

Fl _mrIde 2.2000 O.0000 _/t 08- 28" 90

Iod_m _ 2.0000 , 2,0000 _/t 08.28-90

Ni trmte , 0,0200 _ 0,0200 _/t 08- Z8-90

Total Pher_ot_ca ( 0.0050 0.0000 mll/L 08.;_8-90

Phospherum O.0300 O.0000 q/t 08-_.8"90

Residue, Im4ltermLa ii 180 ¢ 9300.0000 0,0000 mg/t 08-28.90

Residue, Nonf|Ltmrld)te ii 105 c 18.0000 0.0000 mll/t 08.28-90

Si t 4ca ' 5.5000 0.0000 me/l 08.28-90

SuLfmta 2100,0000 O.0000 mglt 08.20-

ToTal Organl¢ Cmri_ , 1.0000 q 1.0000 n4l/L 08-:_8-90

Total Orgm,'_IcHalides _ O.OSO0 _ 0.0500 mg/t 08-28-90
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CO_TRACTL,AIORATOIITANALYSIS

H-O3b1_)_A08NTA,IIOUtlBI
v

METALS ANALYSll

PAIIA_iI!TER V VALUE S 0 VALUE OUlm AClOILANKWATEIIIILANKUNIT| OATE

CaLc4ulm 1100,0000 1100,0000 me/L 08.28.90

Nmgnem4UMm 270,0000 270,0000 me/L 08' 20' 90

Potmim4_ 30,0000 30,0000 me/L 08.28.90

Sod4Li 1/.00,0000 1/,00.0000 me/k 08.28.90

ALuem4rum 0.3000 0,3000 me/_ 08.28. QO

AntJ_ O,1I00 O,I000 me/L 08-28.90

Arse¢_4¢ ¢ 0,0100 NA 0,0000 me/L 08.28-90

Imr_umm ¢ O,ZO00 , 0.2000 me/L 08.28.90

llery I Lturn , 0.0050 ¢ 0.0050 we/L 08-28.90

Boron 3,3000 3.3000 _/L 08.28- 90

C_IIm4_i , 0,0170 < 0,0180 mg/I. 08.28-90

Cem4umm , 0.2000 , 0.2000 _IIL 08.28-9_

Chram4_m O.1200 0.1200 N/L 08- |8-90

¢:otmLt ¢ 0.0500 , 0.0500 m_/t 08.28.90

CoCk,mr , 0,0250 , 0.0250 q/t 08-28.90

Iron , 0.1000 ¢ 0.1000 qtL 08.28-90

Leld 0_1400 O. 1400 q/l, 08-28-90

L11chi _m O.3000 0 '.3000 mll/L 08- 28- 90

Mingmn,se 0.0310 0.0300 _1/L 08- 28- 90

14.rcurv , O,0004 , O.0004 n_l/L 08- 26- 90

Mot_ 0,0500 O,0500 m_l _ OB.Z6-90

N4ckst 0,0600 0.0600 m,g/t 08- 28-90

SeLen4_.lm ¢ 0.0500 NA 0.0000 m,Q/l 08-28-90

S_Iver O,0300 O.0300 ml/l 08-28-90

SI:ton1: | _l 16.0000 16.0000 n_li/L 08- 28.90

ThaLL4umm , 1.0000 NA 0.0000 mgll 08-28-90

T4tmwn__mm O.0200 0.0200 n_QlL 08- 28- 90

Vm_d4 Li O.0700 0.0700 n_/t 08-2_-90

Z4_ , 0.0200 _ 0.0200 m_/L 08-28-90
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II

PARA/4ET|t V VALUe | 0 VALUE.OUPA_IOILA;iK WATEIILA_II(UWIT| OAT!

6,6800 6,7'100 09.11,90

Sp_tf4= Comk_tanca 21900,0000 22000,0000 _hos/cmii25C 09.11.90

ALkaLinity (HC03) 54.0000 0,0000 ,_I/L 09.11.90 '

Iron4 de I,;,. 0000 _. 0000 q/L 09.11.90

(:ht or 4_ 650,0000 _80.0000 mlt 09.11.90

AlkJt In1_y (C03) 0,0000 NA 0,0000 mOIL 09.1i.90

cy_mlm _ 0,0100 0,0000 mg/t 09.11.90

; L_r Ida 2,1000 O,0000 q/L 09.11.90

lod4de < 2,0000 < 2.0000 _ilL 09.11.90

M4_reta < 0,0200 _ 0,0200 mglt 09.11-90

Total Phet_L4cs < 0.0050 0,0000 mg/t 09-11-90

_oe_oru8 ,t 0,0100 0,0000 ql/t 09-11.90

tesla, F4LtermLe ii 180 c 21000,0000 0.0000 qlL 09-11-90

, Itestdue, Nonf4LtarabLe ii 105 c 1,8.0000 0.0000 qtt 09-11.90

St Ll©a 5.9000 0.0000 eqllt 09-11.90

sur fete _,800,0000 O.0000 _11/t 09-11.90

Total Orgamtc Carbo_ Y.0000 4.0000 mgtL 09-11.90

Total Organ_c HaLidea 0,0800 0,0600 mg/t 09-11.90
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DOF.,M_PP 91.0011
CC_TIIACTLAIIOUTOIIYANALYlll

H'041l_ CULEIRAe IlOUliO5

NETALS ANALYSIS

PAMA_IETER V VALUE S 0 VALUE.OUP AC{DILANI:WATERILANI(UNITS DATE

CmLa __ 630,0000 W.0.0000 rag/L 09.11.

Nqnttl t umm 390,0000 590.0000 mR/L 09-11.90

Potnm 4tjmm 170,0000 170,0000 mg/L 09.1 i. 90

Sod_umm 6000,0000 6000_0000 mglL 09.11.g_

Aluimlrv.m , 2,0000 , 2.0000 mg/l _.11"_

Ant4_ ¢ O.6000 ¢ O.6000 _/l 09.1I.

Armaml(: ¢ 0,1000 NA 0,0000 _ill 09-11"90

hrtLam , 2,0000 ( Z,O000 mfl/l 09.11"90

hryl li_m , 0,0500 < 0.0500 mg/l 09-11.90

lor_ 17,0000 17.0000 mi/l 09-11.

CffilL411 ¢ 0,0500 ¢ 0.0500 q/L 09.11.90

Cnt_ll < 0.2000 ¢ 0.2000 q/[ 09-11-90

_rmt um 0.2000 0.2000 m_/t 09-11.90

Cotmlt , 0,5000 , 0.5000 q/l 09-11.90

Copper < 0.2500 ¢ 0.2500 q/l 09-11"90

Ir_ , I.0000 , I.0000 mS/L 09"1I-90

btN ( P,5000 ¢ 0,5000 q/t 09-11"90

L tth ium O,3000 "0.3000 mg/I 09-11.90

klmr_fllneme < O,1900 ¢ O. 1900 mill I 09-11.90

Mercury < O,0004 ( O.000/, rng/l 09-1I"90

NoI _dXkm,UB ¢ 0.2000 ¢ 0.2000 mg/l 09-11.90

Nickel ¢ O.GO00 ¢ O.G000 mg/L 0_-11-90

Selenium < 0.0500 NA 0.0000 mgtl 09-11-90

Silver ¢ 0,1000 ¢ 0.1000 _/L 09-11-90

Str_t ium 13.0000 13.0000 milll 09-11-90

Thmlli_ ¢ 0,1000 NA 0.0000 mgll 09.11.90

T4tMt_MII ¢ 0.1000 ¢ 0.1000 mill 09-11-90

V_Ni_ml , 0.5000 ¢ 0.5000 mgtl 09-11"90

Z tnc , 0.2000 , 0.2000 mi/l 09-1 I. 90
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F./'_PP 9t.04)8
CONTIMOTLASORATONYAILALYI|I

H'OACt kMMNTA, IIOUW 5

GEMEMAL.CHENISTIIIY

PARkJqETER V VALUE S O VAL,LJE.OUP ACIDBLAIdKWATER8LAMKUNITS DATE

I_ 7 4300 7,4300 10.2.90

SpectfAc Cor_kJC'_mr_e 28800 0000 28800,0000 _hos/c_25¢ 10.2.90

ALkmLJnlty(HC03) 62 0000 0,0000 _/L 10-2.90

8romi_ 6 0000 6,0000 _/L 10"2.90

ChLor4de 9000,0000 8_0,0000 n_/L I0.;_-90

ALkmLinAty ((:03) O OO00 NA 0,000{) mg/L I0.2.9_:)

Cyl_Ide _ 0,0100 NA' O,O00O mqlL 10-2.90

;tuar4de Z,8000 O,0000 _il L IO-2-90

lodim _ ;_,OOOO , 2,0000 ,q/t 10.;_.90

Nltrmte , 0.0200 _ 0,0200 qlt 10-2.90

Totmt Pher'DoL_cm 0.0290 NA 0.0000 mll/l 10.2-90

Phospisorum ¢ 0.0100 NA O.O000 q/l, 10-2-90

Rettdue, FtttermbLe ii 180 c 2G600.0000 NA 0.0000 q/t 10.2-90

RettekJm, No_nf4LtmrmJoLeii 10S c 59.0000 NA 0.0000 molt 10-2-90

s i t I ©am v,.7000 NA O.0000 q/t I O-2'90

SuLfmte 7600,0000 IdA 0.0000 nql/L 10-2"9g

Total Orglni¢ Carl_cm ( 1.0000 ¢ I.'0000 n_g/L 10"2-90

Totll Orglnlc HilldQl ¢ 0,1000 ¢ 0,0500 _/l 10.2-90

0
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DOE/WI_P 91-008

COIITItACTUIJIC_TOIIV A_LY|I|

M-O_¢, MAGEMTA,IlOLlliO5

METALSANALTSZS

PARAMETER V VALUE S D VALUE_OI.lPACIDILANI{WATEIIIILANKUNITS DATE

till c i um 630.0000 630.0000 ms/L 10-2-

Meslrmi um _00.0000 410. 0000 ms/L 10-2- 90

Pot ems_um 70.0000 70. O000 mS/L 10-2- 90

Sodi ,Ji 3600.0000 3600.0000 ms/k 1O-2- 90

AL_jmmir'umm • 2.0000 • Z.O000 ms/t 10-2-90

Ant i mony ( 0.6000 • 0.6000 ms/t 10- 2-90

Arsenic , 0.1000 NA O.0000 melt 10-2-90

llr4kll < 0.2000 ' 0.2000 ms/L 10"2-90

Beryl Li_ • 0.0500 • 0.0500 ms/L 10-2-90

Boron 12. 0000 12.0000 ms/t 1O-2- 90

¢_lm_ • 0.0S00 • 0.0500 ms/t 10-2-90

¢:eli_m • 0.1000 • 0.1000 q/t 10-2-99

Chrami_m • 0.1000 , 0.1000 q/t 10-2-90

CoimLt < 0,5000 • 0.5000 q/L 10-2-90

Coq=er • 0.2500 • 0.2500 q/L 10-Z-90

Iron • 1.0000 • 1.0000 mill 10-2-90

LelK:I • 0.5000 • O.SO00 IvqllL 10-2-00

Li tl_ i _n 0.3900 0.3900 mi/I, 10o2"90

Manganese • 0.1500 • 0.1500 n_$11L 10-2-90

Mercui'y < O.0002 • O.0002 mg/L 10- 2"90

Motylxler_ • 0.2000 < 0.2000 mslt 10-2-90

Nickel • 0./,000 _' O./,O00 mg/L I0-1_-90

SekenJlJI < 0.0500 MA 0,0000 ff_i/L 10-2-90

$l Lver • O.1000 ( O.1000 ms/L 10-2-90

Stfont+_jm 1I. 0000 I 1.0000 ms/L 10-2-90

ThmLLi_ , 0.1000 NA 0.0000 mg/L I0-2-90

T i tll_i_ll • 0.1000 • O.I000 nqllt I0-2-0_)

Wmedi_mm • O.SO00 • O.SO00 hill/t 10-2-90

ZIr_ • 0.2000 • O.2000 mill I I0- 2"90
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DOE;WI]_ 91.0_
CONTRACT_TOIIY AIIALY$! |

H-11b], CULEBILk, 10UI_ S

GEMERALCHENISTIY

PARAMETER V VALUE S 0 VALUE DUP AC|OILAH[ WATERBLANKUNITS OATE

pH 7.0600 7.0600 10-17-90

Specific Corv_ctume 112000.0000 112000.0000 uNhos/c_i25C 10-17-90

ALkat In4ty (11C03) 4/,.0000 0.0000 mglt 10-17-90

|rami cia 51.0000 NA 0.00GO mli/t 10-17-90

Chtoride 56000.0000 56000.0000 _I/L 10-17-90

ALkaLtnity (CO.3) 0.0000 MA 0.0000 qlt 10-17-90

Cylmicte • 0.0100 0.0000 mli/L 10-17.90

Ftuoriclo 1.1000 0.0000 q/( 10-17-00

lodim • 2.0000 ' 2.0000 m0/t 10-17-90

Nitrate ( 0.0200 0.0000 mli/L 10-17.90

Total Phanot tca ( 0.00S0 0.0000 mql/t 10-17-90

I_mkohoruo x 0.0100 0.0000 q/t 10-17-90

Residue, FILtaroi=La ii 180 c 113000.0000 0.0000 q/t 10-17-90

ieeicllA, Ncmf4LteroJDte ii 105 c 6_0.0000 0.0000 ol/L 10-17-90

S( Lice 4.1000 0.0000 mlllt 10-17-90

Sut fate 7/,00.0000 0.0000 mill L 10-17- 90

Total Orglmic Carbon 3.0000 2.0000 mli/( 10-17-90

Tori| Or|attic HILidQli 0.0600 • 0.0500 nqi/t 10-17-90

1
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CONTRACTLAIII_kTOtY ANALYSIS

H-11t:_, CIJLEBU, RCL_O5

METALSANALYSIS

V VALUE S 0 VALUE OUP ACIDILANNWATERILAN[UNIT% OATEPAIIA_IETEI

CaLc i un 1500.0000 150C.0000 _/t IO-17.

Migrws4um 1100.0000 1100.0000 _/t IO-I?-

Po_mmsi_ 680.0000 670.0000 mi/L IO-I7-90

SodiIJ t,O000.0000 /,1000.0000 q/t 10-17-90

Al_il'MI < Z.O000 ¢ 2.0000 ml/t 10-17-90

Ant _M_y < 0.6000 ¢ 0.6000 q/t 10-17-90

Arse_ c < O.1000 NA 0.0000 q/t 10-17-90

Bar Jum , 2.0000 • 2.0000 q/t 1O-17-90

llewt t t_lm , 0.0500 ¢ O.OSO0 mQ/t 10-17-90

Boron 31.0000 31.0000 q/t IO-17-90

Cmdmt_mm O.0600 O.0600 q/t 1O-17-9_

res|urn < 0.1000 ¢ 0.1000 mg/t 10-17-90

r,hrmmtum 0.4000 0.4000 BI/t 10-17-90

CoQ,mt t c 0.5000 ¢ 0.5000 ml/t 10-17-90

Ccq:Xmr < 0.2500 ¢ 0.2500 q/t 10-17-90

I von • 1.0000 ¢ 1.0000 _l/t 10-17-90

LeI<I 0.6000 0.0000 atg/t 10-17-90

L i th4um 0.5000 0.5000 _l/t 10-17-90

M_'_gmr_le O.2200 O.2300 m,illt I O-I 7- 90

Mercury < 0.0002 ( 0.0002 mli/t 10-17-90

Mot ytxler..m 0.3000 0.3000 _II/L 10-17-90

Nickwt < 0.4000 ( 0.4000 _l/t 10-17-90

Selenium , O.OSO0 NA 0.0000 mg/t 10-17-90 '

S| tver O.1000 O.1000 _l/t 10-17-90

St rc_t itm 21.0000 21.0000 w41/t _O-17-90

ThaLtium , 10.0000 NA 0.0000 II_1/t 10-17-90

T i '_mn4_,m O. 1000 O. 1000 a_i/L 10-17-90

vanadium , 0.5000 , 0.5000 _l/t 10-17-90

Zi rc c O.2000 , O.2000 mg/t 1O-17- 90



IX)Wwl]PI_at.O<,m
CONTILACTLJLIOItATQIY AI4ALTSlS

H'0?bl, _L.EIU, lll(IJI) 5

GENERAL CHEMISTRY

P_RAMETEI V VALUE S D VALUE [)UP AC|OILAN[ _TEIIIIIL_IIIC UNITS DATE

I_ 7,1_,00 7.1200 11.09- 90

SiDectftc Conck_:tmnce 3760.0000 3760.0000 uMhom/cel125C 11-09+90

ALkalinity (HC03) 92.0000 NA 0.0000 _/t 11.09.90

irami_ ¢ 2.0000 _ 2.00_ q/L 11-_-_

Chloride 2BO .0000 280.00_ q/t 11-_-_

Atklt |n_, ty (U'_3) 0.0000 NA 0.0(300 mO/t 11-09-90

Cymn|de ( 0.0100 NA 0.0000 mg/t 11-_-_

Ft_r ((Je 1.5000 NA O.0000 m_/t 11-09- 90

I odtdl ( 2.0000 ¢ 2.0000 mO/t 11"09-90

Ni trmte 0.9000 0.9000 MQ/t 11-09-90

Total Ph4mot Jcs _ 0.00S0 NA 0,00_ mo/t 11.09-90

Phosphorl, m ¢ O, 01O0 NA ' O.0000 rag/t 11- 09- 90

Relmi¢kle, Fitterl_ke I 180 ¢ 3500.0000 NA 0.0000 molt 11-(_q-90

Ree4due, Nm_ftttorOte ;i 105 c_ 4.0000 NA 0.0000 molt 11-09-90

i t ( cn 23.0000 NA O. 0000 mo/t 11- 09- 90

SuLfate 2I00.00_ 2I00._ mo/L 11-09-90

Total Org_Ic Carbon 8.0000 8.0000 molt 11-09-90

Total Orgimtc Hmt ides < 0.0S00 0.0600 mo/t 11-09-90
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DOE,eWIPP91

CONTNACTLABORATOmTANALT$|S

H-071:1, CULEBmA,ROtJNO5

NETALSANALYSIS

PARAJ_TEM V VALUE S D VALUEOUP ACIDiLANK _TEtlLAN[ UN|TS DATE

Cllcium 670.0000 660.0000 mg/l 11-09-90

Nagrtestt.lm 1_0.0000 l&O.O000 _i/t 11-09-90

Po_mss4_m ( 50.0000 < SO.O000 qll 11-09-90

$o_ttJ 100.0000 100.0000 qll 11-09-90

Al_llirtt&l , 2.0000 < 2.0000 < .2 x .2 a_/l 11.09-90

Anttm < 0.6000 < 0.6000 < .06 < .06 _ll/l 11-09-90

Ars_c _ 0.0100 NA 0.0000 • .01 ¢ .01 _ll/t 11-09.90

Ber4_l < 2.0000 , 2.0000 • .2 , .2 mill 11-09-90

|eryllt_ll ¢ 0.0500 • 0.0500 • .005 ( .005 mitl 11-09.90

|oron 0.9000 0.9000 0.04 0.03 mill 11-09-90

Caclmttm , 0.0500 • 0.0500 ¢ .OOS • .005 mill 11-09-90

Cni_ * 0.1000 • 0.1000 < .I • .I mill 11-09-90

Chr_i_ 0.2000 0.2000 0.01 0.01 mi/l 11-09-90

COW:Mitt < 0.5000 • O.SO00 ( .05 ( .05 mill 11-09-90

Cocker ( 0.2500 • 0.2500 • .025 , .025 milt 1_-09-90

Ir_ _ 1.0000 1.0000 • .1 _ 1 mill 11-09-90

Leld _ 0.5000 • 0.5000 • .05 ( 05 rqi/l 11-09-90

Lit_(_ll < 0.1000 • 0.1000 • .01 ( 01 mg/l 11-09-90

Na_lla_$e < 0.1500 • 0.1500 • .015 < 015 e_/l 11-09-90

Nercur_ ¢ 0.0020 • 0.0020 • .0002 , 0002 mi/L 11-09-90

Nolytxl_ • 0.2000 • 0.2000 • .02 • 02 m_l/I 11-09-90

Nickel • 0.4000 • 0.4000 • .04 ( 04 mi/l 11-09-90

Seleni_ • 0.0500 NA 0.0000 • .005 • .005 mg/t 11-09-90

Silver • 0.1000 • 0.1000 ¢ .01 ¢ .01 mg/l 11-09-90

Stronti_ 8.5000 8.5000 • .01 , .01 mill 11-09-90

Thlllt_II • 0.1000 0.0000 • .01 ¢ .01 mill 11-09-90

Titm'_i_,m _ 0.1000 • 0.1000 • .01 , .01 mg/l 11-09-90

Varw_l|i,,m • O.SO00 • 0.5000 • .05 ¢ .05 mg/l 11-09-90

Zinc , 0.2000 • 0.2000 • .02 , .02 _ii/l 11-09-90

M
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, ,h ,,_,o_ . o,oooo, o,.o...o.,22,_ ,_,_ MA o.ooo_-v -.o,._ 3,.3mh ..,o_ . o,oooo._ -.o,-. .,_
4

_ 8,.0000 NA O,0000. 06.1 -9_)0 46O
S 210,0000 NA O,0000 _ _J.11.90 505_

, , ,o,o
6 7.3100NA 0.000OS.U. 06.12.90 5516

, Teme_e, Z3,_O00,_ 0.0000c 06.04.90 ,,,z
2 TENPtIUTI.NII Z|,9OO0 NA 0,0000 ¢ 06,06-90 3156
3 TIINPt[IIATUIII 22,8000 NA 0.0000 C 06.07.90 3579
6 TEla_IUTUml 23,0000 NA 0,0000 ¢ 06.10-90 _OZ
S TEMPtlMTUII| 22,5000 NA 0.0000 0 06.11-90 ]050
6 TIUIBe_11Jef 23,1000 NA 0.00000 06-I='-90 gSll

1 _,MAVITY 1.0570 NA 0,0(0)0| 23,4 C 06.0&-90 _t2
& t_o.MAVITY 1,0560 NA 0.0000 a 22.9 C 06.10-90 460Z
6 I_m,MAVITY 1,0546 NA 0.0(0)0ii2.2 C 06.12-90 5516

I _.(:;]MOUCT_ 94800,0000 NA 0,0000 wmhul_C 06.04-90 2512
6 Sp.C_OUCTAN(::8 91800,0000 NA 0.0000 LamM/cmll2gC 06.12-90 5516

1 AL[ALINITY 74,8000 _.SOOO qtL (_-0&-90 _)51|
2 ALICAL|NIT¥ 65.8000 64.8000 q/t 06-06-90 3156
3 ALV.AJ,.|MITY 62+6000 63,3000 mo/t 06-07-90 3579
& ALICALIMITY 57,5000 58.7000 IB/L 06-10-90 4602
5 AL[ALIMITY 57,3000 58.2000 mo/t 06-11-90 5050
6 ALUA.IMITY 59,7000 59.0000 q/t 06.12-90 5516

1 CHLORIDI! 41130,0000 4147_,0000 _l& 06.06-90 _12
2 CHLORIDE 4071_,0000 40577.0g00 mOtt 06-06-90 3156
3 CHLORIDE 40922,0000 41199.0000 qIL 06.07-90 3579
4 CHLORIDE 40438.0000 40438,0000 moll 06-10-90 6602
5 ¢HLORID| 40231,0000 40508,0000 molt 06.11-90 5050
6 CHLOR|DE 40438.0000 _,057"/.0000nql/_ 06.12.90 5516

I DIVALENT rATIONS 191,0000 19;_,_00mo/_ 06-04-90 2512
2 DIVALENTrATION| 188.6000 187,8000 mo/t 06-06-90 3156
3 DIVALENTCATIONS 180o5000 182,1000 mo/_ 06.07-90 3579
6 DIVALENT rATIOIdS 1B4.5000 185.3000 mO/_ 06.10-90 _602
5 DIVALENT rATIONS I_,7000 178.9000 nq/L 06.11.90 5050
6 DIVALENTrATIONS 178,5000 I;'9,3000 _g/_ 06.12-90 5516

I TOTAL IRON 2.1800 2.1900mO/I. 06-OG-c;H) 2512
2 TOTALIRON 2,4900 2.5200 qll_ 06-06-90 3156
3 TOTAL|RON 2°3200 2.3400 mO/L 06.07-90 3579
4 TOTALIROM 1,0600 1. 0900 mO/l. 06-10- 90 4602
5 TOTAL IROII 1,0300 1,0600 mO/t 06-11-90 5050
6 TOTALINOR *0.8200 0.8.100mO/t 06-12-90 5516

I ;ENRC:USIM_ll 2.1_ 2,1300mOlt _-_-_ 251_
2 FERROUSIIIIOR 2.4500 2.4_00 mOll, 06-06-90 3156
3 FERROUS II10_ 2.2000 2.2300 mo/t 06.07-90 3579
4 I_EIIII_UI illOOg 1.02_ 1.00(0)_/t 06-10-90 4602
5 FERROU_ILION 0,9800 0.9900 mg/l. 06-11-90 5050
6 FERROU_llt_l 0.7100 0.7200 mS/l. 06-12-90 5516



DOE_/IPp 91.._,
IA/OL! FIILO MIALYll

,o,,,,,,,,, v vAL_,,o VAL_,.__,,,, ,AT, ,L_
,,_ 0.0000, 0.0000.,, 0,-,,.,0_,0,

, _ _.,_00, 0.0000,.0. 0,.,,._0,_0_
= _._00, 0.0000,.0. 0,-,,.® 1,0,7.,,00, 0.0000,.0. 0,.,,._ 1,,0

i "''"'_" _1.,000MA 0.00000 0,-,,., ,_T,..,,,_,, _1.,000, 0.00000 ,.,,._ ,_0
I _._V,_ _.00_, 0._°2,.,0 ,.,,._ 1,0,
3 _._VITV 1.0_ NA 0.0_ a Zl.S ¢ _.1,._ I_0

_:__ 8soo.oooo,A o,oooo_mhos/cms_cos.14.9o 14vTs c:omUCT_Ca a_40.OOO0NA 0_0000_mo_/_c os.ll.vo _w.o
1 ALr,._L,M,T, ,a.oooo ,7,zooo./t os.14.ve 14v,
2 AL,LIMIT, ,8.0000 SS.,OOO _I 0g'1,-90 1'_'053 AL,L|II|T¥ 59.7'000 58.7_00 05-16-90 1940

I c,Lomto, lo,,.oooo lo38,oooo.i/t os-,,._o ,,v'r
2 c,L_,o, lo3_.oooo lo2,.oooo.lt ..lS,,_o 17q_
3 c,Lo,,,, lo_0.oooo _02,.oooo,/t oS-,,., lw.o
I osv,,MTCATS_l ,z.9ooo ,._ooo.._t ,-1,-_o ,,,7'2o:V,.,T_T,O,,s 4Z._oo ,.Z.Sooo,,V_ _.,._ _

TOT_.,., o.,,oo o.,_o_ ,.,,.. ,_

,,._ ,,- o.,ooo o,o_.,_ o,.,,.,o ,,,o
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DOE/_P 91,.(
SERIAL UIOLE FIELD QMLT$11

N-02©, CUt.EIU
ItouIm Z

PJJUMqETEll V VALUE S O VALUIE_DUPUNIT| DATE FLOM

I Eh 229.0000 NA 0.0000 mt 07-19-90 2939
2 Eh 235.0000 MA 0.0000 IW 07-20-90 3253
3 Eh 213.0000 MA 0.0000 W 07-22-90 387'I
4 Eh 27&.0000 _ 0.0000 IN 07-23-90 3957
5 Eh 245.0000 MA 0.0000 IW 07-24.90 4294

1 I_ 7.7100 MA 0.000O I.U. 07,,19-90 2939
2 I_ 7.71100 NA 0.0000 I.U. 07-20-90 3253
3 I_ 7.7800 Ilia O.OOOOI.U. 07-22.90 3871
4 I_ 7.8800 NA 0.0000 S.U. 07-23-90 3957
5 I_ 7.7200 U O.OOOO$.U. 07"24-90 4294

I TEIgI_IIATUtE 22.0000 MA 0.0000 C 07-19-90 2939
2 T[IIPEIATUII| 21.0000 MA 0.0000 C 07-_0-910 3253
3 TENI_MATUIIE 22.0000 MA 0.0000 C 07-7.2-90 3871
4 TEIm_IATUtE 21 .ergo0 MA 0.0000 C 07-23-90 3957
5 T_RATUIII 22.2000 MA 0.0000 C 07-2#)-90 4294

I Sp.MAVITY 1.0100 MA 0.0000 8 22.6 C 07-19-90 2939
2 Sp.GlUtVlTl' 1.0100 NA 0.0000 ii 20.0 C 07-20-90 3253
5 Sp.MAVITI' 1.0100 MA 0.0000 8 22.3 C 07-24-90 4294

1 SO.COIIOtRT_MICE 12600.0000 NA 0.0000 UlmOe/¢:lll_C 07-19-90 Z939
5 $p._TAJlCE 1_10.0000 MA 0.0000 tamol/calB23C 07-24-90 4_

1 ALKALINITY 60.0000 59,1000 Ill/t 07-19-90 2939
2 ALKALINITY 59.6000 58.5000 aiN't 07-20-90 3253
3 ALICALIIIITY 60.4000 59.5000 ml/t 07-22-90 3871
4 ALKALIM|T¥ 60.7000 60.2000 _B/| 07-7.3-90 3957'
5 ALKALINITY 61.4000 60.44)00 ml/| 07-24-g0 /,294

1 CNLOIIIDE 3061.0000 3013.0000 Ilt/t 07-19-g0 2939
2 CNLOIIIDE 2999.0000 2964.0000 q/t 07-20-90 3253
3 CHLOriDE 29711.0000 3006.0000 ml/t 07-22-90 3871
4 (::HLO|IIOE 2992.0000 2957.0000 ml/t 07-23-90 3957
5 CNLOIIDE 2992.0000 3006.0000 al/I. 07-24-90 4294

I DIVALENT CATIONS 48.5000 /,AI.3000 ml/| 07-19-90 2939
2 DIVALENTC.ATIOIIII 48.8000 48.4000mlVt 07-20-90 3253
3 DIVALENTC.ATIOIIll 48.6000 /,11.6000 llllt 07-22-90 3871
4 DIVALENTCATIONS /,8,0000 48.3000 mll/( 07-23-90 3957
5 DIVALENTCATIOMS /,8.7000 48.6000 ml/t 07-24-90 4294

1 TOTAL IROM 1.4800 1./_00 molt 07-19-90 2939
2 TOTAL lltOll 1.2600 1.3100 Iq/t 07-20-90 3253
3 TOTAL 11(311 1.4900 1,5100 q/t 07-22-90 3871
4 TOTAL IlIOU 2.1_00 2.0800 Iq/t 07-23-90 3957
5 TOTAL lll01i 1.1800 1.2000 lq/t 07-24-90 4294

I FERROUS1111011 1.1300 1.1000 nq/t 07-19-90 2939
2 FERROUSllllOil 1.0200 1.0800 q/t 07-20-90 3253
3 FERROUS|ILION 1.3400 1.3600 I_/t 07-22-90 3871
4 FERROUSIRON 1.7000 I 7300 q/t 07-23-90 3957
5 FERROUS|lltON 1.0800 1.0600 Iq/t 07'-24-90 4294

v
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SERIAL S_Pt.INO FIELO AUL4LTSII
- 0363, OJLEI_

:OUOeS

NOpAJUUII_Ell V VALUE S D VALUEDUIP UNITS DATE FLCIM

I Eh 206.0000 HA 0.0_0 W 08-12-90 3;.03
2 Eh 190.0000 I_A O.0000 W 08-13- 90 4063
3 Eh 212.0000 HA 0.0000 gW 08-14-90 4718
4 Eh 17_.0000 NA 0.0000 nN Oa-lS-90 5/,66

I _ 7.5100 HA 0.0000 S.U. Oa-12-90 3;.032 7./.I00 _A O. 0000 S.U. 08-13-90 _,0_
3 I_ 7._,00 NA 0.0000 S,U. 08-14-90 4718
/* I_ 7./.500 HA 0.0000 S.U. M-15-90 S_14

TENPEUTUIIE 2Z. 1000 NA O.DO00C 08-12-90 3;.03
2 TEIMERATUIIE 22.1000 NA 0.0000 C Oa-1)-9_ /*063
3 TF.mI_TUIE 22.2000 U 0.0000 C Oa-I&-DO 47'18

' /b TEN_RATUIIE 22.2000 NA 0.0000 ¢ Oa*15-90 S/_ldb

1 _._IAVITY 1.0420 HA 0.0000 I 22.6 C 08-12-9Q 3;.03
4 Sp.GJIAVITY 1.0400 *lA 0.0000 ii 22.3 C 08-15-90 5446

I SD.I:::OIIO_TMIC:E 69300.0000 NA 0.0000 UmOU/_C Oa-12-qO 3403
4 _.I:_OUCTANr..E 69300.0000 HA 0.0000 _mos/cuuli2SC 08-1S-90 S_d_

't ALrJU.INITI' 50.7000 50.2000 mill 08-12-90 3403
2 ALr.AI,INII"f 51.0000 50.2000 q/t 08-13-90 4063
3 ALr,.ALIIIITY 50.5000 50.5000 q/t 08-16-90 /.71|
4 AL_Id,INITY 50.7000 50.2000 melt Oa-15-90 5/.4_

I CHLO_IIDE 27799.0000 27694.0(X)0 ql/t Oa-12-gQ 3403
2 ¢HLORIOE 27625.0000 2TT29.0000 all/t Oa-13-_0 &OCL3
3 C:NLORIDE 2"/_33.0000 Z_.O000 qlt 08-I/*-90 /.71|
/* CNLQItiDE 2T729.0000 27660.0000 q/t Oa-15-90 5/_6

I DIVALENTCATIONS 137.6000 137.6000 mill 08-12-90 ' 3;,03
2 DIVALENTr',ATIONS 136.6000 136.8000 q/L 08-13-90 /*063
3 DIVALENTCATIONS 136,2000 137.2000 q/t Oa-1/*-90 /.718
/. DIVALENTCATIONS 137.8000 138.0000 q/t 08-15-90 5466

1 TOTAL IRON 0.2200 0.2100 Wq/t 08-12-90 3;.03
2 TOTAL |ROll 0.2100 0.1900 q/L Oa-13-90 /,063
3 TOTAL|RON 0.2000 0.2100 wqp/t 08-1_-90 /=711_
4 TOTAL|ROM 0.2500 0.2200 mglt 08-I_-90 ._/_:d_

1 FERROUS|ROll 0.1900 0.1900 _/t 08-12-90 3/.03
2 F[RROI,_ IRON 0.1600 0.1300 Iql/t 08-13-90 /,0_
3 FERROUSIRON 0.1900 0.1800 _l/t 08-1/.-90 _,718
I, FERROUS|RON 0.1800 0.1900 _It 08-15-90 5/,66
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_z'lP 91-NI
SERIAL IANPI.I IIIILD ANAl.TIll

_-0_, C_.ll_
moutm5

I0 PQUIIIll V VALUI ! O VALLI DI_ Uii|TI DATE FLOW

1 Eh 9S.O000 NA O.O00OIV 09-09-90 522
2 Eh 113.0000 NA 0,0000 mi/ 09-10-90 76&
3 Eh 112.0000 NA 0.0000 lm/ 09-11-90 1018
_, Eh 11_.0000 Ilia 0.0000 IV 09-12-90 1286

I pi¢ 7.8100 NA 0.0000 S.U. 09-0_-90 522
2 I_ 7.7400 NA 0.0000 S.U. 09-10-90 764
] Ill 7.7?00 NA 0.0000 S.U. 09-11-g_ 1018
4 I_ 7.7600 NA 0.0000 I.U. 09-12-90 1286

I TLqI_ILATUIE 22.2000 IU, 0.0000 C 09-09-90 522
2 TENII_UTUW[ 21.8000 NA 0.0000 C 09-10-90 7_
3 TEI_UTUIll 21.5000 114A 0.0000 C 09-11-90 1018
& TEJlMIATUII 22.1000 NA 0.0000 C 09-12-90 1286

I Sp.CdlAViTY 1.0168 IU, 0.0000 8 22.3 C ¢)9-09-90 522
4 Sp.rJL_VITY 1.0166 NA O.O00O8 21.5 ¢ 09-12-90 1286

1 !m.CONDU_ANC! 2_,00.0000 NA 0.0000 ulmol/l:sm2SC 09-00-90 522
& _D.i_ND4JCTAN(_[ 26do00.0000 NA O.OQO0mll_OetClllO25C09-12-g0 1286

1 ALKALINITY 66.8000 68.7000 ml/t 09-09-90 522
2 ALKALINITY 68.5000 68.5000 mu/t 09-10-90 766

3 ALKALINITY 68.7000 67.8000 _t 09-11-90 1018_ & ALKALINITY 69.5000 68.71)00 t 09-12-90 1286

1 CHLOIIID! 7683.0000 7630.0000 ml/t O9-Oq-qO 522
2 CHLOIIIDI 75&1.0000 74M.0000 ml/L 09-10-90 7ii6
3 CHLOIIIDI! 75&1.0000 759&,0000 II/t 09-11-90 .1011
4 CNLOIIID! 7577.0000 7_77.0000 ll/t 09-12-90 12lM

I DIVALENT ¢ATIONI 70.6000 7'0.9000 al/t 09-09-90 522
Z DIVALENT r.ATIONI 72.0000 71.4000 q/L 09-10-90 764
3 DIVALENTCATIONS 72.0000 71.8000 ml/L 09-11-90 1018
4 DIVALENTCATIONS 71.0000 71,7000 I_t 09-t2-90 1216

1 TOTAL IRON 1.21.00 1.2700 Wt Oq-Oq-90 522
2 TOTALILION 1.07'00 1.0500 Iq/jL 09-10-90 76&
3 TOTALIRON 1.0200 1.0300 _1, 09-11-90 1018
4 TOTALlION 0.9900 1.0300 q/t 09-12-90 1286

1 FE_tlOUSlION 1.2100 1.2000 I_/L 09-09-90 522
2 FERROUSILION 0.9800 1.0100 mg/t 09-10-90 764
3 FERIICUSIRON 0.9400 0.9700 roll/1, 09-11-90 1018
4 FERROUSZION 0.8900, 0.8900 1118/I, 09-12-90 1286



SERIAL SAMPLEFIELD ANALYSIS
H'O_¢, 14AGINTA

NOU_ S

PMIA/WTER V VALUE S D VALUEOUP UNITS DATE FLOE,/

I Eh -86.0000 NA 0.0000 air 09-27-90 161
2 Eh -82.0000 tta 0.0000 tin , 09.28-r_ 2_II
3 Eh -58.0000 NA 0.0000 aV 09-30-90 422
/, Eh -81.0000 NA 0.0000 air I0-01-90 S02
S Eh -61.0000 NA 0.0000 mY 10-02-90 585

I I_ 7.9800 NA 0.0000 8.U. 09-Z7-90 161
8. 0000 NA O.0000 S.U. 09-_-90 _ 244l

3 8.0300 _ 0.0000 |.O. 09-30-90 422
/0 I_i 8.0000 NA 0.0000 S.U. 10-01-90 S02
5 I_ 8.0100 NA O.O000 $.U. 10-02-90 SSS

I TENPIERATUIIIE 23.9000 NA 0.0000 C 09-27-90 161
2 TENI_RATUIt| 21.7000 NA O.O000 C 09-7J_-90 24_l
3 TEIM1EILATIJII| 21,0000 NA 0.0000 C 09-30-90 422
& TENIm_ILATUtE 21.6000 NA 0.0000 C 10-01-90 502
$ TEIMEILATLIklE 20.6000 NA 0.0000 C 10-02-90 585

I _O.GJIAVITT 1.0200 NA 0.0OO0 _&.1 09-27-90 161
5 _.GIUWITIr 1.0202 NA 0.DO(03_0.4 10-02-90 $85

I Sp.CI_NBU¢I'AJK:IE 30g_X),0(O)ONA O._ i.ml_/_C 09"1PT'90 161
5 _._T_C:II 3_._ I_A 0._ wm_/_C I0-_-90 585

1 ALI_U.INITY 79.7000 81.5000 qL/t 09"27"90 161
2 ALI(.ALiNITY 7'9.5000 7_t.5000 RLft 09-28-90 24_8
3 AL.IUI_INII'Y 82.2000 82. 1000 q/t 09-30-90 422
4 ALIU_INITY 80.7000 81,0000 _8/t 10-01-90 502
5 ALr,.ALJNITY 81.2000 80.5000 NI/t 10-02-90 58S

I CHLORIDE 839_.0000 8/,66.0000 qlL 09-27-90 161
2 CICLOIIIDE 8501.0000 8/,30.0000 mg/t 09-28-90 2_II
3 CHLORIDE 8519.0000 8Jd_.O000 _l/t 09-30-90 /022
/0 CHLORIDE 8501,0000 8501.0000 q/t 10-01-90 502
5 {:HLORIDE 8519.0000 8/,66.0000 Ilqi/t 10-02-90 58_

I DIVALENTCATICNS 70.6000 70.1000 _KI/t 09-27-90 161
2 DIVALENTCATION| 69.5000 69.0000 IlUCl/L 09-28-90 2/08
3 DIVALENTCATIC_S 70.3000 70.3000 moq/t 09-30-90 _,22
/0 DIVALENTCATIOl_S 69.8000 70./0000 emajl 1O-01-qO 502
5 DIVALENTCATIONS 70.1000 70.1000 meq/t 10-02-90 585

I TOTAL IRON 0.1/000 0.1500 mglt 09-27-90 I&I
2 TOTALIRON 0.1600 0.1700 ql/t 09-28-90 2/08
3 TOTALIR(_I 0.1900 0.1600 It_/t 0q-30-90 /022
/0TOTAL IRON 0.1600 0.1700 q/t 10-01-90 502
S TOTALtROll 0.1800 0.1500 mll/l 10-02-90 585

1 FEttRCIJSIRON 0.1200 0.1300 _l/t 09-27-90 161
2 FERROUSIROR 0.0900 0.1200 m_/t 09-28-90 2/08
3 FERROUSIRON 0.0500 0.0700 _l/t 09-30-90 /022
/0FERROUSIRON 0.0900 0.0800 q/t 10-01-90 502
5 FERROUSIRQII 0.09OO 0.1000 _/t 1O-O2-qO 585
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DOE,'WI_ Ft.

$|NIAL SJIlU_.l IrIELO AJMi.YSIII _'
N-11b.I, _LEBIIA

n(_Im 5

lEDPlllilTll V VALUE S O VALUI.DLF UN|TS DATE FLOU

I Eh 118.0000 NA 0.0000 W 10-14.90 161
2 Eh 1_.0000 NA 0.0OOOIV 10-15-90 248
3 Eh I02.0000 MA O.0OOOIN 10-16-90 422
4 Eh 119.0000 MA O.0000 IV 10"17-90 502

I I_ 7.3700 MA 0,0000 |,U. 10-14-90 161
2 _ 7.3800 MA 0.0000 I.U. 10-15-90 2441

3 _ 7.3600 MA 0.0000 |.U. 10-16-90 #,22& 7.2MIO0 MA 0.00OQ |.U. 10-17-90 #J02

1 TEMPEUllJlI! 22.O000 MA 0.0000 C 10-14-90 161
2 TEMPIEURIIll 22.0000 _t 0.0000 C 10-15-90 2441
3 TENPIURII! 21.8000 MA O.0000 C 10-16-90 422
4 TENI_IAllJ!I! 21.8090 MA 0.0000 C 10-17-90 502

I Sp.GIAVITY 1.04104 IM 0.0000 826.1 10-14-90 161
4 Sp.GUVITY 1.0804 MA 0.0000 020.4 10-17-90 585

1 Sp.C:_Dt_AI_ ITS&_.0090 MA O.00_ mtioe/aui_C 10-14-90 161
6 $p.¢Ola_AMCI 13341OO.0000 NA 0.00OO Ulm_/¢ll_2iC 10-17-90 515

I ALICAA,INITY 56.3000 55.3000 q/t 10-1&-90 161
2 ALKALINITY 55.5000 5&.5000 mql/L 10-15-90 248
3 ALKALINITT 55.3000 55.3000 Ig/| 10-16-90 4U
4 /U.ICAI.INII_r 54.5000 53.8000 Wt 10-17-90 5_

1 CNLOIIIDI _.000Q 6598&.0000 I_t 10.1&-90 161
2 CNLOIIN 65651.0000 64917.0000 nII/t 10-15-90 ?,48
3 CHLOIIIDE 65806,0000 6527'3.0000 ml/t 10-16-90 422
4 CNLOIIDE 65&51.0000 65451,0000 q/L 10-17-90 502

1 DIVALENTC.ATt01i| 187.2000 186.&000 Iq/t 10-14-90 161
2 DIVALENTCATIONI 186.8000 185.6OO0_L 10-15-90 248
3 DIVALENTCATIONI 186.4000 1_5.2000 mq/L 10-16-90 422
4 DIVALENTCATIOIA8 184.lM)00 185,6000 mq/L 10"17-90 502

1 TOTALIIOU 0.4700 0,4,800 q/L 10-14-90 161
2 TOTALILION 0.4300 0.4500 q/L 10-15-90 248
3 TOTAL IllOld 0.4400 0.4600 qlL 10-16-90 422
4 TOTALINOlt 0.4700 0.4_1_0q/L 10"17-90 502

1 FERROUSXltOi 0.3600 0.3700 q/t 10-14-90 161
2 FEIIIICUSIItOIl 0.3400 0.3600 III/t 10-15-90 248
3 FEIIIROUSIllOll 0.3500 0.3300 q/t 10-16-90 422
4 FERICUSIRON 0.3600 0,3900 IUIL 10-17-90 502
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, DOE/WI_p 91.(

SERIAL SARPLEPIELD kI_LYSll
H-071_I, CULEIIIIA

IlOU_O5

IK3IIAIL4WqKTE, V VALUE SD VALUE_DUP UNITS DATE FL041

I Eh 3,6.0000 NA 0,0000 m/ 11-02-90 2008
2Eh 337.0000 NA O,DO00mt 11-04.90 ,397
3Eh 334.0000 NA O.0000 st/ 11-0S-90 ,_9
/.Eh 311.0000 NA 0.0000 tW 11-06-90 6619
, Eh 353.0000 NA 0,0000 * 11.07-90 T?_O
6Eh 33,.0000 NA O.O000 * 11-08-90 84178

= 7.YJO0 NA 0.0000 S.U. 11-0, _ 20017.3800 Ilia O.0000 S.U. 11-04_ 4397
3 M 7.3500 NA O,O000 S.U. 11"05-90 5_9
4 7.3600 NA O.DO00S,U. 11.06-90 6619
, mi 7,3200 NA 0.0000 I.U. 11-07-90 7"_0
6 _ 7.34O0 MA O.O000 S.U. 11-08-90 Mnl

I TLrNI_I_TUII| 21.9000 NA 0.0000 C 11-02-90 20M
2 TE..TUII| 21.2000 MA O.OOO0C 11-04-90 4397
] TENPI[IIATUII| 21.6000 NA O.O000 C 11-0,-90 5_dl9
' TF.MI_.TUR8 21.40, NA O.O00Q C 11_06-90 6619
, TENPI[IL_TUIII[ 20.6000 NA O.O000 C 11-07-90 T?50
6 TEmllATUIIE 20.8000 NA 0.0000 C 11-M-90 88711

I IO.MAVITY 1.0042 IdA 0,0000 022.0 11-02-90 2008
6 k).MAVIT¥ 1.0026 NA 0.0000 020.8 1t-08-90 8871

I SD.COIIO(JCTAII¢I[ 3520.0000 NA 0.0000 tmhoI/clii_C 11-02-90 2008
6 I_._A_i¢l 3620.0000 NA 0.0000 _m,/c_.SC 11-M-90 ,78

I AL.LINI, 112.2000 113.0000 al/t 11-02-90 2000
2 ALKALINITII' 111.1000 110.9000 ./t 11-04,-90 4397
3 ALKALINITY 113.,000 113.4000 .lt 11-0'J-90 ,489
, ALKALINIT'f 113.7000 112.8000 .lt 11-06-90 6619
5 ALKALINITY 113.3000 113.3000 .lt 11-07-';)0 7"_0
6 ALKALINIT'f 112.5000 113.0000 Nit 11-08-90 ,ni

I CNLOIIDE 277,0000 279.0000 .lt 11-02-90 2008
2 ¢NLOIIIDE 277.0000 Z72.UO00 ./t 11-01.-90 4397
3 CHL=ID, 276.0000 Z;_.O000 ./t 11-05-90 ,,89
4 CNLOIRIDE 276.0000 276.0000 .lt 11-06-90 6619
S CMLOIIDE 277.0000 277.0000 .lt 11-07-90 77_0
6 CHLOIIDE 275.0000 27'7.0000 ./t 11-08-90 8878

I DIVALENTCATIONS /.9.8000 /,7.6000 mecl/t 11-02-90 2008
2 DIVALENTCATI0_S /.8.0000 ,7,90, m_Vt 11-04.90 /.397
3 DIVALENTCATI=S _.6.1000 ,.8000 em_/t 11-05-90 5,6'9
,DIVALENT CATIONS ,7,9O00 /.7.3000 majt 11-06-90 6619
5 DIVALENTCATIOI4S 47.8000 1,7.9000 llm_/t 11-07-90 T7_0
6DIVALENT CATIONS ,7.8000 ,7.,000 n_Vt 11-08-90 88711

I TOTAL IIIOU 0.2500 0.2B00 _/t 11-02-90 2008
2 TOTAL ILION 0.5900 0.6000 ./t 11-04-90 ,397
3 TOTAL lION 0.1800 0.1800 ,/t 11-05-90 5_.89
,TOTAL |ROll 0.2000 0.1900 ,/t 11-06-90 6619
, TOTAL IlOU 0.1800 0.1800.1t 11-07-90 T_O
6TOTAL IllOll 0.1900 O.ZZO0_/t 11-08-90 8878

I ,E,R(]A ,l_li O._ZO0 0.2200 _/t 11-02-90 2008
2,ERm ,11_I 0.,500 0.5600 ,/t 11-04.-90 ,397'
3 FEIIU i_ll O. 1SO0 O.1,00 .lt 11-0S-9(} 5_89
4 FEIIItOUSi,Oi 0.1200 0,1300 ./t 11-06-90 6619
, FEnm I1_11 0.1'00 0.1,00 ,tr 11-07-90 7750
6 FEIIm ItOli O. 1700 0.1700 .lt 11-08-90 8878
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FII[LO AIALYIII
FOR

' PRIVATEWILLS S.I_IeLW IN 1990

FIELD ANALY|I$
C:ULEI_

ENGLE_C_ 3

MONdUt_ETEE V VALUE $ O VALUEOUP UNITI DATE FLOU
1 I:_ ?.4600 _ 0";0000 S.U. 01-]1-90 N/A
1 SD.MAVITY 1.0033 NA O.O00Oii 20.2 ¢ 01"31-90 N/A
I _.C:_OUCTAII_ 2990.0000 NA O.O00Odmoe/c:n_SC 01-31-90 N/A
1 ALr.ALINITY 79.6000 71,4000q/t 01-31-90 N/A
1 CHLORIDE 230.0000 233.0000 q/ 01-31-90 N/A
i DIVALENT_.J_TI_| 42.6000 42,8000 am:l/t 01"31-90 N/A

FIELD ANALY|I|
ILAJtNWELL, O_Y

m_ 4

MOF_.AMIETEII V VALUE S O VALUE_ UN|TS DATE FLOM
1 ml 7.5800 NA OTO000S,U. 06-Z1-_ N/A
I _.GILAVITY 1.0DOa _ O.O000 0 L_.2 C 06-21-99 N/A
I _.CON_CT,4UlCl I070.0000 NA O.O000 umoe/c:m_SC 06-21-90 N/A
I ALKALINITI' 282.6000 285.5000 06-21-90 NtA
1 CHLORIDE 55.0000 57.0000 mml/t

06-Zl-90 N/A1 DIVALENT CATICmlI 5.OOOO 5.0000 I 06-21-90 N/A

FIELD ANALYSIS
RANCH_RLL, OEQRYLARE

eOUMO5

NO PAIIARETER V VALUE S D VALUEDUP UNITS DATE FLOW
I mC ?.2400 NA O';OO_S.U. 06-20-_ N/A
I _Qp.GJIAQ|TY I.0014 NA O.OOOOii_,7 C 06-20-90 N/A
I Sp.CONg_JCTANCE 3020.0000 NA O.OOO0uamos/aali2.qC 06-20-90 NtA
I ALKALINITY 246.8000 248.5000 mill 06-;_0-90 NIA
I CHLORIDE 354.0000 361.0000 ,q/t 06-20-90 NtA
1 DIVALENTCATIONS 38.5000 38.50Q0 _t 06.20-90 NIA

FIELD ANALYI!I
TWINI,tLL, OE_Y LA[E

RCUIIO4

MOPARA/qTER V VALUE S O VALUEDUP UNIT| DATE FLDU
I mC 7.7000 NA DTO000S.U. _-01-_ N/A
1 Sp.GRAVITY 1.002| NA 0.0000 8 23.2 C 06-01-90 N/A
I Sp.COMOUCTANCE 614.0000 MA 0.04)00 ulmol/callt2_C 06-01-90 N/A
1 ALICALINIT¥ 220.0000 217.8000 mill 06-01-90 N/A
1 CNLORID41 57.0000 55,0000 q/t 06-01-90 N/A
1 DIVALENT r.ATIGIII 5.4000 5.5000 ImmCl/t 06-01-90 NIA
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APPENDIX VIII _

LAST DAY SERIAL SAMPLING GRAPHS
FOR

PREVIOUS SAMPLING ROUNDS
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DOg,IPP 91

GROUNDWATER-t,EVELS

CAt'ENDAR YEAR 1990

AEC'07, C:Ut'EBRA

WEt,L.klO ZOIIE TOC.AMSt, DATE TIME TP_FT.TCX" AI)J.FT WL.FT WL.METERS WL NSL.FT WL_MSL.
AEC-7 CUL 3657.:;5 01-90 09:54 623.96 0.98 622.98 189,88 3034,27 92_, .S5

AEC:-7 C1JL 3657.25 02-90 09:36 624.03 0.98 _23.05 189.91 303_.20 92_,.8_.

AEC-7 CUt. 3657.25 03-90 08:21 624.18 0.98 623.20 189.95 3034.05 924.7. _

AEC-7 C_t, 3657.25 04-90 08:00 67.3.80 0.98 622.82 189.84 3034.43 924.89

AEC:-? CUL 3657.25 05-90 08:25 623.73 0.98 622.75 189.81 303_,.50 92/, .92
AEC-? C_Jt, 3657.25 06-90 07:49 623.82 0.98 622.86 189.84 3034.41 92_,.89

AEC:-7 CUt. 3657.25 07-90 08:20 623.86 0.98 622.88 189.85 3034.37' 92_,._

AEC:-7 CUt, 3657.25 08-90 07:37 623.86 0.98 622.M 189.85 3034.37 924.88

AEC:-7 CIJL 3657.25 09-90 08:35 623.75 0.98 622.77 189_82 3034.48 92_.91

AEC:-? CUt. 3657.25 10-90 08:45 623.7'9 0.98 622.81 189.83 3034._ 9Z_,.9¢
AEC-7 (_JL 3657.25 11-90 09:02 623.84 0.98 622.86 189.85 3034.39 924 ._

AEC:-7 CUt. 3657.25 12-90 08:20 623.83 0.98 622.85 189.84 303_.40 92_,.89

AEC-07, CULEBRA
1910 WATE_LEVELS,UdSL

3.04-

am

3.037-

3.O34

3.O33

3.032-

3.031 -

_o_ ,L I ...... I ' l ..... I 1 " ' I T '"' 1 I "' l

01-00 02-00 03-90 04-90 OS-..90 0@-00 07-110 Oe--IlO 0ti-.00 10-00 11-10 12-90

_TE

1



DO--PP 91

AEC-OB, BELL CANYON
2.|1 .........

2.161 -

2.IM -

2.I57 -

3,-, 2.1_4 -

-__ 2.. :, -- = .- - __ = - = : .... -_ , .
2.I53 -

2.1S2 -

2.151 -

2.15 - I ..... T ...... I _ _ _ l ! "I _ - -

Ol--IO 02--10 ILl--II I_l--IO OI--lO Ot--IO 07-10 OFtO Ill-lO 10--10 11-10 12-10

b*,11[



DOE/WIPp 91..008

GRCXJNDWATER'LEVELS
CALENDARYEAR1990

CABINBABY, CLILEBRA

WELLMO ZOklE TOCJUqSL DATE TIME TP IrT TOC ADJFT WL.FT WLMETERS WLMSL FT i,/L MSL
CA8lkl BABY C1JI. 3328.38 01"90 13:23 339.?'6 0.00 339.76 103.56 2988.62 910.93
CABIN IAIY I::IJL 3328.38 02-90 09:11 339.59 0.00 339.59 103,51 2988.7'9 910,9e
CABINBABY CIJL 3328.38 03-90 14:06 339.61 0.00 339.61 103,51 29M. ?'7 910.98
CABINBABY CUL 3328.38 0_-90 11:38 337.86 0.00 337.86 102.98 2990.52 911.51
CAIXN BABY I::UL 3328.38 05-90 09:50 338.98 0.00 338,98 103,32 2989,40 911,1;
r._BI N BABY C_JL 3328.38 06-90 16:06 339.90 0.00 339.90 103.60 2958, _,8 910,89
CAillN BABY CUL 3328.38 07-90 08:55 341.10 0,00 341.10 103,97 2987.28 910.52
CABINBABY CUL 3328.38 08-90 10:55 3_2._ 0,00 342. _4 104.38 2985.94 910,I_
CABINBABY CUt. 3328.38 09-90 15:16 343.68 O.O0 343.68 I O,i,.73 298_ .70 909,7_,
r.JdlXN BABY CUL 3328.38 10-90 07:06 345.09 0.00 345.09 105.18 2983.29 909,31
CABINBABY CUL 3328.38 11-90 16:25 345.7'9 0.00 345.7'9 105.40 2982.S9 909,09
C,AIIIIII BABY CUL 3328.38 12-90 06:50 346.53 0.00 3_.53 105.62 2981.85 908._5T

CABIN.BABY (CB1), CULEBRA
11tl0 WATIDI_ kJlllSl..

2.1196

2.113

2.112

2,9511

1_ 2,111- . _ ,

3_, 2._8J- .

2.t1'7

2.188 -

2.ll4 -

2.183 -

2.1182 -

2,tl1 -

2.11 - '.... T , 'i _ ..........1 ' , _ " i ' 1 ..... 1

01-10 02-10 03-t0 04--10 OS-.mO 0_.-I0 07-1t0 OI-lO 01-10 10-.10 11-|0 12-g0

OATI[



DOE/WIPP t1.0_

GROUNDWATER"LEV1;LS
CALENDARYEAR1990

0_'01, _LI[IIRA

WELI..NO ZONE TOC,AMSL OATE TIME TP.FT.TO¢ ADJ.FT WLIrT WL_METERS ;n..NSL IrT WL.M_
DOE'1 CUL .'_S. Z2 01-90 07:24 490.9] 0.00 490.93 1_,9,6& 1774,29 906,
DOE'1 (_JL)_6S.Z2 02"90 10:50 490.59 _ 1 0' O0 490'59 149'53 1974'63 ' 906'

'l

DOE-1 CUL 3_1_. g2 03-90 12:38 490.68 0.00 490.6,11 149,56 2974.54 906,
DOE-1 CIJL, _S.Z2 04-90 17:/,5 490,12 0.00 490.12 149.39 2975.10 906,
DOE-1 ML _,6S, Z2 0'5-90 12:4§ 490.1S 0.00 490,15 149,40 297_.07 906,_
DOE-I C_. 346S.22 06°90 17:20 489.78 0.00 489,78 149.28 2975._ 906,
DOE-1 OJI. 3465.22 07-90 15103 489.70 0,00 489.70 149.:D6 1975,52 906.
DOE-1 C:UL 3_L_. 22 08-9<) 14:00 489.65 0.00 489.65 149.25 2975,,c7 906,
DOE-1 CUL _5.Z2 09-90 14:55 489.7t 0.00 489.71 149.26 297_._1 906.
DOE-1 CUL 3465.22 10-90 13:41 490,1S 0.00 490. lS 149,40 2975.07 906.
DC_-I C:UL 3465.22 11-90 13:/,0 489.90 0.00 489.50 149.20 2q'_. ,?2 907,
DOE-1 CUL 3465.22 11-90 12:35 489.23 0.00 489.23 149,12 297'5.99 907.

DOE-O I,CULEBRA
111110WATI_ _ AIU_L

2.1tl ...............

2.11711-

2..1711-

I 2.177[

i 2.171 mi ma

_.|73

2.|72 -

2,171 -

2.1_' ".... 1 1 1 .... ] 1 '"1_ ! " i" 'I '1

OI-tO 02-I0 03-.I0 04-10 OIF.-IQ 06.--I)0 07-110 OI-tO H lO-tO 11-_0 12-I0

_TE



DOE/WIPP 91-008

GROUNDWATER'LEVELS
CALENDARYEAR1990

DOE'02, CULEliRA

I/ELL NO ZOi_E T(X:.JU4SL DATE TINE TP FT.TOC ADJ..FT WLFT WLNETER$ WLMSL.FI' i,/L MSLJ.
DO('2 CUL 3419,09 01"90 101_ 365,43 0,00 365,43 111,38 3053,b6 930,76
DOE'2 CUL 3419,09 02"90 14l_ 365,28 0,00 365,28 111,34 3053,81 930,80 I
OO('2 CUL 3419.09 03"90 08:SS 365.53 0,00 365,53 111,41 3053.56 930,73
DOE'2 ClJ._, 3419.09 0_'90 12_21 36S. 14 0,00 365,14 111,29 3053.95 930, _.
DOe'2 ClJL 3_19.09 05"_) 11ISO 365.24 O,OO 365.24 111.33 3053,85 930,81
DOE'2 CUL 3419,09 C_'90 091Z3 365,15 O,O0 365,15 111,30 3053,94 930,_,
DOE'2 CUL 3_19.C_ 0?'90 10100 365.10 O,O0 365,10 111.28 3053,_ 930,_
DOE-2 ClJL 3_19.09 08-90 12_08 365.02 0.00 365.02 111.26 3054.07 930._
DOE.2 CUL 3419,09 09-90 16=37 364.62 0,00 364.62 111,14 305_.47 931,00
DOE-2 CUL 3419.09 10-90 15158 36.(,.55 O.O0 364.55 111.11 3054.5t, 931.02
DOE-2 CUL 3419.09 11-90 14:55 364.50 0,00 3_,50 111,10 3054,59 931,04
DC_-2 CUL 3_19.09 12-90 15_05 3_.32 O.O0 364.32 111.04 3054.77 931.09

DOE-02, CULEBRA
I II0 WAI'I_ _ AUSL

&Oi -

&0Sl -

&OM-

&057 -

3.052 -

3.081 -

_1.0_ " - - _ '" _..... ; ' " I -r _ '" ] 't -- i ' _ .....

01-II0 02-II0 03-_0 04"-10 05-90 06-10 07-|0 OI-lO Off-lO 10-10 11-10 12-90

5

I I-- ii.iiiiii i ........



DOE/_PP 9I-O08

GROUND1,lATER-LEVIELS
CALENDARYEAR1990

D'2M_ C_JLEIIRA

NELL ilo ZONE TOCANIL DATE TIICE TP.FT TO(: AOJ FT WL.FT WL_METERS WLHSL FT WL
D-2M _L 3280.713 01.90 09:16 278.85 0,73 278,10 84,7'6 3002,60 9
0.264 C_L 3280,70 02.90 09:41 278,70 0.73 27"t._ 84.72 3002.?_ 9
0-268 CtJL 3280.70 03.90 11:10 278.94 0,73 278.19 84,T9 3002,Sl 91
0.268 I:UI. 3260.70 04.90 13149 278,03 0,73 277.28 84,51 3003,42 91_
0-268 _I. 321t0.70 OS-90 10:50 276,79 0,7_ 276.04 84,14 3004,66 91c
0.26841 {:tA 3280.70 06-90 13104 276.93 0,73 276,18 84,18 3004.52 9'
0.26841 C3.1L 3280.70 07-90 07_40 2?6,42 0,73 273.67 84,02 3005.03 91
0-268 ¢lJL 3280.70 08-90 07_ZS 273,84 0.73 2_,09 83.85 300S,61 916.1
D-2M (;UL 3280.70 09-90 13150 277,57 0,73 276.82 Ft4.37 3(_03,M 915,5
0-268 CtJl. 3280.79 10-90 07z38 277,70 0.73 276.9_ 84,41 30_3.T_ 915,5
0-268 _L 3280.70 11-90 12:3S 277,SS 0.73 276.80 8_,37 3003.90 9_ ,S
D-7,68 CUL 3280.70 12-90 14:20 277.41 0.75 276.66 84,33 3004.04 915,e

D-268, CULEBRA
'lifo WAI"E__

,1.01 -_ ' ' ' : ]

&O01 ,,

&001-

3.001 -
,'

3- l 1 i .....

01-tO 02-ilo 03,-I30 04-90 0S-90 0tl--00 07-t0 Oil-lO Or-tO 10-10 11-90 12-90

_TE

6



DO_WIPP 91-008

GROUNDWATER"LEVELS
C:AL,EklOARYEAR1990

ERDA"09, CULEIIRA

I,RLL NO ZOIIIE TOC.k.MSL DATE TIME TP FT.TOC ADJ FT WL..FT WLMETERS WLMSLFT WL_MSLI'l
ERDA'9 CUL 3410,10 01"90 13151 467,11 0,92 466.19 14;] 09 2943.91 897,30
ERDA*9 CIJL 13410,i0 02-90 11138 466.47 0,92 465.55 141 90 29_,55 89?°50
ERDA'9 C:UL 3410,10 03"90 15100 465.83 o,gE 464,91 141 70 2_',5.19 89?,69
ERDA'9 I_JL 3410,10 04"90 16120 465,60 0,92 464.48 141 S? 2945,6_. 897,8E
ERDA'9 C::UL 3410.10 05"90 14135 46_,77 0,92 463.85 141 38 2.946,25 898,02
ERDA'9 CUL 3410.10 06"90 06151 664,47 0.92 663.55 141 29 2.946.55 898,11
ERDA'9 C:UL 3410,10 07"90 07123 664,62. 0.92 463,70 141,34 2946,40 898.06
ERDA*9 CLIL 3410.10 08"90 13108 666.19 0,92 463.2.7 141.:_0 2.946.83 898.19
ERDA'9 CUL 3410.10 09"90 13134 664,02 0.92. 663.10 141.15 2947.00 898,Z5
ERDA*9 CUL 3410.10 10"90 13108 663.61 0.92. 662.69 141,03 2,947,41 898,37
ERDA'9 C:UL 3410.10 11"90 10141 463.61 0.92 662.69 141.03 2967.61 898.37
ERDA'9 CUL 3410.10 12"90 i012.0 663,65 0.92 462.53 140,98 2.947,57 898,_2

ERDA-09, CULEBRA
1990WA'TI__ AMSL.

2.95

2.949-

2.944-

! 2.947-

, i ___ ,

2.942 -

2.941 -

2.94 , .... I _ _ ' 1 _ 1 ........ i 1 "T--------

01-110 02-110 03-110 04--110 05-10 06-10 07-10 06--10 09-10 10.-90 11-90 12-90

DATE

,/



. DOE/WIPP 91-008

H-O I, MAGENTA
II10 WA'rlm _ AMSJ.

3.1211

&124 -

3.123 -

*'"_---....,_,__-__.___.._ , _ _
ii &121

&li

g _,,,&Ill

&117 -

3.111 -
3

3.1111" , ' ', 'T......I'' _ " _ , _ 'I ' ", - -!
01--110 O:t--llO 03.-110 04--10 06--t0 OJ"llO 07--SO 06--10 01F--lO lO-'JO 11-1)0 12-Sll

D,4T[
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DOF_5_VlPP 91-008

GROUNDWATER"LEVELS
CALENDARYEAR1990

H'Ole CULEBRA

WELL.IlO ZONE TOCANliIL DATE T IME TP.FT TOC AI)JFT WLFT WL.HETERS WL..MSL.FT WLMSL
H'01 (PIP) C1JL 331_,_3 01"90 14118 429.17 0.98 428,19 130,_1 2971 34 905,_
H'01 (PLP) L'UL 3399.53 02.90 11151 425.33 0,98 424,35 1_9.34 29?3 18 906,L _
H'01 (PIP) CUL 3399.53 03"90 14138 428.28 0,98 427,30 130.24 29_ 2.1 905,9_,
H'01 (PlP) CUL 3399.53 04-90 16129 427.30 0,98 /,26,32 129,94 29;'3 21 906,_._
H'01 (PLP) (:UL 3399,53 05"90 1_,141 426,9?' 0,98 _,25,99 129,84 29T3 54 906,._3
H'Ol (PIP) CUL 3399,53 06-90 06136 426,64 0,98 425,66 1:_9,74 :_9T387 906,44
H'01 (PlP) C3JL 3399,53 07"90 07130 426.64 0,98 425,66 I_,74 29T3 87 906,_4
H'01 (PIP) CUL 3399.53 0_-90 13112 427,00 0,98 426.02 129,85 29_ 51 906.._3
H'01 (PlP) CUL 3399,53 09.90 13141 426.67 0,98 425.69 129,7_ 2973 8_ 906,_3
H'01 (PIP) CUL 3399.53 10.90 13119 426.03 0.98 425,05 129,56 2974,48 906,62
H'01 (PlP) CUL 3399,53 11-90 10:?.3 425,93 0,98 424,9_ 129,52 29';'4,58 906,65
H'01 (PIP) _JL 3399,53 12'90 10130 425.63 0,98 424,65 129,43 2974,M 906,74

H-O I,CULEBRA
III0 WITIDI_ NdlL

2.11 -

2.171 -

:LI78 -

i_ 2.977 -

__. 2.171 -

i 2..1742..173

2.|72

2.971 ! ' T_2.17 ...... _....
01-i0 02-10 03-.00 04.-00 OS-.IO 041--110 07-10 Oi-lO 01i--_ 10.1)0 11-00 12-g0

DATE



, ' DO.WIPP 91.008

OR_ND WATER.LEVELS

C_kLENDARYEAR I_0

H'O2B, C_JLEBRA

_._.LL.NO Z_E TOC.kq|L DATE T;NE TP FT TOC AI)J.FT QIL..FT QL I_ETERS UL I_IL.FT QuMSL
H'O2a C_JL 33_._ 03-90 13=50 379,28 0,00 3_.28 115,60 2_S,81 914,

H"02I C_JL ._378,09 06.90 12136 3?6.38 0,00 376,_ 1!4.72 3301,71 91;,

N-021 _L 3371.09 09-90 15|53 3_,02 0.00 3_,02 115,22 3000,0? 91_,

ft'021 CUL 33"_. 09 12-90 12Z55 3_.59 0.00 3'_ ._9 11G,48 3002,S0 91S,

&O03



DOE/T_PP 91..008

OROUI_I:)WATER.LEVSLS

CAL.ENDAMYEAR 1990

H.O261,MAGENTA

_RLL.NO ZOldE TOC A.NSL DATE T%NE TP.FT.TOC ADJ.FT WU.FT Q/LMETERS WL.NSLFT QL.NSL_,
H.O261 NAG 337_,46 01.90 14138 2?_,33 0.00 27_,33 83,92 3103 13 9_,583

H'02bl NA0 337B,46 02-90 12:16 =.69,7'2 0,00 269,72 82,21 310B 76 9,_75_
fl.O2bl lCAO 3378,46 03.90 14100 265,53 0,00 265,53 80,93 3112 93 9_8 B2
H'0261 NAl) 3378,46 04._0 17_00 262,28 0,00 262,28 _,94 3116 1B 9_,981
H'0261 NAO 3378,46 05-90 13205 259,:_B 0,00 259,28 7'9,03 3119 1B 950 73
l_.0261 NAO 3378,46 06-90 121Z3 257,72 0,00 257,72 78,55 3120 74 951 20
H-O261 NAa 3378.46 07-90 07115 256.69 _0.00 256.69 ?8.24 3121 77 951 52i

H-O261 NAO 3378.46 08-90 13148 255,66 0.00 25._.b6 77.93 3122.80 951 83
H-O261 NAG 3378,46 09-90 14106 254,_ 0.00 254,78 77,66 3123,M 952 10
H'0261 lCAO 3378.46 10.90 15_09 254,08 0,00 254,08 77,_4 312G,3B 952,31
H-O261 NAG 3378,46 11-90 11540 253,78 0,00 253,78 77.35 3124,_ 952,Z,0
H'O261 NAG 3378.46 12-90 13105 253,51 0,00 253.51 77,2T 3124,95 95P.,48

11



DOE/WIPP 91.0¢_

GII_JNDWATER-LEVELS
CJkLEI_AIIYEAR 1990

H-0262, CULE_iRA

hELLNO ZONE TOC__J_SL DATE TIME TP,FT TOC ADJ FT. WL FT WLMETERS WLMSLFT VL MS
H-CJ2b2 C:3,JL 3378.31 01-90 14:41 3_,98 0.00 375.98 114,60 300Z.33 915.
H-0262 _JL 3378,31 02-90 12:24 374,10 0,00 '374,10 114,03 3004,21 915.
H-O262 C:UL 3378.31 03-90 14:I0 37'3.82 0.00 3?3.82 113.94 3004.49 915.
H-O262 I::UL 337'8.31 04-90 16:S0 3?2.98 0.00 37"2.98 113.68 3005.33 916.
l¢-02t)2 I:lJ_. 3378.31 05-90 13"20 372.84 0.00 372.84 113.64 3005._.7 916._
H-O262 t:UL 3378.31 06-qO 12:30 377..44 0.00 372.44 113.52 3005.87 9'6.
H-0262 CUL 3378.31 , 07-90 07:05 394.00 0.00 394.00 120.09 298,;.31 qO9.'_
H-02lu2 I:UL 3378.31 08-90 13:33 3"7'4.9? 0.00 374.97' 11_.29 3003.3_0 915._
H-02:b2 t:UL 3378.31 09-90 16:0Z 37"2.83 0.00 37'2.B3 113.64 3005./,8 916. _.
H-02i_ {:UL 3378.31 10-90 15:14 372.02 0.00 37'2.02 11:_.37 3006.29 916."
H-02t_ DJL 3378.31 11-90 11:35 371.80 0,00 371,80 113.32 3006,51 916.._'
M-O262 C].IL 3378.31 12-913 13:10 371.42 0.00 371.42 113.ZI 3006.89 916.'.



. DOE/WIPP 914)08

GROUNDWATER-LEVELS
CALENDARYEARI_0

H"02C, CULEBRA

WI_LLNO ZONE TOC_AMSL DATE TIME TP_FT.TOC ADJ_FT WL.FT WLMETERS WL.MSL_FT kl _SL..
fl-OZc CUL 3378.41 03-90 14:19 377.97 0.00 377.97 115.E1 3000.{,4 914.5."
H-02c CUL 3378.4,1 06-90 12:16 376,58 0.00 376..58 114.78 3001.83 914.96
H-OEc C:UL 3378.41 09-90 16:14 376.14 0.00 376.14 114.65 3002.27 915.0c;
H-02c CUL 3378.41 12-90 13:15 37'4.53 0.00 37'4.53 114.16 3003.88 915.5_

Zttt -

2,.!_7 1 1

03--I0 _--tO Og-..tO 12-gO

I_T1E



DOE/WIPP 91-04)8

GROUNDWATER-LEVELS
CALENDARYEAR19<?0

H-O3bl, MAr,d_NTA

WELL__ ZOeIE TOC_AMSL DATE TZNE TP.IrT_T_ AC)J_FT WL.FT WL_NETERS WLNSL FT WLlUlSL
14-0361 ICtG 3390.64 01-qO 14:52 252.15 0.00 252.15 76.86 3']8,49 956.c
N-O3bl I_(; 3390.64 02-90 11:00 252.14 0.00 252.1& 76.85 3:._._.50 956._
N-O3bl w_O 3390.64 03-90 12:53 252.22 0.00 252.22 76.M 3138._,2 956. _.
H-0361 _(; 3390.64 04-90 17:09 251,99 0.00 251.99 76.81 3138.45 956. _,
H-0361 lCaO 3390.64 05-90 15:02 251.98 0.00 251._ 76.80 3138.66 956.t
N-O3bl NAG 3390.64 06-90 05:55 252.03 0.00 252.03 76.82 3131|.61 956.e
H-O3bl IqAG 3390.64 07-90 1_,:17 252.07 0.00 252.07 76.83 3'38.57 956._
H-O3bl IqAG 3390.64 08-90 14:15 251.92 0.00 251.92 76.?9 3138.72 956._
H-O3bl NAG 3390.64 09- _;N) 16:03 257.30 0.00 257.30 711.43 3133 .._ 955.;
H-O3bl NAG 3390.64 lO-qO 14:21 25_..12 0.00 254.12 77._,6 3136.52 956.,,,
H-O3bl IIAG 33q0.64 11-90 12:52 253.68 0.00 253.68 77.32 3136.96 956.'
N-O3Q1 l'IlO 3TK). 64 12-90 11:52 253.23 0.00 252 23 77.18 3137._,1 956.,

H- 03b1, MAGENTA
1no WATIR_

&14 ..............................

&132 -

3.131 -

3.13 F'" i .... _ _ _ i _ ; i _ _ 1--

01-90 02-1)0 03--10 04--10 06,--eO 06-t0 07-00 OI-'O0 01k-JO 10--90 11-5)0

_'11[
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DOE/WIPP 91-008

OROUtdOWATER"LEVELS
CL_LEMDARTEAl 19<_0

M-O362, CULEliRA

WELLNO ZOtIE TOCA_ISL DATE T|NE TP FT TOC ADJ FT WL FT WLMETER| WL.NSL.FT WL.MSL.I,,
H-O362 L"L/L 3390.03 01-90 14:58 4C_B.17 0.00 408.17 124.41 2981._ 90B.87
14"031:0. CUL 3390.03 02"9_ 11: 10 407.95 0.00 407.95 124.34 298?..08 908.9_,
M'03_ CUL 3390.03 03-90 13:00 407.91 0.00 407.91 124.33 29BZ.1Z 908.95
M-0362 t_JL 3390.03 04-90 17:25 407.15 0.00 407.15 1Z4.10 Zge2.aa 909.18
H-O362 Cl,IL 3390.03 05-90 15:25 tO6.M 0.00 406.M 124.0Z 298.3.15 909.26

H-O362 I:UL 3390.03 06-90 06:21 406.7'0 0.00 t06._ 12.3.96 29B3.33 909.32
M'O362 CUL 3390.03 07"90 14:25 406.38 0.00 406.38 17..3.B6 2983.65 909.42
H'O362 CUL 3390.03 08"90 14:30 411.72 0.00 411.72 125.49 29715.31 907._
M'O362 CUL 3390.03 09"90 14:38 406.B6 O.OO 406.B6 124.01 29B3.17' 909.27
14"0362 t:UL 3390.03 10"90 14:12 406.31 0.00 406.31 17.3.ah 29B3.72 909.44
M'O31u_ CUL 339_.03 11"90 13:00 406.13 0.00 406.13 17.3.79 29B3,90 909,_9
M'O362 CUL 3390.03 12"90 12:20 405.67 0.00 405.67' 123.65 29Bh.36 909.63



DOE/WIPP 91.008

GROUt40WATER-L.EVELS
CALEklDARYEAR1990

H-03_], CULEBRA

WELLNO ZONE TOC:.AMSL DATE TINE TP.FT TOC ADJ FT WL FT WL METERS WLNSL FT WL_MSL
M-O363 C::_L 3388.67 03-90 I_:15 406.30 0.00 406.30 123.8_ 2982.37 909.C
M-0363 CUL 33,88.67 06-90 06:11 605.08 0.00 405.08 12.3.47 2983.59 909._;
M-O363 CUL 3388.67 09-90 14:25 605.27 0.00 405,27 I_.53 2983.40 909.2
M-0363 C_L 3388.67' 12-90 12:15 404.08 0.00 404.08 123.16 298_,59 909. ?

H-O363, CULE3RA
I ttO WA'I'I_ _ AMSL

2.0tl .........

2.1181)-

, 2.111 -

2.8 ......... t ; ....

03-110 Ot-tO 00--1t0 12-10

T
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DO--PP 91-008

GROUNDWATER-LEVeLS

C.ALENDAmYEAR 1990

H-O3d/&9,FORTY-NINER

WELL.NO ZOtlE TOCA.MIL DATE TINE TP FT TOC kDJ FT t/L FT WLNETERS W/L.NSLFT W/L.ilSL
H-03_1/49 (PIP) 49ER 3390.01 01-90 15:09 31,5.90 2.22 313.68 95,61 3076.33 937,6
H-03d/4,9 (PIP) 4_R 3390.01 0Z-90 11:16 315.79 2.2Z 313,.57, 95.58 3076.44 q37,7'.
H-03d/_,9 (PIP) 4GR 3390.01 03-90 13522 315.7'1 2,Z2 313,49 95.55 307'6.52 937,_
H'03_/49 (PLP) 4q_R 3:390.01 04-90 17,:14 315.63 2.22 313,41 95.53 3076.60 937,_
H-O_J/&9 (P|P) 4(;_R 3390.01 05-90 15:08 315..';8 2.Z2 313.36 95,51 3076.65 937,7_
H-03d/49 (PIP) 4qER 3390.01 06-90 06:02 315.59 2.22 313,37, 95.5,?. 307'6.64 937,7_
H-03d/&9 (PIP) 4_R 3390.01 07-90 1_535 315.64 2.22 313.1,2 95,53 307,6.5q 937,7_
H-03d/&9 (PIP) 4gqER 3390.01 08-90 14520 315.21 2.Z2 312,_ 95._,0 3077.02 937,_
N-03d/69 (PIP) 4_R 3390.01 09-90 14_10 315.12 2.22 312.90 qS.37 3077.11 937,qC
H-03_L/_9 (PlP) 4_R 3390.01 10-90 13558 315.04 2.22 312._ 95,35 3077.19 937,9_
H-03_f&9 (PIP) 4q_R 3390.01 11-90 12539 315.07, 2.72 312.85 95.36 3077.16 937,9;.
N-03d/&9 (P|P) &q_R 3390.01 12-90 12:00 315.06 2.Z2 312._ 95.35 3077,17, 937',9_.

H-O3d/4g, FORTY-NINER
_.oa2 _no wxnm_

3.081 -

3.071 -

i &_I

_ - _-- -

I i n i __
I _ i ii ii

&071

&0711

3.074 -

&_'3 -

,,W1,07'2-_ I _--' " I l - l I ' I ' 1 ' 1 ....I '"'--
01-00 02-10 03--00 04--00 06--10 06-10 07-10 M-DO Og-tO 10--t0 11-10 12-I0

Z:_TE

!7

_"_ .......................................... ........... i ....... IMiiiiir--



, li)OF/WIPP 91-008

GI_OUNDWATER'LEVELS

CALENDARYEAJI1990

H'O3d/DLtDEWEY LAKE

WELLNO ZONE TOC.ANSL DATE TINE TP FT.TOC N)J FT WL.FT WLHETERS WL MSL.FT WLNSL
N"03cl/OL (PIP) DL 3390,01 01"90 15Z16 306,60 2.22 304.38 92.7'8 3085.63 9',0,

N"03d/DL (PIP) DL 3390.01 02"90 11129 307.11 2.22 30_,.89 92.93 3085,12 9_,0
H'O3d/OL (PIP) DL 3390.01 03"90 13:30 307.58 2,22 305.36 93,07 3084,6'3 940,2,
H"03C:I/I)L(PIP) DL 3390,01 04-90 17:19 308.04 2.2Z 305,82 93,21 3084,19 940. O,'I
N"03d/OL (PIP) DL 3390,01 05"90 15|21 308.61 2,22 306.39 93.39 3083,62 939,£
H"03Cl/%)L(PIP) DL 3390,01 06"90 06:06 309.06 2.22 306.84 93,52 3083.17 939,7
H'O3d/OL (PIP) DL 3390.01 07-90 14:45 309.35 2.22 307.13 93.61 3082,M 939,_]
H'O3d/DL (PIP) DL 3390.01 M'90 1&:_ 309.84 2,22 307.62 93,76 3082.39 939,S'
H'O_L (PIP) DL 3390.01 09-90 14:14 310.28 ;Z.22 308,06 93.90 3081,95 939,3
H"03d/DL (PIP) DL 3390.01 10"90 14103 310.71 2.22 308.49 94.03 3081,52 939,2.
H'O3d/DL (PIP) DL 3390.01 11"90 121_6 310.97 2.22 3M.?5 94.11 3081.26 939,I

N'O3d/OL (PIP) DL 3390,01 12"90 12:05 311.31 2.Z2 309.09 94.21 3080,92 939.0 i

&D



III

DOE/WIPP 91-4)08"

QROLJklDWATER'LEVELS
_LE_IDAII YEAR1990

H'O4b, L_.JLEBRA

_LL..NO ZONE TOCAMSL DATE TIME TP.FT TOC AOJFT WL.FT WL.METERS WLMSLFT WLoMSL
_'04b CUL 3333,35 01"90 082Z2 335.53 0,00 335,53 102,27 2997,82 913,7'*
H'04b CUL 3333.35 02"90 10Z10 335.29 0.00 335.29 102,20 29_8,06 913,8_
H'04b _L 3333,35 03"90 1,?,200 335,47 O.OO 335.47 102.25 299"/',_ 913,_
H'04b (3.1L 3333,35 04"90 12Z06 335,13 0,00 335,13 102,15 2998,22 913,5_
I't.04b _L 3333.35 05"90 14104 335.00 O,OO 335.00 102,11 2998,35 913,9C
H'04b CUL 3333.35 06"90 16z40 334.85 0.00 334.85 102,06 2_8,50 913,9_,
H'O4b ML 3333.35 07"90 O?z10 334,74 0,00 334.74 102,03 2998,61 913,98
H'04b CUL 3333.35 08-90 08115 33_.7_ 0,00 334.75 102.03 2998.60 913,97
H'04b ML 3333.35 09-90 14_50 335,12 0.00 335.1Z 102, 14 ZC_78._.._ 913,_
H'04b CUb 3333.35 10"90 16t28 334.70 0,00 334,70 102.02 2c_98.65 913,c_
H'04b CUL 3333.35 11"90 14Z18 334.58 0.00 334.58 101,98 2998.77 914,03
H'04b _L 3333,35 12"90 13155 334.33 0.00 33_,.33 101.90 2999,02 91_, lC

H-O4b, CULEBRA
ItlO WATEY_LEVELSAUSl.

3.003 .....
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3.001 -
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2.11113 ' -w " T -" _' ' T........ - 'f ....... I i .... I "- T _"
01-110 02-110 03-90 04.-110 0_-90 04,-t0 07-110 OI--lO 09-110 10-.110 11-110 12-II0
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I)OF_PP 91.008

H- 04c, MAGENTA
I ttto WAT1Dt_ AUSt.

3.148 .... ' "
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I
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3.141 ' J

ii
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3.13,5 _ - 1 _ "' _ '[ T ..... I " 1 ' _ '] "- _ ..... 1
01-10 02-t)0 03--90 04-10 05-t0 06-t0 07-90 OI-tO OJ--|O 10--00 13-90 12-
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DOF.JWIPP91.008

(:;R_II::)WATER-LEVELS
_..ALEND,_RYEAR1990

H-OSJ,_LEiiRA

WELL.NO ZONE TOCAMIL DATE TIME TP.FTTOC AL'tJ.FT WLFT WLMETERS WLMSL.FT WLNS
H'OSI _JL 3506.24 0:!-90 09130 481,41 0.00 481,41 146.7"3 ]OZ4,E5 921,
H.O5. _L 3506,24 06-90 0_ 485,14 0,00 _85,14 147,S7 3021,10 920,
ld.OSa C!,IL 3506,24 09.90 09_ 482.00 0.00 4E2,00 1/.6,91 3024,2/* 921,
_.os. CUL 3S06,24 12.90 12zOS 481,37 0,00 481,37 146.72 ]02_,,87 921,_



DO--PP 91-0081

H-O5b, CULEBRA
111lOWAI'E_I,.Lr,,.'!II,SA&r_L

3,028 -

,,I,.024-

3.023-

&022-

3.021 -

_i 3.02 - --'-'-_

ilo,,&017

g _o,.
3.014

3.013

3.012

3.011 -

3.01- ' : ...... I' I ' _ ..... I i- i "" 1 ' i 1

01-t0 _-l,O 03,-I)0 04--110 06--110 041--10 07-10 041-,I)0 01)-_ 10.-.t0 11-1t0 12-t0
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, DO--PP 91.005

OROUNDWATER'LEVELS
_LEMI:)ARYE.4t 1_0

H'05c, I'LI,QE_ITA

WELLNO ZONE TOC.IJ4iL DATE TIME TP.FT TOC ADJ.FT WL.FT WLMETERS WLMSL.FT WL.,MSL
H.05¢ I_G 3506,04 01.90 10s:_1 352.84 0,00 352,84 107,55 3153,20 961,10
H.OSe MAll 3506,04 02-90 14526 3!;2,54 0,00 352.54 107,41; 3153,50 961,19,
M-05© _G 3506.04 03.9g 09155 352.53 0.00 352,53 I07,4_i 3153,51 ' 961,19
fl.OSc _a 3506.04 04.90 13103 352,18 0.00 352.18 107.34 3153,S6 961.30
H.OSc 14413 3506,04 0_-90 121P.5 398.61 0,00 398,61 121,44 3107,63 947,21
N.05c I_Q 3506,04 06-90 08153 359,11 O,O0 359,11 I09,46 3146,93 959,18
H-05c MAQ 3506.04 07.90 09115 3_JS,76 0,00 355.76 108,43 3150,30 960,21
H.OSe I_Q 3506.04 08.90 15104 354,26 O,O0 354.26 107,97 3151,80 960.67
t4-05c MAli 3506.04 09-90 09126 353.e,II O,O0 353.411 107,74 3152,56 960,90
14-05c MAli 3506.04 10-90 09_31 353.15 0,00 353.15 107,64 3152,89 961,00
14.05c I,_Q 3506,04 11.90 10111 / 353,05 0.00 353.05 i07,61 3152,99 961,03
H-OSc I_(] 3506.04 12-90 12120 '/ 352.91 0,00 352.91 107,57 3153,13 961,07

,, H-05C, MAGENTA
II10 WATI_ _ AiISl.

3.11 L

3.18

f &14

Z_

t 3.13

3.12 -
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3.1 _ ' ....1 I ' I w f" 1 1 '" I 1 1 '
Ol-IO 02-10 O,T--IO 04--10 0/-t0 06-10 07-BO OI-ilO Or-lO 10-10 11-I0 11-10
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' DOF./WlPP9t-O011
+

OROUMDkATEm"L,EVEL,|
r..AL,EMDAIIIYEAR1990

H.Oba,_LEIIItA

_LL.NO ZONE TOCAM|L, DATE TIME TP.IrT TOC ADd.FT WL.FT WL.NETERS WL.NSL_'T WLMS
H'O6a _L 3348,11 03.90 12:15 302,92 0,00 302,92 92,33 3045,19 928,

H.O6a _i. 33411.11 06.90 10105 302.72 0.00 302.7'2 92,2? 3045,39 928,_
H-O6e CUL 33_8,11 09.90 12145 302,15 0,00 302,15 92,10 30_5,96 928,+
H-O6a CUt, 334,11.11 12-90 08130 :302.12 0.00 302,12 9:),09 3045,99 928,_

H-O6a, CULEBRA
IN0 WAI'_ _

&01- ........

eml

am

1.047

3.044 ..............i+
3.042-

&041 -

_LOdl,- _ t ........ ,_ ' --

03-10 04-I0 011-410 12- 90
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DOE_PP 91.008

QROUMDWATER"LEVELS
CALEMOARYEAR1990

H"061:S CULEBRA

_/ELL.MO ZONE TOC.AM$L DATE TIME TP.FT TOC AOJ FT WLFT WLMETERS WLMSLFT WLN_;Lw
H'O_ CUL 33_,25 01"90 14128 303,49 0,00 303,/.9 92,._0 304+_,76 928,0_
H"O_:J CUL 33_B.25 02;90 12:0S 303,63 0,00 303,63 92,55 30_.62 928,00
H.C)6b _L, 33_,25 03"90 12S54 303,57' 0,00 303,S7 9,?,,53 30_,6_ 9ZE,0Z
tt-C)6b CUL 3348.25 0_'90 10:35 303,28 0,00 303.28 92,4_ 3044,97' 928,11
fl.O_ {:_IL 3348.2S 05"90 I0_S7 303.42 0,00 303,42 92,/dI 30_.R3 9_8,06

H.C_ _.IL 3348.ZS 06-90 10111 303.3,?, 0,00 303,32 92.45 30_4,93 928,09
H.O6b _l. 3_dl. Z5 07"90 _3Z30 303,12 0,00 303.12 92,39 304S,13 928,_6
H.O6b _L 33_. 25 08-90 13:57 303.03 O.OO 303.03 9:' .3_ 30_S,22 928,18
H-06_ CUL 334_.Z_ 09"90 12158 302.90 0,00 302.90 92.32 3045.35 928,22
H.06_ C:UL 3348.25 10"90 08Z26 302.68 0,00 302.68 92.26 304'.5,57 928,29
H-C)_ _L 3348.25 11"90 09:10 302.71 0.00 302.71 92.27 3045,S4 9211°_8
H'C)_ C:UL 33411.25 12-90 0a:10 302.58 0,00 302.51_ 92.23 3045,6? 928,32

H-O6b, CULEBRA
11110WATDI _ A,Mb_

3.08 -
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3.044-

3+042 -

3.041 -
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DO--PP 91.008

GRDIJI4DWATER-LEVELS
CALE_IDARTEAR1990

H'06C, M,AGEMTA

_LL IlO ZDNE TOC_,SJ_SLDATE TINE TP_FT TOC /_DJFT WL FT WLNETERS WL_MSL_FT WLMSL
H-Obe RAG 33/.8.52 01-90 14:36 290.93 0.00 290.93 88.68 3057,59 931._
H-06c RAG 33./4.52 02-90 12:14 290.73 0.00 290.73 88.61 3057.79 932.C
M-06¢ RAG 33A8,52 03-90 13:04 297.59 0.00 297.59 90.71 3050.93 929.c
H-Obc NAG 334,8.52 04-90 10:4,4 292.82 0.00 292.82 89.25 3055.70 931 "
H-06¢ RAG 33A8.52 05-90 11:03 291.76 0.00 291.76 88.93 3056.76 9]'
I¢-Ock: RAG 33_. 52 06-90 10:25 291.30 0,00 291.30 88.79 3057.22 9._
H-06c RAG 33_.52 07-90 13:35 290.91 0.00 290.91 88.67 3057.61 93:
H-06¢ RAG 334JI.$2 08-90 14:03 290.60 0.00 290.60 M.S7 3057,92 932
H-06¢ K_G 33_.52 09-90 12:53 290.35 0.00 290.35 88.50 3058.17
N-06¢ RAG 33A8.52 10-90 08:3A 290.13 0.00 290.13 M.43 3058.39 9._._..
H-06¢ RAG 3348.52 11-90 09:15 290.09 0.00 290.09 88. _,2 3058. _,3 932.;.
H-C)6¢ RAG 3348.52 12-90 08:22 289.92 0.00 289.92 88.37 3058.60 9:;2.;.

H-06c, MAGENTA

'



I)OE_PP 91

GROUNDWATER'LEVELS
CALENDA_YEAR1990

H'OTDI, CULEBRA

WELLIlO ZONE TOCAMSL DATE TINE TP FT TOC ADJFT WLFT WLMETERS WLMSLFT WLM$L_
H-07"ol CUL 3t64.17 01-90 15:26 168.97 0.00 168.97 .51.50 2995.20 912.
N-OTol C::UL 3164.17 02-90 06:36 169,05 0.00 169.0S 51.53 2995.12 912.91
N-O71D1 CUL 3!64.17 03-90 08:10 169.04 0.00 169.04 51.52 2995.13 912.92

/

N-OTb1 DJL 316,/,.17 04-90 07:27 169.09 0.00 169.09 51.54 2995.08 912.90
M-OTbl CUL 3164.17 05-90 06:/,5 169.06 0.00 169.06 51.53 2995.11 912.9'1
M-071D1 CUL 3164.17 06-90 13:32 168.86 0.00 168.86 51.47 2995.31 912.9_
H-O?bl CUL 3164.17 07-90 06:50 168.97 0.00 168.97 51.50 299S.20 912,94
H-0761 CUL 3164.17 08-90 17:05 168.97 0.00 168.97 51.50 2_;R.20 912.9_,
fl-OTbl C:UL 3164.17 09-90 11:35 168.89 0.00 168.89 51.48 2995.28 912.96
H-OTbl CUL 3164.17 10-90 14:15 168.83 0.00 168.83 51.46 2995.34 912.98
N-OTbl OIL 3164.17 11-90 12:45 168.83 0.00 168.83 51.46 2_;75.34 912.98
N-OTa1 CUL 3164.17 12-90 07:20 168.57 0.00 168.57 51.38 2995.60 913.06

H-07b 1, CULEE3RA
1111oWA'I'E__ AUSL

3

Z,IlIN -

2.m-

2.1111-

_J I I' l I- I I I I I I

01-1)0 02-410 03--I10 04-410 06--I)0 06-'110 O'/--IO Oe-'-IlO 011-10 10'-10 11--10 12-110
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IX)_PP 91.008

GROUNDWATER'LEVELS

CALENDARYEAR 19_)0

H"0TI:_., CULEBRA.

WELL _ ZONE TOC AJqSL DATE T!NE TP FT TOC ADJ_FT WL_FT WL NETERS WL N_;L FT WL._;L
14-0712 C1JL 316,_.40 03-90 08:16 169._,6 0.00 169.46 51.65 2994.9_ 9';2._

H- 071:_. C:LIL 316,_.40 06-qO 13:36 169.28 0.00 169.28 51.60 2995.12 912._

M'071:2 ¢:Z,JL 3164._0 09"90 11:40 169.29 0.00 169.29 51.60 299S. 11 912. c,

14"071:2. CUL 3164.40 12-90 07:30 169. O0 0.00 169.00 51.51 299_ .40 913.C

e
H-O7b2, CULEEIRA

111t_W_tllll I.l'Vl!l.l AI.I_3.

l.m-

l.m-

2.1iS?-? =.n,-

1-!:U_4

ll.n_

2.11t1=-

2.11tll-



lYOE_PP 91-0041

GR_ _TER-LE_LS
_LENDARYEAR 1990

H-08a, _GE_TA

t,RLL NO ZONE TOC..AMSL DATE TINE TP FT TOC ADJ FT t/L FT VL.NETER$ WLoNSLFT WL_SL _,
N-OSa NAG 3432.99 01-90 09:15 406.11 0.00 406.11 lZ3.78 30._6._ 922._.9
H-OSa 14AG 3432.99 02"qO 07:06 _,06.07 0.00 406.07 123.77 3026.92 922.61
H-OM NAG 3432.99 03-90 17:18 405,98 0.00 /,05.98 123.74 3027.01 922.(;3
H-084 NAG 3432.99 04-90 08:00 405.98 0,00 _,05.98 123.74 3027.01 922.(;3
N-0aa WAG 3432.99 05-90 14:42 405.92 0.00 405.92 123.72 3027.07 922.65
14-08_ _G 3432.99 06-90 I0:_ t05,97 0.00 405.97 123.74 3027.02 9;_2._,
H-OSa NAG 3432.99 07-90 11:35 405.% 0.00 1,05.96 123.74 3027.03 922,64
fl-OM NAG 3432.99 08-90 16:15 405.91 0.00 405.91 123.72 3027.08 922.65
H-OM NAG 3432.99 09-90 10:20 405._ 0.00 405.1LI 123.70 3027.16 922._
N-OM NAG 3432.99 10-90 12:56 405,79 0.00 405.79 123.68 3027.20 922.69
H-O_ NAG 3432.99 11-90 11:18 405.79 0.00 405.79 123.68 3027.20 922.(;9
H.O_ NAG 3432.99 12-90 15:22 405.81 0.00 _,05.81 123.69 3027.18 922._

H-OSa, MAGENTA
1eco wA'rI_ I..rVIC,,S

&O2g-

&02li -

li am anu ,_I I I mi i

mi _ lm' n

ZA &_

4

01-10 02-10 03..-90 04--I0 OI,-tO OI-ilK) 07-tO 0_-90 Or-IlO 10"-I)0 11-90 12-110

BATE
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DOE/WIPP 91.OO8

GRQUNDWATER'LEVELS
CALEkIOARYEAR1990

H"04k:, RUSTLER/SALADO

_LL NO ZCldE TOCkqSL DATE T!#dE TP FT TOC _a FT k/L FT WL_I4ETERS k/L.MSLFT k/L.M_
M-08c RUSrSAL 3432.90 01-90 08:56 457.37 0.00 457.3? 139.41 2973.53 90f
H-08c RugtSakL. 3432.90 02-90 07:16 457.35 O.O0 457..35 139.40 2973.55 9G:
M-Ok RUSr_i. :3432.90 03-90 17:25 457.57 0.00 457,57 139.47 2973.:53 906._
M-08c RUtr_L 3_32.90 04-90 08:10 e,57.?..3 O.O0 45T.23 139.36 2973.67 9C-
M-08¢ RUS/SAL 34,32.90 05-90 14:35 457.16 0.00 457.16 139.34 2973.74 9_.
M-08¢ RUS/rdtL 3432.90 06-90 I0:54 457.22 0.00 457.22 139.36 2973.6_J 90+
M-08c RIJS'iAL 3432.90 07-90 11:45 457.13 0.00 457.13 139.33 29"t_.7"t 9O?.c
M-Ok RUt 'iAL 3432.90 08-90 16:27. 457.13 0.00 457.13 139,33 297_.7"7 907.C
H-_ RUSISAL 3432.90 09-913 I0:2S 457.07 O.O0 457.07 139.31 29_ .83 907.C
M-08c RUS/SAL 343Z. 9_) I0-90 13:03 457.08 0._ 4S7.08 139.32 2973.82 907.C
M-0k RUS/SAL 3432.90 11-90 11:2/, 457.03 0.00 457.03 139.30 2973.87 907.0
11-08c RU$/SAL 3432.90 12-90 15:55 456.9& 0.00 456.94 139.28 Z973.96 907. _.

H-08c, RUSTLER/SALADO
I imoWATER_ ,q4St. .....,,,

2.111........

2.971 -

2.971 -

2.17'7 -,,_ 2.171

_74

2..173

2.172 -

2.171 !2.97 :- '"_ _ _ ' I " 'i 1 ' z l I I

01--10 02--10 03"10 O&'-tO OS-IO 06-i0 07-10 O|-IO 01-10 10"10 11-t0

_TE
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DOF_PP 91.00S

GROUNDWATER'LEVELS
C.ALEkIDARYEAR1990

H'09|, CLJLEBRA

_ LL.lllO ZONE TOC.AMSL DATE TIME, TP FT TOC k,OJ FT WL.FT Q/L.METERS WL.NSL_FT i./L_SL
H-O9m CIJL 3Z,_06.68 03-90 16:30 417.72 0.00 417,_ 127.32 29_.96 9!I._

H-ogra C_JL 3./,06.68 06-90 13:02 /,17.89 0.00 417.89 127.37 29_._ 910,9 -_:
ft-Ogo C_.JL 3A,06.68 _-q_O 08:40 /,16.82 0.00 416,82 127.05 Z989.8,6 9_1.3'

H-09| C_.JL _06.68 12-_ I/,:50 416.18 0.00 416.18 IZ6,85 2_0.50 911.5:

H-Oga, CULEEIRA
II10 WAllD_ _ AkISL

:Ln5 - - -- - i

2..S)1)4- 1

2..M13 - /

i

2.H2 - I

= ^ 2.MI1 - !

_IHIID _ ,, _ _ .._"_'__'_""

_IHMI -'

2.9r/-

2.1tBII-

2.988 _ i l

03-110 06-00 Dg-i)O 12-gO

DATE

31



DO--PP 914)08

GROUNDWATER'LEVELS
CJLLEkiDARYEAR_990

H-091=, CULEBRA

WELL._ ZONE TOC.AMSL DATE TtNE TP..FT.TOC ADJ FT WL.FT WL.NETERS WLMSL.FT WL.
M"09'0 CUL . 3_06.86 01"90 09**53 417.59 0o00 417.59 127.28 2989.27
H'O9b C_JL _06.86 02"90 07:/_* 417,63 0,00 417.63 127.29 2989,_ 9
H"091: C:_L _06.M 03"90 16;40 417.61 0,00 417,61 127.29 2989.25 91
H'O9t: C1JL ]_06.86 0_-90 08:_ /,17.12 0.00 6117.12 127,14 2989,74 911,
M'Ogb (:UL _06.86 05"90 07:14 /,16.77 0,00 416.77 127.03 2990.09 911.
H'ogb CUL _06.86 06"90 12:50 417.39 0,00 ;17.39 1Z7.22 2989,47 911,
M'Ogt_ ClJL 3406.86 07"90 11:05 /,16.95 0.00 416.9S 127._ 2989,91 911.
M"09'lD CUL _06.M 08"90 09:00 417,07 0.00 617.07 lZT.lZ 2989.T9 911,
M-Ogb CUL _06.86 09-90 08:45 416.75 0.00 616._ 127.03 299C.ll 911
M"091D CIJL .tJ,(;_6.4_6 10"99 12:04 416.75 0.00 616.75 127.03 2990.11 911.
M"09t) C::UL 3,606.86 11"90 09: _kS 416.47 0.00 /,16.47 126.96 2990.39 911,
M"09'0 CUL 3406.86 12"90 1._:10 616.08 0.00 616.08 126.82 2990.78 911

H-Ogb, CULE3RA
Itto WAT[RLLrVl[LS

2.StlI5-

2.Sl)4 -

2..IS3 -

2.11112-

z,; 2.n_ -

1 -
2..91_-

2.964 -
/

_9_ JJ_ _ II _- _ ] ' I" ] I _ _ I _ ....... ] .... _ ....

01-lO 02-00 03-90 04-110 05-1)00t-.ilO 0"/-_10 OI-lO 0_-I10 10--I)0 11-00

l_11[



GROUND_L_TER"LEVIELS

CALEMD_UIYEAR 19_0

H. 09¢, CULEBR.A

_ELL.NO ZONE TOC kqSL DATE TINq TP FT TOC ADJ FT WL.FT WL.METERS WL _ISL FT WI.._I_;L
H'09¢ CUL 3407,30 03.90 16:45 418,11 0,00 /,18,11 127,/_4 2989,19 911,1

H.09¢ _L _07.30 06-90 12:55 417,92 0,00 417,92 127',38 2989,38 911 ,I

H'09¢ CUL 3_07,30 09-90 08:56 417,2/o 0.00 417.24 127,17 299_, 06 911,3
H-09¢ (_JL 3407.30 12-99 15:00 416,60 0.00 /, Ib.&O 126,98 2990,70 911,5

H-ogc, CULEBRA
1go0 wA'r_ _ AI4SL

2.11116- _,

2..g_4 -

2.g_M -

2.967 -

33



DOLSV11 91-448

CALENDARYEJUt1_;)0
H-1Oa, I_kGENTA

_LL NO Z_ TOCAMSL DATE TIl TP FT TOC N)J FT t,_,.FT WL_NIETEH WLNSL.FT WL.N
N-10e WAG 3648.67 01.90 10:55 530.26 0,00 530,26 1_,1.62 3158,41 96_,
H-lOa RAa 3688.67 02-90 14z10 530.19 0.00 530,19 161,60 3158._11 _62
H-10e _ 3604.67' 03-90 15:45 530.20 0,00 530.20 161.60 3158,47 96_
H.10a RAG 3688.67 04-90 09:06 530.20 0,00 5':;0.20 161.60 3158,_7 _6_
N.IOm RAG 36M.67 05-90 07=67 530.14 0,00 5:50.11, 161.59 3158.53 962
H-lOe RAG 36WI,67 06-90 13:69 530.19 0,00 530.19 161.60 3158._,8 962.
H-10a RAO 3688.67 07-90 10:25 530.22 0.00 530.22 161.61 3158.45 96:
H-loa RAG 3688.67 08-99 08:30 530.22 0.00 530.22 161,_1 3_58.l,5 :
_-lOe RAC; 36M.67' 09-90 07:_0 530.18 0._0 530,18 161.60 ;'_._,_._ _62
H-10a RAG 3688.67 10-90 11:24 530.11 0.00 530.11 161.58 3158.56 962
H-10m NAG 3688.67 11.90 08:55 530.14 0.00 530.14 161.59 3158.53 9_2
H-lOs RAa 3c,M.67 12-90 14:08 530.14 0.00 530.14 161.59 3158.53 962

H- I00, MAGENTA
'I_KI WATER_

3,183 _ - ........

3,182 -

3,111 -



DOE/WIPP 91,008

GROUNDWATER'LEVELS
CALENDARYEAR 1990

H-10_s¢t.JLESRA

_LL.NO ZOSJE TO¢ ANSL DATE TINE TP FT TO¢ A_J.FT WL FT WL METERS WL NSL FT _L._SL.
H'lOb ¢1,JL 36,89,47 01"90 10:42 700,28 0,00 700,28 213,45 2989,19 911,11
H-10b _L 3_9,47 02"90 14:24 700,26 0,00 700,26 213,a4 2989,21 911,11
H'lOb ¢LIL 3689,47 03"90 15:_ 700,&6 0,00 700,46 213,50 2989,01 ' 911,05
N'lOb CllL _89,47 0_-90 09:1& 700.22 0.00 700°22 213,43 2989,25 911,12
H-10b _L ]r_89.47 05-qiN:) 07;57 700.27 0,00 700,2? 213,_ 29B9,20 911,11
_-10b (::UL 3689,47 06-90 13z57 700,29 0,00 700.Z9 213,45 2989',18 911,10
H.lOb _L 3689.47 07-90 10=_ 700.29 0,00 700.29 213,45 2989,18 911,10
H'lOb ClJL _9,47 08"90 08:17 700,26 0.00 700,26 213,44 2989,21 911,11
H'lOb _L 3_!9,47 09"90 0?:59 700.17 0,00 700,17 213,41 2989,30 911,1&
H'lOb ¢UL 3689,47 10"90 11:16 700.21 0,00 700.21 213,42 2989,26 911,13
H-10b C:t.lL 3689.&7 11"90 09:06 700.31 0.00 700.31 213,45 2989,16 911,10
N-IOb _L 3689.47 IZ'90 14:15 700.22 0.00 700.22 213,43 2989,25 911,12

H- 1Ob, CULEBRA
1990 WA_ _ _St.

2.11115- - - ........... - ......

2,.l)1),4-

2.993 -

2,,n2 -

_ 2.11111i

2.1tlm-

2.sir'/"t

2.11116L
-- , J

2.985 _ " ' T ' 7 _ 'i.... _ - z .... I ' f- _ _7 I

01-90 02-110 03-90 04-110 05-90 06-.90 07-90 06-110 011-110 10-90 11-90 12-90

35



DOFQ'WIPP 91-00S

OROUIIDWATEII-LEVELS
_LEMD_ YEAR1990

H,1161, _L_IIRA
,i

W_LLNO ZONE TOC,_q|l. DATE TIME TP..FT..TOC ADJ FT WL FT WL.METER$ WL.MSLFT WLM_,
H"1Ibi _t. 3411,62 03.90 14135 435,63 0o00 435,63 132,78 29_ ,99 907,C
H-1161 C:UL 3411.62 06-90 15:30 43S,07'_ 0,00 435.07 132.61 2976.55 907,2
H-1161 C:UL 3411.62 _ 09-90 15:35 435,24 0,00 435,24 132,66 29?6,38 9_,7,Z
H-1161 CUL 341i .62 12-90 07sOS 43_,67 0,00 43,,,67 132,49 29?6,95 907,3:

H- 11b1, CULEBRA
1_moWAn:_ Aamm.

2.17l -

2.171 -

.__.__-- - , .2.171

_.178, 2.|74

2.|73

2.972 -

2.171 -

2..17 " ' _ -----------" "i " -

03--t0 06--I0 Ot-IO 12-90
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, DOE/WIPP 91.00S

' (]R(_JHDWATER"LEVELS
C:ALEHDARYEA! 1990

H-1162_ CULEBRA

_LL t40 ZOnE TOC.ANSL DATE TINE TP.FT TOC A_J.FT WL FT WL.METER$ WLHSL.FT WL_4S_,
H.11_ CUL 3611,_ 01.90 13 11 436,36 0 O0 436 36 133,00 2975,28 906 d
H.11b_ CUL 3411,6,/, D2._ OB42 4:36,28 000 436 28 1:32,98 2975,36 906
H.11_ CUL 3411,b4 03.90 14 42 436,16 000 436 16 132,9_, 2975,_8 906 9
H.11b_ CUL 3_11,M 06._0 11 09 436,_ 000 4:36O_ 132,90 2975,60 906
H. llb2 C1JL 3_11°_ 05-90 09 15 435.85 000 435 85 132,8S 2975,79 907 C
H.11_ CUL 3411,_ 06.90 15 40 435.58 000 43558 132,76 2976,06 907 1
H.1162 ClJL 3411,64 07.90 09 35 &35,49 0 00 435 &9 132.7& 2976, 15 907, 1
H-1162 CUL _11,64 08.90 1i_35 435.46 000 435 66 132.73 2976,18 907,1
H.1lb_ ClJL 3411.64 09.90 11:53 435.43 000 435 43 132.72 2976,21 907,1
H.1162 CUL 3_11,&4 I0._ 07145 435,_ 0 00 435 _ 132,_ 2975,69 906,9
H-11b_ C1JL 3411,6,_ 11-90 16:58 435.36 0,00 435,36 132,70 2976,28 90;',1
H-11_ CUL 3411,6,4 12.90 07=25 435,08 0,00 435 i08 132,61 2976,56 907,2

H- 11b2, CUt..EBRA
lhd WA'rlO_LEVI£LSAIJSt.

2.li - '.... -- "--

2.g7g -

2.|78 -

2.|72 i

i

2.171

J
2.g7 -r ]- _---- - • _ 1 - _ " _ ' • ........ _ ' 1-

01-110 02--1t0 03-|0 04--10 05-_0 01_0 07-_ 08-_0 I_1)-_ 10-110 11-_0 12-Q0

37



DO--PP 91.008

GNOUNOWATER.LEVELS
CALENDARYEAR1090

H,11t:3, _LEIRA

VELLNO ZONE TOC.A/4IL DATE TIME TP.FT.TOC _J.FT WLFT WL.METER| WLMEL.PT WLWSL
H.11_ (:UL 3412,42 03-90 14t50 437,25 O,OO 437,25 133,27 297_,17 906,52
H.1163 (:IJl. 34,12,42 06-90 15.19 436.66 0,00 436,66 133,09 29_,76 907,0
H-1163 (:UL 3412.42 09-90 15t45 436.52 0,00 436o_2 133,05 29_,9C) 90T,Ot
H.1163 (:UI. 3412,42 i2-90 07t30 436,12 0,00 /,36,12 13;_,93 2976,30 907',I_,

H- 1Ib3,CULEBRA
I _tO WAllD__

2.110- - " -- I
I

ILITII -
t

2.I_I- Iq
l

_ ' ,_.I_ - I

2,_4

2.I73

I,.171-

2.I71 -

2.17 _ - - - r I ....... .......
o3-eo ol..go ol-io I



DOE/WIPP 91-0011

GROUNDWATER"LEVELS
CALENDARYEAR 1990

H'12, _LEBRA

I,_LL NO ZONE TI_,,IJ_SL DATE Til'lE TP FT TOC A_J FT WL..FT WLHETERS WL14gLFT WL.I'4S.
H'12 CUL 3427 19 01"90 11t/_ 660,93 0,00 460°93 1/,0,_9 2966°26 90_,,'
H'12 CLJI. :5427 19 02"90 Olt113 460,79 0,00 ;60,79 140,45 2Q6,6,;0 90',, '
H'12 U"1JL _27 19 03"90 15120 460,'t9 0.00 460,79 140,45 296,6,_0 90_,'
t4"12 I:1.1L :_27 19 0_.90 09145 460,/,d, 0,00 460,/d,, 140,34 2966,75 _0_, ;,
14"12 I::lJL :_:_7 19 05"_0 Olt135 460,31 0,00 460,31 '140,30 2966, lt,a 90_,,.1
14"12 CI.IL _27 19 06.90 14145 460, _.:_ 0.00 ;6,0.22 140o28 2966,97 904,_
14"12 CUL :_27 19 07"90 09s50 660. 011 0.00 460,011 140._ 2967,11 904,_
14"12 I:_IL :_27 19 OB'90 09125 660.03 0.00 460, U;! 140,22 2967, _6 90,+,"_
H'12 I::I.IL 3427,19 09"90 07zl_ 459,B6 0,00 459.B6 140,17 2967,33 90_,,,
_- 12 C_JL 3_Z7, 19 10-'_0 10! 10 459.B0 0.00 459,80 140, 15 2967,39 904,,,
H-12 I_L _2"/', 19 11.90 15_20 459,B5 0.00 4S9.115 140,16 2967,34 90_,,,
14-12 CUL 3427.19 12-90 13125 41i9,_ 0,00 459,_ 140.13 2967,44 90,,,,.,

@ H- 12, CULEBRA
I I10 WITI_ _ AM_

2.117- "

2.111111-

2.11141-

2.1112 -

2,11111-

2.91- -- _ - -l--_ ] t .... i - t .... l "T ] ' _ ,

01-10 02-90 03-90 04--90 05-110 06-90 07-90 041-10 01--I0 10-10 11-90 12-g0
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DOF, N_PP 914Xgl

GROUHO_TER-LEV[LS
C._LE_A__r£_ lt;)gO

M-I&, _LEBP.A

_JF.LL_IIO ZCX4E ?I:C.,._SL DATE TlIIE TP.FT.TOC ADJ.FT WL.FT WL.NETEIIS WLMS;..FT WLMSL
I_-1_, CUL 3_7.11 01-90 Otl:O0 3._dt.S9 0.00 346.B9 105.7'3 3000.22 9'_4..,
H-14 I:_JL 21347'.11 02-90 10:30 346.65 0.00 _J_,6.65 105.66 5C)00._,6 914.5_
N-16 I:UL 3;_d,7.11 03-90 12:_ 3_.6.7_ 0.00 2i_,6.75 105.69 5000.% 914.5i
H-14 i:IJL 3347.11 IN,-90 12:?.5 3a_6.37 0.00 3_,6.37 105.57 5000.74 914.6J
H-l_, _ 5_i_,'/'.11 OS-9_) 13 :_LI 3J,6.?..3. 0.00 2td,6.33 105.53 3000.B8 914.6_
14.lt, CUt 3_7.11 l)6-90 17:00 3a,6.O? 0.00 3_,6.07 105.48 5001.0_ 91_,.T
M-14 (_JL _J3&7.11 07-q;)O 15:1S 345,9_ 0.00 345.95 105.45 5001.16 91t,
M-14 C:UL 3214,7.11 011-90 011:27 345.76 0.00 3a,5.76 105.39 5001.35 ¢'
H-lh CUl. 33&7'.11 09-90 15:11 345.85 0.00 Z_,5.nS 105.42 3001.2& ;
H-14 C2JL 33¢,7.11 10-90 14"3_ 345.80 O.O0 3_5.80 105.40 5_;, ._1 _ .
H-14 ¢UI. 33,t,7.11 11-90 13:50 345.711 0.00 345..78 105.39 5001.33 9:,..
H._,4 C_JL 3347.11 12-90 13"30 _5.52 0.00 345.5Z 105.31 3001.59 914.:

H-I 4, CULEBRA
Ilto WATI[R_

zoo ........

t,l.004

I
&O03 i

Ulm

2.11111-

2.1tl7 -

2.1NNI -

01-110 02-110 0,1--_10 04--SO 05-110 06-10 _;--410 0_-_0 0_-_0 lO--tO 1_-90 _2-a
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D__PP 91-008

_OUNDWATr:_,_.EVELS
_LE_OAR:VEAk1_0

WELLWO ZONE TOCAAIe_L DATE TrME TP FT TOC ADJ FT WLFT WLMETERS WL.t4SL.FT WI..MSL
H-15 CUL 3_B1.63 01-90 09:/,4 529.03 0.00 529.03 161.25 29S2.60 8Vq.; I
H-15 CUL 3_1.63 02-90 13:56 52B.71 0,00 528.71 161.15 29.52.92 900._ :
_4-_s cu_. ' 3_1.63 o3-_ 1o:zo 5zs.s9 0.00 s28.s9 16_.11 z953._ _00.-
t4-15 CUL 3d_B1.6.3 04-90 13:25 528°20 O.O0 52B.20 161.00 2953.43 QO0.2'
H-15 C:2JL 3_fl1.63 05-90 12:/,4 527.96 0,00 527.96 160.92 2953.67 900.2._
_-lS CUL _.a1.63 06-_0 Oa:IZ S27.S9 0.00 SZ?'.a9 160.90 29S3.7_, _00.3_
N-15 CUL _1.63 07-_0 O?':SS SZT.76 0.00 S27.76 160.a6 2_S3.e7 _00.3-
M-!5 CUL 3481.63 08.90 15:hl 527.53 0.00 527.53 160.79 2954.10 900._,_
14-15 CIJL 3_81.63 09-90 09:52 527.52 0.00 527.52 160.79 29_4.11 900._,;
I_-15 CLIL 3_,81.63 10-9_] 10:35 527.61 0.00 527.61 160.82 2954.02 900.3;i
H-15 C;UL 3_,.81.63 11-90 10:40 527.52 0.00 527.52 160.?'9 295_,.11 900._,:
H-15 CUL 3_1.63 12-90 09:20 527.35 0.00 52?'.35 160.74 _95t,.ZB 900._,_

H-1 5, CULEBRA
191oWATE_LEVELSA_.

2..957 -

2.964 -

i I i

I _ .... , '"_ " , _ "" , ..... _ " _ " r .... , ...._ "

ilk 01-I0 02-I0 03-90 04"90 05--90 04-'I0 07-H 06-90 09-'90 10-'90 11-90 12-90
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DO--PP 91..,4_,

GROUNDklATEIII-LEVELS
CALENDARYEAR1990

H-17, CIJLEERA

WELLMO ZONE TOCAJ_SL DATE TIME TP IrT TOC ADJ FT WL FT WL.METERS iJ1.lqSLFT WL_
H-17 OIL 3385,31 01-90 12:46 435,46 0.00 435._.6 132.73 2949.85 8
M-17 OIL 3385.31 02-90 08"54 435.25 0.00 435.25 132.66 2950,06 8',+
M-17 OIL 3385.31 03-gO 1_,:19 435.16 0.00 435.16 132.64 2950.15 8_,_'.
M-I? OIL 3385.31 O&-qO 11:20 43_,78 0,00 434.78 132.52 2950.53 899.,_
14-17 OIL 3385,31 05-90 0q:35 434.54 O.O0 _,3_.54 132.45 2950.77 899.3
H-I? OIL 3385.31 06-90 15:50 43&.40 0.00 43_.40 132.41 2950.91 8_,/_
M-17 OIL 3385.31 07-90 09:15 43&.25 0.00 _,3_,25 132.36 2951.06 89_._
M-l? OIL 3383.31 08-90 11:15 4_,12 0.00 _,_.12 132.32 2951.19 _"
I_-17 OIL 3385.31 09-90 16:07 433.95 0.00 433.9_ 132.27 2951.36
14-17 CUL 3385.31 10-90 07:Z3 434.04 0.00 4_.04 !_x_,30 29__."" . ,.
H-17 CUL 3'31_.31 11-90 16:38 433.86 0.00 433.86 132.2&.._ 295T.(,5 89_.b
H-17 OIL 3385.31 12-90 07:45 433.51 0.00 433.51 132.13 2951.80 899.7

, H-17, CULEBRA
I IqlOwA'11__ ,044sL

3.96&-

2.984 -

2.953 -



DOK/WIPP 91-00S

GROUNDWATER"LEVELS
CALENDARYEAR1990

H'18, CULEBRA

WELL_MO ZONE TOC.AM_L DATE TIME TP_FTTOC A_DJ.FT WL.FT I/L_METER$ WLMSLFT kLMSL
H-lE C1JL 341_,.21 01-00 14:02 368.92 0.00 368.92 112.45 3045.21 928,Z:
H-lE CUL 3414.21 02-90 12:36 36_.90 0,00 368.90 112._ 3045.31 928.2'
H-18 (3JL 3414.21 03-90 13:30 368._ 0.00 368,_ 112.41 3045.42 928.2,
N'18 t::UL 3414.21 0_'90 11:05 370.58 0.00 37'0.58 112.95 3043.63 927.7:
N'18 CUL 3414.21 05"90 11:17' 367.31 O.DO 367.31 111.96 3046.90 92S.7:
H'18 C:UL 34,414.21 06"q0 10:_4 367.05 0.00 367.05 111,_ 3047,16 928.7"
H'IB CUL 3414.21 07"q0 13:50 366.80 0.00 366.80 111.80 3047.41 928.8_.
H'18 C1JL 3414.21 08"90 14:20 366,61 0.00 366.61 111.74 3047.60 925.9'
M'18 CUL 3414.21 09"90 12:25 366.30 O.OO 366.30 111.65 3047.91 929.0C
N'18 CUL 3,414.21 10"q0 08:50 365._ 0.00 365.9'q 111.55 3048.22 ;29._
M'18 CUL 3414.21 11"q<) 09:56 365.86 0.00 365.86 111.51 3048.35 929,1,
_1"18 CUL 3414.21 12"q0 08:50 365,63 0.00 365,lL3 111.44 3048.58 929.2'

H- 18, CULEBRA

&064 7

3,0_1-

&06,2=

•%051-

&08-

-i &_l&_7 -

.,¢\
ILO,I_-

&_-'

01-_ 02-10 0,_-_ 04--110 06--t0 06--10 07--90 Oa-lO i)l-_ 10"10 11-g0 12-g0

DATI[
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DO£/WIPP 91.00

GROIJNDWATEI_-LEVELS
CALENDARYEA_1990

P- 1_,0¢I.ILEfJRA

_LL MO ZONE TCX:adilSL DATE Tilde TP.FT TOC ADJ FT WL FT WLNETERS WLMSLFT WLP
P-14 CUL 3361.06 01-90 14:56 373.16 0.00 323,14 98.49 3037,92 92_

P-14 CUL 3361.06 02-90 11:62 373,19 0.00 323.19 98.51 3037,87 925
P-14 CUL 3361.06 03-90 12:?.5 323.1S 0.00 323.15 98.50 3037,91 92_
P-14 I:UL 3361.06 0_-90 I0:13 322.74 0.00 322.74 98.37 3038.32 92o
P'14 CUt. 3361.06 05"90 I0:37 322.93 0.O0 322.93 98.43 3038.13 92
P-14 CUb 3361.06 06-90 09:3,8 322.86 0.00 322.86 98.41 3(:}38.20 "
P-14 CUL 3361.06 07-90 13:15 322.57 0.00 322.57 98.32 3038.69 92o
P-16 CUL 3361.06 I_!!-90 13:37 322.45 0.00 322.65 98.28 3038.61 9__
P-14 ClJL 3361.06 09-90 13:19 322.33 O.0O 322.33 98.25 3038.73 ;
P-16 ClJL 3361.06 10-90 08:00 322.12 O.O0 322.12 98.18 303_3.%
P-14 CUL 3361.06 11-90 08:45 322.12 0.00 322.12 98.18 3038.94 _.
P-14 (::IJL 3361.06 12-90 07:50 321.99 0.00 321.99 98.14 3039.07 92_.

P- 14, CULEBRA
i IlO WATE_ _

3.042

_ 3._I -

z,_ _._ -

----.--4

I = "3.037-

,I.034 -

3.035 -_
/

3.034 _ - 'i .... -1 - ; "' _ _ - i ; - I ..... _.... - 'r'--- 1 :

01-10 02-_ 03-'t)0 0,4-.-i)00S-I)O 01-_ OfT-IlO 08-10 01i_--I0 10--.!10 11-110 12-gOj_J)

I_TE
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DO--PP 91

GROUICD_/ATER"LEVELS
CALENDARYEAR1990

P-15, CULEBRA

_LL.NO /i ZOME, TOC_A_ISL DATE TIME TP_FT.TOC ADJ FT WL.FT WL_NETERS WL.NSLFT WLMSLP-15 ,i CUL , 3311.38 01-90 0_:55 302.33 0,00 302.33 92.15 3009,0S 9_7,_:
P-15 '/ _L/ 3311 3B 02-90 09:56 302.13 0 O0 302.13 92.09 3009,2S 917,2:

P-15 ' /, L"UL 3311.38 03-90 11:17 302.27 0.00 302.27 92,13 3009 11 917,1E
P-15 CO[-, 3311.3,B 04-90 14:06 301.82 0.00 301.02 91,99 3009,56 917,3'
P-15 CUL 3311.38 05-90 11:07 301,118 0,00 301.88 92.01 3009 50 917'.3:.
P-1S CUL 3311.38 06-90 12:50 301.70 0.00 301.70 91.96 3009,_S 917.35
P-15 CUL 3311.38 07-90 07:28 301.50 n,O0 301.50 _1.90 3009,68 917,_1
P-lS CUL 3311.38 08-90 07:47 301.51 _.00 301.51 91,90 3009 B7 917,_'
P-15 CUL 3311.38 09-90 14:1§ 301.47 0.00 301.47 91.89 3009 91 917,_2
P-15 CUL 3311.38 10-90 07:57 301.48 0.00 301.48 91.89 3009,90 917,;_.
P-15 CUL 3311.3B 11-90 11:58 301.42 0.00 301.42 91 .B7 3009 96 917.,..
P-15 _JL 3311.38 12-90 14:05 301.23 0.00 301.23 91.81 3010.15 917.4;

P- 15, CULEi3RA

3.015 _ i
I

3.014 - I

I
3.013 - !

I
3.o,:- tI

7._,.;3.olI- i

_z 3.01 .......

o 3.0011 - _

3.00t
I

3.1X111 - _ --"1' --_ ' , l -:P ..... ]' i ' _' I -

01-10 02--10 03-10 04-10 05.-gO O&.-tO 07--10 Otk--IO 01)-it0 10"-10 11-t0 12-10

DATE

4$



DOE/WIPp 914)08

P- 17, CULEBRA
11)I)oWATE]I_LEVELS

2.989-

2.11811-

2.117 -

Z.III4 - _ -'__ __
ii II

c 2,.14hi,4 - -

2.9112-

2.111 -

2,JHI - _ - 1 _...... l .... _ _ .... 1 - l ..... i I t

01-10 O'J-10. O3-tO 04,.-10 08-10 Oi-lO 07-1)0 04F-lO 0t)-.,00 10'10 11-10 12-lOWelL
,qp,_AT[
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DOEJWIPP 91.OOS

GROUNDW.4TER"LEVELS
C.ALEI_DARYEAR1990

P-1B, _JLEBRA

_LL.NO ZCi_E TOC.A_ISL DATE TIME TP.FT TOC ADJFT WLFT WLHETERS WL_MSLFT WLMSL.
P.lE CUL 3478,42 01-90 12:15 4T2.1B 0.68 471,50 143,71 3006,92 916,5'

P-18 C1JL 3478,42 02-90 08:29 468.82 0.68 468,14 142.69 3010,2B 917,5_
P-18 CUL 347_,42 03-90 15:04 /,65.71 0.68 465,03 1_1,74 3013.39 91B,4_L
P-18 {:UL 3/,7'8.42 04-90 10:0! 4,62.75 0.68 462.07 140.&4 3016,35 919.3EI
P-18 CUL 3471J.42 05-90 09:00 /,59.13 0,68 /,58.45 139.7/, 3019,97 920,4;I
P-18 CUL 34711.42 06-90 15:07 456.42 0.68 455.7/, 138.91 3022.68 921.3 'L
P-IB CUL 34711.42 07-90 09:35 /,53.7/, O.M 453.06 138.09 3025.36 922.13
P-1B C:UL 347'8.42 08-90 09:/,2 /`50.77' 0.68 450.09 137.19 3028.33 923,03
P-18 C:_JL 347'8,42 09-90 16:30 447./`2 0.68 446.74 136.17 3031.6_ 92_..06
P-18 I::UL 3471J.42 10-90 10:32 4_,.00 0.68 _,3.32 135.12 3035.10 925,1C
P.18 {:UL 3478./`2 11-90 IS :_,5 4d,2.07 0.68 441.39 134.54 3037.03 925.6;
P'18 CUL 3478.42 12-90 12:50 /`39.67 0.68 438.99 133.80 3039,/,3 926,_,2

P- 18, CULEBRA
I III0WATE_t.IVEZ.SAI4SL

3.O8

3.03-

3.01 _

1 __1
_i _ t '" i .... t .... I ' l ...... l " _ i - T -- I

01-1_ 02-tO 03-.4K) 04--90 05-10 06-t)O 07-10 DIF-BO 01)-I_ 10--'tO 11-g0 12-S)0

4"/



,, DOE/WIPP 91.001

48



DOE/WIPp 91 ..008

GROUND_ATER"LEVELS
CALA_ERYEArn1990

WIPP'13_ CUL.EBRA

_LL.I40 ZOIiE TOCA_SL DATE TINE TP.FT_TOC ADJFT WL.FT WL_METER$ WLIdSL.FT WLh4_L.
WIPP.13 C:UL 3405.71 01-90 10_58 353,00 0.00 353,00 107,59 3052,71 930,."
WIPP-13 _'UL 3405,71 02"90 14156 35Z.85 0.00 '35Z,B5 107,55 305Z,86 930,S'
WIPP-_3 C:UL 3405.71 03"90 08140 353,13 0,00 353.13 107,63 3052,58 930,43
WIPP-13 _L 3405.71 04"90 12133 352.73 0,00 351_,T3 107,51 3052,98 9_a,55
WIPP-13 C:UL 3405,71 05-90 11x,18 352._ 0,00 352,79 107'.53 3052,92 930,53
WIPP-13 C:UL 3405.71 06"90 09:36 352.T2 0.00 352.T2 10,7.51 3052,99 930.55
WIPP.13 C:UL 3405.71 07-90 09:45 352.66 0o00 352,66 107,49 3053,05 930,57
_lPP. 13 C_Jt. 3405.71 08-90 11:57 352.56 0,00 352.56 107.46 3053,15 930,6C
t,/l_- 13 _L 3405.71 09-90 16125 352.18 0.0_1 352.18 107.34 3053,53 930,_
_/IPP-13 C::UL 3405.71 10"90 !5130 352.12 0,00 352.12 107.33 3053,59 930,7"2.!
_IPP-13 I:UL 3405.71 11-90 16t10 352.07 0.00 352.07 107.31 3053,6_ 930,_
t_]PP-13 _"UL 3405.71 12"90 14143 351,92 0.00 351.92 107,27 3053,79 930,6C

O WIPP-1 3, CULEBRA
11.10wA'rIo__

3.08,8,- -- - '..... -

3.087 -

3.084-

? =,os4 - _..--m

3.063- ___ _ _..._ = .-- = "r---

&O_l ".

3.061

:LOS-

I

3.041-

3.0441- I _ .... i" 1 i- -- ; "--'-_ 1 -- q .... q

01,.410 02-1)0 03--10 04-,tl0 OE-DO O¢F-'IO 07-110 OI-IlO 01--10 I0..-10 11-t0 12-])0

_I,TE
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DOE/V_PP 91,.008

QR_ WATER.LfYELS

WIPP-18, _'UL£BU

WELL..MO Zl_E T_:..AMSL DATE TINE TP..FT TOC ,_J. FT WL.FT WL.METERS WL,.HSLFT WLM5,
WIPP-18 C:UI. 3458,76 01"90 I)122 /..8.27 0.00 448,27 136,63 3010,49 917,

WIPP-18 C_JL 34§8.76 02"90 13z20 /48; '_*r 0,00 448, 17 136+60 3010,59 917,
WIPP.18 ClJL 3458.76 03.90 1S130 448.22 0.00 448.22 136.62 3010,54 917,_
WZPP-18 C1JL 3A58.76 04.')0 16100 /47,67 0.00 447.67 136,45 3011,Q9 917,T
WIPP-18 C:_JL 3458,76 05"90 14106 /47.51 0.00 447.$I 136,40 3011.25 917,,

WIPP-18 _ 3458.76 06-90 07141 4|,I.M 0.00 451,88 137,73 3006+_E5 916,'
WIPP-18 CUt. 3458.76 07-90 14100 4441.7'5 0.00 L,48.73 136.78 3010,01 91"
WIPP-I| _ 3458.76 08-90 12145 /47.63 0.00 447.63 I_6,&1, 3011,13 9

wlPm.18 CUE 3458.76 09-90 13108 /47.14 O,O0 /47,14 136.29 3011,62 e

WIPP-18 {_JL 3458.76 10-90 11115 446.69 0.00 /,46.69 136+15 )012,07
WIPP-18 12JL 3458.76 11"90 11111 /46.56 O.O0 446.56 136.11 301_,20 9'_,

WIPP-18 _JL 3458.76 12-90 10100 446.35 0.00 446.35 136.05 )01Z,_l 918,

I

WIPF'-18, CULEBRA
+II0 WAII_q_ AI_iL

3.ols - , '....... I
)

t

3.014 -

3,.013 -

:L012 -

3.O07

3.008 ...... t_- --_ - ; ' i ........ + • ' i +l ---i _'1

01-10 011-110 03-t0 04--110 OIF--tO 0t-.-I10 _7-110 01-110 01-1110 10-t0 11-110 12-_

13Al1[

5O



l)O_pp 91-008

GROIJNOWATER'LEVELS
r.ALE_.IJI YBAR1990

WIPP"19, _LEIIRA

WELLMO ZOnE TOCJU4|L DATE TIME TP._'T TOC ADJ FT WL.FT WLM_TERS WL.NSL FT WLHSLw
WIPP'19 CtJL 3435,14 01"90 13112 435 65 0.00 435,65 i32,79 2999,49 91_,2_.
WIPP"19 C1JL 3435,14 02"90 13112 435 42 0.00 435,42 132,T2 2999,T2 914,31
_i_'19 CUL 3435o14 03"90 15122 435 37 0,00 435,37 132,70 2999.77 914o.13
WIPP'19 ¢UL 3435,14 04.90 15t51 434, 67 0,00 434,67 132,49 3000,47 914,54
WIPP'19 C:UL 3435,14 05"90 13|53 4_i 48 0.00 4_,/_8 132,43 3000,_ 914,60
WIPP"19 C_JL 3435.14 06-90 07=25 446 28 0,00 446,28 136,03 298_,86 911,00
WIPP't9 _L 3435.14 07.900 13=50 435 33 0.00 435,33 132,69 2999,81 914,3_
WIPP"19 CUL 3435.14 08"90 12_2r_, 433, 54 0,00 433.54 132,14 3001,60 91_,89
WIPP"19 CUL 3435,14 09-90 1:_01 432.86 0.00 432.86 131,94 3002.28 915,09
WIPP't9 CUL 3435.14 10"90 t1:_ 432,_ 0.00 432._ 131,81 3002,70 915,22
WJPP'19 C:UL 3435.14 11"90 11|05 432._,& 0.00 432,/.4 131,81 3002,70 915,?.2
WIPP"19 ¢UL 3435.14 12"90 09=45 432.14 O.O0 432.14 131,T2 3003.00 915,]1

WIPP-1 9, CULEBRA
lhd WAT_ _ _.

_I,006......
&O04,-

3.002"'

3 -

2.1tru !rr --

Z-m

2._NJ
2.m

_.Nll "
2.1_ "
2-1tll "

2.iN "
Z|I_ "

2JU"

2.tl8 .... i -- '.= • --'f _ T" _ - _.... _ I
01-I0 02-110 03--11004--11006-IO 0t1-,10 0'7-10 Oli-I_ 01)-t0 10--!)0 11-10 12-I10

OAT!
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DO--PP 91.008

2.1_-

2.931 "

2.11311-- _ - _ " _ ..... I.... - _ - _ " l ' _ -_ " I - _

01-_ _-I0 03-,tCl 04-t0 0S-10 01-N 07-10 0_ OtF-_ 10--10 11-_

_AT[



, DOE/WIPP 91.008

GR(3JNDWATER'LEVELS
CALENDARYEAR1(;_0

WIPP'22, C1JLEIRA

WELLMO ZOldl[ TOC.._UqSLDATE T;NE TP FT..TOC ADJ..FT WL FT WLMETERS WL.MSLFT WLMSL
WIPI'*22 (:UL. 3428,12 01.90 12125 453. Z3 0.00 4_3,_ 138,14 2974,89 _06,7'

WIPI'-22 C:UI. 3426.12 02.90 13_03 452._ i 0.00 452,_ 138,01 2975,33 906,8.
WIPP-Z2 CtJL, 3/,,Z8,I ;_ 03-90 1511S 45Z,_ 0.00 4S2,48 137,92 :_97_,6A 906,9
WIPI:.22 CUL 3428.12 0&-90 I_:41 451.M 0.00 451.M 137,67 2976,_,4 907,_,
WIPI=.22 ¢UL 3428,12 05-90 13,/,4 451,33 O,OO 491,33 137,57 ,?,976,_ 907,3:
WlPP.Z2 {:UL 3428. I;_ 06.90 07,15 46Z,27 0.00 462.27 140,90 296_,8_ 90.I, 9<l
W|PP-ZZ C::UL 3428.12 07-90 13120 /,53.04 0.00 453._ 138.09 2975,08 906,B_;
WIP_'-22 _L 3,428.12 08-90 12:20 451.24 0.00 4_11.24 137,_4 ;2976,88 907.3!!
WIP_.22 C:UL 3428.12 09-90 12:;,5 4S0.53 0.00 /450,53 137,32 ;_977,59 907,5:
WIPI'.22 I:IJL 3_:_8.12 10-90 10:55 4._0.00 0,00 4SO.OO 137,16 Z978,12 907,_
WII_,._ _L 3428.12 11-90 10:59 449.93 0,00 _9,93 137,14 2978,19 _07,_!
WIPP-Z2 (3JL 3428.12 12.90 09117 649.67 0.00 449,67 137.06 ;_978,45 907,[

WIPP-22, CULEBRA
1111)0wA'r_ _

:Lie ...... ............... ........

2.1111 -
.-.- _,,.,,..4

LIT1 "

2,,r77 -
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2.1111 "I

2.I74 -

2.173 -

1 _|72-

t 2_71 -:.n -
• &tI '

2.H4-
_.|1_ -
IL|I_ -
_.II_-
2.111 -

2,,,til ........ _ ' _ _' ' _ _.... : .... f- _ _ _ --

01-4)0 02-90 03-"_¢) 04--110 05-'10 Ot-_¢) 07-1)0 0¢1--I00t-,.IO 10-90 11-t0 12-90

I_TE

S3
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I)O£/WIPP 91

GRC:UMDWATER-LEVELS
r,.ALENDARYEAR1990

, WIPP-25, _L4GENTA

'i

kIELLII0 ZONE TOCANSL DATE TIN[ TP FT.TOC ADJFT k/LFT IdLNETERS k/L NSL..FT k/L._SL
_IPP-25 (AtlIIULUS) NAG 3214.39 01-90 13:15 162.94 0,00 162.94 49.66 3051.45 930.{'
WZPP-25(ANNUl.US)IIIAG 3214.39 02-90 11:13 162.79 0.00 162.7") 49.62 3051.60 93{).'
WIPP-Z5 (_IUdOIUI.UI)NAG 3214.39 03-90 12:10 162.65 0.00 162.65 49.58 3051.74 930.'
kllptll-ZS (AIIliULUI) NAG 3Z16.39 04-90 09:53 162.51 0.00 162.51 49.53 301Jl.M 930.;I
VIPl)-_ (ANNULUS)NAG 3214.39 05-90 10:06 162.32 0,00 162.32 49.;,8 3052.07 930._;
WII_-Z5 (AIINULUS)NAG 3214.39 06-90 09:14 162.18 0.00 162.18 49,43 3052.21 930.:I
WZPID-ZS(ANIiULUS)_ 3214.39 07-90 12:55 162.M 0.00 162.08 49.40 3052.31 93(3.3
I,/IPP'Z5 (AIIII.II.t.HI) NAG 3214.39 011-9_ 13:Z0 161.97 0.00 161.97 49.37 3052.42 930._
WII_Ib-Z5(AIIUULUS)NAG 3214.39 09-90 17:48 161.80 G.O0 161.80 49.32 3052.$9 930._,
klIPg-Z5 (AIIIIUI.US) NAG 3214.39 10-90 07:06 161.61 O.O0 361.61 49.26 3052.;r8 930..
_d|PtD-Z5(AilNULUS)NAG 3214.39 11-90 1_:50 161.50 0.00 161.50 t,9.23 3052.89 930.SI
kIIPP-_ (AIdNULUS)NAG 3214.39 12-90 16:05 161,43 0.00 161.43 ,'_9.20 3052.96 930.,

WlPP- 25, MAGENTA
tlm wATImLZVI_ AlaS1.

__ i i i i i li li -- I ,1 li l I I : ----- ::

&Oil-.

3.0411
I

3.047 • _' ' _ ; ; ' _.... 1 ' _ I :
01-1)0 02-10 0,1,-10 04--10 OS-IO Ot-.lO 07-10 Oil--IlO 01)--00 10--10 1'1-11012-i
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DOE/WIPP 91

GR(_L/MDWATER-LEVELS
C,ALEMDARYEAR1990

WIPP-25, CUL.EBRA

_LL_NO ZOIIE TOC_ANSL DATE T[ICE Tp_IrT TOC ADJ.FT WL_FT WL_NETERS WL_NSL_FT WLI,ISL_N
WIPP-Z5 (PLP) t2JL 3214.39 01-90 13:10 164._ 0.42 164.33 50.09 3050.06 929.6_
WIPP-2§ (PIP) CUL 3214.39 02-90 11:05 1_.6§ 0.42 'd64.23 50.06 3050.16 929.69
WlPP-_ (PLP) CUL 3214.39 03-90 12:05 16_./.6 0.42 164.04 50.00 3050.35 q29._
WIPP-_ (PIP) CUL 3214.39 04-90 09:51 164.13 0.42 163.71 49.90 3050.68 929,BS
WIPP-25 (PlP) C_,JL 321/,.39 05-90 10:03 164.15 0.42 163.7_ &9.90 3050.66 929._
WIPP-ZS (PIP) g:UL 3214.39 06-90 09:11 164,07 0.42 1_3.65 49.88 30,50.74 929.8?'
WIPP-25 (PIP) CUL 3214.39 07-90 12:50 163.83 0.42 163.&1 49.81 3050.98 929.9/.
WlPP-_ (PLP) CUL 321/*.39 08-90 13:111 163.55 0.42 163.13 49.T2 30.51.26 930.02
WIPtD-_ (PIP) CUL 321/*o39 09-90 17:45 163.18 O.&2 __?..76 49.61 3051.63 930.1,',
WIIn_-_ (PLP) C_IL 3214.39 10-90 07:00 163.18 O.&2 162.76 49.61 30S1._ 930,1_.
WlPP-_ (PIP) CUL 321/*.39 11-90 16:65 163.011 0.42 162.66 49.511 3051.73 930.17'
WIPP-245(PIP) CIJL 321/*.39 12-90 16:00 162.97 0.42 162.55 49.55 3051.84 930.20



[M:)_]ep 91.

WIPP-26, CULEE3RA
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3.013 i
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DO.pp 91-00

GIOUI4DdATER-LEVELS
CALENi)AIYEAR1990

WIPP'27, MAGENIA
d

Im_LLNO ZONE TOC.ANSL DATE T|ME TP_FT.TOC ADJ_FT WL.FT WL_NEIERS ;/L_MSL.FY I,/LMSL.
WIPP-27(ANNULUS)NAG 317'8.98 01-90 07:50 108.7'8 0.00 108.7'8 33.16 3070.20 935.8C

WiPP-27 (ANNULUS)N_G 3178.98 02-90 07:26 108.66 0.00 108.66 33.12 3070.32 935._ _r
UI_-27 (ANNULUS)IIAG 3178.98 03-90 06:40 108.51 0.00 108.51 33.07 301'0.47 935._

WIPP-27 (ANNULUS)IMO 3178.98 06-90 06:?.6 108.46 0.00 108./,6 33.06 3070.52 935.8;
W%PMoZ7(ANNULUS)NAG 3178.98 05-90 05:55 108.43 0.00 108.43 33.05 3070.55 935.9¢
I_I_-27 (ANNULUS)NAG 3178.98 06-90 06:16 108.40 0.00 108.40 33.04 3070.58 935.9_

t41PP-27(ANNULUS)NAG 317'8.98 0";'-90 12:_ 108,40 0.00 108.40 33._ 3070.58 935.91
W|PP-27(ANNULUS)lqAG 3178.98 08-90 06:13 108,09 0.00 108.09 32.95 3070.89 936.01

WlPP-27 (ANNULUS)NAG 3178.98 09-90 06:36 108.31 0.00 108.31 33.01 3070.67' 935.9C
W|_-27 (ANJfULUS)NAG 317'8.98 10-90 066:55 108.3,8 0.00 108.38 33.03 3070.60 935.92
WIPP-27 (ANNULUS)NAG 3178.98 11-90 06:54 108.45 0.00 108.45 33.06 3070.53 935.9C
WIPP.ZT (ANIIULUS)tMG 3178.98 12-90 06:40 108._ 0.00 108._, 33.05 3070.5/, 93S.9C

WIPP-27, MAGENTA
11110WA11__ AdSL

3.0711-_ .........

3.O1'4-

3.073 -

3.O72

il*"'
_a'/ ' - - -- "

li.lM

3.DM 13.tory
I

3._ ..... _ ] I _ I ] .... ] | • ........ f__ ---- I , I L I

01-10 *02--90 03--90 04--10 06-10 00.-00 07--80 OII,-I)O 09--10 10-'90 11-00 12-90

DATE
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WIPP-27, CULEBRA
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DO--PP 91-008

GROUNDWATER'LEVELS
CALENDAIIYEAR1990
W!PP'Z8 RUSTLER/SALA£)O

WELL.NO ZONE TOC__SL DATE T|HE TP FT.TOC ADJ FT WLFT WL.METERS WL.NSLFT WL.NSL.'
WIPP'28 (PTP) IIUSISAL 3349.21 01-90 08:57 295.02 0.42 294.60 89,7'9 3054,61 931,0S
WZPP-28(PIP) RUS/SAL 3349.21 02-90 08:36 294.99 0.42 294.57 89.78 3054,64 931,05
WIPP-28 (PIP) RUS/SAL 3349.21 03-90 07:35 295.28 0.42 294.86 89.87 3054,3._ 930.97
WIPP-28 (PIP) RUS/SAL 3349.21 04-90 07:20 294.71 0.42 294.29 89.70 30.54.92 931,14
WIPP-Z8 (PlP) U/SAL 3349.21 05-90 06:42 294.65 0.42 294.23 89.68 3054.98 931.16
WIPP-28 (PIP) RUS/SAL 3349.21 06-90 07:09 294.56 0.42 294.14 89,65 3055,07 931,19
WIPP-28 (PIP) IIUS/ttL 3349.21 07-90 11:10 294.40 0.42 293.98 89.61 3055,23 931,23
WIPP-Z8 (PlP) RUS/SAL 3349.21 08-90 07:00 294.35 0.42 293.93 89.59 3055.28 931,25
W|PP-Z8 (PIP) RUS/SAL 3349.2t 09-90 07:45 294.17 0.42 293,73 89.54 3055.46 931.30
WIP_'28 (PlP) IIUS/SAL 3349.21 10-90 08:00 294.?.6 0.42 293.8/, 89.56 3055.37 931.25
WIPP-28 (PIP) RUS/SAI. 3349.21 11-90 08:20 294.10 0.42 293.68 89.51 3055.53 931._3
WIPP-Z8 (PIP) llllJS/SAL 3349,21 12-90 07:35 294.05 0.42 293.63 89.50 3055.58 931.34

WIPP-28, RUSTLER/SAI. DO
1_ WA'I'_ _ AII4SL

&INI _ '.....

3.090-

&0U"

.! &_'7

I

&082-

&l_l -

..... _ 1 J m '_ " l I 1 1 " i "_

01-90 02-90 03--90 04--90 08,-'90 04-90 07-90 _ 011,,,-90 10--90 11-110 12-90

_411[
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I)O_PP tl.008

GROUN_WATER-LEVELS
C,ALEMDARYEAR1990

WIPP-29, C1JLEiI_

_LL__ ZOilE TOC.ANSL DATE TINE TP.FT.TOC A;)J_FT WL.FT WL_METER$ WL.NSL.FT WL_M$,.
WIPP-29 CI,IL 29711.2_ 01-90 15:&7 10.50 0.00 10.50 3.20 2967,76 904.'
WIPP-29 CUL 2978.26 02-90 06:55 10.33 0.00 10.33 3.15 2967.93 9'_t..
WlPtb-_ ClJi,, 2'gTE.2b 03-9'0 06:_ 10,4& 0.00 10.44 3.18 2967.B2 90_,._
WIPP-29 CIJL 29711.26 04-90 06:03 10.60 0.00 10.60 3.23 2967.66 9Or,,.5.
WIPP-_9 _ Z9711.26 05-90 0.5:45 10.95 0.00 10.95 3.:SL, 2967.31 9_.
WII_P-29 CUt. 29711.26 06-90 14:00 11.59 0.00 11.59 3.53 2966.67 904.
WIpp. LHJP I:IJL Lx;P"tll.26 07-90 06:15 10.96 0.00 10.96 3.34 2967.30 904,.
WiPP'-_ CUt. Z91'8.?.6 08-_ 06:04 10.59 0.00 10.59 3.23 2967,67 9:.
WIPP-Z9 _ LxpTB._ 09-90 10:17 10.60 0.00 10.60 3.Z3 29_7.b6 9_..
WIP'_'-_ C:UL 29?8.26 10-90 06:33 lO.bO 0.00 10.60 3.7.,3 Z967.66 _0,;,
WII_-;_;P CUL 29'r!1.26 11-90 06:45 10.50 0.00 10.50 3.20 2967,76 90_,,5
WIPP-_ C:UI. Z978.?.6 12-90 06:20 10.86 0.00 10.86 3.31 2967._,0 90_,.

WIPP-29, CULEtBRA
Ino WA'I'I_ _ AMSL

2.1173 -

2.1172 -

2.1171 -

2.97 -3, 2.m-

2.1_-

2.|_1 -

2.984

01-110 02-110 03--110 04--_ OQ_.._O 06-1)0 07-110 OG-.IG 01)-IH_ 10.-110 11-90 12-

DATE

6O



I)OE/WlT? 91.0(

GROUNDkL4TER"LEVELS
r.,ALENDARYEAR1990

W|PP-]Oo NAGENTA

_LL.NO ZONE TOCjILIISL {)ATE T|ME TP.FT TOC ADJ_FT WL_FT WLMETERS WL.MSL.FT WLM5.
WIPP.30 (ANNULUS)I_kG 3429.0S 01-90 11:52 304.93 0,00 306.93 92.94 3124.i2 95Z.:
WIPP'30 (_NULUS) NAG 3429.05 02-90 11:26 304.78 0.00 304.78 92.90 3124.27 952.'
1.lIPID-30(ANNULUS)NAG 3429.05 03-90 09:36 304.75 0.00 304.75 92.89 3124.30 952.:
WIPP-30 (ANIIULU$)NAG 34_;;.OS 04-90 09:14 304.63 O.OO 304.63 92.85 3124.42 9S2."
WIPI_-30 (_NULUS) NAG 3429.0S 05-90 09:36 304._ 0.00 304.48 92.83 3124.57 9cj2.:
WIPM'30 (ANNULUS)NAG 3429.05 06-90 09:43 304.44 0.00 304.44 9;_.79 3124.61 95Z."
Wi_-30 (_NULUI) NAG 3429.05 07-90 10:30 304.45 0.00 3_.45 92.80 3124.60 9SZ."
WIPP-30 (AIII_JLI.II) _ 3429.0S 08-90 12:32 304.37 0.00 304.37 92.7"/' 3124.68 9S2.,
WIPID-30(AIIIIULI_JI)NAG 3429.1)5 09-90 17:1)6 304.29 0.00 304.29 92.75 3124.76 9S2._
WIPP-30 (ANNULUS)NAG 3429.0S 10-90 16:ZS 304.20 Q.O0 304.20 92.72 3124.85 9SZ,,
WI_-30 (_IIULUS) NAG 34_9.0S 11-90 15:18 304.22 O.O0 304.22 92.73 3124.83 952.,
wipp-30 (AIINULUS)NAG 3429.05 12-90 15:35 304.14 0.00 304.14 92.70 3124.91 95Z.,

WIPP-30, MAGENTA
11tO WATIgq_

3.13

3.121 -

3.128 -

3.122 "

3.121 -

3.12- 1 I .... 1 " 1 1 1 l 1 _ _ :
01-10 02-1)0 03-10 _ 06-1t00l-..tlO 07-_ 011-_ OlI-N 10-110 11-_ 12-90

I)Alll

61



DO--lIP 91-008

_._ROU_WATER-LEVELS
r.ALEblDARYEAR1990

W|PP-30, (_JLEBRA

_IELL_ilO ZONE TOC.A_ISL DATE TIME TP.I:T_T_ ADJ _T WL.FT WL_METERS WLNSL..FT WL_"
WIPP'30 (PIP) _L 3429.05 01"90 11:47 369.23 1.20 308.03 112.18 3061.02 933
WIPP'30 (PIP) t:IJL 3429.05 02"90 I0:20 369.27 1.20 308.07 112.19 3060,98 93Z
WIPP'30 (PIP) (_JL 3429.05 03"90 11:18 368.91 1.20 367.71 112.08 3061.3/* 933
WIPP'30 (PIP) C1JL 3429.05 04"90 09:04 369.0i 1.20 367.8i 117..11 3061.24 933.
WIPP'30 (PIP) CUI. 3429.05 05"90 09:33 369.01 1.20 367.81 112.11 3061.24 933.
W|PP'30 (PIP) CUL 3429.05 06-90 08:34 369.10 1.20 367.90 112.14 3061.15 933.
W|PP'30 (P|P) CUL 3429.05 07"90 10:25 369.08 1.20 367.88 112.13 3061.17 937
WIPP'30 (PIP) CUL 3429.05 08"90 12:7.7 369.12 1.20 367.92 112.14 3061,13 933.
WIPP'30 (PIP) CUL 3429.05 09"90 16:56 368.74 1.Z0 367.$4 112.03 3061.51 933.
WIPtD'30 (PIP) C1JL 34_. 05 10"90 16:20 368.59 1.20 367.39 111.98 3061.66 9_T
WIPIJ'30 (PIP) C:UL 3429.05 _1"90 15:21 368.57 1.20 367.37 111.97 3061.68
WZPP'30 (PIP) OJL 34L|_9.05 12"90 15:Z0 368.38 1.20 367.18 111.92 3:,_I _ ,:_,

WIPP-30, CULEBRA
1990 WAllm L[Vlg.S

3.008 ...........

3.014 -

3.01,1-

I 3,012 _

3.0117"

3.0811 -

3.0841 ..... _ _ - _ 1 "_r ' ] ' 'l " i T ' I "

01-10 02--10 03--10 04--110 OS-IIO 06'-10 07-10 (Ni--l_ 1311-10 10.110 11-90 12-90

t_Tl[
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HISTORICAL GROUNDWATER LEVEL DATA
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FRACTIONS AND MULI"II_.ES OF UNITSi
i

10' 1,000,000 mega- M
,ooo k

lo 2 loo hecto- h

10 10 dm<a- cia

10"_ 0.1 deC,l- c:l

104 0.01 c8nI_- c

104 0.001 rralk m

104 0.000001 rnCto- I_
104 0.000000001 nano- I1

10"I= 0.0000_ ."00001 pico- p
10"11 0.000000000000001 femto- f

10"I* 0.000000000000000001 aZto- a

CONVERSION TABLE

MultlDtY BY To Obtlln MulttDty _ To Obtain

in. 2.54 cm _ 0.394 in.

ft 0.305 m m 3.28 ft

mi 'i.61 km km C.621 mi

ib 0.4536 kg kg 2.205 Ib

iiClqf- U.S. 0.946 L L 1.057 Ik:lqf- U.S.
ftz 0.093 m= m= 10.764 ft= .

rn_= 2.59 kmz kmz 0.386 rr, z

ft= 0.028 m= m= 35.31 ft=

rnCi/rr_ 0.386 mCI,4crl_(nCi_) rnCWJ'n= 2.59 rnCi/m_

d/m 0.450 pCA pCl 2_..2 _m

nCl I x 10z pCI pCA 1 ,, 10_ nCi

cl/rrVl. 0.45 x 10"e I_Ci/cc I_Vcc 2.2.2x I0' cVm/L
_rn,lt = 0.01256 mCi/rniz rnCi/rr_ 79.6 _rr_ z

pCi/L (water) 10"= _Ci/mL (water) IJ.Ci/mL(water) 10' pCi/L (water)

pCVrn'=(air) 10"'z i.I.Cl/cc(air) i._I/cc (air) 10_z pCi/m=(mr)
" mC_ I nCVmz nCVma I mC_n z

®



APPENDIX D5

ECOLOGICAL MONITORING PROGRAM
AT THE WASTE ISOLATION PILOT PLANT

FROM PREVIOUSLY PUBLISHED NO-MIGRATION VARIANCE PETITION,
APPENDIX K, VOLUME VI

U.S. Department of Energy (DOE), 1990,
•DOE/WIPP 89-003, Revision 1, Carlsbad, New Mexico
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9.0 VEGETATION

Vegetationis monitoredinpermanentecologicalmonitoringplotsto assessthe impactof transpone_tsait
on plant I,e. Parameters being monitoredin each plot are foliar coverof at'lspecies, densityof annual
species, species richness, and the structure of the vegetation community. Cover and density are
measured at the beginning and end of the growing season, Spring readings of vegetation are t_.ken
when mostspring-floweringplantsare matureenoughto identify,usuallyinJune. Fall readingsare _ai_en
when warm season plants (prlmadtythe grasses) are blooming,usuallyin lalteAugustthroughOclol:_er
Changesin community structureare documentedby meansof fixed-locationcomparativephotoglapils,
Species richness is determined at the end of the growing season; 1887 data also include spring
measurementsof speciesrichness.

L

The methodsused are describedin detailinthe first two EMP reports(Reith et al., 1985; Fischer, 1985)
and followwidely accepted methodology(Cain and Castro, 1959). In 1985, some modificationswere
made to the programto increasethe accuracyand reliabilityof vegetationmeasurements (Fischer et al.,
1985), Measurements are facilitated by using a meter square sampling frame which is placed at 20
random locations in each monitoring plot (16 locations per plot were read in 1984). Foliar cover is
estimated for ali species as a visual estimate o1canopy coverwithinthe sampling frame, Densityof
annuals is calculated from directcountsof individuals. Vegetation ineach plot is photographedfrom a
centralsignpostto rec,on:lcommunitystructure. Species richnessfor the first three years (1984-1966)
was measured at the end of the growing season, tn 1987, species richness was calculated for both
springandfall, Modificationsin 1987 irck.Ele:

• Speciesrichnesswas supplementedby implementingphenologystudiesand establishingan
herbarium to enhance species identification. Individualstoo smallto identify at the time of
sampling were flagged and revisitedat times when phenology was optimal for taxonomic
characterization, thusreducingthe numberof unknownor unidentifiedspecies in the data
base.

• Annual specieswere separatedfrom perennial speciesfor closer examinationof the plant
communitystructure.

• Control2 plotwas againrelocated(see Chapler 1). Fieldexaminationsindicate thatthe area
of the Control 2 locationslrom 1986 and 1987 has receivedheavierlivestockuse than other
areas of WIPP and it may have received chemicaltreatmenttor brushcontrol intimes past.
A 1971 graduate study at New Mexico State University recorded chemical treatment of
mesquite in the grazing allotment in question (Leileste, 1971), This history has made it
difficultto establisha representativecontrol inthat area. Inthis chapter,Control 2 used in
1986 has been labeled C2W. The 1987 control is labeled C2S; W and S denote relative
positionsof west and south. The C2W was monitoredspringand lall, 1987. The new C2S
was monitoredfall, 1987, Bothclarasetsare presentedhere. An index of similaritybetween
C2S and C2W is presentedin Table 9.1. Similaritydata for each species are includedin
Appendix9-A.

Mesquitecover has been excludedfromthe calculationsoftotal coverand shrub/half-shrubcoverdue to
the high degree of variability in its measurement obtained by the quadrat method. Plants such as
mesquite,which are large withrespectto the size of the quadrat(one meter square) but few in number,
willrarelybe struckby the randomly-placedquadratframes. When struck,the cover measurementin the
frameis high,resultingin the reductionof precisionof the measurement,

WIP:V4-APPK K-22
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TABLE 9.1

INDEX OF SIMILARITY (C2S AND C2W COMPARED TO C1)

Similarto CI

C2S C2W

SHRUBS 77.78 95.24
PERENNIALFORBS 80.00 85.71
ANNUAL FORBS 95,45 96.63
PERENNIALGRASSES 78.16 64,10
ANNUAL GRASSES 25.00 26.67
TOTAL VEGETATION 89.81 90.23

Values derivedfromspeciesrichness(% framesincludinga particularspecies),CalculatedfromMotyka's
ModifiedSorensen'sIndex, Data inAppendix9-A.

TABLE 9.2

PERCENT FOLIAR COVER (AVERAGE OF ALL PLOTS)

Shrubs Perennial Annual Perennial Annual
(no PRGL) Forbs Forbs Grass Grass

Spring 1985 19.65 0,37 0,47 1.54 ....
Fall 1985 12.57 0.87 1,88 4,83 0.57
Spring 1986 17.39 1,03 0.80 3,19 ---
Fall 1986 14.79 1.16 1,50 4.91 0.13
Spring 1987 27.70 0,83 0,83 4.74 0,11
Fall 1987 15.92 0,73 0,73 4,08 0,66

..... no data

WIP:V4:AppKT9



Within the current reportingperiod, vegetationparameterswere measuredthree times; fall, 1986, and
spring and fall, 1987, are presented, Plants are reterred to by commonname, An index of scient=l=c;
names, commonnamesandacronymsis presentedinAppendix9-B,

9,1 RESULTS AND DISCUSSION

FoliarCover, Shrub foliarcover shows a decreasing trend overthe growing seasonfrom spring to fall
(Figure 9,1), This may be clue to the cessation of growth early in the season followed by a gradual
decline in leaf size throughtheseasonfrom herbivory, In 1985 and 1986, foliarcover increasedoverthe
growing season for perennialforb, annual torb, and perennial grasscategories, This trend would be
expected excluding outside factors, Suoh as drought, heavy forage utilization, and mechanical or
chemical treatment, However, the 1987 data show a decrease over the growingseason for the latter
three categories(Figure9.2), The averagesforali plotsare presentedIn Table9.2,

A change in speciesdominants fromspdngto fall may explainthe data from 1987, Amongthe perennial
forbs, leaf.flower andcottawere dominantsin the C2W springsampling but were replacedbyplainsflax
and hog potato inthe fall sampling, Groundselandwoollydalea decreased sharplyfrom swing to fall in
C1 and NW2 (Table9,3).

Annual forb coveralso shows a change In species con'c_slttonfrom springto fall in 1987 (Table 9,4),
Spotted horsemint, scorpionweed,and bluets were springdominants but were absentfrom or greatly
reduced in fall readings, being replaced by individualswith less foliar cover, Telegraph plant was the
onlyannualto showanIn.ease infoliar coveroverthe growingseason.

Perennial grasscoverdecreasedover the growingseason in 1987 (Figure9.3), This can be seen as a
decrease in three-awninthe far-fleld (NW2 and SL2) and C2 plots (Figure 9,4), Three-own represents
an important lorage grass in the WIPP area, Althoughit is not a preferred forage grass, _s re(attve
abundance makes it important to the WIPP range, The near-fleld plots (NW1, SL1, El),:,ru closedto
graz=ngwhereas the far-fieldanclcontrolplotsare openrange and supportcattle, The dtlfer_;r_:ein grass
cover may be attributedto differential grazing pressure, Supplementalclarashowingui:lt_,_,lionof the
forage by cattleon each pasturewould helpexplainthe foliar coverdata,

Data from 1985 and 1986 showed similar behavior between near-fleld, far-field and control plots,
However, 1987 data showed an inverse relationshipbetween the far-fleld and near-field/controlplots
(Table 9.5). Whereasfoliarcover increased overthe growingseasonin the controlandnear-field plots,it
decreased in the far-fieldplots. One would expectthe far-fleld and controlplotsto behave slmllady. A
strong inverserelationshipwas seen for perenmal grassesand annual torbs, The same was seen to a
lesser degree for perennial forbs, These data indicate that there are no adverse impacts from salt
transport on vegetation taking piace irl those plots closest to the salt stockpiles. However, data on
grazing impactswouldclarifydifferencesbetweenthe plots.

Percent foliar coverdata for each speciessampled are presentedinAppendices9-C, 9-D, 9-E, and9-F
torspnng 1986, fall 1986, spring1987 and tall 1987, respectively,

Densityof Annuals, Three years of data (1985, 1986, 1987) showa large fluctuationin annual density
, with much reduced numbers in 1986 (Figure 9,5), Precipitationdata for 1985 and 1987 reveal high

spring rainfallwhichcontributedto the emergenceof significantnumbersof annualplants, Precipitation
data for 1986 show lowspringrainfall (no measurablepreciptlatlonwas recorded in Marchor April)which
may have delayedgerminationor hinderedemergence(Figure9,6).

WIP:V4-APPK K-23
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TABLE 9.3

PERCENT FOLIAR COVER OF DOMINANT PERENNIAL FORB$, 1987

SpringC1 Fall C1 SprklgC2W Fall C2W SpringNW2 Fail NW2 SpringAv FallAv
ii i Jill llil iii i iii ii i i li i i iii iliil li ii i i i I, ........

Woollydaiea 0.50 0.20 0,00 0,80 0.50 0,05 0,19 0.23

Groundsal 0.25 0,03 0,05 0.26 0.50 0,03 0.29 0.23

Plainsflax 0,00 0.00 0,03 0,48 0,00 0,00 0,00 0,07

Hog potato 0,00 0.03 0,05 0,30 0,05 0,00 0,04 0.05

Leaf-flower 0,00 0,02 020 0,03 0,00 0,02 O,13 0,05

Cotta 0,00 0,00 0,00 0.00 0,15 0,00 0,00 0.09
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TABLE 9,4

PERCENT FOLIAR COVER OF ANNUAL FORBSo1987
(AVERAGE OF ALL PLOTS)

Spring1987 Fall 1987

Telegraphplant 2,70 Telegraphplant 3.50
Spottedhorsemlnt 0,83 Annualbuckwheat 0,88
Scorplonweed 0,61 Lace spurge O,13
Bluets ,55 Fetidmarigold O,10
Annualbuckwheat 0,27 Prairiesunflower 0,06
White ragweed 0,08 Bluets 0,03
Primrose 0,07 Coutter'sconyza 0,01
Spurge 0,07 Palafoxla O.01
Sunflower 0,05 Spectaclepod < .01
Spectaclepod 0,04 Arizonadoze daisy <,01
Palaloxla 0,04 Rlctge-seedSl)urge <,01
Fetidmarigold 0,03 Whiteragweed <,01
Westernfleabane 0,02 Bindweedheliotrope <,01
Fleabane 0,01 Cutleafaster <.01
Texasspreadwlng 0,01 Sunflower ,=,01

O
WIP:V4-AppK T9



TABLE 9.5

COMPARISON OF PERCENT FOLIAR COVER

Near-field Far.fie!d Controls

PerennialFo_os

Spring1985 0,35 0,52 0,24
Fall 1985 0,54 0,62 1,60
Spdng 1986 1,72 0,48 0,56
Fall 1988 1,12 1,75 0,65
Spring1987 0,g5 0,78 0,73
Fall 1987 0,74 0,14 1,33

AnnualForbs

Spdng1985 0.15 0,29 0,96
Fall 1985 1,30 1,34 ,32
Spdng 1986 0,84 0,46 1,09
Fall 1988 2,34 0.75 1,00
Spring 1987 3,95 4,50 8,38
Fall 1987 2,94 5,76 6,45

PerennialGrasses

Spring 1985 '0,74 1,63 2,25
Fall 1985 3,38 4,40 7,45
Spring 1986 3,11 2,53 3,99
Fall 1988 4,49 5,52 4,92
Spring1987 3,78 6,94 3.98
Fall 1987 3.96 3.74 4,60
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EMP monitoringemphasizes emergenceof the seedlingplant fromthe groundratherthan germinationof
the seed. Since the seed pool has been planted by nature, there is no easy way of recognizing its
presenceuntilseedlingplantsemerge fromthe soil. Emergence requiresbothgerminationand seedling
survivalto be recognized and duringthe process is subjectto more hazardsover time. Consequently,
emergencepercentageswill be lowerthangerminationpercentages(McDonough,1_77).

Priorto collectionof the 1987 data, itwas hypothesizedthat the declinein annual density from springto
fall in 1985 mayhave been due to a mk:l-summerdroughtwhichcaused a high degreeof mortalityamong
the annuals before seed-set had occurred (Fischer et al., 1987). A low seed crop from 1985 could
producelowannualnumbers in 1986. However,one mightthenexpect to see reducednumbersin 1987,
which was not the case. The data for ali three years reveals a similardecrease in annual densityfrom
springto fall. This three year picture seemsto supportthe hypothesisthat a lowspringrainfall in 1986
rather than a poor seed crop from the previous year, caused low survival of annuals. The timing of
precipitationrelativeto seedlingemergenceappearsto be a cnticalfactor. However, data on pher,c_gy
of the annualspeciesare needed to bener understandthisrelationship,

Annualplants ensure their survivalfromgeneration to generationby producinga seed croDwhich isfar
greater than what is needed to replace their actual numbers. Seeds may remain dormant for years
before favorable environmentalfactors occur wt_ichallow germination. Seed dormancy is a state of
suspendedanimationwhichpermits the survivalof plants under unfavorableconditions (Cohn, 1987).
The state of dormancy is attained during seed set with dehydrationof the protoplastof the embryo and
developmentof a protectivecoat aroundthe seed (McDono!jgh, 1977). A droughtmay enhance seed
dormancyandcontributeto a bun',.percropwhen environmentalfactorsare optimalfor seed germination.

Precipitationis not the only factor limiting emergence, although it is well documentedinthe WIPP data.
Among wild plants, a single adverse conditioncould wipe out the entire plant population ii the seed
sourcegerminated simultaneously. However, seeds of wild species germinate intermittentlyover a
courseof time (McDonough, 1977). The amount and distributionof precipizationat WIPP may have an
exaggeratedimpact on seedlingemergencecomparedto other environs,becauseof thedroughtynature
of the soil. The soils are mostly sandy and have very low water-holding capacity (Soil Ct-_nservation
Service, 1974).

Annualgrassdensitydecreased overthe growingseason in 1986 but increasedover the growingseason
in 1987 (Table 9.6). This alsomay reflectthe lackoi rainduringthe summerof 1986 as ccmparedto the
summerof 1987. Data on annual plantdensities are not adequate to define the underlyingprocesses.
Three years of data reveal similarities between 1985 and 1987 but do not allow predictionof trendsor
identify "normal"years from abnormal years, or wet years from dry years. The examinationof annual
plant densities could be enhanced significantly by knowledge of plant phenology. To accurately
determinewhether or not a lack of rainfallhas affected the annual plant populationbetore seed set has
occurred, it is necessary to examine the development oi the individual plants as they are affected
throughoutthe growingseason.

Densitiesof ali annual speciessa; ":.ledover three years (1985, 1986, 1987) are presentedin Appendix
9-G.

SpeciesRichness. Species richnessis a measureof the numberof different species encountered inthe
whole sample throughoutthe sarr@h_ period. This was determined at the end of the growingseason
fromthe fall measurementsfor the firstthree years of the monitoringprogram(1984-1986). In 1987, the
examination was oxtended to include spring sampling since some plants encountered in the spring
samplesgo dormantDeforethe fall samplesare taken and, therefore,do notshow up in the Iall data.

- =
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In four years of data, fluctuations can be seen between seasons, but there is a general trend of
increasingspeciesrichness(Figure9.7). This isproOablydue to improvementsin samplingmethodology
ratherthan abruptchangesinthe environment.These include:

• Increasedsamplesizefrom 16to 20 framesin 1985

• Increasedfamiliarityof personnelwiththe ecosystem

• Phenologyand herbariumstudieswhichwere implementedin 1987 andwhich decreasedthe
numberof unidentifiedspeciesin the data base.

The herbariumprogramyielded 37 voucheredspecimenswhich hadnot been previouslyrecordedinthe
WIPP literature. These plants were added to the list of flora produced by Universityof New Mexico
duringthe WIPP Biologyprogramof the 1970's. Additionsto the floristiclistmay reflectthe dynamicsof
the Chihuahuandesertecosystemwhere some plantsemerge or bloomonlyoncoin severalyears. The
additionsalso underlinethe importanceof an herbariumon site at WIPP to housevoucherspecimensas
evidencein supportof the fielddata.

lt is interestingto notethat the listof dominantannuals in 1985 and 1987 are similar,even thoughthe
1986 survey showsa change in speciescomposition. This may be due to the differencein rainfall in
thoseyears. Telegraph plant,annualbuckwheat,bluets,spottedhorsemint,and purplesandgrasswere
dominantinyears of heavier rainfall. Lace spurge,fetidmarigold,telegraphplant,andfalse buffalograss
were dominants in 1986 when less rain fell. A similar pattern was noted between wet and dry ye.¢.rs
duringthe WIPP Biologyprogram(Dowhower,1981) (Table 9.7).

Similarityindiceswere calculatedusingMotyka'smodificationof the Sorensen'sindex(Mueller-Dombois
and Ellenberg, 1974). Values for ea"_'lspecieswere derivedfor each monitoringplotby calculatingthe
percentage of quadrat frames containinga particularspeciesfor each monitoringplot. Thus, species
presencewasgivena numericalvalue basedon frequency. Table 9.8 showspercentsimilaritybetween
controland far-field,controland near-field,and near-fieldand far-fieldplots. Similarityindicesfor spring
and fall, 1987, were calculatedseparately. Indiceswere calculatedfor eachgrowth-formgroup(shrubs,
perennial forbs, annual forbs, perennial grass, annualgrasses) and for total plantcommunityspecie._
richness. In spring,the far-field plotsslightlysurpassthe near-fieldplotsinsimilarityto the controlplots.
In fall,the fa_'-fieldplotsagainslightly surpassthe near-fieldplotsin similarityto thecontrols. Butoverall,
littledifferencecan be seenbetweenthe near-fielddata andthe far-fielddata.

However, springannualgrass andfall perennial forbsshow significantlyreducedvalues in the far-field
data. At thistime no explanationcan be given. Spnngand fall, 1987, percentpresence values for each
species are given inAppendices9-H and9-1.

CommunityStructure.Fixedstationphotographyhas been conducted at ali sevenmonitoringplots. Four
years of photographsexist to date. BothC2S and C2W were photographedin 1987. A seriesof eight
photographs are taken from the central sign post in each plot, in a 360-degree spread. Each photo
includesan identificationlabelbearing plot number,directionfromthe signpost(N, NE, E, SE, S, SW, W,
NW), anda color chart. The date the photois takenis printedon thefilm.

Changes invegetationcommunitystructurehavebeen recordedby a numberof authorsusingarchived
photographs from historical records. The old photos are retaken by approximating camera position
relative to the landscapeunderstudy. The new photographsare then comparedto the old photographs
to studythe landscape(Rogers, 1982; Turner andKarpiscak,1980).
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TABLE 9.8

coMPoSITION OF ANNUALS COMPARED BETWEEN YEARS
(INDIVIDUALS PER SQUARE METER)

Sm'ing1985 Fall 1985 Swing 1986 Fall 1986 Spring1987 Fall 1987

Telegraphplant 11,06 3.62 0.28 0,08 13,51 7,96
Bluets 3.62 3.61 0.27
Slotted horsamint 3.54 O.15 0.23 1,97
Lace spurge 3.06 0.32 0.44 0,92 0,39
Annualbuckwhut 2.28 1.07 0.28 0.09 0.36 1,16
Fetid marigold 1.49 0,42 1,36 0,15
Prairiesunflower 0.41 0.08 0.17 0.29 0.13
Palafoxia 0.13
Nightshade 0.07
Whiteragweed 0.02
Purplesandgrm 1.08 0.11 0.45 t .87
FalsebuftalograM 0.04 0.18 0.22 0.26

Blankspaces _lic, mo iou than .01 tndtvidu_ per Nuare meter,
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. TABLE 9.7

COMPARISON OF DOMINANTANNUALS BETWEEN WET AND DRY YEARS

High PPT Low PPT

WIPP EMP DATA

1985, 1987 1986

Annualbuckwheat Falsebuffalograss
Bluets Fetidmarigold
Purplesandgrass Lace spurge
Spottedhorsemint TelegraphPlant
Telegraphplant

WIPP BIOLOGY DATA

1979 1978

Annualbuckwheat Falsebuffalograss
Annual sunflower Fetidmarigold
Bluets
LaceSl:XJrge 1980
Telegraphplant

Annualsunflower
Lace spurge

WIPP BiologyDataby S.L. Dowhower,1971, Range ScienceThesis,NMSU
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TABLE 9.8

SIMILARITY OF SPECIES RICHNESS

(NEAR-FIELD, FAR-FIELD, CONTROLPLOTS)

% SIMILAR TO CONTROLS % SIMILAR NEAR-
NEAR-FIELD FAR-FIELD FIELD TO FAR-FIELD

SPRING 1987

SHRUBS 95,3.3 99.58 94,87
PERENNIALFORBS 88.89 90,91 97.96
ANNUAL FORBS 92,89 95,90 96,98
PERENNIAL GRASSES 97,40 82,15 84,89
ANNUALGRASSES 77.65 46,81 65,00
TOTAL VEGETATION 93,18 94,62 98.68

FALl 1987

SHRUBS 97,48 92.94 95,66
PERENNIAL FORBS 86,53 97,56 83.33
ANNUAL FORBS 90.18 92,12 98,04
PERENNIAL GRASSES 93,15 99,61 93,79
ANNUALGRASSES 66.67 68,18 98,98
TOTAL VEGETATION 100.00 98.34 98,34

Controls= Avg.C1 and C2W
Near-field= Avg, El, SE1, NW1
Far-fle_ = Avg.NW2 andSF_.2
Valuesderivedfromspeciesrichness(% frames includinga particularspecies).
CalculatedfromMotyka'sModifiedSorensen'sindex.
Data inAppendix9-1.
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Recordingchanges In the vegetationcommunityfrom photographshas several advantages over other
methods. Photographsrecord minutedetail that is often overlooked. They recordsubtle featuressuch
as high water marks, soil cracks, flood-formed banks, and presence or absence of plants, More
importantly,they provide anunbiasedandcompletevisual recordof existingconditionsat the time of the
photograph, When paired with olclphotos of the same area, a change over time can be discerned
(TurnerandKarpiscak01980),

A partial llst of the subtle features which may be recorded in WIPP photography are: numbers of
perennial grasses, height of shrubs,numbersof mesquite and other woodyplants, size and positionof
sand trapblowouts,directionof sand dunemovement,pedestallingof bunchgrasses, and directionand
impact of livestock trails. The features listed are ali important to understandinglhe local ecosystem,
Measuring ali of these features would require enormous amountsof time and manpower. However,
relativechangescan be recordedby meansof photographswhichcan be comparedfrom year to year.

Changes recordedwithphotographstypicallyhappen over longperiodsof time, However, the impactof
salt on the environmentmay speedup the processof change. As explained by Stocldartel al. (1975),
changes lna plant communityare ususallychanges in the vegetationand not of the soil. For example,if
the factor of change is grazing by livestockand soiltramplingts nota major effect, but over utilizationof
vegetation is,=henchanges In plantcommunitystructurewill be measuredearlier than indicatorsof soll
deterioration, If _.rampllngand severeovergrazlngcontinues,the sollmay deteriorateto suchan extent
thatit willnet producea superiorvegetationcommunityevenwhen thegrazinghas ceased.

9.2 EVAL.UATIC)NOF SALT IMPACTS

In 1979 and 1980, salt impactexperimentswere conductedas part of the WIPP BiologyProgram, Salt
was applied to the soil at a rats of 3,900 kilogramsper hectare and 11,700 kilogramsper hectare. T_e
lowrate reducedfoliarcoverof nativevegetation23-37 percent. The h_ghrate reduced foliarcover54-75
percent, lt was noted that the effect of salt was to sharply reduce annual plant populations and to
decrease perennial cover proportionallyto the amount of salt applied (Dowhower, 1981). Dowhower
concludedthat the plants' response to salt was determined by a combinationof plant-controlledand
climate-controlledfactors. He citedplant-controlledfactors as: salt tolerance,rootinghabit, Importance
of dormancy, and dependence upon reproductionby seed. He cited cllmate-controlledfactors as: salt
movementaffectedby rainfallandmoistureavailableto theplant,

To date, EMP data show no measurableimpacton the vegetationfrom saltstress. However, it has been
shownin this report that supplementaldata on forage utilizationand plant phenology are needed to
interpretthedata more precisely.

As discussedin Chapter7, WIPP precipitationfor 1985, 1986 and 1987 show a dramatic impacton salt
concentrationlevels in surfacesoil. The data supportDowhower'spredictionthat rainfallwouldbe oneof
the mostimportanttactorsaffectingsaltmovement. Soil samplescollectedafterheavy rainsshow much
reducedlevelsof measured ions,these havingbeen leached throughthe soilprofile. Figure 9.8 shows
elevated electrical conductivity in the near-fteld plots. Similar patterns were seenlorsod0um,
magnesium,potassium,calcium,chloride,and pH (see Chapter7). Althoughthe near-fieldplotsdo show
elevated levelsof ions relativeto the far-field andcontrolplots,there is no apparent adverse impacton
the near-fieldvegetation at this time. This observationis based solelyon foltarcover and annual plant
densitydata, Asoutlinedby Dowrtower(1981), rootinghabitmay bean importantfactor to examine.

The Berlnosoll tscomprisedof loosesandsoverlyingan argtllichorizon. Below the argilllchorizonis a
calctc (or caliche) layer which is an accumulation of leached ions from the upper profile cemented
together° The loose sand has very lowwater.hok:lir_gcapacityandions leach throughthe profile rapidly
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where they accumulate in a calcto layer, Here, permeabilityts slow and the ca1¢1¢layer may act as a
' hard pan for salts to flow across, Under these conditions,rooting depth could play an Important role In

plant growthand survival. Plantswith shallow rootswould be able to tap less saline moisture from the
sandyprofile, Plantswithrootsextending to the calclchorizonwould be in contactwithconcentratedsalt
flow,

Plants under salt stress may exhibit symptomssimilar to droughtstress such as rolling or shedding
leaves (Dowhower,1981). Reductionof growthmay alsooccurundersalineconditionsdue to a negative
solute potential in the soil solution which causes the water potential to be negative and results in a
decrease inwater uptakebythe plant(Goodln,1977).

Observations on physiology of the plant species relative to salt stress play an Important role in the
monitoringprogram, Althoughmonitoring at the permanent plotsdoes not show any adverse impacts
from saltstresswithinthe monitoringplots,a smallarea next to one salt stockpiledoes showStress, lt is
believed that this Isdue to subsurface movement of salt and that plant rootingdepth relativeto the soil
caUchelayerts an In'K)ortantfactor inthisarea. The area of impact is being examined and the resultswill
be publishedinanotherreport.

The monitoringdata have shown the Los Medanos area to be a dynamic ecosystem which shows
measurablechangesin responseto localprecipitationpatterns, However, salt andpreclpltationinteract
to show a complexvegetationpattemthat ts affectedbymore than totalprecipitation,

Salt in soil chemistry includes other ions besides sodium, In particular, calcium, magnesium, and
potassium are ions of saline soil as well as plant macronutrlents, An excess of sodium can cause
deteriorationof the soll structure, An excessof magnesiumcan be toxic to plant tissueand reducethe
absorptionof calcium and potassium. An excessof calciumcan cause a nutritionalimbalance unless
accompanied by other cations such as sodium or potassium, In general, sodium Is directly toxic to
sodium-sensitiveplantsandcan cause an imbalanceof otherionsneeded for plantnutrition(Goodin,
1977),

As exDlalnedby Goodln,many plantsarecapableofcyclingsaltsthroughthesoil-plantsystemand are
essentialtothecontlnuedfunctioningoftheecosystem,Criticalplantnutrlentsmay occuras Islandsof
fertllltyInarldregionswhicharecycledby a particularspecies,Dlsplacementola speclescomponent
wlllprobablyresultInthelossofa particularnutrlentthroughleachlng,Once IIIsgone,thereis.little
chancethata new plantoflhesame ordlfferentspecieswillbe establlshedtofilltheniche(Goodin,
19T_.

Salt impactsremaina concern, althoughno adverse impacts have been recordedto date. Fouryears oi
data begin to revealpatternsandfluctuationsbutare not enoughto establishtrends or make predl,',tions.
Outside factorssuch as differencein grazingpressure,difference in pasture management, and historyof
chemical treatment have been identifiedand shouldbe examined to enable a better analysis of the salt
impactdata.

9.3 CONTINUING PROGRAM

Future monitoringwill continue to include thorough plant inventory and species identification which
evaluate each plant as a potential Indicatorspecies. Activitiesinitiatedin 1987 (study of plant phenology
and development ol an herbarium) will conlinue, Knowledge of plant phenology (especially among
annual species) Is needed to relate annual plant densities to critical precipitation data. Continued
development of the herbarium is needed to include voucher specimens of each species in the plant
community. Voucherspecimensare documentationoi field data.
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Activitieswhichshouldbeconsideredinthefuturetrmludeestablishmentofphotoplotstosupplementthe
fixedpiacephotogral_y,monitoringofforageutilizationandmonitoringofplantphysiologyrelatedtosalt
stress,

Thestudyof pairedphotographscanbe supplementedbya techniquewhichoomblnesa permanent
quadratanda photoplot, Thephotoplotprovidesa moredetailedrecordof Individualplantswithina
smallarea,suchas themetersquareframe, lt ismarkedpermanentlysotheexactpieceoi groundmay
bephotographedfromyearto year, AssuggestedbyOosttng(1956),permanentquadralsshouldbe
utlllzeclwheneverthereis a chanCethata site maybe revisited,Whenphotographedeach year,the
quadratyieldsa uniquerecordwithcenalnao'vantages',

+

, lt hasIncreasedaccuracybecausepersonalbiasiseliminated

• ltproducesa visual,two-dimensionalrecord

• lt pmvldesthepossibilityof enlargingnegativesfromdifferentyearswhichmaybeovertayed
fordirectco_n (Weaver,andClements,1938),

Forageutilizationstudiesprovidesupplementaldata on grazingimpacts, Plant vigorshouldbe
investigatedforeactlspeciesatthesametimesincethepurposeof the monitoringplotsistotookforany
changereflectingsaltimpacts, Wheretraditionalutilizationstudiesmonitoronlykey foragespecies
(those_¢_erredbylivestock),iiwillbene_nary toaccountforeachspecies,Confiningobservationsto
a fewkeyspeciesfailsto givea truepictureof rangeconditionortrend(theprogressa plantcommunity
fsmakingtowardimprovedordeterioratingspeciescomposition),becausetheundesirablespeciesare
Ignored(Cookand Stulobendie_,1988), Athoroughinventoryof forageutilizationmayrevealthat
impactsarerelatedto grazingrathertl'uansaltstress,

Severalgrazingexciosure_wereestablishedatWIPPovertenyearsago,Theseexclosurescanprovide
dataon plantvigorrelativeto ungrazedforageandmayincreasethe understandingof currentrange
conditionar_ trend.

i
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' APPENDIX 2-A

TEMPERATURE DATA FOR WIPP AND VICINITY ('C)
OCTOBER THROUGH DECEMBERo1986

OCTOBER 1986

WIPP W-AG CARLSBAD BRANTLYDAM ARTESIA
DAY Max Mln Max Mln Max Mln Max Mln Max Mln

1 32 17 29 12 32 12 32 13 31 7
2 27 19 31 18 26 18 LB 17 32 7
3 29 16 26 17 29 14 31 17 26 15
4 25 14 28, 16 27 15 31 13 29 9
5 18 12 24 14 19 13 31 12 26 9
6 16 11 16 11 17 11 19 11 21 11
7 21 12 16 11 22 13 23 10 17 10
8 30 11 21 10 28 11 31 9 23 7
9 28 13 28 11 27 11 28 9 29 8

10 20 16 27 11 19 16 22 10 26 12
11 22 6 24 14 23 8 23 11 21 11
12 17 6 17 6 20 5 17 3 21 4
13 18 3 20 4 21 2 7 3
14 25 4 18 3 22 3 24 1 19 -1
15 24 7 22 5 23 3 23 1 22 -1
16 24 9 23 9 22 6 23 3 22 0
17 26 12 23 10 =24 8 22 4 24 3
18 27 11 24 9 26 8 28 7 24 4
19 21 13 24 14 19 14 18 8 26 6
20 17 14 18 13 18 14 17 13 18 13
21 24 15 17 13 24 14 24 13 18 12
22 25 13 23 10 23 7 24 5 23 4
23 23 13 23 9 22 11 24 8 23 7
24 24 10 22 11 21 9 23 9 21 9
25 24 10 21 11 22 9 24 8 ' 22 7
26 24 8 22 8 24 7 26 6 22 4
27 27 7 22 9 26 7 29 6 23 3
28 31 7 26 9 28 5 23 3 26 2
29 23 7 27 7 22 9 26 8 28 4
30 25 10 22 9 24 7 26 6 21 3
31 27 10 24 9 26 7 24 8 24 3

WIP:V4.AppKT2-AJ1



APPENDIX 2-A

TEMPERATURE DATA FOR WIPP AND VICINITY ('C)
OCTOBERTHROUGH DECEMBERo1986

(CONTINUED)

NOVEMBER 1986

WIPP W-AG CARLSBAD BRANTLYDAM ARTESIA HOBBS
DAY Max MIn Max Mln Max MIn Max MIn Max Mln Max MIn

1 24 12 20 5 22 8 11 6 27 8 21 6
2 12 6 7 5 8 5 26 2 22 3 14 4
3 11 6 26 5 9 6 8 3 6 3 11 3
4 11 2 14 6 12 2 13 4 9 4 17 4
5 19 1 11 3 18 1 21 -1 12 -2 21 9
6 22 6 17 '6 22 2 20 0 18 -1 21 8
7 18 8 21 7 18 4 17 1 21 2 22 10
8 20 5 18 9 19 6 21 3 18 -1 20 7
9 17 1 14 4 16 2 14 0 21 -3 21 6

10 17 0 14 4 16 2 17 0 15 -1 17 4
11 10 -1 16 -2 9 -i 12 -3 17 -3 12 -4
12 11 -3 8 -1 10 -2 14 -2 8 -3 10 0
13 -2 -4 9 -3 -2 -3 7 -2 9 -4 4 -7
14 14 -4 -2 -3 13 -3 -3 -7 -2 4 11 -2
15 17 5 14 8 19 3 12 -7 12 -4 17 1
16 21 7 19 9 22 8 18 -4 17 3 21 1
17 26 7 21 9 26 8 17 7 22 3 24 10
18 19 10 24 10 21 11 25 6 27 4 22 10
19 23 8 19 9 24 8 26 6 21 6 22 6
20 18 4 23 7 17 3 17 4 25 2 24 7
21 21 4 17 6 19 12 0 -2 17 -3 23 9
22 23 7 17 8 23 3 24 3 19 -2 23 5
23 10 -1 20 7 12 1 5 2 24 3 10 -1
24 12 -4 6 -1 11 -2 14 ,.6 6 -6 12 -2
25 18 -2 10 -2 19 ,6 20 r "8 12 "8 17 "1
26 10 0 17 -1 9 1 20 , -4 17 -7 22 9
27 17 -4 13 -2 16 -4 20 -7 10 -8 21 6
28 20 -2 16 -2 21 -3 22 -7 16 -7 22 2
29 22 0 17 0 22 -3 20 -7 19 -7 20 0
30 19 6 21 -1 20 3 21 -7 22 -5 21 -1

WIP:V4-AppKT2-A/2



APPENDIX 2-A

TEMPERATURE DATA FOR WIPP AND VICINITY ('C) ,
OCTOBER THROUGH DECEMBER, 1986

(CONTINUED)

DECEMBER 1986

WIPP W-AG CARLSBAD ARTESIA HOBBS
DAY Max Min Max Min Max Min Max Min Max Min

1 13 -3 13 -1 14 -2 19 -6 13 2
2 21 .1 20 2 20 -4 14 -7 19 2
3 16 2 15 1 14 -1 19 -5 13 -1
4 8 2 14 2 8 -2 16 -7 9 -1
5 12 6 10 1 11 6 7 -6 8 4
6 15 8 11 3 16 7 12 4 17 6
7 19 7 13 6 0 8 13 6 21 4
8 15 5 19 4 16 6 20 4 14 1
9 7 0 14 2 8 1 16 -1 _0 1

10 1 -5 6 -2 2 -5 4 -3 1 -6
11 4 -6 -1 -5 4 -6 0 -9 1 -6
12 11 -5 4 -4 11 -7 5 -9 11 -4
13 12 -1 9 0 9 4 11 -8 14 -3
14 17 2 9 2 15 1 11 -7 15 -2
15 20 -1 14 2 19 -3 14 -7 21 -3
16 10 5 19 6 9 3 21 -7 16 3
17 12 0 9 5 9 _ 8 1 10 -1
18 6 0 9 3 6 -1 8 -1 5 0
19 15 -1 6 -1 12 -3 6 -4 14 -2
20 14 1 12 2 13 -2 13 -6 12 -1
21 6 3 _ 1 7 3 15 -5 5 -1
22 2 0 13 -1 3 1 6 -1 1 0
23 11 0 7 1 10 -1 3 -2 6 0
24 12 -1 8 1 12 -2 10 -3 8 0
25 11 0 10 -1 12 -1 11 -2 8 0
26 13 -2 11 0 11 -3 11 -7 10 -3
27 12 -1 11 3 11 -4 12 -7 10 -3
28 14 4 9 3 10 1 12 -7 11 1
29 14 0 9 0 13 -2 10 -5 12 -1
30 16 -4 13 -2 17 -4 13 -8 14 1
31 13 0 15 -2 13 -2 17 -9 14 -2

A

WIP:V4-AppKT2./V3



APPENDIX 2-B

TEMPERATURE DATA FOR WiPP AND VICINITY ('C)
JANUARY THROUGH DECEMBER, 1987

JANUARY 1987

WIPP W-AG CARLSBAD BRANTLYDAM ARTESIA HOBBS
DAY Max Mtn Max Mtn Max Mln Max Min Max Min Max Min

1 11 0 11 1 11 -4 10 -6 13 -9 18 -3
2 19 0 9 -1 20 -4 11 -7 11 -6 18 -3
3 13 -2 16 0 14 -1 13 4 21 -5 11 1
4 20 0 11 1 20 -5 19 -3 14 -9 17 -1
5 20 4 17 2 18 -1 22 -2 18 -8 17 -2
6 18 3 18 3 17 3 17 -3 22 -7 17 2
7 12 2 17 2 10 0 10 -4 17 -7 13 1
8 10 4 11 3 10 0 10 -3 11 -6 6 2
9 11 -4 9 -2 11 -4 13 -7 10 -8 7 -3

10 12 4 11 -2 12 .,4 12 -9 12 -9 8 -4
11 15 -4 11 -2 15 -6 16 -11 13 -11 11 -6
12 21 -4 13 -3 19 -6 22 -10 16 -10 19 -3
13 19 0 18 -2 19 -4 21 -9 20 -8 18 1
14 22 0 17 -3 22 -3 -4 -6 20 -7 18 -1
15 6 -2 21 -2 5 -4 23 7 22 -6 14 -3
16 1 4 4 -2 1 -3 -1 -7 7 _ 3 -4
17 -4 -14 -5 -13 -2 -12 -6 -9 1 -8 -6 -8
18 3 -15 2 -13 3 -11 4 -14 -5 -13 0 -12
19 11 -7 2 -8 8 -8 10 -11 6 -10 4 -9
20 1 -3 7 -4 1 -3 -2 -11 8 -10 4 -4
21 7 -4 2 -3 7 -8 7 -16 -1 -13 5 -5
22 10 _ 8 -8 10 -10 11 -14 6 -13 8 -7
23 12 -3 8 -3 10 -6 13 -12 11 -12 14 -5
24 15 -1 8 2 17 0 18 -7 14 -7 12 -1
25 19 -2 12 1 21 -5 24 -7 16 -7 17 0
26 22 1 17 4 21 0 23 -7 21 -7 21 3
27 27 0 20 3 25 -4 27 • 21 -8 24 3
28 23 6 24 5 25 3 26 2 26 -7 24 3
29 24 7 21 7 24 6 22 2 26 -1 22 7
30 22 1 22 2 18 1 17 -3 23 -4 18 2
31 19 8 17 8 19 4 20 -2 18 -4 17 2

W

WIP:V4-AppKT2-B/1



APPENDIX 2-B

TEMPERATURE DATA FOR WIPP AND VICINITY ('C)
JANUARY THROUGH DECEMBER, 1987"

(CONTINUED)

FEBRUARY 1987

WIPP W-AG CARLSBAD BRANTLYDAM ARTESIA HOBBS
DAY Max Min Max Mln Max Min Max _Min Max Min Max Min

1 19 1 20 3 21 3 22 2 19 -3 18 2
2 25 1 19 3 25 1 27 -3 22 -4 22 3
3 24, 0 24 3 24 1 26 -3 27 -4 22 2
4 23 4 23 4 22. 4 24 -2 22 -2 21 6
5 21 4 21 4 10 -1 11 3 22 1 18 2
6 13 -4 9 -3 16 -2 17 -8 10 -7 12 -3
7 17 -4 12 -1 19 -4 22 =8 15 -9 16 -3
8 22 -2 17 3 22 -5 24 -9 20 -8 17 0
9 18 1 21 1 14 -1 24 -4 20 -8 14 -1

10 22 2 14 1 24 -2 24 -3 14 -4 24 2
11 26, 2 23 4 26 1 29 -4 23 -2 26 4
12 25 3 24 6 23 5 .26 -1 26 -2 23 6
13 25 3 23 6 24 3 26 0 24 1 22 7
14 24 7 24 11 22 8 19 0 24 1 20 8
15 16 4 20 7 17, 3 21 ' 6 21 5 17 6 _i
16 15 2 16 3 8 1 6 0 16 -1 6 2
17 7 3 7 2 8 3 8 2 7 2 7 -1
18 9 -1 7 0 9 1 7 -1 8 1 7 -2
19 9 1 8 1 7 1 3 0 8 1 7 -1
20 5 1 5 1 3 1 1 -1 6 0 1 -1
21 3 -1 3 0 2 -3 1 -2 2 -1 2 -1
22 9 -5 1 -5 10 -4 12 -11 1 -9 8 -6
23 10 2 9 1 11 -3 10 -6 9 -9 9 -4
24 14 2. 11 1 16 -4 14 -6 11 -6 12 3
25 13 6 14 3 12 6 11 -3 16 -4 11 3
26 14 5 13 8 16 4 13 7 13 6 15 7
27 14 3 14 3 12 3 12 -1 14 -1 12 2
28 14 -2 12 2 16 -1 17 -1 13 -2 12 -2

*Ali data taken fromClimatologicalData/New Mexico, February 1987.

_ WIP:V4-AI:_KT2-B/2
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APPENDIX 2-B

TEMPERATURE DATA FOR WIPP AND VICINITY ('C)
JANUARY THROUGH DECEMBER, 1987"

(CONTINUED)

MARCH 1987

WIPP W-AG CARLSBAD BRANTLYDAM ARTESIA HOBBS
DAY Max Mln Max Min Max Min Max Min Max Min Max Min

1 14 0 13 2 14 -3 17 -6 16 -6 16 -1
2 19 3 13 3 20 -2 22 1 14 -6 19 -1
3 19 3 19 4 20 2 23 4 21 -4 18 3
4 19 3 19 3 19 1 21 3 21 -2 18 2
5 22 3 18 4 23 -1 27 1 20 -4 22 3
6 23 3 22 3 25 0 27 -4 23 -3 24 3
7 24 6 22 6 21 2 22 -1 25 -2 18 2
8 24 6 19 6 23 2 26 -1 22 -2 20 4
9 21 3 21 4 17 3 18 4 24 -1 12 2

10 16 0 15 -1 5 2 7 1 16 1 11 -1
11 12 2 6 2 16 3 19 2 6 .I 13 1
12 22 1 13 2 22 0 23 0 16 : _ 1
13 22 1 21 4 22 2 23 -1 21 -2 21 8
14 24 7 20 4 26 2 28 3 22 3 18 7
15 25 4 24 8 26 6 27 9 27 1 20 6
16 24 7 24 9 14 5 17 11 25 5 12 2
17 13 3 13 3 17 3 15 2 13 -1 14 3
18 21 2 12 2 24 9 26 4. 14 1 19 4
19 22 9 22 7 24 6 26 9 24 3 21 5
20 24 6 23 6 24 3 24 4 24 2 22 3
21 23 2 22 4 25 6 26 4 24 0 22 3
22 25 6 23 8 28 6 26 11 25 2 23 7
23 19 4 24 5 19 5 21 4 24 4 17 2
24 18 -2 21 1 16 -1 17 -1 21 -4 17 -2
25 16 3 15 2 9 2 11 -1 16 -2 13 1
26 11 0 9 2 13 2 16 3 11 2 8 0
27 21 3 12 4 22 0 22 0 11 -1 21 0
28 21 1 10 0 12 0 12 0 23 -1 19 -7
29 12 -6 6 -6 2 -5 2 -5 12 -7 1 -9
30 15 -9 -3 -6 12 -7 12 -7 0-11 10 -9
31 20 -4 11 1 21 -2 21 -2 13 -7 20 -2

"NI data taken fromClimatologicalData/NewMexico,March 1987.

WIP:V4-AppKT2.B/3



• PPENDIX 2-B

TEMPERATURE DATA FOR WIPP AND VICINITY ('C)
JANUARY THROUGH DECEMBER, 1987

(CONTINUED)

APRIL. 1987

WIPP W-AG CARLSBAD BRANTLY DAM ARTESIA FtOBBS
DAY Max Min Max MIn Max Min Max Mtn Max Min Max Min

1 25 2 21 2 27 -1 29 -3 22 -2 9 1
2 26 2 26 2 12 0 14 -7 27 1 16 -1
3 17 0 11 0 18 -3 -7 11 -7 16 -1
4 17 3 15 2 17 0 18 -2 15 0
5 14 5 11 3 14 6 18 17 2 12 0
6 11 3 12 4 12 4 14 2 12 4 12 7
7 14 -1 13 1 17 -1 17 -2 13 -3 13 1
8 17 -1 16 2 19 0 21 -2 16 -3 18 0
9 25 7 19 2 26 2 28 0 19 -3 25 0

10 25 7 26, 7 27. 7 1 26 0 26 0
11 29 7 24 8 31 6 26 2 27 6
12 29 12 27 16 26 12 31 31 3 23 11
13 24 2 23 4 20 3 21 4 27 0 21 3
14 18 2, 19 3 23 1 24 1 19 -1 22 3
15 31 6 22 5 32 4 34 1 22 1 31 8
16 32 9 31 8 32 9 33 7 32 2 32 9
17 33 11 32 13 34 8 6 31 4 34 10
18 34 11 32 14 36 9 34 6 37 10 '
19 34 14 34 11 30 11 37 35 7 30 13
20 28 16 27 18 27 14 28 7 29 11 24 13
21 26 7 26 7 18 7 16 9 26 9 23 4
22 18 6 12 7 20 7 23 = 4 13 2 19 4
23 23 7 20 6 25 4 27' 2 21 -1 26 5
24 24 11 25 10 23 8 2 27 2 26 6
25 22 9 26 9 23 8 23 6 26 7
26 25 11 24 11 25 8 28 24 7 27 9
27 26 11 21 11 26 9 24 6 25 7 27 9
28 25 11 25 10 23 7 24 7 26 6 27 9
29 26 11 23 11 27 7 21 -2 23 8 26 7
30 28 12 27 12 28 9 17 0 27 7 27 4

WIP:V4-AD_K'T'2.B/4



APPENDIX 2-B

TEMPERATURE DATA FOR WIPP AND VICINITY ('C)
JANUARY THROUGH DECEMBER, 1987

(CONTINUED)

MAY 1987

WIPP W-AG CARLSBAD BRANTLYDAM ARTESIA HOBBS
DAY Max MIn Max Mtn Max Mln Max Mln Max Mln Max Mln

....... _ ,,

1 29 11 29 12 29 11 7 28 8 27 5
2 27 15 28 16 28 15 31 9 26 3
3 24 9 25 12 26 11 31 28 10 26 6
4 26 6 22 7 28 7 31 7 24 • 5 28 4
5 29 7 25 8 27 9 29 7 24 6 28 6
6 23 13 27 11 23 13 24 8 26 8 ' 27 5
7 25 8 22 9 24 11 27 10 22 9 28 6
8 28 10 23 9 27 8 7 24 6 28 7
9 28 11 24 12 28 7 26 6 29 4

10 . 31 14 26 13 31 8 32 27 7 28 6
11 30 14 28 13 30 9 31 6 31 8 28 8
12 31 13 30 13 31 11 32 10 31 9 29 8
13 32 16 31 16 31 16 32 10 30 11 31 7
14 31 18 30 17 32 16 34 13 31 12 32 7
15 29 14 30 15 3G 16 13 31 14 29 15
16 33 15 29 15 31 14 28 13 31 14
17 35 14 33 13 34 12 34 29 9 33 12
18 29 19 31 18 29 14 31 11 32 12 30 17
19 24 16 28 18 25 15 26 18 29 16 29 16
20 29 13 23 13 29 14 31 14 25 12 27 11
21 28 13 29 13 30 13 31 11 29 9 29 14
22 28 17 29 18 27 14 29 12 30 13
23 22 14 27 13 21 13 27 14 27 11
24 26 14 21 14 24 14 22 12 26 13
25 30 17 28 18 29 13 31 26 11 30 14
26 31 19 28 18 31 18 32 11 30 13 30' 18
27 31 16 31 16 30 13 32 13 31 ' 10 28 17
28 28 15 30 14 29 13 31 13 30 11 29 12
29 31 11 29 14 30 9 14 28 8 29 12
30 28 17 28 18 27 16 29 11 27 16
31 28 13 26 13 27 15 30 29 13 27 11

tA/ll3,tlA A _k"'t"_ . ro,lC
.vw ,,_,_ppi,fo_.o_ u.,,,_,,,,



APPENDIX 2-B

TEMPERATURE DATA FOR WIPP AND VICINITY ('C)
,JANUARYTHROUGH DECEMBER, 1987

(CONTINUED)

' JUNE 1987

)

WIPP W-AG CARLSBAD BRANTLYDAM ARTESIA HOBBS
DAY Max Mln Max Mln Max Mln Max Mln Max Min Max Min

1 32 14 , 25 14 33 14 36 13 28 14 32 14
2 33 18 33 18 35 13 38 13 34 11 33 16
3 27 17 33 17 27 15 27 12 35 15 27 12
4 26 13 27 12 26, 13 28 13 26 14 31 10
5 27 13 26 12 25 13 , 11 26 12 31 16
6_ 27 15 24 16 26 15 25 13 31 15
7 30 17 26 16 29 17 31 27 16 32 16
8 23 16 29 17 22 16 23 14 29 16 27 16
9 30 17 23 17 27 17 28 15 22 17 29 17

10 32 19 27 18 29 16 31 16 27 16 31 18
11 31 16 31 17 32 14 32 14 29 13 31 17
12 35 17 31 17 33 17 14 31 16 33 17
13 35 17 32 18 33 17 32 15 34 17
14 37 18 32 19 34 17 36 34 16 36 17
15 36 19 33 19 35 17 37 16 34 16 34 17
16 39 21 35 21 36 19 38 19 36 18 36 18
17 40 20 36 19 37 17 39 15 36 14 34 18
18 38 20 38 19 36 16 37 16 37 14 36 18
19 40 20 36 19 37 17 13 36 15 36 18
20 38 17 36 18 38 13 37 12 36 18
21 35 19 36 20 34 18 38 37 17 32 17
22 37 16 32 16 34 18 41 13 34 14 34 17
23 41 19 35 20 39 14 39 13 35 12 38 19
24 37 21 39 21 37 20 38 21 39 16 36 20
25 35 21 37 21 34 32 34 22 38 19 36 17
26 26 16 35 17 27 18 19 34 18 27 16
27 31 18 34 18 29 18 26 17 32 18
28 32 18 29 ' 19 32 18 33 31 17 31 18
29 38 19 29 17 34 18 36 16 31 14 33 18
30 32 17 34 18 30 18 32 16 36 15 34 16

WIP:V4-AppKT2-B/6



APPENDIX 2-B

TEMPERATURE DATA FOR WiPP AND VICINITY ('C)
JANUARY THROUGH DECEMBER, 1987

(CONTINUED)

JULY 1987

WSPP W-AG CARLSBAD BRANTLYDAM ARTESIA HOBBS
DAY Max M_ Max M_ Max M_ Max Mln Max Mtn Max Mln

1 38 20 30 19 38 19 36 20 31 18 33 18
2 42 23 35 21 39 19 42 1S 34 16 38 19
3 42 20 38 22 41 21 41 19 39 17 38 20
4 40 22 41 21 40 lg 41 13 38 21
5 41 23 39 22 39 17 42 41 14 38 19
6 39 22 37 21 39 16 41 16 39 12 38 19
7 40 21 39 19 40 16 41 16 39 14 37 20
8 36 21 39 21 35 18 37 18 39 19 37 20
9 37 20 35 20 37 19 37 20 35 18 34 20

10 37 20 37 19 37 18 38 20 36 18 34 19
11 39 21 35 20 37 19 36 18 37 19
12 40 22 37 20 39 18 39 36 18 37 20
13 26 18 38 18 26 17 26 18 36 19 37 16
14 32 18 26 18 32 18 33 18 26 17 30, 18
15 34 16 32 16 33 16 34 17 32 16 31 15
16 30 20 33 18 30 17 32 18 32 17 31 19
17 34 19 29 18 35 18 19 30 16 33 17
18 36 20 32 19 36 16 33 14 37 20
19 34 21 38 20 34 21 38 36 17 36 19
20 34 21 32 20 , 33 19 34 19 34 17 32 19
21 32 21 33 21 32 21 33 20 32 18 31 19
22 34 19 33 19 33 18 38 19 32 16 32 18
23 35 20 33 20 38 19 37 19 33 17 33 18
24 34 20 34 19 34 19 21 35 18 32 19
25 33 19 32 19 33 18 34 17 32 17
26 32 19 32 18 30 17 35 33 15 31 18
27 33 20 29 19 31 19 32 18 31 18 32 18
28 31 19 32 19 31 19 32 20 31 18 30 18
29 34 18 31 18 34 17 35 18 31 17 33 17
30 35 1_ 33 19 35 18 36 19 33 18 33 17
31 36 20 35 19 37 19 34 18 34 18

:V4-AR;)KT2-B/'/



'_ APPENDIX 2-B

TEMPERATURE DATA FOR WIPP AND VICINITY ('C)
JANUARY THROUGH DECEMBER, 1987

(CONTINUED)

AUGUST 1987

WIPP W-AG CARLSBAD BRANTLYDAM ARTESIA HOBBS
DAY Max Mln Max Min Max Min Max Mtn Max MIn Max Min

1 38 21 34 19 38 19 41 21 36 18 37 18
2 37 22 37 21 37 21 38 22 38 19 36 19
3 39 22 36 21 38 20 22 37 19 36 19
4 38 22 36. 21 37 21 38 20 37 19 36 2i
5 36 20 36 21 36 21 36 21 36 19 36 21
6 39 22 34 22 38 22 38 22 36 18 36 21
7. 38 22 36 22 38 21 40 37 19 36 21
8 41 22 36 22 39 21 42 23 37 21 37 19
9 33 20 38 18 33 21 34 21 38 20 33 19

10 36 20 38 18 33 20 35 20 32 18 33 20
11 33 21 31 19 34 21 35 21 30 19 32 21
12 35 20 33 18 35 20 33 17 31 17 33 19
13 36, 19 34 20 33 21 21 33 18 33 19
14 37 20 36 20 37 19 32 17 36 19
15 38 22 37 22 37 21 36 18 36 18
16 37 20 35 20. 38 22 36 16 36 23
17 40 19 36 21 38 19 39 36 16 37 21
18 40 23 37 20 38 18 36 20 37 16 34 23
19 37 21 33 19 36 22 37 19 38 16 36 20
20 37 22 34 19 37 19 21 36 17 35 20
21 38 22 35 21 35 19 38 22 36 17 34 19
22 36 21 34 21 34 20 37 22 35 18 33 18
23 27 20 34 21 24 18 19 34 19 21 14
24 31 18 25 18 28 19 29 20 24 17 30 17
25 29 19 29 18 31 18 32 19 29 18 30 17
26 27 17 29 18 27 17 29 18 31 17 28 19
27 30 15 27 16 28 16 16 28 14 28 15
28 24 17 28 18 24 17 29 17 28 13 25 16
29 30 17 24 16 28 16 24 14 28 14
30 30 18 26 17 30 16 28 14 29 21
31 28 13 27 14 29 13 32 12 30 11 -18 -18

WIP:V4-,&,ppKT2-B/8



APPENDIX 2-B

TEMPERATURE DATA FOR WIPP ANDVICINITY ('C)
JANUARY THROUGH DECEMBER, 1987

(CONTINUED)

SEPTEMBER 1987

WIPP W-AG CARLSBAD BRANTLYDAM ARTESIA HOBBS
DAY Max Mtn Max Mtn Max Mtn Max MIn Max MIn Max Mln

1, 28 14 28 16 29 14 30 11 29 12 28 14
2 29 13 29 18 31 14 30 14 29 11 30 15
3 31 17 30 17 32 13 32 15 31 11 31 14
4 31 18 31 18 31 17 32 18 31 12 31 18
5 30 19 28 18 31 19 29 16 30 18
6 31 15 30 16 32 15 30 13 28 16
7 31 18 30 15 33 15 31 13 31 17
8 31 16 29 14 30 18 32 11 27 13 25 15
9 29 17 29 17 31 16 31 16 29 14 30 14

10 29 17 29 18 31 le 31 16 29 14 29 16
11 28 13 31 14 29 13 32 12 31 9 28 12
12 32 17 27 14 33 16 28 11 29 17
13 31 18 34 17 38 15 32 11 33 17
14 31 17 34 17 22 17 37 12 36 12 22 14
15 27 14 20 18 30 18 24 17 20 11 27 14
16 30 12 28 14 34 13 31 12 29 10 31 14
17 31 14 32 18 31 13 34 13 32 10 31 18
18 28 18 29 17 19 14 31 16 30 11 29 14
19 26 12 17 12 27 12 19 9 24 10
20 29 16 23 13 30 12 28 10 28 11
21 29 13 27 14 27 14 30 11 29 10 26 13
22 27 14 27 13 26 13 27 10 25 13
23 28 11 27 13 28 9 27 7 27 12
24 27 12 27 13 32 9 29 8 28 6 30 12
25 30 13 31 15 31 12 31 12 31 8 29 14
28 30 13 28 12 32 13 31 9 29 13
27 ,32 18 28 12 34 12 30 10 31 14
28 32 13 30 14 29 17 33 11 33 10 2_ 13
29 27 16 28 15 28 13 28 13 25 14
30 29 1t 25 1t 28 9 30 8 25 8 27 12

WIP:V4-AppKT2.B4I



APPENDIX 2.B

, TEMPERATURE DATA FOR WIPP AND VICINITY ('C)
JANUARY THROUGH DECEMBER, 1987

(GONTINUED)

OCTOBER 1987

WIPP W-&G CARLSBAD BRANTLY DAM ARTESIA HOBBS
DAY Max MIn Max MIn Max Mtn Max MIn Max Mtn Max Mtn

,, ,, _

1 29 11 27 11 29 9 29 13 28 7 26 11
2 31 10 28 12 32 9 29 7 29 6 24 11
3 28 7 28 11 26 8 31 6 23 6
4 28 8 26 9 30 8 26 4 '27 9
5 35 9 27 12' 34 7 31 7 30 4 28 10
6 26 8 32 12 26 8 33 8 31 5 23 8
7 30 12 26 11 30 8 26 6 26 4 27 9
8 34 14 29 11 34 8 31 8 29 5 30 10
9 32 13 33 12 29 9 34 9 29 6 24 12

10 28 12 27 12 28 11 28 7 21 10
11 23 7 24 7 22 8 27 7 19 4
12 28 8 20 9 28 8 23 4 26 8 "
13 31 13 28 9 32 12 27 4 28 11
14 30 14 31 13 29 12 33 8 32 9 27 11
15 27 14 29 14 28 13 29 13 28 11 24 12
16 27 11 26 12 27 11 30 9 27 7 22 11
17 16 8 24 8 18 9 26 6 17 6
18 25 12 16 8' 27 11 20 6 26 10
19 27 9 24 10 26 9 27 7 25 5 21 17
20 19 8 27 8 16 9 26 6 26 5 20 4
21 20 9 17 8 21 12 17 9 17 3 18 6
22 26 11 20 10 27 9 21 9 21 3 23 7
23 20 12 24 11 19 12 22, 11 26 9 24 11
24 27 12 24 11 27 9 19 6 26 10
25 29 12 27 11 30 11 27 6 2B 10
26 29 13 28 11 28 12 31 8 3t 7 23 10
27 27 13 27 13 26 8 22 _ 27 5 25 9
28 28 9 27 8 27 8 27 7 27 4 26 7
29 30 11 27 11 29 10 27 7 27 6 30 7
30 31 14 28 13 31 10 27 9 29 7 29 18
31 25 15 27 13 23 12 30 9 27 13

WIP:V4.-AppKT2-B/IO



APPENDIX 2-B

TEMPERATURE DATA FOR W|PP AND VICINITY ('C)
JANUARY THROUGH DECEMBER_1987

(CONTINUED)

NOVEMBER1987

WIPP W.AG CARLSBAD BRANTLYDAM ARTESIA HOBBS
DAY Max MIn Max Mtn Max Mln Max Mln Max MIn Max MIn

1 20 14 24 16 19 13 24 12 24 11 18 14
2 26 13 17 12 28 11 22 7 18 11 25 11
3 28 12 30 11 26 9 25 11 25 7 26 9
4 29 11 27 _1 27 9 28 10 26 8 27 11
5 23 14 27 13 19 12 27 9 27 8 26 11
6 21 13 20 13 21 12 19 9 19 11
7 23 7 17 8 23 7 21 3 21 6

8 18 8 19 7 20 8 23 3 21 4
9 17 3 15 3 18 4 18 2 lA 4

10 18 -3 15 0 13 -3 23 -3 16 -4 12 -3
11 18 -1 13 -1 18 -4 19 -3 15 -7 17 -2
12 20 2 18 3 19 1 18 1 18 -4 17 3
13 26 5 18 3 28 -3 19 -1 19 -4 23 0
14 25 7 21 8 25 4 26 -1 24 -3 22 3
15 22 3 20 8 17 4 17 7 25 7 14 6
16 20 -3 14 4 13 0 1 17 -2 11 -1
17 18 -1 11 3 19 -2 19 2 13 -4 18 -1
18 12 2 18 3 12 -2 19 1 20 -3 15 1
19 19 -4 12 -2 17 -7 18 -7 12 -9 13 -4
20 20 -3 16 -3 19 -7 20 -6 17 -9 18 -1
21 23 4 21 4 25 -1 24 -5 19 -8 20 0
22 24 3 21 3 24 1 24 1 24 -3 21 3
23 24 3 22 4 23 1 22 1 24 -3 23 2
24 22 6 21 1 22 5 22 3 21 -3 21 9
25 15 -2 15 -2 17 -3 21 -7 16 .2
26 5 1 15 1 6 -3 -2 18 -7 10 0
27 10 -5 2 -3 11 -3 10 -3 4 -8 9 -4
28 15 -4 7 -2 14 -7 13 -7 10 -11 11 -8
29 18 0 10 -4 15 -3 15 -12 16 -10 11 -3
30 14 -4 12 14 -5 14 -3 16 -7 12 -1

WIP:V4-AppKT2-B/11



APPENDIX 2.B

TEMPERATURE DATA FOR WIPP AND VICINITY ('C)
JANUARY THROUGH DECEMBER, 1987

(CONTINUED)

DECEMBER 1987

WIPP W.AQ CARLSBAD BRANTLY DAM ARTESIA HOBBS
DAY Max Mtn Max MIn Max Mtn Max MIn Max MIn Max MIn

_ -- ,.. _ ,, -- _ -- --

1 19 -2 13 "3 18 "6 16 "7 14 -9 16 "4
2 23 -1 16 "1 23 "2 23 "1 18 -9 21 "4
3 26 5 22 4 25 2 22 2 26 -3 24 12
4 26 4 24 6 26 3 27 0 26 -3 24 4
5 26 8 22 13 26 11 26 3 25 2 24 8
6 22 5 19 8 23 6 24 3 24 -3 23 6
7 23 5 25 5 26 1 3 23 -3 24 4
8 21 6 24 7 21 3 22 3 25 -7 20 8
9 21 4 20 1 21 -3 22 "2 21 -6 20 1

10 22 4 21 3 25 "1 25 "1 21 -4 22 1
11 27 4 22 5 27 4 28 4 23 -2 26 8
12 9 5 24 9 12 0 2 28 -2 18 -3
13 -2 -3 10 3 4 -2 "3 12 -4 0 -5
14 -2 -13 3 "3 -2 '16 3 -16 3 -25 -3 -5
15 5 -15 -2 -16 -3 "20 -3 -14 -2 -23 0 -14
16 2 -11 -2 "13 -2 "17 -3 -16 -4 -19 3 -12
17 8 -5 0 "12 ' 4 "10 1 -10 -3 -12 8 "4
18 4 -1 1 "4 3 -2 1 "9 2 -3 c_ 2
19 13 2 9 "4 13 -1 "2 3 -1 11 4
20 15 1 10 3 13 0 12 1 12 -4 14 1
21 17 10 16 "1 17 "3 13 "1 11 -5 6 3
22 18 -1 1'7 "1 17 0 17 "1 16 -3 10 2

' 23 24 7 23 1 24 -1 17 0 16 0 23 3
24 10 0 0 1 13 0 23 0 22 -3 21 "9
25 0 -6 "4 "4 0 -6 0 "7 4 -B -1 "11
26 -3 -10 3 "8 -3 "10 "3 -12 -3 "6 "8
27 8 -10 3 "8 6 "12 4 "14 -3 2 -11
2_ 12 -8 9 "6 9 -8 3 "12 4 -9 6 -7
29 9 -5 8 "4 8 -8 5 -13 10 -8 7 -6
30 21 1 21 "2 22 -2 "12 7 -5 13 -1
31 6 -4 -18 "3 8 -3 "11 19 10 -7



APPENDIX 2-0

MONTHLY PRECIPITATION FOR TWO YEARS AT WIPP

MonthlyPrecipitation(am)
WIPP 81re

1986 1987

January O,1 0,2

February 1,0 0,3

Marr,h 0,0 1,7

Apt, 0.0 3,0
May 2,3 9,0

June 19,4 2,6

July 4,8 0,3

August 5,7 11,3

September 9,6 1,7

October 1,0 1,9

November 2,2 0,7

December 2.9 1,8

WIP:V4-AppKT2-C/1



APPENDIX 6..A

CONTROL 1 - EMLEN BREEDING BIRD.CENSUS DATA FOR FOUR TRANSECTS, 1987
(INDIVIDUALS PER TRANSECT)

TRANSECT CT1 - -- OUT TRANSECT CT1 - - - RETURN

DISTANCE INTERVAL DISTANCE INTERVAL

NORTHERN BOBWHITE

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200-400 400-800
S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

JUNE 12 0 0 0 2 1 0 0 0 3 0 0 0 0 0 0 1 2 0 2 0
JUNE 18 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 3 0 2 0
JUNE 30 0 0 0 0 0 0 1 1 1 0 0 0 0 0 4 0 3 0 0 0

DENSITY 0 11.4 5.74 7.17 7,17 0 0 25.8 22.9 5.74

SCALED QUAIL

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200-400 400-800
S O/C S O/C S O/C S OIC S O/C S O/C S OIC S O/C S O/C S 0/(3

JUNE 12 0 0 0 O O 0 0 O 0 O 0 O O 0 0 O 0 0 0 0
JUNE18 0 0 0 0 O 0 0 O O O 0 O 0 0 0 0 0 0 O 0
JUNE 30 0 O 0 O 0 O 0 1 O 0 0 O O 0 0 0 0 0 0 0

DENSITY C 0 0 1.43 0 0 0 0 0 0

COMMON NIGHTHAWK

0-50 50.100 100-200 200-400 400-800 0-50 50-100 100-200 200-400 400-800
S O/C S O/C S O/C S O/C S 0/(3 S O/C S O/C S O/C S O/C S O/C

JUNE 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

DENSITY 0 0 0 0 0 0 0 0 1.#,3 0

ASH-THROATED FLYCATCHER

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200-400 400-800
S O/C S O'C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

JUNE 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 18 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 0 0 0 0 0 0 0 0 0

T,

WIP:V4-AppKT6-A/1
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APPENDIX 6-A

CONTROL 1 - EMLEN BREEDING BIRD CENSUS DATA FOR FOUH "£RANSECTS, 1987
(INDIVIDUALS PER TRANSECT)

(CONTINUED)

TRANSECT CT1 - - - OUT TRANSECT CT1 - - - RETURN

DISTANCE INTERVAL DISTANCE INTERVAL

WESTERN KINGBIRD

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200400 400-800
S O/C S O/C S O/C S O/C S O/G S O/C S O/C S O/C S O/C S O/C

JUNE12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 30 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 5.74 5.74 0 0 0 0 0 0 0 0

CACTUS WREN

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200_O0 400-800
S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S OtC S O/C

JUNE 12 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 30 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 0 2.87 2.87 0 0 0 0 0 0

NORTHERN MOCKINGBIRD

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200400 400-800
S O/C S O/C S O/C S O/G S O/C S O/C S O/C S O/G S O/C S O/C

!UNE12 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 1 1 0
JUNE 18 0 0 0 1 0 0 1 0 1 0 0 0 0 1 0 0 1 1 0 1
JUNE 30 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 1 1 0 0

DENSITY 0 5.74 2.87 10.0 1.43 0 5.74 2.87 12.9 2.15

LOGGERHEAD SHRIKE

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200-400 400-800
S 0/(3 S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

JUNE12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 18 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 30 0 0 0 0 0 1 0 0 0 0 0 0 0 n 0 0 0 0 0 0

DENSITY 0 0 5.74 0 0 0 0 0 0 0

A

- WIP:V4_AppKT6-AJ2



, APPENDIX 6-A

CONTROL 1 - EMLEN BREEDING BIRD CENSUS DATA FOR FOUR TRANSECTS, 1987
(INDIVIDUALS PER TRANSECT)

(CONTINUED)

TRANSECT CT1 - - - OUT TRANSECT CT1 - - -HETURN

DISTANC _-"INTERVAL DISTANCE INTERVAL

PYRRHULOXIA

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200-400 400-800
S O/C S O/C S O,C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

JUNE 12 0 0 0 0 0 Cl 1 0 0 0 0 1 1 0 0 0 0 1 0 0
JUNE 18 0 2 0 1 0 ( 2 0 0 0 0 0 0 0 2 0 1 0 0 0
JUNE 30 0 1 0 4 0 1 1 0 0 0 0 0 0 0 1 2 0 1 1 0

DENSITY 17,2 28,7 2.87 11.4 0 5.74 11,4 22.9 5.74 1,43

BLACK-THROATED SPARROW

0-50 50-100 100-2o0 200-400 400-800 O-50 50-100 100-200 200-400 400.800
S O/C S O/C S O/C S O/C S OIC S O/C S O/C S O/C S O/C S O/C

JUNE 12 0 1 0 0 2 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0
JUNE18 0 0 0 0 2 0 1 0 0 0 0 1 0 0 2 1 0 0 0 0
JUNE30 0 1 0 4 4 0 5 0 t 0 0 2 0 0 1 1 2 0 0 0

DENSITY 11.4 22.9 45.9 17,2 1.43 17.2 0 34,4 5,74 0

_,,_STERN MEACrJWLARK

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200-400 400-800
S O/C S OtC S O/C S O/C S OtC S O/C S OIC S O/C S O/C S O/C

JUNE 12 0 0 0 0 0 0 1 0 4 0 0 0 0 0 0 0 0 0 1 0
JUNE18 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 0 1 0
JUNE 30 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0

DENSITY 0 0 0 5.74 2.87 0 0 0 8.61 4.30

BROWN-HEADED COWBIRD

0-50 50-100 100-2e0 200-400 400-800 0-50 50-100 100-200 200-400 400-800
S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

JUNE12 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 18 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 0 0 8.61 0 0 0 0 0 0

V

m

WIP:V4-AppKT6.A/3



APPENDIX 6.,A

CONTROL 2- EMLEN BREEDING BIRD CENSUS DATA FOR FOUR TRANSECTS, 1987
(INDIVIDUALS PER TRANSECT)

TRANSECT CT2 - - - OUT TRANSECT CT2 - - - RETURN

DISTANCE INTERVAL DISTANCE INTERVAL
,,

NORTHERN BOBWHITE

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200-400 400.800
S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

JUNE17 0 0 0 0 0 0 2 0 1 0 0 0 0 0 1 0 2 0 0 0
JUNE 28 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 3 0 2 0
JULY7 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 0 0 11.4 4.30 0 0 5,74 14,3 2,87

SCALED QUAIL

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200-400 400.800
S O/C S O/C 8 O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

JUNE17 0 0 0 0 0 0 0 0 0 • 0 0 0 0 0 0 0 0 0 0 0
JUNE 28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JULY 7 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 I 0 I 0 0

DENSITY 0 0 2.87 0 0 0 0 2.87 1.43 0

MOURNING DOVE

0-50 50-100 100-200 200.400 400-800 0-50 50-100 100-200 200-400 400-800
S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

JUNE17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JULY7 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 11.4 0 0 0 0 0 0 0 0

POORWILL

O-50 50-100 100-200 200-400 400.800 0-50 50-100 100-200 200-400 400-800
S OIC S O/C S O/G S O/C S O/C S O/C S O/C S O/C S O/C S O/C

JUNE17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 28 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
JULY7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 0 0 0 0 5.74 0 0 0 0

v

WlP:V4-AppKT6-N4 ,



APPENDIX 6-A

CONTROL 2 - EMLEN BREEDING BIRD CENSUS DATA FOR FOUR TRANSECTS, 1987
(INDIVIDUALS PER TRANSECT)

(CONTINUED)

TRANSECT CT2 - - - OUT TRANSECT CT2 - - - RETURN

DISTANCE INTERVAL DISTANCE INTERVAL

COMMON NIGHTHAWK

0.50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200-400 400-800
S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

JUNE17 0 1 0 0 0 0 0 0' 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 28 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JULY7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 5.74 0 2.87 0 0 0 0 0 0 0

ASH-THROATED FLYCATCHER

0-50 50-100 100-200 200,400 400-800 0-50 50-100 100-200 200-400 400-800
8 O/C S O/C $ O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

JUNE17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 28 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
JULY7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 0 0 0 0 5.74 0 0 0 0

WESTERN KINGBIRD

0-50 50-100 100-2_ 200400 400-800 0-50 50-100 100-200 200-400 400-800
S 0/(3 S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

JUNE17 0 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 0 0
JUNE 28 0 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 0 0
JULY7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 0 0 0 0 0 0 0 0 0

CACTUS WREN

0-50 50-100 100-200 200.400 400-800 0-50 50-100 100-200 200-400 400-800
S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

JUNE 17 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
JUNE 28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JULY 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

DENSITY 0 0 0 0 0 0 5.74 2.87 0 0

0

WIP :V4-AppKT6.A/5



APPENDIX 6-A

CONTROL 2- EMLEN BREEDING BIRD CENSUS DATA FOR FOUR TRANSECTS, 1987
(INDIVIDUALS PER TRANSECT)

(CONTINUED)

j __

CT2-.-OUT TR,NSECTCT2---RETURN
i

, , , I',

.... TA INTERVAL DISTANCE INTERVAL

NORTHERN MOCKINGBIRD

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200-400 400-800
S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

JUNE17 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 1 2 0 1 0
JUNE 28 0 0 0 1 0 0 1 O. 0 0 0 0 0 O 0 3 1 1 0 0
JULY 7 0 1 0 0 0 0 0 0 O 0 0 0 0 0 0 1 2 0 0 0

DENSITY 5.745,74 0 14,3 0 0 0 14,315,7 1.43

LOGGERHEAD SHRIKE

0-50 50-100 100-200 200_00 400_00 0-50 50-100 100-200 200-400 400-800
S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

-- ,,,

JUNE17 0 0 0 0 0 1 0 0 0 0 0 0' 0 0 0 0 0 0 0 0
JUNE 28 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
JULY 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 O

DENSITY 0 0 2,97 0 0 0 5,74 0 1,43 0

PYRRHULOXIA

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200-400 400-800
S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

JUNE 17 0 0 1 0 1 0 1 1 0 0 0 0 0 0 0 0 2 0 0 0
JUNE28 0 0 1 0 1 0 1 0 0 0 0 0 0 0 1 0 3 G 0 0
JULY7 0 0 0 0 2 0 2 0 0 0 0 1 2 0 1 1 1 0 0 0

DENSITY 0 22.9 22.9 12.9 0 5.74 22.9 14,3 17.2 0

BLACK-THROATED SPARROW

0-50 50-100 100-200 200-400 400-800 (_.50 50,100 100-200 200-400 400-800
S O/C S O/C S O/C S O/C S O/C S O/C 30/C S O/C S O/C S O/C

JUNE 17 0 0 0 1 1 0 1 0 0 0 0 1 1 0 1 1 2 0 0 0
JUNE 28 0 1 1 2 3 0 0 0 0 0 0 0 0 1 4 0 1 0 0 0
JULY 7 0 1 1 0 3 0 1 0 0 0 0 2 3 0 2 0 1 0 0 0

DENSITY 11.4 40.1 40.1 5.'74 0 17.2 51,6 43.0 11,4 0

-; WIP:V4-AppKT6-A/6



APPENDIX 6-A

CONTROL 2- EMLEN BREEDING BIRD CENSUS DATA FOR FOUR TRANSECTS, 1987
(INDWIDUALS PER TRANSECT)

(CONTINUED)

TRANSECT CT2--- OUT TRANSECT CT2 -- - RETURN

DISTANCEINTERVAL DISTANCE INTERVAL

EASTERN MEADOWLARK

0-50 50-100 100-200 200-400 400,800 0-50 50-100 100-200 200-400 400-800
so/c s o/c so/c so/c sofc so/c so/c so/c so/c s o/c

JUNE 17 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0
JUNE28 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0
JULY7 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0

DENSITY 0 0 0 8.61 1.43 0 0 0 5.74 2.87

BROWN-HEADED COWBIRD

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200-400 400-800
so/c s o/c so/c so/c soK; so/c so/c so/c so/c s o/c

JUNE17 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE28 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0
JULY7 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0

DENSITY 0 0 5,74 1.43 0 0 0 8.61 4.30 0

J

m

WIP:V4-AppKT6-A/7



APPENDIX 6-A

NORTHWEST- EMLEN BREEDING BIRD CENSUS DATA FOR FOUR TRANSECTS, 1987
(INDIVIDUALS PER TRANSECT)

TRANSECT NW- - - OUT TRANSECT NW- - - RETURN

DISTANCE INTERVAL DISTANCE INTERVAL

NORTHERN BOBWHITE

0-50 50-100 100-200 200-400 400-800 0.50 50.100 100-200 200-400 400.800
S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

JUNE16 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 3 0 1 0
JUNE 24 0 1 0 0 0 0 1 1 2 0 0 0 0 0 2 0 2 0 1 0
JULY2 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 1 0

DENSITY 5.74 0 0 7.17 7.17 0 0 17.2 17.2 4.30

SCALED QUAIL

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200-400 400,B00
S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

-- _ ,. .

JUNE 16 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JULY2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 0 0 2.87 0 0 0 0 0 0

KILLDE____ER

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200-400 400.800
s o/c s o/c s o/c s o/c s o/c s o/c s o/c s o/c s o/c s o/c
-- _ -- ,, ,, ..... , ,,, ,=

JUNE16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
JUNE 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JULY2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 0 0 0 0 0 0 0 0 0,71

MOURNING DOVE

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200-400 400-800
S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

_ -- , ,,,

JUNE 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 24 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JULY 2 O O 0 O 0 0 0 0 0 0 0 0 0 2 O 0 0 0 0 0

DENSITY 0 0 0 0 0 0 11.4 0 0 0

WIP:V4-AppKT6-A/8



APPENDIX 6-A

NORTHWEST - EMLEN BREEDING BIRD CENSUS DATA FOR FOUR TRANSECTS, 1987
(INDIVIDUALS PER TRANSECT)

(CONTINUED)

TRANSECT NW- - - OUT TRANSECT NW - - - RETURN

DISTANCE INTERVAL DISTANCE INTERVAL.

ASH-THROATED FLYCATCHER

0-50 50-100 100-200 200400 400-800 0-50 50-!00 100-200 200-400 400-800
S O/C S O/C S O/C S O/C S O/C S OIC S O/C S OIC S O/C S 0/(3

JUNE16 0 0 0 0 O 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0
JUNE 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
JULY 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 0 0 1,43 0 5,74 0 5,74 0 0

WESTERN KINGBIRD

0-50 50-100 100.200 200_X)O 400-800 0-50 50-100 100-200 200-400 400-800
S O/C S DIG S O/C S DIG S O/C S O/C S O/C S O/C S O/C S O/C

JUNE16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 24 0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0
JULY 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 0 11,4 1,43 0 0 11.4 14.3 0 0

CACTUS WREN

0-50 50-100 100-200 200-400 400.800 0-50 50-100 100-200 200-400 400.800
S O/C S 0/(3 S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

r

JUNE16 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 0 0
JUNE 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JULY2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 0 0 0 0 0 5.74 8.61 1.43 0

NORTHERN MOCKINGBIRD

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200-400 400-800
S O/C S 0/(3 S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

JUNE16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
JUNE 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JULY2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0

DENSITY 0 0 0 1.43 0 0 0 0 1.43 0.71

!

- WIP'V4.ApoKT6-A/9



APPENDIX 6-A

NORTHWEST- EML.EN BREEDIN(_ _BIRD CENSUS DATA FOR FOUR TRANSECTS, 1987

(INDIVI_UALS PER TRANSECT)
(CONTINUED)

TRANSECT NW--- OUT TRANSECT NW--- RETURN

DISTANCE INTERVAL DISTANCE INTERVAL

LOGGERHEAD SHRIKE

0.50 50-100 100-200 200-400 400400 0.50 50-100 100-200 200-400 400.800
S OIC 8 OtC S OK; S 0/(3 S O/C S O/C S O/C S O/C _ S O/C S O/C

- i

JUNE16 0 0 0 0 0 I , 0 0' 0 0 0 0 0 0 0 1 0 0 0 o
JUNE24 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0
JULY2 0 0_ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 0 2,87 2,87 0 0 0 2,87 1,43 0

pYRR_HULOXI_

0-50 50.100 100-200 200-4o0 400-8o0. 0.50 50.100 100-200 200-400 4o0-8oo
s o/c s o/c s Q/c s o/c s o/c s o/c s o/c s o/c s o/c s o/c

JUNE16 0 0 0 0 1 1 0 0 0 0 0 0 0 1 2 0 0 0 0 0
JUNE24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0
JULY2 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0

DENSITY 0 5,74 17.2 0 0 0 5.74 !1,4 8.61 1.43

HOUSE RNCH

0-50 50-100 100-200 200-400 400-800 0-50 50.100 100-200 200-400 400-800
S O/C S O/C S 0/(3 S O/C 8 O/C S OtC S O/C S O/C S O/C S O/C,

JUNE16 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JULY2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 5,74 0 0 0 0 0 0 0 0 0

BLACK-THROATED SPARROW

0-50 50-100 100-200 206-400 400-800 0-50 50-100 100-200 200-400 400-800
S 0/(3 S OIC S Q/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

JUNE 16 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 24 0 0 1 0 1 0 0 2 0 0 0 0 0 1 1 0 0 0 0 0
JULY2 0 0 1 1 0 1 0 0 0 0 0 0 0 0 (_ 0 0 0 0 0

DENSITY 5.74 28.7 14.3 2,.87 0 0 5.74 5.74 0 0

WIP:V4-AppKTS./VIO



APPENDIX 6-A

NORTHWEST. EMLEN BREEDING BIRD CENSUS DATA FOR FOUR TRANSECTS, 1987
(INDNIDUALS PER TRANSECT)

(CONTINUED)

TRANSECT NW.-- OUT TRANSECT NW- -- t_ETURN

DISTANCE INTERVAL DISTANCE INTERVAL

EASTERN MEADOWLARK

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200-400 400-800
S O/C S O/C S O/C S OIC S O/C S O/C S O/C S O/C S O/C S 0/(3

-- , ._- ...... ,.

JUNE16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 o
JULY2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 0 0 0 0 0 0 0 0 1,43

BROWN-HEADED COWBIRD

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200.400 400-800
5 O/0 S 0,'(3 S O/C S O/C S 0/(3 S O/C S O/C S O/C S O/0 S O/0

, i,, i,_,, j,, ,L

JUNE12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE18 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSm/' 0 5,74 0 0 0 0 0 2,87 0 0

m WIP:V4.AppKT6-A,/11



APPENDIX 6-A

SOUTHEAST- EMLEN BREEDING BIRD CENSUS DATA FOR FOUR TRANSECTSp 1987
(INDIVIDUALS PER TRANSECT)

TRANSECT SE---OUT TRANSECT SE--- RETURN

DISTANCE INTERVAL DISTANCE INTERVAL

.N0qTHE_N.OeWH_

o.ro so.loo 100-2002oo-4oo4o043oo 0,_ SO-lOO100.200200-400400-800
s o/c s o/c s o_c s o_c s o/¢ s o/c s o/o s o/c s o/c s o/c

..... _ ". j _*,**,_,L,___-- ,,, _J _r _ -- .... _

JUNE2 0 0 0 0 0 0 1 0 4 0 0 0 0 0 0 0 2 0 2 0
JUNE15 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0
JULY 31 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 1 0 0

i,

DENSITY 0 0 01 11,4 8,61 0 0 0 7,17 2,87

MOURNINGDOVE

0-50 50.100 100-200 200-400 400-800 0-50 50-100 100.200 200-400 400-800
S O/C S O/C S OtC 8 O/C S O/C S O/C 8 O/O S O/C S O/O S O/C

.... . _ _ , , , , -- _ ., _ , __ - ., _ ,,, _ , _ , ,,,, __ --

JUNE2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JULY 31 0 0 0 0 0 3 0 1 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 0 8,61 1,43 0 0 0 0 0 0

COMMON NIGHTHAWK

0-50 50-100 100-200 200-400 400-800 0.50 50-100 100-200 200-400 400-800
S O/C S O/C S O/C S O/C 8 O/C S O/C S O/C S O/C S O/C S O/C

_ -- _ __ ,,, _

JUNE2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE15 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0
JULY 31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 0 2.87 0 0 0 0 0 0 0

ASH-THROATED FLYCATCHER

0-50 50- t00 100-200 200400 400-800 0-50 50-100 100-200 200-400 400-800
S 0/(3 S O/C S 0/(3 S O/C 8 O/C S O/C S O/C S OIC S O/C S O/C

JUNE2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0 0 0
JUNE15 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
JULY 31 , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 5.74 0 0 0 5.74 0 0 0 0

WIP'V4-AppK'T6-AJ12



APPENDIX 6-A

' SOUTHEAST- EMLEN BREEDING BIRD CENSUS DATA FOR FOUR TRANSECTS, 1987
(INDNIDUALS PER TRANSECT)

(CONTINUED) ,_

TRANSECT SE-- - OUT TRANSECT SE--- RETURN

DISTANCE INTERVAL DISTANCE INTERVAL

WES_TERNKINGBIRD

0.50 50-100 100-200200.400400-aoo o.so 50-100 100.200200-400400.800
s o/c s o/o s o/c s o/c s o/o s o/c s o/c s o/c s o/c s o/c

JUNE2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
JUNE15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JULY31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 0 0 0 0 0 0 0 1,43 0

BAR_NSWALLOW

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200-400 400-800

s o/c s o10 s o/c s o_ s o/c . s o/c s o/c s o/c s o/0 s o/o,m==
=m

JUNE2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE15 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JULY31 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 5,74 0 0 0 0 0 0 0 0 0

CHIHHUAHUANRAVEN

0.50 SO.lOO100.200200.4004oo.8o0 0.50 so.loo 100.200200.400400.800
s o/0 s.o/c s o_c s o/o s o/c s o/c s o/c s otc s o/c s o/c

JUNE 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JULY 31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 0 0 1.43 0 0 0 0 0 0

.CACTUSWREN

0.50 50-100 100-200 200-400 400-800 0.50 50-100 100-200 200-400 400-800
S O/C S O/0 S OI0 S OIC S O/C S O/C S O/C S O/C S O/O S O/C

-- -- _ - -- ._ _ ...... _ -- __ -- ___ __ ,.,,, __ ,, _

JUNE 2 0 0 0 0 0 3 0 1 0 0 0 3 0 0 0 0 0 0 0 0
JUNE15 0 0 0 1 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0
JULY 31 0 1 0 1 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0

DENSITY 5,74 11.4 11,4 1.43 0 28,7 11.4 2,87 0 0

....



APPENDIX 6-A

SOUTHEAST- EMLEN BREEDING BIRD CENSUS DATA FOR FOUR TRANSECTSt 198"/'
(INDIVIDUALS PER TRANSECT)

(CONTINUED)

TRANSECT SE--- OUT TRANSECT SE-- - RETURN

DISTANCE INTERVAL DISTANCE INTERVAL

NORTHER_NMOCKINGBLR_

0-50 50-100 100-200 200-400 400.800 0.50 50-100 100-200 200-400 400.800
s o/o s o/c s o/o s o/c s o/o s o/o s o/¢ s o/o s o/o s o/c

- - , .... ,,,, ,, ,,, , ,,, _ __ ,,-, - __ i

JUNE2 0 0 0 0 1 3 0 0 (.] 0 0 0 0 0 0 0 2 1 0 0
JUNE 15 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0
JULY 31 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 2 0 1 0 0

DENSITY 0 0 25,8 4,30 0 5,74 0 5.74 11,4 0

LOGGERHEAD SHRIKE

0.50 50.100 100-200 200-400 400-800 0.50 50-100 100-200 200-400 400-800
S O/C S OIC S O/C S O/C S O/C S O/C S O/C S O/C S O/O S O/C

_ -- ,, ,, ,, -- , ,, I Ii , I I -- i I Ii.. i -- _ ' _ JI Iii __

JUNE2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JULY 31 0 0 0 0 0 3 0 0 0 0 0 1 O 0 0 1 0 0 0 0

DENSITY 0 0 8,61 0 0 5,74 0 2,87 0 0

PYRRHULOXIA

0.50 50-100 100-200 200-400 400.800 0-50 50-100 100-200 200-400 400-800
S O/Q S O/c S O/(3 S O/C S O/C S O/C S 0/(3 S O/C S O/C S O/C

JUNE2 0 0 0 0 1 0 2 0 0 0 0 0 0 0 0 0 1 0 0 0
JUNE15 0 0 0 0 1 1 1 0 0 0 0 0 0 2 0 1 1 0 0 0
JULY31 1 0 1 0 2 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0

DENSITY 11,4 11,4 25,8 8,61 0 11,4 17,2 8,61 5,74 0

HOUSE RNCH

0-50 50-100 100-200 200400 400.800 0-50 50-100 100-200 200-400 400-800
S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

-- _ -- ,,,, ii ---

JUNE2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
JUNE 15 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 0 0 0 0
JULY 31 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 5,74 0 0 0 17,2 5,74 0 0 0

WIP:V4-AppKT6,A/14



APPENDIX 6-A

SOUTHEAST- EMLEN BREEDING BIRD CENSUS DATA FOR FOUR TRANSECTS, 1987
(INDIVIDUALS PER TRANSECT)

(CONTINUED)

TRANSECT SE - - - OUT TRANSECT SE- -- RETURN

DISTANCE INTERVAL DISTANCE INTERVAL

BLACK-THROATED SPARROW

0-50 50-100 100-200 200400 400-800 0-50 50-100 100-200 200-400 400-800
s o/c s o_c s o_c s o_c s o/c s o/c s o/c s o_c s o/c s o/c

JUNE2 I 0 0 0 I 0 2 2 0 0 0 1 0 0 0 0 ? 0 0 0
JUNE 15 0 3 0 0 0 0 0 0 0 0 0 0 2 0 2 0 0 0 0 0
JULY31 0 1 0 1 2 0 I I 0 0 0 0 0 0 I I 0 0 0 0

DENSITY 34.4 5.74 17.2 12.9 0 5.74 22,9 20.0 5,74 0

EASTERN MEADOWLARK

0-50 50.100 100-200 200-400 400-800 0-50 50.100 100-200 200-400 400-800
s o_c s o_c s o_c s o/c s o/c s o/c s o/c s o/c s o/c s o/c

JU_:E2 o o o o o o o o o o o o o o o o o o o
JUNE15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JULY31 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 0 0 0 2.87 0 0 0 0 0 0

BROWN-HEADED COWBIRD

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200-400 400-800
S OIC S O/C S O/C S O/C S O/C S O/C S O/C S OIC S OIC S O/C

JUNE2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 I 0 0
JUNE 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0 0
JULY 31 0 0 0 I 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0

DENSITY 0 5.74 0 0 0 0 5.74 2.87 4.30 0

NORTHERN ORIOLE

0-50 50-100 100-200 200-400 400-800 0-50 50-100 100-200 200-400 400-800
S O/C S O/C S .O/C S O/C S O/C S O/C S O/C S O/C S OtC S O/C

JUNE2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 15 0 I 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 0
JULY 31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DENSITY 5.74 5.74 0 0 0 0 0 0 1.43 0

WIP:V4-AI_K'1"6-A/15



APPENDIX 6-A

SOUTHEAST- EMLEN BREEDING BRRDCENSUS DATA FOR FOUR TRANSECTS, 1987
(INDIVIDUALS PER TRANSECT)

(CONTINUED)

TRANSECT SE - - - OUT TRANSECT SE-- - RETURN

DISTANCE INTERVAL DISTANCE INTERVAL

UNKNOWN

0-50 50-100 100-200 200-4_0 400400 0-50 50-100 100-200 200-400 400-800
S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C S O/C

JUNE2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JUNE 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
JULY 31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 _ C0

DENSITY 0 0 0 0 0 0 0 2.87 1.43 0

S = SingingMales;O/C = ObservedorC_dlingbirds
Densitiesinbird==per 40 hectares
Distanceintervalsin fea

WIP:V4-AppK'r6-/V16



APPENDIX 6-B

SMALL MAMMAL TRAPPING DATA AND DENSITY ESTIMATIONS
FOR 1985, 1986, AND 1987

(ANIMALS PER TRAP GRID)

ORD'S KANGAROO RAT (DIPODOMYS ORDII)

CONTROL-1 1985
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

JULY 24 8 6 3 48.0
JULY 25 8 3 3 24.0
JULY 26 8 4 2 32.0

SUMS 8,0 104.0

EST. DENSITY 13,0

CONTROL-2 1985
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

AUG. 14 2 4 0 8.0
AUG. 15 2 2 0 4.0
AUG. 16 2 2 0 4.0

SUMS 0.0 16,0

EST. DENSITY (6.0)

SOUTHEAST-2 1985
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

JULY 24 13 6 2 78.0
JULY 25 13 8 3 104.0
JULY 26 13 13 5 169.0

SUMS 10,0 351.0

EST. DENSITY 35.1

NORTHWEST-2 1985
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

AUG: 14 10 6 3 60.0
AUG. 15 10 8 4 80.0
AUG. 16 10 1 0 10.0

SUMS 7.0 150.0

EST. DENSITY 21.4

WIP:V4-/kooKT6-B/1



APPENDIX 6-B _'

, SMALL MAMMAL TRAPPING DATA AND DENSITY ESTIMATIONS, .

FOR 1985, 1986, AND 1987
(ANIMALS PER TRAP GRID)

, (CONTINUED)

PLAINS POCKET MOUSE (Perognathusflavescens)

CONTROL-1 1985
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

JULY 24 9 3 0 27.0
JULY 25 9 4 0 36.0
JULY 26 9 4 1 36.0

SUMS 1.0 99.0

EST. DENSITY 99.0

CONTROL-2 1985
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

AUG. 14 2 1 1 2.0
AUG. 15 2 0 0 0,0
AUG. 16 2 1 1 2.0

SUMS 2.0 4,0

EST. DENSITY 2.0

SOUTHEAST-2 1985
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

JULY 24 4 1 0 4.0
JULY 25 4 1 0 4.0
JULY 26 4 2 0 8.0

SUMS 0.0 16.0

EST. DENSITY (6.0)

NORTHWEST-2 198,1
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

AUG. ll4 5 9 3 45.0
AUG. 15 5 5 0 25.0
AUG. 16 5 6 1 30.0

SUMS 4.0 100.0

EST. DENSITY 25.0

WIP:V4-AppKT6-B/2



APPENDIX 6-B

SMALL MAMMAL TRAPPING DATA AND DENSITY ESTIMATIONS
FOR 1985, 1986, AND 1987

(ANIMALS PER TRAP GRID)
' (CONTINUED)

NORTHERN GRASSHOPPERMOUSE (Onychomysteucc_,aster)

,.

, ,,L ,i

CONTROL-1 1985
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

JULY 24 2 3 1 6.0
JULY 25 2 , 1 0 2,0
JULY 26 2 3 2 6.0

SUMS 3.0 14.0

EST. DENSITY 4,7

CONTROL-2 1985
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

AUG. 14 3 0 0 0.0
AUG. 15 3 I 0 3.0
AUG. 16 3 I 0 3.0

SUMS 0,0 6.0

EST. DENSITY (4.0)

SOUTHEAST-2 1985
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

JULY 24 11 5 ' 1 55.0
JULY 25 11 2 0 22.0
JULY 26 11 6 I 66.0

SUMS 2.0 143.0

EST. DENSITY 71.5

NORTHWEST-2 1985
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

AUG. 14 2 1 0 2.0
AUG. 15 2 1 0 2,0
AUG. 16 2 1 0 2.0

SUMS 0.0 6.0

EST. DENSITY (3,0)

WIP:V4..AppK'r6-B/3



APPENDIX E.B

SMALL MAMMAL TRAPPING DATA AND DENSITY ESTIMATIONS
FOR 1985, 1986, AND 1987

(ANIMALS PER TRAP GRID)
(CONTINUED)

SOUTHERN PLAINSWOODRAT (Neotomamlcropus)

CONTROL-1 1985
TRAP NIGHT TAGGED CAPTURED RECAPTURED "I"AGx CAP

JULY 24 0 0 :0 0.0
JULY 25 0 0 0 0,0
JULY 26 0 0 0 0.0

SUMS 0.0 0.0

EST. DENSITY (0.0)
,ii ,, i _ .,.. ,

CONTROL-2 1985
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

AUG. 14 I 0 0 0,0
AUG. 15 1 0 0 0.0
AUG. 16 1 0 0 0.0

SUMS 0.0 0.0

EST, DENSITY (1,0)

SOUTHEAST-2 1985
TRAP NIGgHT TAGGED CAPTURED RECAPTURED TAG x CAP

JULY 24 I 0 0 0.0
JULY 25 1 0 0 0.0
JULY 26 1 0 0 0.0

SUMS 0.0 0.0

EST. DENSITY (1,0)

NORTHWEST-2 1985
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

_ AUG, 14 0 0 0 0.0
AUG. 15 0 0 0 0.0
AUG. 16 0 0 0 0.0

SUMS 0.0 0.0

EST. DENSITY (0,0)

WIP:V4-AI_KT6-B/4
-
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APPENDIX 6-B

SMALL MAMMAL TRAPPING DATA AND DENSITY ESTIMATIONS
FOR 1985, 1986, AND 1987

(ANIMALS PER TRAP GRID)
(CONTINUED)

HISPID COTTONRAT (Stgmodonhispidus)

CONTROL-1 1985
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

JULY 24 I 0 0 0.0
JULY 25 I ' 0 0 0.0
JULY 26 I 0 0 0.0

SUMS 00 00

EST. DENSITY (1.0)

WIP:V4-AppKTS-B/5



APPENDIX 6-B

SMALL MAMMAL TRAPPING DATA AND DENSITY ESTIMATIONS
FOR 1985, 1986, ANl) 1987

(ANIMALS PER TRAP GRID)
(CONTINUED)

ORD'S KANGAROO RAT (Dipodonlysorclii)

CONTROL-1 1986
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

JULY 29 6 1 1 6.0
JULY 30 6 3 1 18.0
JULY 31 8 0 0 0.0

SUMS 2.0 24.0

EST. DENSITY 12.0
,.. . , .,

CONTROL-2 1986
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

AUG. 27 4 3 1 12.0
AUG. 28 4 1 1 4.0
AUG. 29 4 0 0 0.0

SUMS 2.0 16.0

EST. DENSITY 8.0

SOUTHEAST-2 1986
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

JULY 29 7 3 3 21,0
JULY 30 7 3 2 21.0
JULY 31 7 4 1 28.0

SUMS 6.0 70,0

EST. DENSITY 11,7

NORTHWEST-2 1986
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

AUG. 27 2 2 0 4.0
AUG, 28 3 0 0 0.0
AUG. 29 3 2 2 6.0

SUMS 2.0 10.0

EST, DENSITY 5.0

WIP:V4-AppKT6-B/6
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APPENDIX 6-B

. SMALL MAMMAL TRAPPING DATA AND DENSITY ESTIMATIONS
FOR 1985, 1986, AND 1987

(ANIMALS PER TRAP GRID)
(CONTINUED)

PLAINS POCKET MOUSE (Perognathusflavesc_ns)

CONTROL-1 1986
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

JULY 29 1 0 0 0,0
JULY 30 1 0 0 0.0
JULY 31 1 0 0 0.0

SUMS 0.0 0.0

EST, DENSITY (1,0)

CONTROL-2 1986
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

, , , ,, , ,,

AUG. 27 0 0 0 0.0
AUG. 28 0 0 0 0.0
AUG. 29 0 0 0 0.0

SUMS 0.0 0,0

EST. DENSITY (0,0)

SOUTHEAST-2 1986
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

,i,,

JULY 29 1 0 0 0,0
JULY 30 1 0 0 0.0
JULY 31 1 0 0 0,0

SUMS 0.0 0.0

EST. DENSITY (1,0)

NORTHWEST-2 1986
• TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

AUG. 27 0 0 0 0,0
AUG. 28 0 0 0 0,0
AUG. 29 0 0 0 0.0

SUMS 0.0 0.0

EST. DENSITY (0,0)
, i

WlP:V4-ApoKT6-B/7



, APPENDIX _,B

SMALL MAMMAL TRAPPING DATA AND DENSITY ESTIMATIONS
FOR 1985, 1988, AND 1987

(ANIMALS PER TRAP GRID)
(CONTINUED)

NORTHERN GRASSHOPPERMOUSE (Onychornysleucogaster)
,_y ,

i ,,, -- ,,,,

CONTROL-1 1986

TRAP NIGHT TAGGED CAPTURED RECAPTURE[_ _ TAG x CAP,, ,, ,,_ II ''" ' "' ' ".,

JULY 29 0 0 0 0.0
JULY 30 0 0 0 0.0
JULY 31 0 0 0 0,0

SUMS 0,0 0.0

EST. DENSITY (0,0)
,,, i ,, , ,, , -- i,

CONTROL-2 1986
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

AUG. 27 1 2 0 2,0
AUG. 28 1 4 1 4.0
AUG. 29 4 4 2 16.0

SUMS 3.0 22.0

EST. DENSITY 7.3
•, , ,.,.

SOUTHEAST-2 198#
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

JULY 29 0 0 0 0,0
,, JULY 30 0 1 0 0.0

JULY 31 0 0 0 0.0

SUMS 0.0 0,0

EST. DENSITY (1.0)

NORTHWEST-2 1986
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

• AUG, 27 0 1 0 0,0
AUG. 28 0 2 0 0.0
AUG. 29 0 0 0 0.0

SUMS 0.0 0,0

EST. DENSITY (2.0)

WIP:V4-_KTS-B/e



APPENDIX 6-B

SMALL MAMMAL TRAPPING DATA AND DENSITY ESTIMATIONS
FOR 1985, 1986, AND 1987

(ANIMALS PER TRAP GRID)
(CONTINUED)

SOUTHERN PLAINS'WOODRAT (Neotornamicropus)

CONTROL-1 1986
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

JULY 29 0 0 0 0,0
JULY 30 0 0 0 0,0
JULY 31 0 ' 0 0 0,0

b

SUMS 0.0 0,0

EST. DENSITY (0,0)

CONTROL-2 1986
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

AUG. 27 3 0 0 0,0
AUG. 28 3 0 0 0,0
AUG. 29 3 1 0 3,0

SUMS 0.0 3,0

EST, DENSITY (4,0)

SOUTHEAST-2 1986
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

i , ,,,,

JULY 29 1 0 0 0,0
JULY 30 1 0 0 0.0
JULY 31 1 0 0 0.0

, SUMS 0,0 0,0

EST. DENSITY (1,0)

NORTHWlEST-2 1986
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

AUG. 27 0 0 0 0.0
AUG. 28 0 0 0 0.0
AUG. 29 0 0 0 0,0

SUMS 0.0 0,0

...' EST. DENSITY (0.0)

WIP:V4,.AppKT6.B,,'9
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APPENDIX &B "_'-- '

SMALL MAMMAL TRAPPING DATA AND DENSITY ESTIMATIONS "
' FOR 1985, 1986, AND 1987

(ANIMALS PER TRAP GRID)
(CONTINUED)

ORD'S KANGAROO RAT (Dipodomysordil)

CONTROL-1 1987
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

.......... ,,, ,, ,,,

SEPT, 1 7 6 5 42.0
SEPT. 2 8 8 6 64.0
SEPT. 3 10 6 5 60,0

SUMS 16.0 166,0

EST. DENSITY 10.4

CONTROL-2 1987
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

JULY 21 1 1 1 1,0
JULY 22 1 1 0 1.0
JULY 23 2 2 1 4.0

SUMS 2.0 6.0

EST. DENSITY 3,0

SOUTHEAST-2 1987
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

SEPT. 1 1 6 1 6.0
SEPT. 2 6 9 4 54,0
SEPT. 3 10 2 2 20.0

SUMS 7.0 80.0

EST. DENSITY 11.4

NORTHWEST-2 1987
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

]
JULY 21 3 1 1 3.0
JULY 22 3 8 2 24.0
JULY 23 9 4 3 36.0

SUMS 6.0 63.0

EST. DENSITY 10.5

WIP:V4-AppKT6-B/IO



APPENDIX &B

SMALL MAMMAL TRAPPING DATA AND DENSITY ESTIMATIONS
FOR 1985, 19,,06,AND 1987,

(ANIMALS PER TRAP GRID)
(CONTINUED)

PLAINSPOCKETMOUSE (Perognathusflavescens)

CONTROL-1 1987
TRAP NIGi,-_T TAGGED CAPTURED RECAPTURED TAG x CAP

SEPT. 1 3 4 _ 12.0
SEPT. 2 5 6 2 30.0
SEPT. 3 7 6 3 42.0

SUMS 6.0 84.0

EST. DENSITY 14.0

CONTROL-2 19¢/
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

JULY 21 1 1 0 1.0
JULY 22 1 2 1 2.0
JULY 23 2 3 2 6.0

SUMS 3.0 9.0

EST, DENSITY 3.0

SOUTHEAST-2 1987
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

SEPT. 1 1 0 0 0.0
SEPT. 2 1 0 0 0.0
SEPT. 3 1 2 0 2.0

SUMS 0.0 2.0

EST. DENSITY (3.0)

NORTHWEST-2 1987
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

JULY 21 2 0 0 0.0
JULY 22 2 1 1 2.0
JULY 23 2 1 0 2.0

SUMS 1.0 4,0

EST. DENSITY 4,0
.

WIP:V4,,AI_KT6-B/! 1
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APPENDIX 6-B

SMALL MAMMAL TRAPPING DATA ANDDENSITY ESTIMATIONS
FOR 1985, 1986, AND 1987

(ANIMALS PER TRAP GRID)
(CONTINUED)

NORTHERN GRASSHOPPER MOUSE(onYchomysleucogaster;

CONTROL-1 1987
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

ii

SEPT. 1 0 0 0 0.0
SEPT. 2 0 0 0 0.0
SEPT. 3 0 0 0 0.0

SUMS 0.0 0.0

EST. DENSITY (0.0)

CONTROL-2 1H7
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

JULY 21 0 1 0 0.0

e JULY 22 1 2 0 2.0' JULY 23 3 1 1 3.0

SUMS 1.0 5.0

EST, DENSITY 5.0

SOUTHEAST-2 1H7
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

SEPT. 1 1 2 0 2.0
- SEPT. 2 3 1 1 3.0

SEPT. 3 3 0 0 0.0

SUMS 1.0 5.0

EST, DENSITY 5.0

NORTHWEST-2 1987
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

JULY 21 0 0 0 0.0 -
JULY 22 0 1 0 0.0
JULY 23 1 1 0 1.0

SUMS 0.0 1.0

EST. DENSITY (2.0)

__ WIP:V4-AI_KT6-B/12



APPENDIX 6-B

SMALL MAMMAL TRAPPING DATA AND DENSITY ESTIMATIONS
FOR 1985, 1986, AND 1987

(ANIMALS PER TRAP GRID)
(CONTINUED)

SOUTHERN PLAINSWOODRAT (Neotomamlcropus)

CONTROL-1 1987
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP
, i

SEPT. 1 0 0 0 0,0
SEPT. 2 0 0 0 0,0
SEPT. 3 0 0 0 0,0

SUMS 0.0 0,0

. EST, DENSITY (0.0)

CONTROL-2 1981p
TRAP NIGHT T._,GGED CAPTURED RECAPTURED TAG x CAP

i .mmm,,_ ii. ,

JULY 21 4 2 1 8,0
JULY 22 5 1 1 5,0
JULY 23 5 1 1 5,0

SUMS 3.0 18.0

EST. DENSITY 6,0

SOUTHEAST-2 1987
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

SEPT. 1 1 0 0 0,0
SEPT. 2 1 0 0 0.0
SEPT. 3 1 0 0 0.0

SUMS 0.0 0.0

EST. DENSITY (1.0)

NORTHWEST.2 1987
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

JULY 21 0 0 0 0,0
JULY 22 0 0 0 0,0
JULY 23 0 0 0 0,0

SUMS 0.0 0.0 e

EST. DENSITY (0,0)

WlP:V4-AI:)pK'F6.B/13



O APPENDIX 8-B
SMALL MAMMAL TRAPPING DATA ANDDENSITY ESTIMATIONS

FOR 1985, 1986, AND 1987
(ANIMALS PER TRAP GRID)

(CONTINUED)

WHITE-FOOTED AND DEER MOUSE (Peromyscussp,)

CONTROL-1 1987
TRAP NIGHT TAGGED CAPTURED RECAPTURLD TAG x CAP

i

SEPT. 1 0 0 0 0.0
SEPT, 2 0 , 0 0 0.0
SEPT. 3 0 0 0 0.0

SUMS 0.0 ,0.0

EST, DENSITY (0,0)
, , ,,,-, if, ,

CONTROL-2 1987
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

JULY 21 0 0 0 0.0
JULY 22 0 0 0 0.0
JULY 23 0 0 0 0.0

SUMS 0.0 0.0

EST. DENSITY (0.0)

SOUTHEAST-2 1987
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

-- ,,

SEPT. 1 1 0 0 0.0
SEPT. 2 1 1 0 1.0
SEPT. 3 2 1 0 2.0

SUMS 0.0 3.0

EST, DENSITY (3.0)

NORTHWEST-2 1987
TRAP NIGHT TAGGED CAPTURED RECAPTURED TAG x CAP

_- JULY 21 0 0 0 0.0
JULY 22 0 0 0 0,0
JULY 23 0 0 0 0.0

SUMS 0.0 0.0
i

(_ EST, DENSITY (0,0)

WIP:V4-AppKT6.B/14



APPENDIX 7-A

SURFACE SOIL CHEMISTRY DATA FOR
SEVEN ECOLOGICAL MONITORING PLOTS, THIRD AND

FOURTH QUARTERS, 1986

Third Quarter 19es

CT1 CT2 SEI SE2 NW1 NW2 E1

CI 6.0 9,0 5,0 5,0 5,0 6,0 5,0
mg/kg 7,0 5,0 5.0 5,0 7,0 .33.0 5.0

10,0 5,0 6.0 5.0 5.0 7,0 8.0
5,0 8,0 6,0 17,0 5.0 6,0 5,0
5,0 6,0 5.0 5.0 13,0 5,0 9.0
5,0 5,0 9.0 5.0 6,0 6.0 6.0

Mean 6,3 6.3 6,0 7.0 6.8 _ 10,5 6,3

pH 5,9 6.1 6.7 6.5 7.2 7.0 7.2
5,9 5,9 6.2 6,2 6,5 6,6 8.0
5,7 6,0 6.4 6.5 7.2 6.5 6.9
6,0 5,7 6.6 6.6 6.9 6.5 6,5
6,0 5.9 6,7 6,3 6.9 6,8 6.6
5.8 6,0 6.6 6.4 6.9 6,5 6.7

Mean 5.9 5,9 6.5 6,4 6.9 6.7 7,0

EC 293 347 202 87 383 141 293
umho/cm 243 136 223 95 255 130 290

198 99 228 260 172 127 332
169 118 202 247 298 122 539
142 132 345 149 316 217 207
135 133 236 278 351 125 363

Mean 197 161 239 186 296 144 337

Ca 32.0 39,0 24,0 11.0 62.0 20,0 47,0
rng/I 27.0 14,0 26.0 10.0 47.0 18,0 46,0

19,0 10,0 29.0 33.0 24.0 16,0 51,0
17.0 12.0 23.0 27.0 47,0 16.0 78,0
15,0 12.0 49.0 15.0 46.0 32,0 33.0
10,0 14,0 29,0 24.0 54.0 17,0 52.0

Mean 20,0 16.8 30.0 20.0 46,7 19.8 51,2

rng 5,6 6,3 2,7 1.7 3.4 2.2 3,7
mg/I 4.7 2.6 2.9 1.5 3,5 2.0 2,8

3,7 1,9 3,8 4,7 2.2 2,0 3,5
3,7 1.9 2,7 3,3 3,4 1,9 6,0
2.2 2.t 4,3 2,7 3,0 3,7 2,6
1,9 2.5 3.0 3,3 4.4 2.2 3,4 /F

Mean 3.6 2.9 3.2 2.9 3.3 2.3 3,7

WIP:V4-AppKTT.N1



APPENDIX 7-A

SURFACE SOIL CHEMISTRY DATA FOR
SEVEN ECOLOGSCALMONITORING PLOTS, THIRD AND

FOURTH QUARTERS, 1986
(CONTINUED)

Third Ouarter 1986

CT1 CT2 SE1 SE2 NW1 NW2 E1

K 7,7 9.0 3,0 3.3 4,7 4,4 3,6
rng/I 8,7 3.0 3.3 2.5 11,0 3,3 4.8

5,2 3,0 2,8 4.3 4.9 4,4 4,0
4.2 4.1 3,6 12,0 4.5 4.2 7.8
4,4 2.7 4,0 4.0 3.9 4,8 2 8
2,9 2.9 ,3,3 4,4 5.0 3,8 5.2

Mean 5.5 4.1 3.3 5.1 5.7 4.2 4,7

Na 1.7 1.6 2,2 1.4 2.2 1.7 1.5
m_l 2,1 1,4 2,6 1.6 2.2 2,1 1,8

2.2 1,4 2.5 1.6 2,0 2.9 2.7
1.9 1.7 2.0 2.0 2,0 1.3 2.2

+1.3 3.4 4,9 3.6 9.9 1,4 2.0

e 8.2 1.7 1.6 35.0 2.6 1.4 1,8
Mean 2,9 1.9 2.6 7.5 3.5 1.8 2.0

Fourth Quarter 1986

CT1 CT2 SE1 SE2 NW1 NW2 E1

CI 6.0 " 6.0 13,0 26,0 16.0 10,0 38.0
mg/kg 6.0 6.0 16,0 14.0 6.0 12.0 7.0

7.0 8.0 15.5 15,0 12.0 8.0 6.0
6.0 7.0 21.0 11,0 11.0 36,0 6.0
7.0 7.0 21,0 16.0 12.0 10.0 23.0
6.0 6.0 17.0 14,0 16.0 12.0 6.0

Mean 6.7 6.7 17.3 16,0 12.2 14,7 14.3

pH 5.5 6,4 6.2 5,8 7.7 6.4 6.7
5.6 6.0 6.5 5_9 7.6 6.1 7.1
6.0 5.6 6.5 6,0 7,3 6,2 6.7
6.3 5.7 6.5 6.1 7.3 6.1 6.5
6.2 5.7 6.4 6,2 7.3 6.4 6.8
6.6 5.5 6.9 7.0 ' 7,2 6.3 6.8

Mean 6.0 5,8 6.5 6,2 7.4 6,3 6.8

WlP:V4-AppKTT./V2



APPENDIX 7-A

SURFACE SOIL CHEMISTRY DATA FOR
SEVEN ECOLOGICAL MONITORING PLOTS, THIRD AND

FOURTH QUARTERS, 1986
(CONTINUED)

Fourth Quarter 1986

CT1 CT2 SE1 SE2 NW1 NW2 E1

EC 121 47 118 84 347 111 232
umho/cm 115 111 241 78 257 87 265

118 76 173 79 203 83 290
127 83 149 110 3D3 83 316
84 104 169 84 1B5 101 260

102 74 81 386 226 106 221

Mean 111 83 155 137 254 95 264

Ca 5.1 2.6 9,6 6.0 44.0 9.2 32.0
rng/I 4.8 11.0 28.0 5.4 26.0 5.0 38.0

5.2 3.1 14.0 3.8 23.0 5.2 44.0
8.3 5.7 12.0 8.6 30.0 5.6 30.0
4.8 6,9 t2.0 4.4 17,0 7.2 40,0
7.8 3.7 5.2 39.0 19.0 7.0 21.0

Mean 6.0 5.5 13.5 11.2 26.5 6.5 34.2

mg 2.2 0.9 1,8 1.8 12.0 1.6 4.4
mg/I 1.8 2.3 3.9 1.0 3.0 1.2 3,6

1.6 1,1 2,1 1.0 2,7 1.8 4.2
5.9 2.1 2.3 1.6 4.7 1.4 3.8
2.2 2.5 2.2 1.0 2,3 1.6 3.2
2,4 0.3 1.0 3,9 3,3 1.0 2.4

Mean 2.7 1,5 2.2 1.7 4,7 1.4 3.6

K 5.3 2.3 4.0 5.1 18.0 4.5 9.9
mg/I 4.6 8.1 7.5 2.7 4,2 4.1 10.0

1.1 2,7 3.9 2,9 4.3 5.4 8.8
2.7 6.0 3.8 4.9 19,0 3.4 4.1
6,2 4,8 3.3 4,6 3.6 4.4 6,7
5.7 2.2 3.4 25.0 4,7 7.0 5.5

Mean 4.3 4.4 4.3 7.5 90 4.8 7.5

Na 12.0 1.5 3.3 2.6 4.3 2.2 6.1
mg/I 10.0 1.7 14.0 2.0 2.8 1.8 3.2

13.0 1.9 4.3 2.0 3.0 1.8 2.3
7.4 2.1 2.9 2.0 4.1 1.6 24.0
2.7 3.9 8.7 1.8 4,3 1,8 3,2
3.1 2.3 1.6 7.1 2,9 2.4 2.2

Mean 8.0 2.2 5.8 2.9 3,6 1.9 6.8

WIP:V4-AppKTT-AJ3
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APPENDIX 7-B

SURFACE SOIL CHEMISTRY DATA
FOR SEVEN ECOLOGICALMONITORING PLOTS, 1987

First Qumrter1987

CT1 CT2 SE1 SE2 NW1 NW2 E1

CI 26 28 10 16 5 25 5
rng/kg 21 21 7 8 22 15 11

28 16 5 10 12 20 14
12 20 5 11 5 21 5
26 12 7 5 22 25 5
30 5 10 5 27 12 8

' Mean 24 17 7 9 16 20 8

pH 6.2 5.4 7.0 6.1 7.4 6.4 6.7
6.4 5.3 6.8 6.3 7.3 6.4 6,5
6.3 5.8 6.9 6,7 7.2 6.5 6.5
6.3 5.5 6,9 6,4 7.0 6.3 6.6
6.2 5.7 7,0 6.3 7.2 5.9 6.7
5.8 5.8 6.6 6.2 7.2 6.4 7.0

Mean 6.2 5.6 6.9 6.3 7.2 6.3 6,7

EC 91 135 394 141 445 257 302
umho/cm 135 130 594 194 407 259 123

117 120 4?.3 164 405 254 355
162 113 541 491 408 248 358
200 103 404 123 445 222 339
84 83 377 132 492 227 271

Mean 132 114 456 208 434 245 291

Ca 4,U 11.0 43.0 16.0 50.0 14.0 45.0
mg/I 12.0 11.3 72.0 22,0 46.0 14.0 9,8

7.8 9.0 40.0 15.0 41.0 14.0 52.0
16.0 7.6 60.0 46.0 42.0 16.0 50,0
20.0 8.4 33.0 12,0 45.0 12.0 37,0

7.8 6.2 28.0 12.0 47.0 9.2 38,0

Mean 11;3 8.9 46.0 20.5 45.2 13.2 38.6

mg 0.8 1.8 3.7 2,2 4.3 1.8 3.0
rng/I 2.0 2.2 6.7 3,0 3.1 2.2 1,5

; 1.5 1.8 4.1 2.2 3.2 1.8 4.7
2.8 1.6 5.1 5.5 3.8 1.8 3,3
3.4 1.6 3.7 1.8 3,8 1.7 3.2
1.8 1.2 3.4 2.1 4.1 1,2 2.6

Mean 2.1 1.7 4.5 2.8 3.7 1.8 3.1

WlP:V4-AppKT7-A/4



APPENDIX 7-B

SURFACE SOIL CHEMISTRY DATA
FOR SEVEN ECOLOGICAL MONITORING PLOTS, 1987

(CONTINUED)

First Quarter 1987

CT1 CT2 SE1 SE2 NW1 NW2 E1

K 4.3 3.9 5,7 4,8 8.9 4.8 13,0
mg/I 8,0 6,0 11,0 8.9 7,4 7.2 3.8

5,1 4,5 7,6 7,5 8,8 5.9 6.4
7.5 3.0 9,4 6,9 13,0 4,8 8,0
6.6 4,5 9.7 4,8 11,0 4,1 3_7
3,5 3,5 6,5 6,3 13,0 5,8 5,6

Mean 5,8 4,2 8.3 6,5 10,4 5.4 6,8

Na 5,9 5,7 7.8 3.2 6.9 4,5 5.0
rng/I 5.7 3.9 11.0 3.4 10.0 3.7 4.8

5.5 5.7 6.2 6.2 13.0 4.5 6.6
4.1 4.5 7.4 90.0 8.7 3.9 8.2
5.7 4.1 4.5 3.3 10,0 3.9 11.0
5.5 3.7 4.6 6.0 13.0 7.3 7.6

M_an 5.4 4.6 6.9 18.7 10.3 4.6 7.2

,SecondQuarter 1987q

CT1 CT2 SE1 SE2 NW1 NW2 E1

CI 33 28 25 30 25 28 28
mg/kg 28 30 33 28 25 30 27

28 25 28 30 28 24 28
25 28 27 30 28 27 25
29 27 28 28 33 30 28
23 23 29 40 29 28 28

Mean 28 27 28 31 28 28 27

pH 5.8 7.0 7.4 6.1 7,8 6.9 7.1
5,9 6,7 7.7 6.2 8.0 6.6 6.9
6.2 6.8 7.6 5.9 7,8 6,8 7.0
5.5 6.7 7.4 6.5 8.0 6.7 7.0

° 6.2 6.9 6.7 6.8 7.8 6.8 6.9
6.1 6.8 7.5 7.0 7.6 6.4 6.8

Mean 6.0 6.8 7.4 6.4 7.8 6.7 7.0

EC 314 206 210 136 256 135 314
umho/cm 184 129 233 132 289 121 200 I

185 109 280 113 264 97 216
160 161 226 188 260 214 312
277 196 141 128 244 129 301
150 129 193 243 260 126 228

WIP:V4-AppKTT-A/5



APPENDIX 7-B

SURFACE SOIL CHEMISTHY DATA
FOR SEVEN ECOLOGICAL MONITORING PLOTS, 1987

(CONTINUED)

Second Quarter1987

CT1 CT2 SE1 SE2 NWl NW2 E1
i

Milan 212 1_ 214 157 2_ 137 262

L,

Ca _ 21 _ 15 35 18 51
mg/I 17 12 _ 17 41 16 30

16 11 42 14 _ 12
16 16 28 24 39 26

23 18 16 _ 17
13 13 26 26 39 15 32

Mean 19 16 30 19 37 17 40

mg 5.3 3.3 3.2 2.6 2.6 2.4 3.3
mg/I 3.0 2.2 2.8 2.5 3.3 2.2 2.5

3.1 1.8 4.7 2.3 2.9 1.6 2.4
2.6 2,7 3,8 3.4 3.5 3.6 4.6
4A 3.7 2.1 2.5 2.8 2.2 3,6
2.6 2.3 2.9 4.1 3,4 2.0 _,8

Mean 3.5 2.7 3.2 2.9 3.1 2.3 3,2

K 13.0. 9.0 6.5 5.7 4.9 5,1 6,4
mg/I 9,6 5.8 5.0 5.1 8.6 5.8 4,7

7.9 2.5 7.2 4.4 6.9 3,4 5,0
6.7 3.8 7,5 14.0 7,7 7.8 6.9

14.0 8.5 3.4 6.0 7.8 6.3 11,0
5,4 2.5 4,6 13.0 7.9 4,5 4,4

1

Mean 9.4 5.4 5.7 8.0 7.3 5.5 6,4

Na 12,0 1.8 2.2 2.2 5.9 2.3 2,4
mg/I 3.2 1.7 3,1 2.8 3.9 1,9 1,6

2.1 1.2 3,2 1.7 2.8 2.2 1,3
2.4 1.7 2.5 3,6 2.1 2.2 2.5
2.2 1.7 2.7 1,5 4.5 2.0 1.3
1.9 1.5 2.6 13.0 2.9 1.3 1.9

Mean 4.0 1.6 2.7 4,1 3.7 2.0 1,8

WIP:V4-AppK'TT-/V6
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APPENDIX 7-B

SURFACE SOIL CHEMISTRY DATA
FOR SEVEN ECOLOGICAL MONITORING PLOTS, 1987

(CONTINUED)

Third Quarter 1987

CT1 CT2 SE1 SE2 NW1 NW2 E1

CI 5,0 8.0 8,0 16,0 1,0 12,5 2.0
mg/kg 8,0 8,0 13,0 2.0 12,0 14,0 2,0

9,0 5.0 12,0 7,0 13,0 12,5 2.0
9,0 2,0 7.0 5.0 11,0 7,0 12.0

11,0 5,0 7.0 5,5 7,0 10.5 7,0
8.0 2,0 8,0 9,0 14,0 9,5 14.0

Mean 8.3 5,0 9,2 7,4 9,7 11,0 6.5

pH 6,5 6.5 7,2 6,4 7.5 6,8 7,5
6,5 6.5 6.9 6,5 7,8 6,5 7,6
6,6 6,3 6,8 6,2 7,6 6.7 7,1
6.4 6.5 7,0 6,5 7.4 6.7 7,1
6.3 6,5 6.7 6,2 7,4 6.6 7,5
6,4 6,4 6.7 6,8 7,5 6,7 7.4

Mean 6.5 6.5 6.9 6,4 7,5 6.7 7,4

EC 115 151 266 622 272 165 231
umho/cm 298 175 181 104 310 180 197

187 130 153 192 235 218 243
255 119 189 109 224 185 239
246 95 147 131 179 140 304
133 119 171 159 268 139 652

Mean 206 132 185 220 248 171 311

Ca 13,0 19,0 45.0 35,0 41.0 21,0 39,0
mg/I 35.0 24.0 28.0 12,0 51,0 24.0 34,0

21.0 13.0 22.0 24.0 37,0 32,0 39.0
23,0 14,0 29.0 13,0 35.0 23,0 35,0
33.0 _ 12.0 19.0 15.0 28,0 17,0 52.0
16.0 13.0 23.0 20.0 47.0 19,0 70,0

Mean 23.5 15.8 27.7 19.8 39,8 22,7 448

mg 2.1 2.8 4.2 8.1 3,3 2,9 3,1
mg/I 7.4 3,5 2.9 1,8 3,8 3,0 2.3

4.7 2.6 2.5 3,4 2,6 4,1 3,6
5,9 1,9 3.1 1,9 3.4 3.2 3.7
7,7 2,2 2.3 2,0 2.3 2.4 3,9
2.5 2.2 2.7 2,6 3,6 2.3 9.7

Mean 5.1 2.5 3.0 3,3 3,2 3,0 4,4

WIP:V4-AppKTT-AJ7



APPENDIX 7.B

, SURFACE SOIL CHEMISTRY DATA
FOR SEVEN ECOLOGICAL MONITORING PLOTS, 1987

(CONTINUED)

Third Quarter 1987

CT1 CT2 ,3E1 SE2 NWl NW2 E1

K 515 4,9 9.9 6.3 11,0 8,6 4,5
mg/l 8,2 6,4 8,4 4.2 8.8 11,0 4,4

6,6 3.5 5,8 17.0 10,0 11,5 11,0
6.4 3.0 5,7 4,0 8.1 8,2 7,4
8,0 3,8 4,6 6.2 5,2 5,0 10.0
7,0 3,4 6,1 6.9 9,8 4,5 15,0

Mean 7,0 4,1 6,7 7,4 8.8 8,1 8,7

Na 2.7 1,6 2,4 78.0 4.8 1,6 1,5
mg/l 8.5 1,4 1.7 1,2 5.4 1,9 1,4

6,9 2,4 1,7 1,1 2,1 2,0 1.9
12,0 2.2 3.2 1.1 2.7 2,5 3.9
23.0 1,0 1.8 1.5 2.3 1.9 6.0

1.7 1,5 2.2 2.0 2.2 2,0 55,0

Mean 8.8 1.7 2,2 14.2 3,3 2,0 11.6

Fourth Quarter ¢98"/'

CT1 CT2 SE1 SE2 NW1 NW2 El

CI 9.3 8.0 74.0 12.0 17,0 74.0 16,0
, mg/kg 9.0 10.0 67,0 63,0 19.0 73.0 12.0

5.0 12.5 70.0 72.0 12.0 10.5 21,0
9.0 14,0 71,0 74.0 14.0 70.0 16.0

16.0 8.5 71.5 74,0 14.0 70.0 16.0
8,5 9.0 71.0 73.0 19,0 14.0 10.0

Mean 9.5 10,3 70.8 61,3 15.8 51.9 15.2

pH 5.8 6.4 6,3 6,5 7.3 6,3 5.8
6.0 6.2 7.3 6.5 7,5 6.3 6.3
6.3 6.2 7.3 6.6 7.8 6,4 6,6
6.4 i.4 7,2 6,4 7,4 6.3 6,9
6.3 6,4 6.9 6,2 7,7 6,1 7.2
6.3 6,4 6,7 6.3 6.2 6.2 7,1

Mean 6.2 6.3 7,0 6,4 7,3 6.3 6,7

WIP:V4..AppKT7.N8
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APPENDIX 7.B

SURFACE SOIl. CHEMISTRY DATA
FOR SEVEN ECOLOGICAL MONITORING PLOTS, 1987

(CONTINUED)

Fourth Quarter 1987

CT1 CT2 SE1 SE2 NWl NW2 E1

EC 99 80 260 131 338 147 288
un'fllo/¢m 159 100 253 155 295 160 327

163 117 276 183 345 121 278
134 101 220 133 374 167 252
129 93 195 182 386 112 229
162 77 190 110 313 148 284

Mean . 141 95 232 149 342 143 276

Ca 11,0 9,0 40.0 17,0 53,0 17,0 48,0
mg/I 19,0 12.0 39,0 21,0 46.0 19,0 59,0

18.0 16,0 40,0 25,0 52,0 !4,5 40,0
17,0 13.0 29,0 15,5 55,0 22,0 40,0
16,0 11.0 30,0 26,0 58,0 13,0 36,5
19.0 9.7 28,0 14,0 51,0 19,0 45,0

Mean 16,7 11.8 34.3 19,8 52.5 17,4 44,8

mg 2.1 1,5 5,1 2,9 4,4 2,3 4,1
moJI 2,8 1.7' 4,1 3,0 3,2 2,5 4,2

3,2 2.2 5,1 4,1 4,0 2,0 4,5
2.4 1,9 3,3 2,4 3,4 2,6 3,8
2.5 1,9 3,6 3.8 4.5 2.0 3,3
3.6 1,5 2.9 2,2 3,6 2,7 4,4

Mean 2.8 1,8 4.0 3,1 3.9 , 2,4 4,1

K 4,8 4,1 17,0 7,3 14,0 12.0 13,0
mg/I 12.0 6.3 10.9 9.2 11.0 12,0 _.2.0

14.0 6,4 21,0 16,0 12,0 3,8 21,0
9,4 5,1 12,0 4,8 9.3 11.0 8,8

11.0 4.2 12,0 11.0 17.0 6,4 5,1
15.0 4.1 4.9 4,5 10.0 9,4 18.0

Mean 11,0 5.0 13.0 8,8 12,2 9.1 13,0

Na 2,8 1,7 2,7 1,3 10,0 3,0 4,3
mg/I 4,1 1.7 4.6 1,7 10.0 3,4 5,3

1.5 1.9 3.1 1.8 15.0 2.8 4.8
2,8 1.8 5,1 4,2 18,0 3.5 5,1
2,3 1,6 2,1 1.8 16,0 1,9 5,5
2.0 1,8 5,4 1,7 8,6 3,4 5,3

Mean 2,6 1,8 3.8 2.1 12.9 3,0 5,1

WIP:V4-AppKT7.A/9



APPENDIX 9-A

SIMILARITY BETWEEN C2S AND C2W
(MOTYKA MODIFIED SORENSEN'S INDEX)

i

ACRONYM C1 C2S C2W MIN1 MI,;

SHRUBS

ARFI 0.30 0,15 0,15
CALYL
CASE
CHRYS
CRDI 0,40
GUMI 0.10
OPUNT
PRGL 0,05 0.10 0.05 0.05 0,05
QUHA 0,75 0,80 0.85 0.75 0,75
YUCA 0.15 0.15 0.35 0,15 0.15

, SUBT 1,65 1,05 1,5 1.05 1,5

PFRENNIAL FORBS

CYUN 0,05

e DALA 0,05 0.15 0.10 0,05 0,05HASP 0,05
HOJA 0.05 0.05 0 05
LIAR 0.05
LIMU
MENTZ 0.05
MELE 0.05
OXGL 0.05 0.05 0.05
PHPO 0.15 0.15 0.05 0.15 0,05
PSTA
SEEK) 0.10 0.10 0.15 0,1 0,1
THME

SUBT 0.80 0.40 0.45 0.40 0,45

ANNUAL FORB_o,

AMARA
APAR 0.05
COCO
DlWl 0.05
ERAN 0,65 0.50 0,35 0.5 0.35
ERBE
EUGL
EUMI 0,05 0.15 0,75 0.05 0,05
HEHU 0.25
HEPE 0,15 0.45 0.15 0.15 0.15
HEPS 0,90 0,80 0,45 0,8 0,45
HYFL 0.10

WIP:V4-AppKTgN1



APPENDIX 9-A

SIMILARITY BETWEEN C2S AND C2W
(MOTYKA MODIFIED SORENSEN'S INDEX)

' (CONTINUED)

ACRONYM C1 C2S C2W MIN1 MIN2

ANNUAL FORBS (continued)

MOVE 0.05
MOPU 0.15
PASP 0.10
PEAN 0.05 0.05 0.35 0.05 0.05

SUBT 2.30 2.10 2.15 2.10 2.15

, PERENNIALGRASSES

ANSC
ARIST 0.05 0.20

' ,t_,RLO 0.05 0.20
ARPU 0.70 0.55 0.10 0.55 0.1
BOER 0.05
BRCI 0.10
CEIN 0.60 0.15 0.20 0.15 0.2
ERIN
ERSE
LECO 0.70 0.40 0.05 0.4 0.05
PASES 0.45 0.05 0.05 0.05 0.05
PAVI
SEMA 0.05
SPCO 0.05 0.05
SPCR 0.05 0.35 0.40 0.05 0.05

SUBT 2.65 1.70 1.25 1.70 1,25

ANNUALGRASSES

MUSQ 0.05 0.10
TRPU4 0.10 0.65 0.55 0.1 0.1

SUBT 0.10 0.70 0.65 0.10 0.10

TOTAL 7.30 5.95 6.00 5.95 6.00

MIN1 = smallervalue between C1 andC2S.
MIN2 ,,,smaller valuebetweenC1 and C2W.
Values = % frames includinga particularspecies.
ISmo- 2mw x 100;mw, MIN, ma = firstvalue, mb = secondvalue ma + mbi.e., IS=.'noTotalVegetation

C2S = (2(5.95)/7.3 + 5.95)100 =89.81%

WIP:V4-AppKT9A/2



APPENDIX 9-B

INDEX OF PLANT SPECIES

ACRONYM SCIENTIFIC NAME COMMON NAME FAMILYNAME

SHRUBS/HALF-SHRUBS

ARFI Artemislafllilolla Sand sage Asteraceae
ATCA Atrip_x canescens Four-wingsaltbush Chenolx)diaceae

J CALYL Calylophussp. Primrose Onagraceae
CAHA C. hartwegii Hartwegprimrose Onagraceae
CASE C. serrulatus Halfleafsunclrops Onagraceae
CHkYS Chrysothamnussp. _brush Asteraceae
CHPU C. pulchellus SouthwestrabbitbnJsh Asteraceae
CRDI Crotondioecus Croton Euphorbiaceae
GUMI Gutierrezlamicrocephala Snakeweed Asteraceae
OPUNT Opunflasp. Pricklypear Cactaceae
OPPH O. phaecantha Pricklypear Cactaceae
PRGL Pmsopisglandulosa Honey mesquite Fabaceae
QUHA Quercushavardii Shinneryoak Fagaceae
SASA Sapindusssponarla Soat:Oerry Sapindaceae
YUCA Yuccacarnpestris Yucca Liliaceae

) PERENNIALFORBS
ASCLE Asclepiassp. Milkweed Asclepiadaceae
ASTRA AatragakJIsp. Locoweed Fabaceae
ASWO A.wootonil Wooton'sIocowead Fabaceae
BAMU Ba_leyamultiradiata Desert marlgoid Asteraceae
CAREX Carexsp. Sedge Cyperaceae
COER Commellnaerecta Whitemouthdayflower Commelinaceae
CUFO Cucurbitafoetidissima Buffatogourd Cucurbitaceae
CYUN Cyperusuniflora Flatsedge Cyperaceae
DALA Dalea lanata Woollyd_ea Fabaceae
EVPI Evolvuluspiiosus Morningglo;y Convotvulaceae
EVSE E. sericeous Silvermorningglory Convolvulaceae
GAILL GaUlardiasp. Blanketflower Asteraceae
GAPU G. pulchella . Firewheel Asteraceae
GAURA Gaura sp. Gaura Onagraceae
HASP H_s spinulosus Spinyyellow aster Asteraceae
HECU Hellotroc)lumcurrassavlcum Salt heliotrope Boraginaceae
HOFFM Hoffmanseggiasp. Hog potato Fabaceae
HOJA H. jamesii Hog potato Fabaceae
KRLA Kramerlalanceolata Lance_af ratany Kramenaceae
LEFE Lesquerellafendted Fendlerbladderpod Brassicaceae
LIAR Ltnumartstatum Plainsflax Linaceae
LIMU Ltthospermummultiflorum Grornwell Asteraceae
MAWl Mauryandawislizennii Snapdragonvine, Scmphulartaceae
MEN'rZ Mentzeliasp. Stickleaf Loasaceae
MEST M. stdcttssima Prairiestickleaf Loasaceae
MELE Melempodiumleucanthum Plainsblackloot Asteraceae
OXYBA Oxybaptlussp. Smoothoxyt)aphus Nyctaginaceae

WtP:V4,..AppKTgB,'I
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APPENDIX 9-B 0

INDEX OF PLANT SPECIES

(CONTINUED)

ACRONYM SCIENTIFIC NAME COMMON NAME FAMILYNAME

OXGL O. giaber Smoothoxyt)_s Nyctaginaceae
PEAM Pensternonambigaus Plainsbeardtongue Scrophuiariaceae
PEFE P. fendleri Fendlerbearolongue Scmphulariaceae
PHPO Phyllanthuspolygonoldes Leaf.flower Euphorbiaceae
PSTA Pstlostrophetagetina Paperdaisy Asteraceae
SCOC Schrancklaoccldentalis Sensitivebriar Fal:aceae
SENEC Senecio sp. Groundsel Asteraceae
SEDO S, dougiasii Longlobedgroundsel Asteraceae
SOLAN Solanumsp, Night_ade Solanaceae
SOEL S. eleagnifolium Elegantnightshade Solanaceae
THME Thelespermamegapotamicum Cotta Asteraceae
TROC Tradescantiaocck:lentalis Sptderwort Commelinaceae
VERBE Verbena sp. Vervain Verbenaceae
VEBR V. bracleata Prostratevervain Verbenaceae
VILU Vicialudoviciana Milkvetch Fabaceae

ANNUAL FORBS e
ABFR Abroniafragrans Snowballsandverbena Nyctaginaceae
AMARA Amaranthussp. Pigweed Amaranthaceae
APAR Aphanostephusarizonicus Arizonadozedaisy Asteraceae
CHENO Chenopodiumsp. Goosefoot Chenopodiaceae
COCO Conyzacoulted Coulter'sconyza Asteraceae
CORIS Cortspermumsp. Bugseed Chenopodiaceae
CRTE Crotontexensis Texas croton Euplx)rt)iaceae
DIWI Dithyreawislizenli Spectactepod Brasslcaceae
ERAN Erlogonumannuum Annualbuckwheat Polygonaceae
ERIGE Erigeronsp. Fleabane Asteraceae
ERBE E. bellidiastrum Western fleabane Asteraceae
EUPHO Euphorbiasp. Spurge Euphorbiaceae
EUGL E. glyl:_sperma Ridge-seedspurge Euphorbiaceae
EUMI E. miuurk*,,a Lace spurge Euphorbiaceae
EUTE Eurytaeniatexana Texas spreadwing Apiaceae
HEHU Hedyottshoustonla Bluets Rubiaceae
HELIA Helianthussp. Sunflower Asteraceae
HEPE H. petiolaris Prairiesunflower Asteraceae
HECO Hellotroplum¢onvolvulaceum Bindweedheliotrope Boraginaceae
HEPS Heterothecapsamrnophila Telegrapl_plant Asteraceae
HYFL Hymenopappusflavescens Whiteragweed Asteraceae
IPPR Ipornopsispdnglel Trumpets Polemoniaceae
LARE Lappuia redowskli Whitebristlestickseed Boraginaceae
LITE Linariatexana Texastoadflax Scrophulariaceae
MOVE Mollugovertictllata Indianchickweed Alzoaceae ,_=
MOPU Monan:lapunctata Spottedhorsemint Larr.aceae
MATA Machaerantheratanacettfolia Cutleafaster Asteraceae
NAHI Nama hispidum Curlednama Hydropnyllaceae
OENOT OenotherasD. Evening_primrose Onaaraceae

Wl P :V4- AI_oKTgB,"2



' APPENDIX 9-B

iNDEX OF PLANT SPECIES
(CONTINUED)

ACRONYM SCIENTIFIC NAME COMMON NAME FAMILY NAME

ORMU Orobanchemulttflora Bmomrape Orobanchaceae
PASP Palafoxiasphacelata Palafoxia Asteraceae
PEAN Pectisangustifolia Fetidmarigold Asteraceae
PHIN Phaceltaintegrifolia Small-lobedscorplonweed Hydrophyllaceae
SAKA Salsola kali Russianthistle Chenol:x:_taceae
SORO Solanumrostratum Spinynightshade Solanaceae

PERENNIALGRASSES (Poaceae)

ANSC Andropogonscopadus Ltlllebluestem
ARIST Aristidasp. Three-awn
ARLO. A. Ionglseta Red three-awn
ARPU A. purpurea Purplethree.awn
ARWR A. wright, Wright'sthree-awn
BOER Boutelouaeriopoda Blackgrama
BOGR B. gracflis Bluegrama
BOHI B. hlrsuta Hab7 grama
BRCI Brachlariactliatissima Sandhillgrass
CEIN Cenchrusinsertus Sandbur
ERAGR Eragrostissp. Lovegrass
ERLE E. lehmannlana Lehmann'slovegrass
ERIN E. tntermedia IntenTtediatetovegrass
ERSE E. secundiflora MexicanIovegrass
ERSE2 E. sessilispica SessilIovegrass
LECO Leptolomacognatum Fallwitchgrass
MUHLE Muhlenbergiasp. Muhiy
MUPO M. ported Bushmuhly
PASPA Paspalumsp. Paspalum
PASES P. setaceumvar.stramineum Knotgrass
PAVI Panicumvirgatum Swltchgrass
SEMA Setarla rnacrostachya Plainsbdstlegrass

syn. S. leucol_la
SPCO Sporoboluscontraclus Spikedrooseed
SPCR S. oryptandrus Sand dropseed
SPGI S. giganteus Giant dropseed
SPFL S. flexuosus Mesa dropseed

ANNUALGRASSES (Poaceae)

MUSQ MunroaSCluarrosa False buffalograss
TRPU4 Triplasispurpurea Purplesandgrass

; WIP:V4-.AI_K'TgB/3



APPENDIX 9-C

PERCENT FOLIAR COVER: SPRING, 1986

PLOT # C1 C2W SE1 SE2 NWl NW2 E1 AVERAGE

TOTAL 19,83 25,22 22,30 22,08 27.69 17,65 22.17 22.42
(Excludes PRGL)

SHRUBS/HALF-SHRUBS

SHINNERY OAK QUHA 6,77 14,01 17.39 13.00 14.35 11.76 10.02 12,47
SAND SAGE ARFI 3.68 4.30 2,59 4,16 4.08 0.46 2.25 3,07
YUCCA YUCA 0.44 1.79 0,55 0,40 2.23 2.24 1.09
CROTON CROTO 1.87' 0,20 0.30
GROUNDSEL SENEC 0.06 0,08 0.04 0.31 0.62 0.50 0.30 0,27
CALYLOPHUS CALYL 0,68 0.23 0,13
SNAKEWEED GUMI 0.09 0.31 0,06
MESQUITE PRGL 3.78 2.56 0.81 1.44 2,63 1,60

SUBTOTAL
(Mesquiteexclud,KJ) 12.91 20.86 20.57 17,87 19,28 14,95 15,32 17.39

NON-GRASS HERBACEOUS PLANTS

DUNEWEED PHPO 0.41 0.23 0.69 0.26 2.04 0.32 0.88 0.69
RUSSIAN THISTLE SADA 0,30 0.04
WOOLY DALEA DALA 0.08 0,04 0.32 0,09 0.86 0.20
PRAIRIE SUNFLOWER HEPE 0.51 0.19 0.15 0,13 0.14
LACE SPURGE ELJMI 0.22 0.03 0.02 0,14 0,14 0,05 0 ',9 0.11
FETID-MARIGOLD PEAN 0.03 0,08 0.68 0.11
WILD-BUCKWHEAT ERAN 0.14 0,05 0.03 0.01 0,23 0.04 0,20 0,10
TELEGRAPH PLANT HEPS 0.43 0.07 0.01 0,06 0.03 0.03 0.09
HORSEMINT MOPU 0.09 0.07 0.08 0,05 0,01 0.13 0,16 0,08
FORB SDLG 0.16 0.04 0.20 0,01 0,03 006
BLUETS 0.16 0,16 0,08 0.06
HOFFMANSEGIA HOFFM 0.04 0,12 0,02
SPECTACLE-POD DlWl 0.16 0.02
NIGHTSHADE SOLAN 0.05 0.08 0.02
4-0'CLOCK OENOT 0.06 0,06 0.02
PALAFOXIA PASP 0.10 0.01 o.02
HAPLOPAPPUS HASP 0.09 0.01
PLAINS BLACKFOOT MELE 0,05 0.03 0,01
UNKNOWN 0 _3 0.03 0.01
WHITE RAGWEED HYFL 0.., _ 0.01
CAREX CYPER 0.03 <.01
ASTRAGALUS ASTRA 0.01 <.01
COTTA THME 0.01 <.01

SUBTOTAL 2.67 0.64 0.98 0.96 3.27 0.90 3.42 1.83



APPENDIX 9-C

PERCENT FOLIAR COVER: SPRING, 19M
(CONTINUED)

PLOT # C1 C2W SE1 SE2 NW1 NW2 E1 AVERAGE

GRASSES

THREE-AWN ARIST 2.11 0.40 0.21 1,42 0.27 0,55 1,13 0,87
SANDBUR CEIN 0,25 1.34 0.13 0.31 1,46 0,38 0,94 0,69
FALLWlTCHGRASS 0.07 0.00 0.09 0.15 1,21 0,39 0.00 0,27
GIANT DROPSEED SPGI 0.37 0.71 0,06 0.09 0,62 0.36 0,47 0,38
SDLG 0.45 0,21 0.08 0,13 0,37 0.12 0,41 0.25
SWITCHGRASS 0.45 0,63 0.03 0.24 1.21 0,48 0 43
LITTLE BLUESTEM ANSC 0.04 0.43 0,O7
KNOTGRASS PASPA 0.07 0.09 0.15 0,04
PLAINS BRISTLEGRASS SEMA , 0.09 0,01

: LOVEGRASS ERAGR 0,03 0.06 0,01
SAND DROPSEED SPCR 0.03 <.01
MUHLY MUHLE 0.29 0.76

suBTOTAL 4.25 3.72 0.75 3.25 5.14 1,60 3.43 3,19
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APPENDIX 9-D

PERCENT FOLIAR COVER: FALL, 1986

¢,

PLOT # C1 C2W SE1 SE2 NW1 NW2 E1 AVERAGE

TOTAL 24.37 19.77 20.12 18.08 22.65 25.13 27,33 22,49
(ExcludesPRGL)

t _

SHRUBS/HALF-SHRUBS

Shinnen/oak QUHA 8.29 12.71 7.18 5.84 10.10 8°00 10.61 8.96
Sand sage ARFI , 0.81 0.07 7.14 4.50 3.35 4,85 3.53 3,46
Yucca YUCA 0.05 2.66 0,00 0.25 0.00 2,90 3,17 1,29
Croton CRDI 2,66 0.00 0.07 0.00 0.00 0,00 0,82 0,51
Snakeweed GUMI 2.53 0.91 0.00 0.00 0.00 0.00 0,03 0,49
Pricklypear OPPH 0.00 0,00 0,00 0.31 0.00 0,00 0.00 0,04
Primrose CALYL 0,00 0,00 0.00 0.00 0.00 0.28 0.00 0.04
Hartweg'sprimrose CAHA 0.00 0.00 0.00 0.00 0.00 0,00 0,00 <,01

SUBTOTAL 14.33 16.34 14.39 10.90 13,44 16.03 18,15 14.79

Honeymesquite PRGL 0.00 0.00 0.00 1.13 1.13 0,00 1,29 0,51

PERENNIAL FORBS e

Groundsel SEL._O 0.08 0.00 0.13 1.91 0,95 0.84 0.78 0,67
Phyllantbus PHPO 0.12 0.13 0.78 0.28 0.00 0.28 0.34 0.27
Woollydalea DALA 0,30 0,45 0.00 0,04 0,13 0,04 0.08 0,15
Plainsblackfoot MELE 0.15 0.00 0.00 0.08 0.00 0.00 0,00 0.02
Gaura GAURA 0.00 0.00 0.00 0,00 0,07 0,06 0,00 0,02
Spiny yellowaster HASP 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0,01
Carex CAREX 0.05 0.00 0.00 0.00 0.00 0,01 0,04 0.01
Hog potato HOFFM 0.00 0.00 0.00 0.04 0.00 0,00 0,00 0,01
Blanketflower GAILL 0.00 0.00 0.00 0,00 0.00 0,00 0,03 <.01
Nightshade SOLAN 0.03 0.00 0.00 0.00 0.00 0.00 0.00 <,01
OxyJ3apnus OXYBA 0,00 0.00 0,03 0,00 0,00 0,00 0,00 <,01
Cotta THME 0.00 0.00 0.00 0,00 0,00 0,00 0.01 <,01
Loco ASTRA 0.00 0.00 0.00 0.00 0.00 0,00 0.00 <,01
Unknown UNK 0.00 0.00 0.00 0.00 0.00 0.00 0.01 <.01
Seedling SEDLG 0,00 0,00 0,00 0.00 0.00 0.00 0,00 <,01

SUBTOTAL 0.72 0.58 0.93 2.27 1,15 1,22 1.28 1.16

ANNUALFORBS

Fetid rnadgold PEAN 0.00 0.01 1.73 0.27 0.00 0.33 1.70 0.58
Telegraphplant HEPS 0.81 0.05 0,33 0.12 0,83 0.16 0,11 0,34
Lace Sl)urge EUMI 0.23 0.00 0.21 0.24 0,52 0,01 0,24 0,21
Prairiesunflower HEPE 0.47 0,00 0.05 0,00 0.62 0.00 0,00 0,16
Annualbuckwheat ERAN 0.06 0.00 0.07 0,05 0,00 0,04 0,19 0,06
White ragweed HYFL 0.06 0.00 0,00 0,00 0,00 0,13 0,04 0,03

•Euphorbia EUPHO 0.03 0,00 0.00 0,03 0.00 0.00 0.04 0.01



APPENDIX _.D

PERCENT FOLIAR COVER: FALL, 1986
(CONTINUED)

PLOT# C1 C2W SL1 SL2 NWl NW2 E1 AVERAGE

ANNUALFORBS (CONTINUED)

Bluets HEHU 0,00 0,00 0,00 0.08 0.00 0,00 0.01 0,01
Palafoxta PASP 0.03 0.00 0.00 0.00 0,00 0.00 0.00 <.01
Russianthistle SAKA 0.00 0.00 0.00 0.00 0,03 0,00 0,00 <,01
Spectaclepod DtWI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 <.01
Spottedhorsemlnt MOPU 0.00 0.00 0.00 0.00 0.00 0.00 0.00 <.01
Unknown UNK 0.00 0.04 0.00 0.00 0.02 0.03 0.03 0.02
Seedflng SEDLG 0_22 0.01 0.19 0.02 0.05 0.00 0.04 0.08

. SUBTOTAL _.90 0.11 2.57 0.82 2.06 0.69 2.39 1.50
,

PERENNIALGRASSES

Sandbur CEIN 1.24 1.12 0.34 1.70 4,99 1.87 0.94 1.74
Three-awn ARIST 2.23 1.30 1.47 1.19 0.23 2,61 3.00 1.72
Sandhlilgrass BRCI 2._19 0.20 0.34 0.78 0.00 1.38 0.32 0.74
Sand drop,seed SPCR 0,1i9 0.00 0.03 0.10 0.18 0.10 0.31 0.13
Fali witchgrass LECO 0.00 0.00 0.00 0.00 0.33 0.30 0.16 0.11
Littlebluestem ANSC 0.03 0.00 0.00 0.00 0.(30 0.64 0.00 0.10
Giantdropseed SPGI 0.0_) 0.11 0.00 0.13 0.24 0.18 0.00 0.09
Muhly MUHLE 0.00 0.00 0.00 0.00 0.00 0.00 0.53 0.08
Lovegrass EP,AGR 0.53 0.00 0.00 0.00 0.00 0.00 0.00 0.08
Hairygrama BOHI 038 0.00 0.00 0.00 0.00 0.00 0.00 0.05
Paspalum PASPA 0.24 0.00 0.00 0.00 0.00 0.00 0.00 0.03
Plainsbdstlegrass SEMA 0.00 0.00 0,00 0.00 0.00 0,00 0.00 0.01
Mesa dropseed SPFL 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.01
Spikedropseed SPCO 0.00 0,00 0.00 0.03 0,00 0.00 0.00 <,01
Blackgrama BOER 0.01 0,00 0,00 0.00 0.00 0.01 0,00 <.01
Switchgrass PAVI 0.00 0.00 0.00 0.00 0.00 0,00 0.00 <.01
Unknown UNK 0.00 0.00 0,00 0.00 0.00 0.00 0.00 <.01
Seedling SEDLG 0.00 0.02 0,06 0.00 0.00 0.02 0.05 0,02

SUBTOTAL 7.09 2.75 2.23 3.94 5,96 7.10 5.29 4,91

ANNUALGRASSES
,=

Purplesandgrass TRPU4 0,08 0.00 000 0.16 0.05 0.10 0,08 0,07
Falsebuflalograss MUSQ 0.27 0.00 0.00 0.00 0.00 0.00 0.15 0.06

SUBTOTAL 0.35 0.00 0.00 0.16 0.05 0.10 0.23 0,13

WIP:V4-.AppKTgD/2



APPENDIX 9.E

PERCENT FOLIAR COVER: SPRING, 1987

PLOT # C1 C2W E1 SE1 SE2 NWl NW2 AVERAGE

TOTAL 47,80 30,50 38,60 36,85 36,60 34,76 42,65 38,25
(ExcludesPRGL)

SHRUBS/HALF-SHRUBS

Shlnneryoak OUHA 26,30 16,85 19.40 25,40 19.45 14,68 20,10 20,31
Sand sage ARFI 4.15 1,45 2.85 6,35 5,70 8,75 5,60 4,98
Yucca YUCA 0.35 1.35 5,65 0.90 0.70 0.20 ?.90 1,72
Snakeweed GUMI 0,05 0.35 2.60 0,00 0,00 0.00 0.00 0,43
Croton CRDI 1,15 0.00 0.10 0.00 0,00 0,00 0,00 0,18
Primrose CALYL 0.00 0,00 0.00 0.00 0,00 0.35 0,00 0,05
Halfleafsundrops CASE 0,00 0.00 0.00 0,00 0,00 0.00 0,20 0,03
Pricklypear OPPH 0,00 0,00 0,00 0.00 0.00 0,00 0,00 <,01
Hartwegprimrose CAHA 0,00 0,00 0,00 0.00 0.00 0,00 0,00 <,01
RabbltbnJsh CHRYS 0,00 0,00 0.00 0.00 0.00 0,00 0,00 <,01
Pricklypear OPUNT 0.00 0.00 0.00 0,00 0,00 0,00 0,00 <,01
Soal:_:)erry SASA 0.00 0.00 0.00 0,00 0.00 0.00 0,00 < ,01
Four-wingsaltl:xJsh ATCA 0.00 0.00 0.00 0.00 0.00 0.00 0,00 <,01

SUBTOTAL 32.00 20,00 30.60 32,65 25.85 23,98 28,80 27,70

Honey mesquite PRGL 0.00 19.95 5,45 0,15 0,00 0,30 1,30 3,88

PERENNIAL FORBS

Groundsel SEDO 0,25 0.05 0,50 0,20 0,15 0,35 0,50 0,29
Woollydalea DALA 0,50 0,00 0.05 0.05 0.10 0,10 0,50 0,19
Phyllanthus PHPO 0,00 0.20 0,05 0.00 0.00 0,64 0,00 0,13
Cotta THME 0,00 0,00 0,50 0,00 0,00 0,00 0,15 0,09
Milkweed ASCLEP 0,25 0.05 0.10 0.05 0.00 0,00 0,00 0,06
Hogpotato HOJA 0.00 0.00 0,00 0,20 0.00 0,00 0,05 0.04
Plainsblackfoot MELE 0.15 0.00 0.05 0.00 0,00 0,00 0,00 0,03
Sedge CAREX 0.00 0,00 0,00 0,00 0,05 0.05 0,00 0,01
Groundsel SENEC 0,00 0.00 0,00 0,00 0,00 0,00 0,03 <,01
Plainsflax LIAR 0,00 0.00 0.00 0,00 0,00 0,00 0.00 <,01
Oxybaphus OXYBA 0.00 0.00 0.00 0,00 0,00 0,00 0,00 <,01
Silvermorningglory EVSE 0.00 0,00 0.00 0,00 0,00 0,00 0,00 <.01
Unknown UNK 0.00 0.00 0.00 0,00 0,00 0.00 0,00 <,01
Seedling SEDLG 0,00 0,00 0.00 0.00 0,00 0.00 0.00 <,01

SUBTOTAL 1,15 0,30 1.25 0.45 0,30 1,14 1,23 0,83



,=

APPENDIX 9-E

PERCENT FOLIAR COVER: SPRING, 1987
(CONTINUED)

PLOT# C1 C2W E1 SE1 SE,?. NWl NW2 AVERAGE

' ANNUAL FORBS

Telegraphplant HEPS 4.05 2.10 1.25 1.95 3.25 3.43 2.85 2.70
Spoiled horsemlnt MOPU 1.95 0,70 1.10 0,70 0,75 0,20 0,43 0,83
Scorplonweed PHIN 0,00 4,25 0,00 0,00 0.00 0,00 0,00 0,61
Bluets HEHU 1,70 0,00 0,80 0,55 0,50 0,15 0,13 0,55
Annualbuckwheat ERAN 0,40 0,20 0,40 0,40 0,25 0.03 0,23 0,27
White ragweed HYFL 0,30 0,00 0.00 0,25 0,00 0,00 0,00 0,08
Eveningprimrose OENOT 0.10 0_30 0.00 0,00 0,10 0,00 0,00 0,07
SI)urge EUPHO 0.05 0.00 0.05 0.05 0.10 0.15 0.08 0.07
Sunflower HELIA 0.00 0.00 0.00 0.05 0.00 0.18 0.13 0.05
Spectaclepod DIWI 0.15 0.00 0.10 0.00 0.05 0.00 0.00 0.04
Palafoxia . PASP 0.10 0.05 0.00 0.00 0.00 0.02 0.13 0.04
Fetidmadgold PEAN 0.00 0.15 0.05 0.00 0.00 0.00 0.00 0.03
Westernfleat>ane ERBE 0,15 0.00 0.00 0,00 0,00 0,00 0,00 0,02
Fleabane ERIGE 0,00 0,00 0,00. 0.00 0,05 0,00 0,00 0.01
Texas spreadwing EUTE 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Unknown UNK 0.00 0.00 0.00 0.00 0.00 0.00 0.00 <.01
Seedling SEDLG 0.00 0.00 0.00 0.00 0.00 0.00 0.00 <.01

SUBTOTAL 9.00 7.75 3.75 3.95 5.05 4.14 3.95 5.37

PERENNIALGRASSES

Three-awn ARIST 3.05 2,05 1,80 0,85 2,30 0,05 3,95 2,01
Sandbur CEIN 0.60 0,00 0.20 1.70 0.85 2.55 2,03 1,13
Fallwitchgrass LECO 1,05 0,05 0,25 0,55 1,90 1,40 1,00 0,89

' Knotgrass PASES 0.00 0,00 0.00 0.00 0.20 1,05 0,35 0,23
Spikedropseed SPCO 0,10 0,15 0.00 0,00 0,00 0,20 0,85 0,19
Sand dropseed SPCR 0,10 0,05 0,30 0,05 0.05 0,05 0,40 0,14
Switct_grass PAVI 0,,45 0,00 0,00 0,00 0.00 0,05 0.00 0,07
Bluegrama BOOR 0,20 0,00 0.00 0,00 0,00 0,00 0,00 0,03
Hairygrama BOHI 0.05 0.00 0,00 0.05 0,00 0,00 0.00 0.01
Blackgrama BOER 0.00 0.00 0,05 0,00 0,00 0,00 0.00 0,01
Red three-awn ARLO 0,05 0.00 0.00 0.00 0.00 0.00 0.00 0,01
Mexicanlovegrass ERSE 0,00 0,00 0,00 0.00 0.00 0.00 0.00 <.01
Lovegrass ERAGR 0.00 0.00 0,00 0.00 0.00 0.00 0,00 <.01
Plainsbdstlegrass SEMA 0.00 0,00 0.00 0.00 0,00 0.00 0.00 <,01
Muhly MUHLE 0,00 0,00 0,00 0.00 0.00 0,00 0,00 <,01
Sandhlllgrass BRCI 0.00 0,00 0,00 0,00 0.00 0,00 0,00 <,01
Unknown UNK 0,00 0,00 0,20 0.00 0.00 0,00 0.00 0,03
Seedling SEDLG 0,00 0.00 0,00 0.00 0.00 0,00 0,00 <,01

SUBTOTAL 5.65 2,30 2,80 3.20 5,30 5.35 8,58 4,74

WIP:V4-AppKTgE/2



' APPENDIX 9-E

PERCENT FOLIAR COVER: SPRING, 1987
(CONTINUED)

PLOT# C1 C2W E1 SE1 SE.2. NWl NW2 AVERAGE

ANNUAL GRASSES
q

Purplesandgrass TRPU4 0,00 0,15 0,05 0.10 0.10 0,15 0,08 0,09
Falsebuffalograss MUSQ 0.00 0,00 0.15 0.00 0,00 0,00 0,03 0,03

SUBTOTAL 0,00 0,15 0,20 0.10 0.10 0,15 0,10 0,11

Other speciesencounteredas trace arrlountsless than ,01 percent foliarcover.

PERENNIAL FORBS ANNUALFORBS PERENNIALGRASSES

Astragalussp, Abronlafragans Andropogonscopartus
A, wootonll Aphanostephusadzonicus Adsttclapurl)urea
Baileyamultiradlata Crotontexensls Eragrostislehmannlana
Commelinaerecta Euphorbiagtyptosperma Leptolomacognatum
Cucurbitafoetidissima E, mlssurlca Paspalumsp.
Cyperusuniflorus Hellotropiumconvolvulaceum Sporobolusg_ganteus
Evolvuluspilosus Helianthuspetiolads
Gai!lardlasp. ipornopstspdnglei
G, pulcheUa Llnadatexana
Gaurasp, Machaerantheratanacettfolla
Haptopappusspinulosus MollugoverttclUata
Hellotroplumcurrassavicum Nama hlspidum
Kraemerla lanceolata Orobanchemultiflora
Lepidlumfendled Salsolakall
Lithosperrnummulttflorum Solanumrostratum
Oxybaphusglaber
Penstemonambiguus
Penstemonfendled
Schrancklaocctdentalls
Solanumsp.
S, eleagnitolium
Tradescantiaoccidentalls
Verbenasp.
V, bracteata
Vicia ludovlciana

WIP:V4-AppKTgE/3



APPENDIX 9-F

PERCENT FOLIAR COVER: FALL, 1987

PLOT # C1 C2W E1 SEI SE2 NW1 NW2 AVERAGE

TOTAL 3t,76 29,03 27,66 16,41 29,31 27,33 21,53 26,14

, (ExcludesPRGL)

SHRUBS/HALF.SHRUBS

Shtnneryoak QUHA 6,69 15,50 11,86 9,25 12,44 13,89 11,46 11,87
Sand sage ARFI 2,29 0,60 2,10 3,35 4,37 2.11 2.22 2,43
Yucca YUCA 2.37 2.92 1,19 0,00 0,91 0,20 1.23 1,26
Snakeweed GUMI 0,00 0,50 2,52 0,00 0,00 0,00 0,00 0,43
Croton CRDI 1,57 0,00 0.31 0,00 0,25 0,00 0,00 0,30
Halfleafsundrops CASE 0,00 0,00 0,00 0,00 0.00 0.08 0,04 0,02
Primrose CALYL 0,00 0,00 0,00 0,00 0.00 0,01 0,00 <,01
Pricklypear OPPH 0,00 0,00 0,00 0.00 0,00 0.00 0,00 <,01
Hartweg'spdmrose CAHA 0.00 0,00 0,00 0.00 0.00 0,00 0.00 <,01
Rabbitbrush CHRYS 0.00 0.00 0,00 0,00 0,00 0,00 0.00 <,01
Prlcklypear OPUNT 0,00 0.00 0,00 0,00 0,00 0.00 0,00 <,01

•Soap_rry SASA 0,00 0,00 0.00 0,00 0,00 0.00 0,00 <,01
Four-wingsaltbush ATCA 0.00 0,00 0.00 0.00 0,00 0.00 0,00 <,01

SUBTOTAL 14,91 19.51 17.97 12.60 17,97 16.29 12.25 15,92

Honeymesquite PRGL 1.08 0.50 0.57 8.'r5 6.95 0.00 0,00 2,55

PERENNIAL FORBS

Woollydalea DALA 0.20 0.80 0.51 0,01 0.00 0.05 0.05 0,23
Grounclsel SEDO 0.0,3 0.26 0,40 0.31 0.08 0.54 0.03 0.23
Plainsflax LIAR 0.00 0.48 0,00 0.00 0.00 0.00 0.00 0.07
Hog potato HOJA 0.03 0.30 0.01 0.02 0,00 0.00 0.00 0,05
Phyllanthus PHPO 0.02 0.03 0.01 0,07 0,09 0.08 0.02 0,05
Spinyyellowaster HASP 0.20 0.00 0.00 0.00 0,00 0.00 0,00 0.03
Plainsblacktoot MELE 0.19 0,00 0.00 0.00 0,00 0.00 0.00 0,03
Oxybaphus OXGL 0.01 0.10 0.00 0.00 0,00 0,03 0.00 0,02
Paperdaisy PSTA 0.00 0.00 0.00 0.14 0,08 0.00 0.00 0,02

PERENNIAL FORBS

Flatsedge CYUN 0,01 0.00 0.00 0.00 0.00 0.03 0.03 0,01
Snapdragonvine MAWl 0.00 0.00 0.00 0,00 0,00 0.00 0.00 <,01
Oxybaphus OXYBA 0.00 0,00 0,00 0.00 0,00 0,00 0.00 <.01
Unknown UNK 0.00 0.00 0.00 0.00 0.00 0,00 0.00 <,01
Seedling SEDLG 0,00 0.00 0.00 0.00 0.00 0.00 0.00 <.01

SUBTOTAL 0,69 1.97 0.93 0.55 0.15 0.74 0.13 0,73

WIP:V4-k4)pK'_F/1
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APPENDIX 9-F

, PERCENT F_Yt,,lt_,RCOVER: FALL, 1987
(CONTINUED)

PLOT # C1 C2W E1 8E1 SE2 NWl NW2 AVERAGE

TOTAL 31,76 29,03 27,66 16,41 29,3i 27,33 21,53 26,14
(Excludes PRGL)"

ANNUAL FORBS

Telegraphplant HEPS 7,05 1,87 2071 0,90 5,09 2.92 4,00 3,50
Annualbuckwheat ERAN 1,66 0,85 0,86 0,28 1,60 0,40 0.53, 0,88
LaceSl)urge EUMI 0,01 0,70 0,01 0,06 0,06 0,07 0,03 0,13
Fetid madgotd PEAN 0.15 0,24 0,33 0,02 0,00 0,00 0,00 0,10
Prairie sunllower HEPE 0,04 0,13 0,00 0,00 0.00 0,12 0,12 0,06
Bluets HEHU 0.05 0,00 0,06 0,03 0.07 0.00 0,00 0,03
Coulter'sconyza COCO 0,00 0,00 0,01 0,06 0,00 0,00 0,00 0,01
Palafoxla PASP 0.05 0,00 0,00 0,00 0.00 0,00 0,00 0,01
Spectaclepod DIWI 0,00 0,03 0,00 0,00 0,00 0.00 0,00 <,01
Arizonadoze daisy APAR 0,03 0,00 0,00 0.00 0,00 0.00 0,00 <,01
Ridge-seedspurge EUGL 0.00 0.00 0,00 0,00 0,03 0.00 0,00 <,01
Whtt_ ragweed HYFL 0,02 0,00 0,00 0.00 0,00 0,00 0,00 <,01
Bindweed heliotrope HECO 0,00 0,00 0,00 0.00 0,00 0,00 0,00 <,01
Cutleat aster MATA 0.00 0,00 0,00 0.00 0,00 0,00 0.00 <,01
Sunflower HELIA 0.00 0,00 0,00 0,00 0,00 0,00 0,00 <,01
Unknown UNK 0,00 0,05 0,00 0.00 0,00 0,00 0,00 0,01
Seedling SEDLG 0,00 0,00 0,00 0.00 0,00 0,00 0,00 <,01

SUBTOTAL 9,04 3,86 3,97 1.34 6.84 3.51 4,68 4,75

PERENNIAL GRASSES

Fallwttchgrass LECO 2,13 0,01 1.87 0,08 1.29 1,53 2,57 1.35
Purplethree-awn ARPU 3.22 0,69 1,09 0.84 1,39 0,00 0,41 1,09
Sandbur CEIN 0,61 0,30 0,61 0.36 0.06 2,25 0,67 0,69
Red three-awn ARLO 0.00 0.50 0,77 0.00 0,00 0,49 0.62 0,34
Spikedropseed SPCO 0,00 0,03 0,03 0.00 0.03 1,05 0.25 0,20
Knotgrass PASES 0.15 0,43 0,02 0.01 0,05 0,28 0.18 0,16
Sand dropseed SPCR 0.00 0,09 0,31 0.14 0.20 0,02 0,10 0,12
Littlebluestem ANSC 0.72 0,00 0,00 0.05 0.03 0.00 0.00 0.11
Plainslovegrass ERIN 0,00 0,00 0,00 0,00 0.30 0.00 0.00 0,04
Three-awn ARIST 0,00 0,08 0,01 0,07 0,06 0.00 0,00 0,03
Sandhillgrass BRCI 0,20 0,00 0,00 0,00 0.00 0,00 0.00 0,03
Mexicanlovegrass ERSE 0,00 0,00 0,00 0.00 0,08 0,00 0.00 0,01
Blackgrama BOER 0.06 0.00 0,00 0,00 0,00 0,00 0.00 0,01
Switchgrass PAVI 0.00 0,00 0,00 0,00 0.00 0,00 0,00 <,01
Plains bristlegrass $EMA 0.00 0.00 0,00 0.00 0.00 0.00 0,00 <,01
Muhly MUHLE 0.00 0,00 0,00 0.00 0.00 0,00 0.00 <,01
Unknown UNK 0.00 0,03 0,00 0,00 0,00 0,00 0.00 <,01
Seedling SEDLG 0,00 0,00 0,00 0,00 0,00 0,00 0,00 <,01

SUBTOTAL 7.06 2.14 4.71 1,54 3,48 5,62 4,01 4,08



APPENDIX 9-F

PERCENT FOLIAR COVER: FALL, 1987
. (CONTINUED)

PLOT # C1 C2W E1 SE1 SE2 NWl NW2 AVERAGE
..... ,,.,,

TOTAL 31.76 29,03 27,66 16,41 29.31 27,33 21,53 26;14
(ExcludesPRGL)

ANNUAL GRASSES

Purplesandgrau TRPU4 0,06 1.52 0,09 0.27 0,85 1.15 0,48 0,63
False buffalograss MUSQ 0,00 0.00 0,00 0,11 0,03 0.03 0,00 0,02

SUBTOTAL 0.06 1,56 0.09 0.38 0.88 1.18 0,48 0,66

Otherspeciesencounteredu traceamountslessthan .01 percentfoliarcover.

PERENNIALFORBS ANNUAL FORBS PERENNIALGRASSES

Ascteplu sp. Abronlafragrans Boutelouagracills

e Astragalus sp. Anunn/hus sP. B. hlrsuta
A. wootonil Croton texensls Eragrostls sp.
Baileyamultiradlata Erigemnbellldlutrum E. lehmannlana
Camx SP. Euphorbiasp. E, sesslllspica
Commelinaerecta Eurytaentatexana Paspalumsp.
Cucurbitafoetidissima Ipomopslspdnglel Sl:x)robolusgiganteus
EvolvuIusptlosus Llnadatexana
E. sertceous Monardapunc_a
GaUlardlasP. Nama hispldum
G, pulc_ella Oenolherasp.
Gaura sp. On,marc,he rnulliflora
Heliotroplumcurrassavtcum Phacela Integrilolla
Kraernerta lanceolata SalsoLakali
Leptdiumfendted Solanumrostratum
Lithospermummullllorum
Mentzetlasl:).
Penstemon _s
P, fendled
Schranckiaocctdentalls
Solanumsp.
S. eleagnlfolium
Theiespermamegapot_m
Tradescantiaoccidentalis
Verbenasp.
Verbenabracteata
Vicialudovlciana

WIP:V4-AppKTgF/3



APPENDIX 9-G

DENSITY OF ANNUAL PLANTS
FOR 198,5, 1986 AND 1987

(PLANTS PER M2)

S85 F85 S86 F86 $87 F87

ANNUAL FORBS

ABFR
AMARA
APAR 0,01 0.01
CHENO 0.02
COCO 0.02
CORIS 0.01
CRTE

DIWI 0.01 0.04 0.06 0.01
ERAN 2.28 1.07 0.28 0.09 1.36 1.16
ERBE 0.03
ERIGE 0.02 0.15
EUPHO 3.08 0.01 0.92
EUGL 0.01
EUMI 0.15 0.32 0.44 0.06 0.39
EUTE 0.01
HECO
HEHU 3.62 0.15 0.01 3.61 0.27
HELIA 0.20
HEPE 0.41 0.06 0.17 0,08 0.13
HEPS 11.06 3.62 0.28 0.29 13.51 7.96
HYFL 0.04 0.03 0,02 0.09 0,02
IPPR
LARE 0.01
LITE 0.04
MATA
MOPU 3.54 0.23 1.97
MOVE 0.O4 0.01
NAHI
OENOT 0.09 0.01 0.20
ORMU 0.01
PASP 0.13 0.06 0.50 0.02
PEAN 0.01 1.49 0.42 1.36 0.15

=-

PHIN 0.06 0.51
SAKA 0.01 0.03 0.01 0.01
SOLAN 0.07
SOEL 0.01
SORO
UNK 0.16 0.04 0.11 0.01
SEDLG 0.00 0.41 2.75 0.03

SUBTOTAL 24.36 5.20 3.59 4.13 24.66 10.17

ANNUALGRASSES

ML_SQ 0.04 0,18 0.22 0.26
TRPU4 1.08 0.11 0.45 1.87
UNK 0.08
SEDLG 1.38 0,26

SUBTOTAL 1.20 1.38 0.55 0.67 2,13

TOTAL 6.40 4 97 4.68 25.33 12.30



APPENDIX _.H

SPRINC, 1987, PERCENT SPECIES RICHNESS SIMILARITY
(MOTYKA MODIFIED SORENSEN'S INDEX)

ACRONYM CONTROLS NEAR-FIELD FAR-FIELD MIN1 MIN2 MIN3 SlM1 SlM2 SlM3

ARFI 0.30 0.65 0.55 0.30 0.30 0.55 63.16 70.59 91,67
CALYL 0,05 0.03 0.03 66.67
CAHA 0.03
CASE • 0.03
CHRYS
CRDI 0.18 0.03 0.03 32.00
GUMI 0.10 0.10 0.10 100.00
OPUNT
PRGL 0.20 0.08 0.03 0.08 0.03 0.03 58.82 22.22 46.15
QUHA 0.83 0.82 0.90 0.82 0.83 0.82 99,49 95,65 95.15
YUCA 0.10 0.13 0.13 0.10 0.10 0.13 85,71 88,89 96,77

SUBTOTAL 1.70 1.87 1.68 1.70 1.68 1.68 95.33 99.56 94.87

PERENNIAL FORBS

ASCII= 0.13 0.07 0.03 0.07 0.03 0.03 69.57 33.33 54,55
COER 0.02
CYUN 0.03 0.03 0.03 85.71
DALA 0.15 0.07 0.18 0.07 0.15 0.07 61.54 92,31 55,17
HASP 0.O3
HOJA 0.05 0.03 0.00 0.03 66.67
LIMU 0.03
MELE 0.03 0.02 0.02 80.00
PHPO 0.38 0.55 0.43 0.38 0.38 0.43 61.08 93.75 87.18
SENEC 0.03
SEDO 0.23 0.43 0.45 0.23 0.23 0.43 68,35 66,67 98.11
SOEL 0.05
THME 0.03 0.02 0.03 0.02 0.03 0.02 80.00 100.00 80.00

SUBTOTAL 1.00 1.25 1.20 1.00 1.00 1.20 68.89 90.91 97.96

ANNUALFORBS

APAR 0.03
DlWl 0.08 0.05 0.05 0.05 0.05 0.05 80.00 80.00 100.00
ERAN 0.73 0.50. 0.43 0.50 0.43 0.43 81.63 73.91 91.89

, ERIGE 0.15 0.13 0.00 0.13 90.91
ERBE 0.05
EUPHO 0.28 0.50 0.65 0.28 0.28 0.50 70.97 59.46 86.96
EUMI 0.03 0.03 0.03 85.71
EU'rE 0.03
HEHU 0.50 0.53 0.65 0.50 0.50 0.53 96.77 86.96 90.14
HELIA 0. I 0 0.05 0.05 66.67
HEPS 0.80 0.75 0.88 0.75 0,80 0.75 96.77 95.52 92.31
HYFL 0,15 0.07 0.03 0.07 0.03 0,03 61.54 28.57 54.55
LITE 0.05 0.03 0.03 80.00
MOVE 0.03
MOPU 0.48 0.40 0.53 0.40 0.48 0.40 91.43 95.00 86.49

WIP:V4-AppKTgW1



APPENDIX 9-H

SPRING, 1987, PERCENT SPECIES RICHNESS SIMILARITY
(MOTYKA MODIFIED SORENSEN'S INDEX)

(CONTINUED)

ACRONYM CONTROLS NEAR-FIELD FAR-FIELD MIN1 MIN2 MIN3 SlM1 SlM2 SlM3

ANNUAL FORBS (continued)

OENOT 0.33 0.03 0.15 0.03 0.15 0.03 18.60 63,16 36,36
ORMU 0.03
PASP 0.30 0.17 0_:5 0.17 0.25 0.17 71.43 90.91 80,00
PEAN 0.08 0.22 , 0,08 51,43
PHIN 0.23 0.02 0.02 13.79
SAKA 0,03

SUBTOTAL 4.13 3.58 3.80 3.58 3.80 3.58 92.89 95.90 96,98

PERENNIAL GRASSES

ARIST 0.55 0.38 0.70 0.38 0.55 0.38 82.14 88.00 70.77
ARWR 0.05
BOER 0.02
BOGR O.O3
POHI 0.03 0.03 0.03 85.71
,..,EIN 0.13 0.33 0.40 0.13 0.13 0.33 54.55 47.62 90.9
LECO 0.20 0.27 0.53 0.20 0.20 0.27 85.71 55,17 67.37
MUHLE 0.03
PASES 0.08 0,,05 0.05 75.00
PAVI 0.13 0.03 0.03 42.11
SPCO 0.13 0.12 0.20 0.12 0.13 0,12 96.55 76.92 73.68
SPCR 0.28 0.32 0.33 0.28 0.28 0.32 92.96 91.67 98.70
UNK 0.03

SUBTOTAL 1.53 1.62 2.29 1.53 1.53 1.62 97.40 82.15 84.89

ANNUAL GRASSES

MUSQ 0.03 0.18 0.23 0.03 0.03 0.18 24.00 20,00 89,80
TRPU4 0.25 0.25 0.68 0.25 0,25 0.25 100.00 54,05 54.05

SUBTOTAL 0.28 0.43 0.90 0.28 0,28 0.43 77.65 46,81 65.00

TOTAL ALL 3.30 3.78 3.68 3.30 3.30 3.68 93.18 94.62 98.68
VEGETATION
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APPENDIX 9-1

FALL, 1987, PERCENT SPECIES RICHNESS SIMILARITY
(MOTYKA MODIFIED SORENSEN'S INDEX)

ACRONYM CONTROLS NEAR-FIELD FAR-FIELD MIN1 MIN2 MIN3 SlM1 SlM2 SlM3

SHRUBS

ARFI 0.23 0.55 0.58 0.23 0.23 0.55 58,06 56.25 97,78 ,

CALYL 0.05
CASE 0.03 0.05 0.03 80.00
CHRYS
CRDI 0.20 0.03 0.03 0.03 0.03 0.03 28.57 22.22 85,71
GUMI 0.05 0.07 0,05 85.71
OPUNT
PRGL 0,05 0,07 0.10 0.05 0,05 0.07 85.71 66.67 80.00
QUHA 0.80 0.82 0.88 0.80 0.80 0,82 98.97 95.52 96,55
YUCA 0#.5 0.05 0.20 0.05 0.20 0.05 33.33 88.89 40,00

SUBTOTAL 1.58 1,67 1.83 1.58 1.68 1.67 97.48 92.94 95,66

PERENNIALFORBS

CYUN 0.03 0,03 0.03 0.o3 0.03 0.03 85.71 lOO,O0 85.71
DALA 0.08 0.07 0.05 0.07 0.05 0,05 94.12 80.00 85.71
HASP 0.03
HOJA 0.05 0.03 0.03, 80.00
LIAR 0.03
LIMU

MENTZ 0.03
MELE 0.03
OXGL 0.05 0.02 0.02 50.00
PHPO 0.10 0.25 0.35 0.10 0.10 0.25 57.14 44,44 83.33
PSTA 0.02
SEDO 0.13 028 0.08 0.13 0.08 0.08 61_=-=-=-=-=-=-=-=-=_275.00 41.86
THME

SUBTOTAL 0.53 0.70 0.50 0.53 0.50 0.50 86.53 97.56 83.33

ANNUALFORBS

AMARA
APAR 0.03
COCO 0.08
DIWI 0.03
ERAN 0.50 0.45 0.55 0,45 0.50 0.45 94.74 95.24 90.00
ERBE
EUGL 0.O3
EUMI 0.40 0.23 0.15 0.23 0.15 0.15 73.68 54,55 78.26
HEHU 0.13 0.08 0,10 0.08 0.10 0.08 80.00 88,89 90.91
HEPE 0.15 0.05 0.15 0.05 0.15 0.05 50.00 100,00 50.00
HEPS 0.58 0.85 0.85 0.68 0,68 0.85 88.52 88.52 100.00
HYFL 0.05 0.02 0.02 50.00
MOVE 0.03
MOPU
PASP 0.05 0.03 0.03 66.67

= PEAN 0.20 0.10 0.05 0.10 0.05 0.05 66.67 40,00 66,67

SUBT_TAL ___'_3_ 1.83 1.90 1.53 1.90 1.83 90.18 92.12 98.04
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APPENDIX 9-1

FalL, 1987, PERCENT SPECIES RICHNESS SIMILARITY
(MOTYKA MODIFIED SORENSEN'S INDEX)

(CONTINUED)

ACRONYM CONTROLS NEAR-FiELD FAR-FIELD MIN1 MIN2 MIN3 SlM1 SlM2 SlM3
/

PERENNIAL GRASSES

ANSC 0.03
ARIST 0,10 0,23 0.05 0.10 0,05 0.05 60,00 66.67 35.29
ARLO 0,10 0.30 0.20 0,10 0.10 0.20 50,00 66.67 80,00
ARPU 0,40 0.13 0,33 0.13 0.33 0.13 50.00 89.66 58,18
BOER 0.03
BRCl 0,05
CEIN 0,40 0.30 0.35 0.30 0,35 0.30 85,71 93.33 92.31
ERIN 0.03
ERSE 0.08
LECO 0.38 0.27 0.40 0.27 0,38 0.27 83.12 96.77 80,00
PASES 0.25 0.13 0.08 0.13 0.08 0.08 69,57 46.15 72.00
PAVI
SEMA
SPCO 0.03 0.10 0.18 0.03 0.03 0.10 40,00 25.00 72,73
SPCR 0.23 0.23 0.23 0.23 0.23 0.23 98.18 100.00 98.18

SUBTOTAL 1.95 1.70 1.93 1,70 1.93 1.70 93,15 99.61 93,79

MUSQ 0.05 0.27 0.15 0.05 0,05 0.15 31.58 50,00 72,00
TRPU4 0.33 0.48 0.58 0.33 0.33 0,48 80,41 72.22 91,34

SUBTOTAL 0.38 0.75 0.73 0.38 0.38 0.73 66.67 68.18 98,98

TOTAL ALL 6,65 6.65 6.88 6.65 6.65 6.65 100.00 98.34 98.34
VEGETATION

Controls= Avg. C1 and C2w.
Near-field. Avg.El, NWl, SE1.
Far-field-. Avg. NW2, SE2.
Values = % framesincludinga particularspecies.
MIN1 = smallervaluebetweencontrolsand near-field.
MIN2 = smallervaluebetweencontrolsand far-field.
MIN3 = smallervaluebetweennear-fieldandfar-field.
SlM1 = % similarityof near-fieldplots to controlplots.
SlM2 = % similarityof far-fieldplots to controlIDiots.
SlM3 = % s,milarityof near-fieldplotsto far-fieldplots.
ISmo = 2mw x 100; mw = MIN, ma = firstvalue, mb = secondvalue;ma + mb (i.e., ISmo TotalVegetationFar-field

and Control= (2(6.65)/(6.65+6.88))100.98.34%.
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TABLE 8.4

e LITTER DECOMPOSITION FIATESFOR 1987
' % ORGANIC MATTERLOSS

3 Month

CT1 CT2 SE1 SE2 NW1 NW2 E1

5,8 12.1 3.7 1'7,4 13.2 9,0 7,9
16.4 14.2 9.0 10,0 9.0 11,1 12.1
10.0 14.8 9.0 8.8 9.0 6.8 13.2

Mean 10.7 13,7 7.2 11,4 10.4 9,0 11,1
Stdder 4.4 1.2 2.5 4.4 2.0 1.8 2.3

6 Month

CT1 CT2 SE1 SE2 NW1 NW2 E1

19.4 18.4 16.8 5.9 10.1 19,1 17,7
16.3 16.3 16.3 14,4 10.7 16.8 15,8
20.2 14.8 13.8 11.8 12.6 18.9 14,9

Mean 18.6 16.5 15.6 10.6 11,1 18.3 16.1
Sid dev 1.7 1.5 1.3 3.5 1.1 1,0 1.2

9 Month

CT1 CT2 SE1 SE2 NW1 NW2 E1

18.5 21.0 15.6 18.9 20.0 15.8 17.0
14.8 6.3 19.1 16.2 18.1 22.4 16.3
13.2 24.1 18.1 20.1 16.4 21.6 21.3

Mean 15.5 17.1 16.9 18.4 18.2 19.9 18.2
StdOev 2.2 7,8 1.5 1.6 1,5 2,9 2.2

12 Month

CT1 CT2 SE1 SE2 NWI NW2 E1

16.0 15.9 22.0 13.9 20.4 21.I 20.3
23.3 30.7 22.8 15,8 17.9 18.9 19.2

20.3 18.1 17.5 19.6 24.4 22.6

Mean 19,7 22,3 21.0 15.7 19.3 21.5 20,7
Std der 3,6 6.2 2.1 1.5 1.0 2.3 1,4

WlP:V4-APPK"1"8.2-8.4





Cumulativeaverage microbialactivitylevelsare plotted in Figure 8,1, Activitylevelsare lowduringthe
firstthree monthsof the studypedodeach year when moisture is often llnllted (Figure8,2), Values are
generallyhighestinthe thirdorfourthsamplingperiodsof the year, Extremetemperaturesdo not seem
,to Inhibitmicrobialactivityin the litter, Near-fieldplots do not show any consistenteffect of salt input,
even though increased salt levels have been observed in tho_e plots (see Chapter 7), The only
repeatingpatterns in microbial activitylevelsbetween plots appear to be thoserelated to moistureand
chemicalchanges tnsub=rate which are dueto chemicaldecomposition,

LitterDecomposition. Litterdecompositiondata from 1986 and 1987 are presented in Tables 8,3 and
8,4, respectively, Figures 8,3 and 8,4 illustrate results of the two studies. For the 1986 samples,
decompositionvalues inthe near-fieldandfar-fletdplotsdo not vary fromthe controlplots, Decomposl-
tlon duringthe second samplingperiodof 1987 is lowerin SE2 than ineither of the controlplots, There
Isno apparentreasonforthisdifference,

Litterdecompositionratesvary somewhatfromyear to year and are probablyinfluencedby the amount
and distributionof precipitation at the site. However, at least some organlomatter Is lost from the
samples duringthe first three monthsof the studyeven when no measurable precipitationhas been
recorded, Moisturein the formof fogis generallyavailableat the siteduringthisperiod, The amountof
litter in each sample bag (initial weight of ten grams) can absorb and retain moisture from the
atmosphere,allowingthe continuedactivityof the decomposercommunity, Duringthe driest quarterof
theyear, lossof organicmatterduringlaterpartsof theannual cyclemay reflectmore directlythe effects
of precipitationlevels(Rgure 8.2),

8,3 CONTINUING PROGRAM

The microbialcommunitywill conttnueto be monitoredinthe comingyear, Studyof microbialactivityin
the tebuthluronplot has been discontinued, A baselinefor this location has been obtainedfromwhich
areas similarlytreated inthe futuremay be evaluated.

WIP:V4-APPK K-21



TABLE 8,3

LITTER DECOMPOSITION RATES FOR 1986
% ORGANIC MATTER LOSS

3 Month

, J

CT1 ' CT2 SE1 SE2 NW1 NW2 E1

8,2 7.6 15,7 5,0 7,8 5,4 3,0
6,4 11,8 3,7 6,6 18,5 8.7 5,9
4,8 4,2 4,8 7,4 8,0 6,7 4,4

Mean 6,5 7,9 8,1 6,3 11,4 6,9 4,4
Stcldev 14 31 54 10 50 14 12

6 Month

CT1 CT2 SE1 SE2 NWl NW2 E1

25,1 23,0 21,2 24.8 28.2 27.7 25.5
23,6 24,1 20,4 23,9 24,4 22,8 24,4
28.0 18,5 18.6 17.9 26,1 28,1 25,6

Mean 25.6 21,9 20,1 22,2 26,2 26,2 25,2
Stddev 18 24 11 3 1 16 24 05

9 Month

CT1 CT2 SE1 SE2 NW1 NW2 E1

28.2 26,2 33.1 37.9 30.8 27,4 26,3
28.0 34,4 24,9 23,0 26,2 28.1 20,7
30.9 18.2 21.8 25.1 19,3 32.7 24,6

23,1

Mean 29,0 26.3 26,6 28,7 25.4 29,4 29,0
Stddev 14 66 48 66 4 7 23 23

12 Month

CT1 CT2 SE1 SE2 NW1 NW2 E1

27.2 28,0 25,7 24,1 27.1 34,3 33.3
31,1 27,6 29,6 23,9 NS 32,6 32.2
31,3 25,5 30,8 26,8 NS 29,1 NS

Mean 29,9 27.0 28,7 24,9 27,1 32,0 29,1
Stddev 19 11 22 13 O0 22 06

NS = No Sample
....................... .................................. ' r J J TJ_r ............................................... = .................................



TABLE 8.2

MICROBIAL ACTNITY LEVELB FOR 1987 (AVERAGEOPTICAL DENSITY)

3 Month

$arr¢_ CT1 CT2 SEI SE2 NW1 NW2 E1

0,150 0,069 0,323 0,319 0,178 0,186 0,281
A 0,245 0,101 0,183 0,249 0,131 0,271 0,163

0,152 0,123 0,210 0,459 0,109 0,248 0,155

0,022 0,170 0,148 0,255 0,132 0,291 0,153
B 0,122 0,284 0,209 0,293 0,163 0,341 0,155

0,158 0,216 0,115 0,248 0,139 0,349 0,171

0,223 0,049 0,193 0,220 0,132 0,283 0,376
C 0,101 0,132 0,129 0,127 0,245 0,354 0,343

0,298 0,073 0,278 0.300 0,161 0,353 0,304

Mean 0,163 0,135 0,199 0,274 0,154 0,297 0,233
Sid dev 0,027 0,028 0,023 0,030 0,013 0,019 0,03!

t

8 Month

Sample CT1 CT2 SE1 SE2 NWl NW2 E1

ii

0.162 0,395 0.323 0.368 0,306 0,238 0,242
D 0.211 0,311 0,272 0,349 0.321 0,257 O,174

0.234 0.304 0,234 0,295 0,343 0,275 0.150

0.3i8 0,160 0,271 0,315 0,358 0,203 0,313
E 0,342 0,143 0,304 0,260 0,246 0,271 0,348

0.349 0.133 0,206 0,345 0.342 0,210 0,297

0,336 0,266 0.239 0,321 0,142 0,274 0,239
F 0.312 0.1<_8 0,256 0,256 0,294 0,315 0,203

0.315 0,317 0.336 0,209 0,316 0,327 0,225

Mean 0.287 0,247 0.271 0,302 0.296 0,263 0,243
Sld dev 0.022 0,031 0.014 0,017 0.022 0.014 0,022
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TABLE 8,2

MICROBIAL ACTIVITY LEVELS FOR 1987 (AVERAGE OPTICAL DENSITY)
' (CONTINUED)

9 Month

Sample CT1 CT2 SE1 SE2 NW1 NW2 E1

0,329 0,284 0,314 0,301 0,226 0,265 0,290
H 0,290 0,314 0,325 0,349 0,288 0,316 0,302

0,318 0,291 0,296 0,295 0,287 0,276 0,328

0,339 0,323 0,325 0,305 0,353 0,312 0,389
I 0,268 0,358 0,361 0,331 0,347 0,346 0,338

0,335 0,334 0,337 0,358 0,398 0,321 0,384

0,297 0.248 0.242 0,341 0,310 0,333 0,332
J 0,251 0,270 0,207 0,252 0,373 0.326 0,334

0,396 0,324 0,231 0,319 0,378 0,335 0,351

Mean 0,314 0,305 0,293 0,317 0,329 0,314 0,339
Stdder 0,014 0,011 0,018 0,011 0,018 0,009 0,011

12 Month

Sample CT1 CT2 SE1 SE2 NW1 NW2 E1

0.284 0.249 0.305 NS 0,310 0,332 0,347i

K 0.260 0,273 0,349 NS 0.315 0,290 0.276
0.269 0,254 0,284 NS 0,318 0,338 0,324

0.119 0,282 0,367 0,299 0.305 0,257 0,309
L 0.186 0,297 0,341 0,285 0,291 0.350 0,324

0,219 0,299 0,388 0,273 0,312 0,338 0,268

NS 0,328 0,282 0,331 0,251 0,278 0,301
M NS 0,351 0,280 0,324 0,245 0,295 0,349

NS 0,325 0,272 0,309 0,394 0,327 0,323

Mean 0,223 0,295 0,319 0,304 0,305 0,312 0,313
Std dev 0,025 0,012 0,014 0,009 0,014 0,011 0,009

NS =No sample
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TABLE8.1

WCROeALACT,VITVLtVELSrO. (AVE.AO,=OPTICAL.,=NS,Tr)

3 Month

Sample CT1 CT2 SE1 SE2 NW1 NW2 E1

_ ,i, , ,, i,, =

0,144 0.191 0,024 0,163 0,113 0,028 0,005
A 0,115 0,186 0,028 0,043 0,080 0,132 0,081

0,113 0,161 0,069 0,166 0,017 0,163 0,087

0,065 0.243 0,072 0,237 0,045 0,220 0,066
B 0,197 0,111 0,046 0,207 0,140 0.046 0,115

0,154 0,119 0,019 0,294 0,164 0.098 0,042

0,025 0,255 0,004 0,074 0,076 0,217 0,000
C 0,062 0,130 0,076 0,121 0,024 0,129 0.032

0,073 0,211 0,154 0,064 0,025 0,169 0,043

Mean 0,105 0,179 0,055 0,152 0,076 0,134 0,052
Std dev 0,045 0,044 0,038 0.071 0,045 0,057 0,032

6 Month

Sample CT1 CT2 SE1 SE2 NW1 NW2 E1

0,235 0,190 0,156 0,208 0,199 0,228 0,269
D 0,228 0,207 0,105 0,163 0,256 0,167 0,273

0.234 0,153 0,134 0.194 0,291 0,192 0,295

0,211 0,202 0,150 0,253 0,180 0,207 0,109
E 0.251 0,227 0,173 0,217 0,120 0,227 0,128

0,197 0,211 0,198 0,217 0,050 0,254 0,079

0,204 0.169 0,057 0,149 0,256 0,278 0,145
F 0,183 0,159 0,058 0,144 0,247 0.211 0,150

0.172 0.169 0,029 0,120 0,278 0,286 0,192
Mean 0.213 0,167 0.118 0,185 0,209 0,228 0,182

Stdder 0,0?...2 0,021 0,049 0,036 0,068 0,033 0,067
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TABLE 8.1

MICROBIAL ACTIVITY LEVELS FOR 1988 (AVERAGE OPTICAL DENSITY)
(CONTINUED)

9 Month

Sample CT1 CT2 SEI SE2 NW1 NW2 E1

0,345 0,276 0,268 0.385 0,293 0,429 0,426
G 0,358 0,244 0,231 0,363 0,392 0,474 0,443

0,345 0.228 0,299 0,391 0,340 0,419 0,436

0,314 0,361 0,236 0,300 0,341 0,314 0,262
H 0,311 0,353 0,291 0.327 0,36,1 0,349 0,365

0,331 0,415 0,306 0.378 0,346 0,322 0,326

0.294 0,300 0,342 0.283 0,203 0.413 0,558
I 0,299 0,460 0,350 0.249 0,344 0.386 0,443

0,216 0,437 0.352 0,201 0,261 0,372 0,494

Mean 0.313 0,342 0.297 0,320 0,320 0,386 0,410
Std dev 0,042 0.085 0.046 0,067 0,058 0.053 0,077

12 Month

Sample CT1 CT2 SE1 SE2 NWl NW2 E1

0,346 0,315 0,208 0.357 NS 0,303 0,344
J 0.291 0,315 0,198 0,257 NS 0.364 0,284

0,297 0.363 0,215 0,356 NS 0,346 0,307

0,289 0,155 0,301 0,286 0,265 0,295 NS
K 0,296 0.259 0,343 0,276 0,563 0,258 NS

0.326 0.209 0.333 0.343 0,300 0.249 NS

0.338 0.231 0,349 0.2,_6 NS 0,274 0,337
L 0.283 0,284 0.264 0.3J NS 0,297 0,315

0.380 0.274 0.309 0.345 NS 0,280 0,303

Mean 0.316 0,267 0,280 0.314 0,376 0,296 0.315
Stdder 0,033 0,063 0,060 0,047 0,163 0,038 0,022

NS = No Sample
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Maoneslumtpq!asstumandSodium, These cationsgenerallyvary withcalcium, thoughnot to the same
extent, Magnesiumand potassiumare present at lowconcentrationsinthe soil andhave not shownany
sign of accumulatingat the surface (Figures 7,16 and 7.17), Sodium conaentratlons(Figure7,15) are
relativelyhighdudng some quartersin NWl, wh_h is adjacent to the active saltplle and the parkinglot,
and is surroundedbya c,al_he herin, Sodiumhas notaccumulatedinthe surfacesoilof anyof the plots,

Chloride, Chloride (Figure 7,19), a major componentof the Salado salt formation, is monitoredas an ,b

indicatorof the depositionof materials from the sattpiteontothe sellsudace, As with sodium,analytical
results indicatepedods of depositionfollowingby leachingof the surfacesoils, There has not been any
long-termaccumulationof chloridein thesoil,

7,4 CONTINUING PROGRAM

Surfacesoils willcontinueto be sampledon a quarterlyschedulesince thisprovides a directmeasureof
changes in soilqualitywhichcouldIrnpact ecosystemprocesses, Salt willbe stockpiledon the suriace
throughoutthe operating llfe of the facility and will thereforebe available to impact the area, However,
results to date indicatethat salt deposition ts limitedand, duringperiodsof average or above average
rainfall,salts are easilyflushedfrom the surfacesoil,

WIP:V4-APPK K-lC



8.0 SOIL MICROBIOTA

As described inpreviousannual reports,the soil microbialsamplingsubprogramis designedto monitor
an importantportionof the biologicalcommunitywrdchcan be affectedbychanges incherr,cal properties
at the soli surface. The normalcycleof microbialactivitywill be influencedby climaticfactorsas wellas
the physicaland chemicalconditzonof the su0strate. Microbialactivitylevels anddecompositionrates in
the controlplots are comparedto those in the near-fieldand far-field plotsto cletect any effectof salt
depositionon thesebiologicprocesses.

8:1 METHODS

A littersarnt:deiscomposed of two nylonmesh bags wired together,each containingten gramsof oven-
driedoak (Quercushavardii)leaves which are collected soonalter leaf fall. In February,twelve sample
bags of litterare ranOomtydistributedand secured (under oak) in each of seven ecological monitoring
plots. Three samples are thencollectedfrom eachI:)iotquarterly. The preparationand placementof litter
samples has Oeenclescribedinprevious reports(Fischer et al., 1985; Reith el al., 1985). The following
parameters are measured for each littersample collected: 1) the level of microbial activity,and2) the
rate of organicmatter lossv_adecomposition.

Microbialactivity levelsare measured indirectlyusingthe fluoresceindiacetate hydrolysis(FDA) assay
method described by Schnurer and Rosswall (1982). The enzymes measured by the assay are
producedinsmall amountsbydormant organismsand sporesrelativeto the amountproducedbyactive
individuals. Therefore, the opticaldensityof a sample, which is a measure of the amountof breakdown
productproducedby the microbialcommunityin the sample, is proportionalto total microbialactivity,or
respiration, in the sample. Activity levels measured at a given time are affected by the immediate
chemicaland physicalconditionsinthe environment,i.e., moisture,temperature,and nutrientavailability.

The rate at which plant litteris brokendownbymicroorganismsis anotherindirectmeasureof a bioticsoil
process. The amount of organic matter lost from the litterover time is determiner."using the ashing
techniques described by Santos et al. (1984). Decompositionrates reflect, to a greater degree than
activitylevels,the long-term impactsof the physicaland chemicalenvironment.

Methods of sample preparation,collection, and analysis are the same as those described inprevious
reports(Fischer et al., 1987; Fischer et al., 1985; Reith et al., 1985), Laboratory analysis of microbial
activity levels followsthe methoddescribedby Schnurerand Rosswall(1982). Decompositionrates are
calculatedusingthe rnethoadescribedinSantos el al. (1984).

Results of the FDA assay are analyzed usinga one-way analysisof variance (ANOVA). The grams of
organic matter remaining in each sample are calculatedfrom the percentage decompositionand are
transformed prior to analysis by one-way anova, When the analysis of variance indicates that
statistically-significant differences exist between plot means, a SNK test is performed to identify
homogenousgroups.

8.2 RESULTS AND DISCUSSION

Microbial ActivityLevels. Results_,_the FDA hydrolysisassay are given in Tables 8.1 (1986) and 8.2
(1987). Dunng the 19E6study, activitylevels in SE1 were significantlylower than for the controlplotsin
the stx-morlth sample set. Aliother average activity levels measured during the year did not differ
significantlyfrom one or the otherof the controlplots. Duringthe 1987 studyperiod, none of the neal-
fi_--4or far-fieldplotaveragesdifferedsignificantlyfromoneor theotherof the controlplots.
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Chloride
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FIGURE ?.15 Cumulative oatotum concentrations for seven eeologteal monttoring
plots over a three-year period.
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FirstQuarter, 1987, Average sodium and conductivity values are relatively high during this quarter.
Sodium is highest in SE2 but differences between plot averages are not statistically significant,
Conductivity values are highest in SE1 and NWl but remain well below one mtlllmho/centlmeter,
Calcium,magnesium,and potassiumconcentrationsfollowthe typicalpattern;that is, ion concentrations
in the near-field plots are higherthan those in far.fieldplots,which in turn are higherthan concentrations
Inthe controlplots, Average pH values are again slightlyhigher than in the previousquarter, butfollow
the same patternbetweenplotsas in the previousquarter,

SecondQuarterj!987, Averageconductivityand calciumconcentrationscontinueto be elevatedIn near-
field plots, Calciumvalues do not differ statisticallyfrom one or the other controlvalues, Average pH
valuesare slightlyhigherthan in the previousquarterand followthe same pattern betweenplotsas in the
previousquarter,

Third Quarter, 1987, For calcium and pH, near-field plots show significantly higher values than the
controlplots. Soll pH valuesare closeto neutralin aliplotsand calciumconcentrationsremainrelatively
low,

FourthQuarter,1987. Chlorideconcentrationsare elevatedin the SE plots and in NWl, for whichthere
is no a_arent explanationas noneoi the other parameters revealthat pattern of distribution, Calcium,
magnesium, sodium,andelectrical conductivityare ali significantlyhigher inthe near-fieldplotsthan in
the control plots. Again, actual cation cor_antratlons are not much higher than during the previous
quarter,even thoughprecipitation0urlngthe quarter was lessthanfivecentimeters,

7.3 CUMULATIVE DATASUMMARY

No clear, long-term patterns have emerged for the measured soil parameters which are discussed
separatelybelow. Cumulativedata for eachparameterareplotted in Figures7,13 through7.19,

pH, Average pH values peaked duringthe FourthQuarter, 1985 (Figure7.13), fallingapproximatelytwo
pH units in each Dlotbetween than and the Fourth Quarter, 1986. A possibleexplanationot pH shift in
the plots is as folk;we: leat fall and litterdecompositionresultinthe release of organicacids tothe soil,
forcingthe soilpH below neutral,The deposition of cationssuch as calcium and magnesium in the near
and far-field plots replaces hydrogen ions on soll particles and tends to push the soll pH up above
neutral, This parameter varies a great deal over time, but pH values measured in each plot at any
samplingperiod are very similar, and the relationship between plots does not appearto change. Th_
cycle of variation, if there is a cycle, is not an annual one and does not seem to shift with litter fall or
decomposition. Althoughthe "normal"pattern of variation in pH is not clear, it is clear that measural:)le
significantdifferencesexistbetween plotsat variousdistancesfromsite activities.

Electrical Conductivity. Conductivityvalues are highest in near-field plotsbetween periodsof intense
ralntallwhich flushthe surfacesoils. (Figure 7.14). Conductivityvalues do not remain high and there
has been, as yet, no long-term impact of surface deposition of salt and callche. During one or a
sequence of dry years, however,conductivityvalueswouldbe expected to riseover several quartersin
the near.fleld plots, reflectinga continuedaccumulationoi sarison the soilsurface.

Calcium. Calciumconcentrationsillustratemostclearlythe dominantpaMemobservedinthe surfacesoil
chemistry(Figure 7.15). With few exceptions,calciumlevelsare lowin the controlplots,intermediatein
the far-fleldDlots(SE2, NW2) and high inthe near-fieldplots(SE1, NW1, El). CalciumIs leachedfrom
the surfacesoilsduring rainyperiods.

m
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7.0 SOiL

The soil monitoring subprogram,which has been fully described in previous reports,provides a direct
measure of ion concentrationsat the soil surface and at two depths (30-45 centimeters and 60-75
centimeters) in the soltprofile. The deposition of windblownsalts from the salt storage piles or from
trafficon callche-pavedroadwayson.site couldhave ling-term effectson the stabilityof the surrounding
ecosystem.

Surface soils are collectedquarterly from the seven ecologicalmonitoringplots and are analyzed for
severalsoilparameterswhichmaybe indicativeofthe impactsunderstudy. The followingpatternsare of
interestindeterminingpotentialcause andeffectrelationshipsinthe soil ecosystem:

• Consistentincreasesinconcentrationsof specificionsover time

• Seasonalvadatloninsoil parameterswhichare consistentinali plots

• identificationof patterns which may indicate interactions among components of the soil
ecosystemor ofthe totalecosystem.

Data collected inthe thirdandfourthquartersof 1986 and inthe first,second, third,andfourthquarters
of 1987 are discussedinthisreport. Plot averages foreachparametermeasuredquarterlyare tllustrate:l
in Figures7.1 through7.11. The data are includedin Appendices7-A and 7-B. Data collectedsincethe
firstquarter of 1985 are discussedin the CumulativeData section. Subsurtace samplesare collectedi

annuallyand the resultsare reportedbiennially.

7.1 METHODS

The methodsof samplecollectionand laboratoryanalysishavebeen describedinpreviousreports(Reith
et al., 1985; Fischeret al., 1985). Samples are analyzedfor pH, electricalconductivity,chloricle,calcium,
magnesium,potassiumandsodium.

Analyticalresultsare evaluatedstatisticallyusinga one-wayanalysisof variance (ANOVA) procedure.
Ali data exceptpH valuesare lignormally transformedprior to analysis to allow the use of parametric
statistics. When the analysis of variance indicates that a parameter varies significantlyamongplots
(1_:0.05),a Student-Newman-Keuis(SNK) test is calculatedto identifyhomogenousgroups.

7.2 RESULTS AND DISCUSSION

Forthe six samplingperiodsincludedinthisreport, soilionconcentrationsremainlow. Fifteento twenty
centimeters of rainfall was measured during each of the last three quarters of 1986 anti duringthe
second and third quar:er of 1987 (Figure 7.12). The amountand intensity of precipitationat the site
determines whether accumulatedsurface salts are flushedthroughthe soil profileor remain at the soil
surface. Analyticalresultsforquarterlysamplesare illustratedin Figures7.1 through7.11,

ThirdQuarter, 1986. Electricalconductivityand calciumvaluesare elevated in near-fieldplotsoverthose
measuredin far-fieldorcontrolplots. This is a patternwhich is typicalof the surface soils. AveragepH
values are lessthan neutral (pHof 7) in ali plots,_ pH values are significantlylowerincontroland far-
fieldplotsthan in near-fieldplots.

FourthQuarter,1986. AveragepH values roseslightlyoverthe lastquarter,but followthe same pattern
between plotsas in the previousquarter. Electricalconductivity,calciumand magnesiumare elevatedin
the near-field plots. Sodiumand chloride concentrationsvary significantlybetween plots during this
period. Sodium values are highestinCT1 and El, chlorideconcentrationsare highestin the southeast
plots.
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TABLE 6.3

SUMMARY OF SMALL MAMMAL DENSITIES OVER THREE YEARS
(DENSITIES IN _NDIVIDUAI.5PER GRID)

(CONTINUED)

SOUTHERN PLAINSWOODRAT (Neotomamlcropus)

PLOT 1985 1986 1987 3-YR AVG
,,, ,

CT-1 0 0 0 0
CT-2 1 4 8 4
NW-2 0 0 0 0
SE-2 1 1 1 1

CTRL PLOTS 1 2 3 2
WIPP PLOTS 1 1 1 1

ALL PLOTS 1 1 2 1

WHITE-FOOTED AND DEER MOUSE (Pemmyscussp.)

PLOT 1985 1986 1987 3-YR AVG

CT-1 0 0 0 0
CT-2 0 0 0 0
NW-2 0 0 0 0
SE-2 0 0 3 1

CTRL PLOTS 0 0 0 0
WIPP PLOTS 0 0 2 1

ALLPLOTS 0 0 1 0

HISPID COTI'ON RAT (Slgmodonhlspidus)

PLOT 1985 1986 1987 3-YR AVG

CT-1 1 0 0 0
CT-2 0 0 0 0
NW-2 0 0 0 0
SE-2 0 0 0 0

CTRL PLOTS 1 0 0 0
WIPP PLOTS 0 0 0 0

ALL PLOTS 0 0 0 0
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6.2 =CONTINUINGPROGRAM

Breeding birds and small nocturnal mammals will continue to be surveyed tn 1988 at the locations
described in this chapter, After this sampling period, the data will be carefully examined and
recommendationswill be made tor the continuedmonitoringof these species based on the operational
needsof WIPP.

The statisticaltreatmentof mark-and-recapturedata is stilla rapidlydevelopingfield, partlculadyin light
of applicationso! Bayesianand.bootstrap methods, These methodsare currently being evaluated for
their accuracy and applicabilityto the existingEMP data base. If a newer method of analysis isfound
which improves upon the accuracy of the current method, and II this method can be applied tOthe
existingdata, itwillbe adoptedandthe data base reevaluated,

° WIP:V4-APPK K-16
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TABLE 6.3

SUMMARY OF SMALL MAMMAL DENSITIES OVER THREE YEARS
, (DENSITIES IN INDIVIDUALS PER GRID)

ORD'S KANGAROO RAT (Dlpodomysordll)

PLOT 1985 1988 1987 3.YR AVG
-- ..,, , , , ..

CT-1 13 12 10 12
CT-2 6 8 3 6
NW-2 21 5 10 12
SE-2 35 12 11 19

CTRL PLOTS 10 10 7 9
WIPP PLOTS 28 9 11 16

ALL PLOTS 19 9 9 12

PLAINS POCKET MOUSE (Perognathusflavescens)(1)

PLOT 1985 1988 1987 3-YR AVG

CT-1 99 1 14 38
CT.2 2 0 3 2
NW.2 25 0 4 10
SE-2 8 1 3 3

CTRL PLOTS 51 1 9 20
WIPP PLOTS 18 1 4 7

ALL PLOTS 33 1 8 13

(1)Misldenttfledas silkypocketmouse(Perognathusflavus)in 1985 and 1986,

NORTHERN GRASSHOPPER MOUSE (Onychomysleucogaster)

PLOT 1985 1988 1987 3-YR AVG

CT-1 5 0 0 2
CT-2 4 7 5 5
NW-2 3 2 2 2
SE-2 72 1 5 26

CTRL PLOTS 4 4 3 3
WIPP,PLOTS 38 2 4 14

ALL PLOTS 21 3 3 9
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where:

N is the populationestimate
I is the numberof trap nights

is the numberof taggedanimalsinthepopulationon the jth night

I is the numt)erof capturesmade on thejth nightR la the numberot recapturesmade on the jth night,

Sincethisfom'_laoften givesslightlydifferentestimatesof populationsize thanthe previousmethod,
the 1985 and 1986 data were recalculatedusingthis tormula0The three years' data are presentedin
Appendix 6-B, A summary of these data are presented in Table 6,3, In the cases where no
recaptures were made, the sum of the number of marked animals and captures was used as the
estimate.

tn 1985, Ord'skangaroorats(Figure6,5) exhibitedpopulationdensitiesinthe WiPP oddswhichwere
two to three times those of CT1 and well above any of the three CT2 grids, The density of this
species in SE2 has since declined to a level near that of CT1, In NW2, however, this species
declinedsharplyin 1986, I:_ apparentlyrecoveredto the levelsof theothergridsin 1987,

Plainspocket mice(mlsldenttfledin 1985 and 1986 as silkypocketmice, Pero_hus flavus) were
very al_jndant inCT1 and NW2 in 1985, but nearlydisappearedfrom ali grids in 1_J86(Figure6,6),
The 1987 data indicatethat thlsspeciesis Inmeaslngagain inali grids,with a notablyrapidincrease
InCT1,

Northerngrasslx:cq_rmicewere extremelyabundant in SE2 dudngthe 1985 surveyperiodandwere
common in other grids (Figure 6,7). As with lhe Plains pocket mouse, this species exhibited a
dramaticdecline inthe 1986 data, disappearingcompletelyin CT1, In 1987, thisspecies showeda
prominentrecoveryin 8E2, but notin theother grids,

Southernpialn8woodrat8have yet to berecordedInCT1 and NW2 (Figure6.8), The traprecordfor
thisspecies has been very consistentin SE2. This species may be relativelyabundantin the new
CT2 grid. Alsoof interestinthe 1987traprecordisthe captureof threewhite-lootedmice inSE2,

The overalleffectsof the WIPP facilityand its constructionare, to date, dlfficuHto assess. Although
differences in the WIPP and controlgrids have been detected in these data, none can yet be
ldentHiedas being indicativeof possible long-term environmentaldegradation, Of Interestinthese
data are the broad, year-to-year fluctuationsin some populations whichwere also observed in the
WiPP Biology Program (Paul Polechla, personal communication). With such naturally dynamic
populations,the effectsof the WIPP facilitymay not be immediatelydetectablein thestructureof the
mammalcommul'dty,but may be inferredbythe community'sabilityto recoverfrom a natural"crash,"
Differentialrecovew rates tn WIPP andcontrolgridswillbe watchedfor inthe future.
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FIGURE 6.6 Population densities tor p.latns pocket =iQe,
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FIGURE 6.11 l)enslttes of' breeding bird (WIPP speotes) on the WIPP _ranseots
(see Table 6. | tor speotesabbreviations).



TABLE 6.2

PROPORTIONAL SIM:LARITY INDICES FOR EMLEN TRANSECT OATA COMPARING
CONTROL AND WIPP TRANSECTS OVER FOUR YEARS

YEAR PROr:_JF aNAL SIMILARITY

1984 0.34

1985 0.65

1986 0.61

198,7 0.72

SIMILARITY BETWEEN 0.72
FOUR-YEAR AVERAGES

Small Mammal Surveys. Densitiesofsmall noctumalmammalswere measuredforthe thirdconsecutive
year in 1987 using the mark-and-recapture _echniquedescribed in Fischer et al. (1985). As in the
previousyears, four trapgridswere sampled (Figure6.1), two immediatelyadjacent to the WIPP facility
(NW2 and SE2) which act as indicatorsoi facility-relatedimpacts,and two controlgrids(CT1 and CT2).
whichare locatedoutsideof the expectedarea of impact.

Three of the four grids were the same as used in 1985 and 1986. The fourth, CT2. was relocated
approximately 300 meters south of the 1986 location (see Chapter 1). Since the CT2 grid has been
relocatedeachyear, comparisonsbetweenyearsforthis locationcannot I:}emade,

As inpreviousyears, the gridswere trapped inpairs,one WIPP and one control. Each pairwas trapped
in two sessionsof three trap nights,the firstto mark animalsand the secondto recordrecaptures. Full-

=- moon nightswere avoided. The NW2 and CT2 gridswere trappedbetween July8 and 23. The SE2 and
CT1 grids were initiallytrapped between August 4 and August 7; howevew',due to poor trap success
duringthis markingsession,a second maw ing sessionwas pedormea onAugust 18 and 19, before the
recapturesessionoccurredbetweenSepternDer1 and3.

In the 1987 program,a stepwas takento alleviatethe past problemof lownumoersof marked animalsof
some speciesafter the first trap session. This year, new captureswere marked in bothtrap sessions.
The results of this modificationwere good, as indicatedby the re_")rd for Ord's kangaroo rats in SE2
where only one anima!had been marked duringthe firstsession,bu; ten had been marked bythe end of
the secondand the proportionof recapturesr_ache¢l100 percent.

This rnc,dificationin markingmethodologynecessitateda m_diflcationof the methodfor calculatingthe
density estimate. Both the previous and the modified methodologies conform to the repeated
mark/recapturemethoddescribedbyTanner (1978). A standardformulafor estimatingdensityfrom this
method, firstpublishedby Schnabel(1938), is:

N. *...*
R1 + R2 +... + Rt

WIP:V4-APPK K.12
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FIGURE 6.2 Comparison oi' breeding bird densities (dominant control species)
between Control and WIPP transects (see Table 6.1 for speoles
abbrev tat tons).



TABLE 6.1

SUMMARY OF BREEDING BIRD DENSITIES (|NDIVIDUALS PER 40 HECTARES)
IN FOUR EMLEN TRANSACTS OVER FOUR YEARS OF SAMPLING

(NAME ABBREVIATION IN PARENTHESES)

CONTROL WIPP
, TRANSECTS TRANSECTS

SPECIES 1984 1985 1986 1987 ALLYRS. 1984 1985 1986 1987 ALLYRS.
DominantControlSpecies:

Black-throatedSparrow(BtS) 7,3 24,9 21,5 48,8 25,6 29.1 19,0 11,8 31.6 32,g
Pyrrhuioxia(Pyr) 4.1 17.3 16.1 25.8 15.8 5.5 8,7 16.5 21.5 13.0
NorthernBobwhite(NBw) 29.5 3.6 8.7 20,1 15,5 0.5 2.1 8.1 14,4 6,3
MourningDove (MDv) 6.8 23.6 9.4 5.7 11.4 4.1 3.5 0.6 10.0 4.5
NorthernMockingbird(NMb) 0.5 15.4 15.1 14.4 11.3 4.6 16,0 12.9 13.6 11.8
Brown-headedCowbird(BhC) 0.9 3.7 5.9 8.8 4.8 2.7 0,6 5.7 2.2
LoggerheadShdke(LhS) 3.2 9.4 5.7 4.6 1.8 1.9 2.5 5.7 3.0
EasternMeadowlark(EMl) 0.9 0.1 4.4 8.8 3.5 0.5 0.1 1.7 2.2 1,1
Scaled.Quail(SQu) 0.5 7.1 3.0 2.2 3,2 1.2 0.2 1.4 0.7
Cactus Wren (CWr) O.g 1.6 2.0 4.3 2.2 3.2 2.4 7.9 18,7 8.0
Common Nighthawk 0.5 3.3 3.6 1;8 2.7 1.B 1.4 1.5

MinorControlSl:>e_es:

Brewer'sSparrow(BSp) 0.g 2.7 0.9
WesternKingbird(Wt<b) 0.7 2.9 0,9 2.3 5,8 3.5 7,9 4,9
Ash-throatedFlycatcher(ATF) 2.9 0,7 2.7 4.3 5.7 3,2
Poorwill(Pwl) 2.9 0.7
Cassin'sSparrow(CSp) 0.5 0.2 2.2 0.7 0.9 0.5 0.4
HouseFinch(HFi) 2.0 0.8 0.7 0,6 11,5 3,0
ChihuahuanRaven(CRy) 1.4 0.6 0.5 1.8 1.1 0,7 0;9
Yellow-headedBlackbird(YhB) 1,0 0,3 2.0 0,5
LarkBunting(LBu) 1,0 0,3
CrissalThrasher (CTh) 0.1 0,0

WiPP Species:
0.9 0.5 5.1 2,9 2.3

NorthernOriole(NOr) 1.8 2.7 1,1
GreaterRoadrunner(GRr) 3.7 0.9
LarkSparrow(LSp) 2.9 0.7
Barn Swallow(BSw) 2.7 0.7
Scissor-TailedRycatcher(STF) , 2.2 0.5
YellowWarbler (YWb) 0.3
Ladder-backedWoodpecker(LbW) 1.4 0,6 0.4 0.2
Killdeer(Kdr) 0,3 0.1
Great-hornedOwl (GhO) 0.2 0.1
Harris'Hawk (Hall)

NUMBER OF SPECIES 13 16 15 14 21 18 18 19 18 28

TOTAL DENSITY (per40 Ha) 56.7 102.g 104.6 156.5 105.2 69.8 69.5 82,3 158.2 94,9
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Eleven specieshave thusfar been recordedonly in the WIPP transects. Figure 6.4 showsthe average
densities of these species over the four years of survey. The occurrence of the great-horned owl,
Swainson'shawk, and Harris' hawkon this list mustbe considereda chance result, since they are well
documentedthroughoutthe area (Bednarzand Hayden, 1988).

The totaldensityof breedingbirdsin 1987 was significantlyhigherthan the previousthree years andhas
been increasing over this period in both the control and WiPP transects. In the control transects,
relatively high densities were recorded In 1987 for pyrrhuloxlas, black-throated sparrows, eastern
meadowlarks, and brown-headed cowbirds. In the WIPP transects, high densities were recordedfor
northern bobwhites, mourningdoves, cactuswrens, pyrrhuioxias,house finches, and black-throated
sparrows.

Aithoughmorespecieshavebeen recordedin the WIPP transects(19 as opposedto 14 inthe controls),
the total densities are al)proximately equivalent in both transect types. Slmtlady, for the four year
averages, the number of species is greater in the WIPP transects (29 as opposed 21), but the total
densityis slightlyless,probablyreflecting habitatlossnear the facility.

Proportionalsimilarityindices(Pielou, 1977) were calculatedfor comparisonsbetween the controland
WiPP transects for each of the four years and for the four-year averages (Table 6.2). In general, the
similaritybetween the controland WIPP transectshas increasedover the periodof recordfrom 0.34 in
1984 to 0.72 in 1987 (the Indexrangesfromzero, completedissimilarity,to one, identicalcommunities).
For the four-year averages, the indexof similaritybetween the controland WIPP transects is relatively
high(0.72), indicatingWIPP has hada minoreffecton birdpopulationsinthe Los MedanosArea.

The resultsof the breeding bird surveysthus far indicate that the constructionof the WIPP facilityhas
affectedthe avifauna inthe area aroundthe site, althoughnot ina way which _'.:anbe judgeddetrimental
noreven unexpected. Some speciesare lessdense in the area of the facility,probably the resultof lost
habitat,whileothers have al)pare,_tlybenefitedfromactivities at the site,and increasedin numbers. The
1987 data has shown a greate, similarity between the controland WIPP transects than in any of the
previousyears, possiblylndicaJ,lng a recoveryof the avtfaunanearthe facilityas the surfaceconstruction
activitiesdecrease and the bi_dsbecomemore accJimatedto the activitiesanddisturbances.
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Concentrationsof metals in the tank sediments were generally several ordersof magnitude greater than
metal concentrations in the water. The common occurrence of caliche in the area is the primary source
for the high calciumconcentrations in the tank sediments. Several metals, includingcalcium and barium,
are present in greater concentrations in the sedimentof Laguna Grande de la Sal- Laguna Tres than in
Its water. Other metals from Laguna Grande de la Sal - Laguna Tres, though, do not show large
differences be,tWeentheir water and sediment concentrations. These Include magnesium, potassium,
sodlu'm, _,lr_ds_.ier_hjm,

Exteti_i'_i:_:ii'organic testingwas conductedon the water sediment samples collected during October, 1986,
and No,'emY._er,1.987. The testing consisted of analyses for volatile organic compounds (VOCs), semi-
volatile organics, and pesticide/PCB compounds. A Ilmlted analytical program composed primarily of
VOC analysis was conducted during the June, 1987, sampling effort. The data from the sampling
programs (shown in Tables 5.1, 5.2, and 5,3) does not indicate any clear pattern of organic
contamination, Only a few contaminants were detected dur!n_;_each sampling program with no
consistency shown between the contaminants and the sampling events. Acetonewas the mostcommon
organic, and its presence in these samplesis questionable. Therefore, based on the analytical results it
appears that organiccontamination is nota currentconcern al the nonradiologicalmonitoring locations,

5.3 CONTINUING PROGRAM

Sampling and analysis of groundwater from 28 wells in the WIPP area will continue in the Water Qualify
Sampling Program to monitor for WIPP-related impacts to ground water quality. Monitoring of surface
water bodies will continue in 1988; however,with the completion of surface constructionactivities and the
beginning of the operational phase of the project, the number of locations and frequency of sampling will
be reduced.

WIP:V4.APPK K-g











5.0 WATER QUALITY

The water qualitysubprogramof the EcologicalMonitoringProgram monitorsboth surfacewater bod=es
and water-peeringgeologicstratafor chemical ImpactsIo water qualltywhk:)hmay be the resuMof WIPP
construction activities, These data may also be useful tn the Interpretation of data from other
environmentalmonitoringprograms,suchas the RadiologicalBaselineProgram,

5,1 GROUND WATER
L ,

Ground-watersarnpl_ngand analysisare performedas partof the WIPP WaterQuality SamplingProgram
(WQSP), During1987, 24 of the 28 WQSP wells andeightpdvately..ownedwellswere sampled, Among
lhe parameters beingrnontloredat these wells are general chemistry, trace metals, and EPA priority
organic pollutants, These data are presented In Randall et al, (1988), No Indicationof WIPP-related
Impacts on ground-water quality has been discerned from these results, Of the organto pollutants,
acetone, methylene chloride,and species of phthalate have been founcl(sporadically)to be abovethe
level of detection in 17 samples, These are common laboratory contaminants and this is the probable
sourceof these elevatedvalues,

5.2 .S_URFA.CEWATER AND .SED!k_ENT

Water and sediment samples have been collected from four selected surface water bodies near the
WiPP site as partof the EcologicalMonitoringProgram, These samplinglocations are: Hill Tank, Red
Tank, IndianTank and LagunaGrande de la Sal- LagunaTree (Figure 5,1), The rationalefor selecting
these locationsfor sampling, and the methods used in collecting the samples are presented in the
Gutdar_ Manual, SurfaceWater and Sediment Samplingfor the EnvironmentalMonitoringPrograms
(Prtlland Buckle, 1987). Samplingat these locationsoccurredon three occasions: October22 and23,
1986; June23 through25, 1987; andNovember10 througt_12, 1987.

Duplicatesampleswerecollectedatthe Red Tan¥ locationduringthe Junesamplinground. This sample
was designated as CoyoteTank. For the Novev_bersamplinground, Hill Tank hadduplicate samples
designatedas Coyote Tank. One blanksarnplr was prepared tor each round and designatedCoyote
Weil, Selected data pertaining to these sarrvplingefforts are provided in Tables 5.1,5.2, and 53,
respectively, Forpurposesof comparison,analyticaldata concerningseveralparametersobtainedtrom
each samplingeventare InclucksdinTable 5.4 (Ger_eralChemistry) and5.5 (Metals).

In comparingthe general water chemistryof the three tarts, a commoncharacteristicis evident;that is,
mostparametersexhbtteclsimilarconcentrationsbetweeneachsamplingevent as well as betweeneach
tank. Due to its saline nature,the water sarr_le collectedfrom Laguna Grande de la Sal- Laguna Tree
containedmuch higher concentrationsof chlork:_e,sullate,totaldissolvedsolids(TDS), total suspended
solids (TSS), and bromide (not shownin the tabtee), Overall, the sediment characteristics(based on
general chemistryparameters) were roughlysimilarto those foundin the water qualityof the sampling
locations, One exceptionwas totalorganicr.artx:)n(TOC), whichoccurredin muchhigherconcentrations
in the sediment than tnthe water.

The water and sedimentcollecteddudngthe October,1986, and November, 1987, samplingeventswere
analyzed tor 30 metals;an abbrevlateclmetals testingprogramwas conducted on the samplesobtained
during the June, 1987, sampling. As with the general ctlemlstry results, the concentrationsof metals
were consistentbetween the waters of the three tanks, withno unusualconcentrationsnoted. Metals
concentrations in Laguna Grande de la Sal - Laguna Tree were typically greater than concentrations
found in tl_e tanks. This is particularly evident lcr magnesium, potassium, sodium, selenium, and
sgrontlum.
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TABLE 4,2

O ATMOSPHERIC MONITORING STATION POLLUTANT GAS CONCENTRATIONS (PPM) FOR 1987
(CONTINUED)

DECEMBER 1987

_ _ SO2 ........ _ 0 3 ,,H2S _ _ NO ........ No2 ..... NOx '

Day_ Avg Max AVg Max Avg Max Avg Max Avg Max Avg Max Avg Max
.---- :__ _,h,...,,,_-- _ - _ _ _ , ,i __ __j.,_ - ,, -- _, -- _ __ . :_:_.',. ,...._.__,..,,

1 ,004 ,006 LID ,05 I.LD LID LID LLD LLD ,013 ,002 ,004 LLD ,016
2 ,005 ,008 ,15 ,38 LLD LID LLD I.LD LLD ,011 LLD LID ,003 ,014
3 ,005 ,008 ,30 1,08 LID LLD LID LID ,002 ,010 ,002 ,002 ,004 ,013
4 ,006 ,00g ,25 ,50 LLD LID LLD ,004 ,004 ,012 LLD ,002 ,006 ,024
5 ,008 ,00g ,20 ,23 LID LID LLD LID ,005 ,017 LLD LID ,006 ,020
6 ,005 ,007 LLD ,15 LID LID LID LID LLD ,010 LLD LID LID ,012
7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
g ,009 ,82 ,23 1,05 ,02 ,02 LLD ,048 ,010 ,07g ,oog ,028 ,028 ,og3
10 ,008 ,005 ,20 ,58 ,021 ,018 ,002 ,005 ,012 ,004 ,O03 ,01g ,01g ,022
11 LLD LID ,22 ,74 ,015 ,020 LID LID LID ,004 ,007 ,016 ,010 ,017
12 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
13 ND ND ND ND ND ND ND NO ND ND ND ND ND ND
14 LLD ,007 ,85 1,44 ,020 ,024 LLD ,002 ,005 ,016 LLD LID ,007 ,017
15 ,003 ,007 ,¢3 1,29 ,023 ,027 LLD ,002 ,004 ,010 ,002 ,005 ,008 ,010
16 ,003 .007 ,47 1,08 ,023 ,029 LLD ,005 ,005 ,00g ,004 ,012 ,010 ,014
17 LID ,003 LLD ,32 ,020 ,030 ,003 ,00g ,007 ,022 ,005 ,015 ,012 ,022
18 I.LD I.LD t.LD LID ,015 ,019 LLD LID LID ,002 ,010 ,012 ,011 ,013
19 LID LID LLD LLD ,015 ,024 LLD LID ,002 ,005 .008 ,016 ,00g ,021
20 LLD LLD LLD LLD ,013 ,020 LLD LLD ,005 ,038 ,010 ,040 ,014 ,077
21 LID LID LID LLD .015 ,023 LID LLD ,003 ,025 ,008 ,031 .010 ,056
22 LLD LID LLD ,14 ,018 ,024 LID LID ,003 ,005 ,004 ,012 ,007 ,014
23 LLD ,018 LLD ,28 .010 ,01g LID ,054 ,021 ,?.21 ,006 ,030 ,028 ,244
24 LLD LID LLD LLD ,008 ,012 LLD LLD ,010 ,024 LLD LLD ,010 ,024
25 LLD LID ,38 ,56 ,012 ,015 ,003 ,004 LLD LID LLD LID LLD LLD
26 LLD LLD ,51 ,66 .014 ,017 .004 ,005 LLD LID LLD LID LLD LLD
27 LID .004 ,44 ,87 ,012 .017 .003 ,008 LID ,004 LID LID LLD ,004
28 LLD LID ,28 ,81 ,009 ,013 LLD ,004 LLD ,015 LLD LID LLD ,016
2g LID LID ,19 ,52 ,008 .014 ,O02 .008 ,004 ,019 LID LID ,004 ,01g
30 LID LID ,11 ,31 ,009 .018 LLD ,004 ,008 ,021 LLD LID ,006 ,021
31 LLD LID LLD .29 ,010 ,016 LID LLD ,010 ,021 LLD LLD ,010 ,021

LLD. LowerLimitof Detection
ND - No Data

'Figure=for the 24-hour averageof NOX
. contain an appmxlmatebiasof ,003 ppmdueto IncJuslonatcalibration,
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TABLE 4,3

TOTAL SUSPENDED PARTICULATES (MG/M3) FOR WIPP FAR-FIELD AIR SAMPLER

1986 1987 1987
4th Quarter 1st Quarter 2hd Quarter 3rd Quarter 4rh Quarter

d

Week of:TSP Week of:TSP, Week of: I$P Week of: TSP Week of:TSP

10/1 'ND 12/31 0,0165 4/1 0,0830 7/1 0,0326 9/30 0,0266
10/8 0,0199 01/7 0,0107 4/8 0,0163 7/8 0,0350 10/7 0,0543
10/15 0,0112 1/'_4 0,0084 4/15 0,0201 7/15 0,0348 10/14 0,0126
10/22 0,0151 i/21 0,0117 4/22 0,0188 7/22 0,0284 10/21 0,0142
10/29 0,0130 1/28 0,0204 4/29 0,0148 7/29 0,0868 10/28 0,0214
11/5 0,0145 2/4 0,0112 5/6' 0,0170 8/5 0,0245 11/4 0,0149
11t12 0,0089 2/11 0,0172 5/13 0,0177 8/12 0,0121 11/11 0,0t92
11/19 0,0113 2/18 0,0134 5/20 0,0198 8/19 0,0152 11/18 0,0207
11/26 0,0168 2/25 0,0096 5/27 "ND 8/26 0,0100 11/24 0,0175
12/3 010149 3/4 0,0217 6/3 0,0374 9/2 0,0128 12/2 0,0244
12/10 0,0084 3/11 0,0366 6/10 0,0203 9/9 0,0123 12/9 0°0273
12/17 0,0044 3/18 0,0203 6/17 0,0246 9/16 0,0136 1_16 0,0121
12/24 0,0074 3/25 0,0097 6/24 0,0193 9/23 0,0136 12/22 0,0110

'ND - No Data
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TABLE 4.2

ATMOSPHERIC MONITORING STATION POLLUTANT GAS CONCENTRATIONS (PPM) FOR 1987
(CONTINUED)

OCTOBER 1987

,,, S0 2 CO ,. 0_i.... H2S , , NO,, , NO 2 NO x' :

Day Avg Max Avg Max Avg Max Avg Max Avg .Mew Avg Max Avg- Max

1 LED LID LLD LID LLD LLD .009 .001 LID LLD .002 .003 LID LLD
2 LLD LID LLD .03 LLD LID .008 .012 LLD LID .002 .002 LLD LLD
3 LLD LID LLD LLD LID LLD .006 .009 LID LID .002 .002 LID LLD
4 LLD LID LLD LLD LLD LID .007 ,009 LID LID .002 .002 LID LLD
5 LLD LID LLD LLD LID LID .007 .011 LID LID .002 .002 LID LtD
6 LLD LID LLD LID LID LLD. .006 ,008 LLD LID .002 .002 LID LLD
7 LLD LID LID LID LID LLD .007 .009 LID LID .002 .003 LI._,n LtD
8 LLD LID LID .40 LLD LID .004 .008 LLD LID .002 .003 LLD LtD
9 LID LID .40 .45 LLD LLD LID .002 LID LLD .002 .003 LID LtD
10 LLD LID _35 .50 LID LLD LID .002 LID LID .002 .003 LID LLD
11 LLD LID .lE 35 LLD LLD LID .002 LID LID .002 .002 LLD LtD
12 LID LID .28 .43 LLD LID LID .002 LID LLD ,002 .003 LID LtD
13 LID LID .45 1,03 LID LLD LID LID LID LID .002 .002 LLD LID
14 LLD LID .43 .58 LLD LLD LID .003 LID LLD .002 .002 LID LLD
15 LLD LID .03 35 LLD LLD LID ".002 LID LLD .002 .003 LLD LLD
16 LLD LLD LLD LID LLD LID LLD .003 LID LLD .002 .002 LtD LLD
17 LID LID LID LID LID LID LID LLD LLD I.LD .002 .002 LLD LLD
18 LLD LLD LLD LID LID LLD LLD .003 LID LID .002 .002 LID LLD
19 LLD LID LLD LLD LID LLD LLD LLD LID LID .002 .003 LID LLD
20 LID LID LID LID LID LLD LID LLD LID LID ,002 .003 LLD LtD
21 LLD LID LLD LID LID LLD LID LLD LLD LID .002 .003 LLD LID
22 LLD LID LLD .08 LLD LID LLD LLD LLD LLD .002 .002 LLD LLD
23 LLD LID LLD LLD LID LLD LID LLD LID LID .002 .002 LLD LLD
24 LLD .002 LLD .03 LID LLD LLD .002 LLD LID .002 ,002 LLD LtD
25 LLD .003 LLD LID LID LLD LID .002 LID LID .002 .002 LLD LtD
26 LLD .003 LID LID LLD LLD LID .00': LID LLD ,002 .002 LID LtD
27 LLD .002 LID LLD LID LLD LID LLD LID LID .002 .002 LID LtD
28 LLD .002 LLD .13 LID LID LLD LID LLD LID .003 .003 LLD LLD
29 LLD .004 I.LD ,35 LLD LLD LLD I.LD LLD LID .002 .003 LLD LID
30 .002 .004 .10 ,28 LLD LLD LLD LID LLD LLD .002 .003 LLD LLD
31 .002 .003 ,08 .43 LLD LID LLD LID LLD LLD .002 .002 LLD LLD'

LLD = LowerLimitof Detectk)n
ND = No Data

"Figuresforthe 24-_ ur averageof NOx containan approximatebias 04003 ppmdue toinclusionat calibration.
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TABLE 4.2

ATMOSPHERIC MONITORING STATION POLLUTANT GAS CONCENTRATIONS (PPM) FOR 1987
' (CONTINUED) ,

NOVEMBER lg87

so2 co . o_ , H2S , NO NO2 NO×"
Day Avg Max Avg Max Avg Max Avg Max AVg Max Avg Max Avg Max

!,

, .oo,.oo,.3,_._o_o _ _o ,LD _,_o_ _o .oo__u__o

,, .oo_._ _o ,,. _u_,_o ,LD_O _,O= ,oo,.0o3_,O_=
,_ ,003.0o,_ .o, _U__,O ,LO,,_ _,_ U_ ,_ .oo_,_O,LD

_, ,O,0 ,O ,0 ,O ,O ,O .0 _O .O .O ,O ,O ,O,0 ,0 .O ,0 ,O ,O ,O ._ .O .O ,O ,O ,0 ,O,_ ,O,0 .O .O .O ,O .O ,O .O ,O .O ,O ,0 ,0

LLD. LowerLimitofDetection
ND. NoData

"Figuresforthe 24-houraverageof NOX containanapproximotebiasof ,003ppmdueto inclusionatcalibration,
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TABLE 4.2

e ATMOSPHERIC MONITORING STATION POLLUTANT GAS CONCENTRATIONS (PPM) FOR 1987
(CONTINUED)

JULY 1987
1

SO2 CO . O_ H2S NO NO2 NOx'

Day Avg Max Avg Max Avg Max AVg Max AVg Max Avg Max Avg Max

1 .010 .011 LLD ,40 LID LLD .006 .017 ,018 .037 ,007 ,012 ,02g ,052
2 ,011 .012 LLD LID LLD LID .008 .019 .008 .019 .004 ,005 .014 ,028
3 .011 .012 LLD LID U..D LtD .007 .020 .003 .004 .004 .005 .007 .008
4 .011 .012 LLD LID kLD LID .005 .020 .009 .014 .005 ,007 .....015 ,023
5 .011 .012 LID LID LLD LID .005 .020 .012 .018 ,005 ,008 .019 ,027
6 .011 ,012 LLD LID . LID LID .004 .020 .011 .018 .005 ,009 ,018 ,027
7 .012 .013 LLD ,65 LLD LID .004 .019 .010 .016 .005 ,007 .017 .024
8 ,012 .012 LID .10 LID LLD .003 .014 .016 .024 .006 ,008 .026 ,034
g ,012 .012 LLD .10 LID LLD .004 .013 ,019 .026 .008 ,011 .030 .038
10 .012' .012 LLD .10 LID LLD .006 .018 .017 .022 .008 ,012 .028 ,032
11 ,012 .012 .03 .10 LLD LID .006 .017 .018 .021 ,007 ,010 .026 .031
12 ,012 .012 .05 .13 LLD LID LLD .002 .018 .023 .007 .010 ,025 .034
13 .012 .014 .08 .40 LLD LLD I.LD .006 .018 .025 .007 ,008 .027 ,038
14 ,005 .012 .20 .33 LLD LID LLD LID .020 .029 .008 ,011 .032 ,044
15 LLD LLD .10 .63 LLD LLD LID LLD .012 .032 .008 .016 .022 ,044
16 LLD LID .15 .40 LID LLD LLD LID .009 .032 ,007 .020 ,017 .058
17 LLD LID .15 .38 LLD LLD LID LLD .017 .082 .011 ,024 .035 .113
18 LLD LID .13 .20 LI.D LLD LLD LLD .005 .020 .005 ,007 .010 .030
19 LLD LID ,15 .20 LLD LID LID LID .012 .029 .006 .007 .020 .041
20 LLD LID ' .18 .38 LLD LLD LID LLD .013 .024 .006 .008 .021 .035
21 LLD LID .20 .30 LID LLD LLD I.LD .013 .019 .007 ,008 .022 ,029
22 LLD LID .15 .28 LLD LLD LLD LLD ,013 .021 .007 ,009 .022 033
23 LLD LID .25 .35 LLD LLD LID LLD ,014 .029 .007 .010 ,023 041
24 LID LID .33 ,43 LID LLD LID LID .015 .030 .007 .009 .024 O41
25 LLD LID .30 .38 LLD LLD LID LLD .015 .024 .007 .008 .024 035
26 LLD LID .43 .55 LLD LLD LLD LLD .015 .022 .007 .010 .025 033
27 LLD LID .45 ,53 LLD LLD LID LLD .016 .028 .007 .011 .026 039
28 LLD LID .45 .53 LLD LLD LID LLD .013 ,022 .006 .010 .022 033
2g LLD LID .25 .58 LLD LLD LLD .003 .025 .041 .005 ,010 .036 093
30 .002 .002 , rLLD .03 LID LLD LID .009 .025 .054 LID LLD .031 066
31 ,002 .003 LLD .03 LID LLD .002 ,014 ,017 .037 LLD LLD .022 044

LLD. LowerLimito1Detection
ND = No Data

"Figuresforthe 24-houraverageof NOx containan approximatebiasof .003 ppmdue to inclusionat calibration.
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TABLE 4.2

ATMOSPHERIC MONITORING STATION POLLUTANT GAS CONCENTRATIONS (PPM) FOR 1987
(CONTINUED)

' AUGUST 1987

$O2 CO O:_ H2S NO NO_ NOx',,

Day Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max

1 .002 .003 LLD .03 .31 .76 .004 .019 ,014 .027 LLD LLD .017 ,038
2 .002 .003 LLD LLD .67 1.0 ,002 .011 ,013 .026 LLD LLD .017 ,030
3 .002 ,003 LLD .08 .43 1.0 .004 .014 .014 .024 LLD LLD ;010 ,029
4 LLD .002 .03 .15 LLD .07 LLD ,008 .016 .027 LLD LLD ,020 ,032
5 LLD .007 LID ,10 LID LLD LID .011 .015 .024 LID LLD ,019 ,028
6 .003 .008 .03 ,10 LLD LID LLD .011 .014 .022 LLD LLD .018 .027
7 .007 .01S LLD .08 LLD LLD LLD .011 ,015 .022 LLD LLD .019 ,027
8 .011 .018 LLD .08 LID LLD LID ,012 .013 .014 LID LLD .016 ,034
9 .008 .012 .13 1.07 LLD LLD LID .003 ,021 .032 LLD LLD ,026 ,038
10 ,006 .010 .08 .20 LID LID LLD LID .023 .035 LLD LID .029 ,042
11 .004 .007 .18 .28 LLD LID LLD LID .025 .034 LLD LID ,031 ,038
12 .006 .008 .20 .40 LLD LID LLD .014 .024 .035 LLD LtD _"29 .041
13 .009 .010 .05 .30 LLD LID LLD LID .022 .037 LLD LtD ._28 .044
14 .002 .006 LLD LID LLD LID LLD .005 ,023 .037 LLD LID .029 ,044
15 .002 .008 LLD LID LLD LLD LLD .008 .024 .036 LLD LID .029 .042
16 .002 .006 LLD LID LLD LID LLD .005 ,023 .037 LLD LID .029 ,045
17 .003 .010 LLD LLD LLD LID LLD .012 .019 .027 LLD LLD .023 ,032
18 .003 .010 LLD LID LID LID LLD ,01! .023 .031 LLD LID .028 ,049
19 .002 ._'_7 LID LLD LID LID LLD .003 .025 .035 LLD LLD ,031 .041 IF
20 .002 ,006 LID LLD LLD LID LLD .004 .002 .030 LLD LLD .027 .036
21 .002 .005 LLD LID LLD LID LLD .002 ,021 .027 LLD LID .026 ,033
22 LLD .005 LLD LID LID LLD LLD LLD .023 .031 LID LLD .028 .037
23 LLD .002 LLD LLD LLD LLD LID LLD .034 .047 LID LLD .041 ,057
24 LID .004 LLD .03 LID LLD LID ,002 .027 .037 LID LID .033 ,044
25 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
26 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
27 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
28 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
29 LLD .004 LID LID LID LLD LID LLD ,030 .040 LLD LLD .034 ,055
30 LLD .006 1.03 1,25 LID LID LLD LID .039 .042 LLD LLD ,046 ,079
31 LLD LID .35 .85 LLD LLD LLD .098 .032 ,048.005.010 .025 ,058

LLD. LowerLimitof Detection
ND. No Data

"Figuresforthe 24-houraverageof NOx containan approximatebiasof .003 ppmdueto inclusionat calibration.
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TABLE 4.2

• 'ATMOSPHERIC MONITORING STATION POLLUTANT GAS CONCENTRATIONS (PPM) FOR 1987
(CONTINUED)

MAY 1987

...... .SO2. CO O H2B NO NO2 NOX"............ ,3 _ - '

Day Avg Max A'/g Max Avg Max Avg Mix Avg Max Avg Max Avg Max

1 .201 .202 LLD LID LLD LID .009 .016 .009 .016 ,005 .006 ,015 ,019
2 .200 ,201 LLD LID LLD LID .008 .011 ,007 .00g .004 .005 ,011 .015
3 .201 .203 LLD LID LID LID ,006 .011 ,009 .015 .004 ,005 ,015 ,022
4 .201 .204 LID .28 LID LID .008 .014 .009 .015 ,004 .006 ,014 ,024
5 .202 .206 LID .33 LID LLD .010 .019 .011 .021 ,004 .008 ,013 .030
6 ,202 .203 LtD .25 LID LtD .008 ,013 .013 .024 ,006 ,007 .021 .035
7 .202='.203 LID .20 LID LLD .008 ,012 .013 .017 .007 ,011 ,021 .029
8 .154 .203 LLD .40 LID LLD .012 .029 .031 .095 ,021 .056 ,051 .118
9 .064 .065 LID LID LID LID .011 .018 ,021 .404 .044 .050 .068 .098
10 .064 .065 LLD LID LLD LID .013 .022 .011 .016 .031 ,035 .040 .051
11 .028 .065 LID LID LID LID .014 .023 .011 ,021 ,023 ,024 .027 .048
12 ,002 .003 i.LD LID LID LID .015 .025 .013 .030 ,017 ,020 .031 .050
13 ,002 .002 LID LID tLD LLD .014 .021 .010 .016 .013 ,014 .023 ,028
14 .002 .008 LLD LID LID LLD .013 .025 .01S .031 .013 ,018 .031 ,052
15 ,112 .252 LLD LID LLD LID .012 ' ,027 .017 .030 ,010 ,012 ,032 .047
16 ,252 .258 LLD LID LID LID .0'J4 ,028 .014 .017 ,009 ,010 .028 ,028

e 17 ;252 .257 LLD LID LLD LID .014 .028 .016 .026 .00g ,011 .029 .04118 .251 .252 LLD LtD LID LID .011 .017 NO NO .008 ,025 ,035 ,093
19 .250 .253 LLD .23 LID LLD .00g ,012 .030 .045 .010 ,016 ,045 .068
20 .150 .253 LLD LID LLD LID .005 .017 .016 .022 ,010 ,012 .036 .036
21 ,008 .013 LLD ,48 LID LLD .010 .028 .009 .024 ,009 ,012 .019 .038
22 .007 .011 LID .15 LID LLD .012 019 .023 .043 .010 ,012 .039 .061
23 .006 .008 LID LLD LLD LID .009 014 ,012 .018 .008 .019 ,021 ,031
24 ,006 .007 LLD LID LID LID .010 ,016 ,017 .026 ,('Jog ,010 .029 .042
25 ,007 .010 LLD LLD LLD LLD .014 027 .023 .029 ,010 ,012 .037 .043
26 .010 .019 LID LID LID LID ,013 018 ,022 .032 ,010 .011 .035 .046
27 .008 .011 tLD ,45 LID LLD ,013 018 .010 ,020 .008 ,012 .018 .031
28 .007 .011 LLD LID LLD LID .011 016 .012 ,022 ,007 .009 .019 ,036
29 .006 ,007 LI.D LID LID LID .014 024 .010 .017 " ,008 ,015 ,021 .035
30 .005 .008 t.LD LID tLD LID .012 020 ,016 .023 ,007 ,008 .026 ,035

' 31 .005 .008 tLD LLD LID LLD .013 023 .016 .022 ,007 .009 .027 .035

LLD. LowerLimitof Detmwction
ND. No Data

"Figurestor the 24-houraverageof NOx containan approximatebias of .003 ppmdue to inclusionat calibration.
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TABLE 4.2

ATMOSPHERIC MONITORING STATION POLLUTANT GAS CONCENTRATIONS (PPM) FOR 1987
(CONTINUED)

June 1987

SO2 CO O_1 H2S NO NO_ NOX"

Day Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max

1 .005 .006 LLD LID LLD LID .018 .025 .018 .022 .008 .010 .029 .036
2 ,005 .006 LLD LID LLD LID .016 .033 .016 .021 .008 .014 .029 .038
3 .006 .006 LLD LID LLD LID .008 .017 .012 .027 .006 .010 .020 .042
4 r.006 .009 LLD LID LLD LID LLD .003 .005 .011 .006 .008 .012 ,024
5 .006 .007 LLD LID I.LD LID LLD .005 .005 .010 .008 .011 .013 .019
6 ._)06 .006 LLD LID LLD LID LLD .005 .004 .005 .006 ,008 ,010 ,013
7 .(006 .007 LLD .08 LID LLD LID .009 .004 .005 .005 .006 ,009 .011
8 .007 .007 LLD .40 LLD LID LID LID .005 .006 .005 .009 .010 .011
9 ,007 ,.007 .33 .76 LLD LID LID .009 ,005 .007 ,005 ,007 .011 ,014
10 ,007 .008 .50 .73 LLD LID .004 .012 .006 .007 .005 .007 ,011 ,015
11 .007 .008 .53 .90 LID LLD .004 .016 .005 .006 .00.5 .010 ,010 ,016
12 .008 .009 .23 .80 LLD LID .007 .019 .007 .010 .006 .009 .014 .018
13 .009 ,011 LLD LID LLD LID .008 ,023 .007 .012 .006 ,007 ,015 .019
14 .009 .010 LLD .15 LID LLD .008 ,018 .006 ,010 .005 .008 .013 ,018
15 .009 .010 .05 ,25 LLD LID .005 .017 .005 .009 .005 .009 .011 .016
16 .009 .010 .08 .25 LLD LLD .006 .018 .004 .005 .005 .009 .009 ,015
17 .009 .010 .05 .15 LLD LLD .0011 ,022 ,004 .005 .005 .007 ,009 ,013
18 .009 .010 .13 .25 LLD LID .007 .016 .003 .005 .005 .006 .003 .011
19 .010 .010 .20 .40 LLD LID .007 .016 .004 .009 .00_ .013 .009 .017
20 .010 ,010 .18 .28 LID LLD .007 .021 .002 .004 .004 .006 .007 ,009
21 .010 ,010 LLD .23 LID I_ID .005 .017 ,004 .009 .004 ,005 ,009 ,015
22 .010 ,010 LLD LID LLD LLD ,005 ,015 .002 .003 .004 ,005 ,006 ,007
23 .010 ,011 LLD LID LLD LID .006 .022 .007 .017 .004 .005 ,012 ,025
24 .010 ,011 LLD LLD LiD LID .006 .018 ,012 .031 .005 ,006 .019 ,041
25 ,010 .010 LLD LID LID LID .006 .019 .010 .036 .005 .006 .016 .049
26 .010:014 LLD LID LID LID LLD .004 .008 .015 .004 .008 .013 .023
27 .010 .(010 LLD LID LLD LID .004 .013 .010 .026 .006 .007 .017 .037
28 .010 ,_0 LLD LID LLD LID .003 .010 .010 .019 .004 ,008 ,015 .030
29 ,010 ,(_11 LID ,98 LID LLD .006 ,015 .010 ,021 ,005 ,012 ,017 .029
30 .010 _011 33 ,43 LID LID .004 .012 .012 ,028 .005 ,007 .019 ,039

LLD• LowerL_:,nitof Detection
ND = No Data

"Figuresforthe 24-houraverage of NOX containan approximatebiasof ,003 ppmdue to inclusionat calibration.
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TABLE 4.2

ATMOSPHERIC MONITORING STATION POLLUTANT GAS CONCENTRATIONS (PPM) FOR 1987

(CONTINUED)

APRIL 1987

SO2 CO 0 3 _ _H2S NO NO2 NOX'

Day Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max,, i ii, , i -

1 NO NO NO ND ND ND ND ND ND ND ND ND ND ND
2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
3 ND ND ND ND ND ND NO ND ND ND NO ND ND ND
4 ND ND ND ND ND ND ND ND ND ND ND ND ND ND

5 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
7 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
8 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
9 ND NO ND NO ND ND ND ND ND ND ND ND NO ND
10 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
11 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
12 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
13 ND ND ND ND ND ND ND ND ND ND NO NO ND NO
14 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
15 ND ND NO ND NO ND NO ND ND ND ND ND ND ND
16 .003 .009 ND ND LLD LID .003 ,009 .005 .014 .003 .006 .009 .023
17 ,008 .011 ND ND LLD U,D .004 .015 .013 .022 .007 .012 .022 .038
18 .0_ .010 ND ND LID LID .005 .020 .012 .021 .006 .008 .019 .031
19 .008 .00g ND ND LID LLD .002 .007 .012 .018 .005 .007 .019 .028
20 .009 .014 ND ND LLD LID .002 .006 .014 .026 .006 .009 .022 .040
21 .013 .015 ND ND LID LID LLD LLD .021 .036 .006 .007 .031 .050
22 .013 .014 LLD .28 LLD LLD .002 .007 .010 .013 .006 .010 .018 .022
23 .013 .014 .63 1.73 LLD LID .006 .017 .012 .017 .006 .008 .020 .026
24 .013 .014 .80 1.58 LLD LID .008 .012 .011 .014 .006 .008 .019 .022
25 .014 .014 LLD LLD LID LID .007 .013 .011 .017 .006 .007 .019 .025
26 .014 .014 LLD .25 I.LD LLD .009 .014 .009 .012 .006 .008 .017 .022
27 .014 .014 LLD .30 LID LID .010 .016 .009 .011 .006 .008 .017 .021
28 .014 .014 LLD .18 LID LID .008 .013 .009 .012 .005 .007 .016 .02i
2_ .107 .201 LLD LLD LLD LID .009 .018 .009 .012 .006 .012, .016 .021
30 .200 .201 I.LD .23 LID LID .010 .020 .011 .015 .005 .006 .018 .024

LLD. LowerLimitof Detection
ND. No Data

"Figur_,sforthe 24-hour8verageof NOX co(trainan approximatebiasof .003 ppmdue toinclusionat calibration.
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TABLE 4.2

ATMOSPHERIC MONITORING STATIC._I POLLUTANT GAS CONCENTRATIONS (PPM) FOR 1987
JANUARY 1987

so2 co o_ H2S .... NO NO2 NOx'

Day Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max
i i i L _ -- , ,,, , ,

1 ND NO LID 'LID I.LD LID LID .005 .COO .011 LLD ,005 ,013 ,015
2 NO NO LLD .65 LID LLD LID .005 .006 .008 ,002 .005 ,012 ,013
3 NO NO .65 .87 LLD LLD LID LLD .012 .009 .003 .007 ;013 ,014
4 ND ND .75 1,05 LID I.LD LID LLD .005 .007 .002 .005 ,011 ,012
5 ND NO .70 .97 LLD LLD LID LLD .007 .009 ,003 .007 ,013 ,014
6 ND ND .12 .90 I.LD LID LLD LID .007 .008 .005 ,018 ,017 ,029
7 ND NO LID LLD LLD LID I.LD .002 .008 .012 .007 .015 .019 ,027
8 ND ND LLD .50 LLD LLD LiD LLD .010 .014 .004 .011 ,018 ,021
9 NO NO .20 .70 LLD LID LLD LID .008 .011 .022 ,006 ,013 ,014
10 NO NO .22 .62 LID LID LID LID .006 .010 .001 .008 .011 ,015
11 ND ND .37 .80 LLD LLD LLD .003 .006 .010 LLD ,004 ,010 ,012
12 ND NO .27 .82 LLD LID LLD .004 .007 .010 .003 .015 ,013 ,024
13 . ND NO LID .20 LLD LLD .002 .004 .009 .015 .022 ,011 .015 ,019
14 NO NO .10 .47 LID LLD .003 .005 .008 .011 LID LID .012 .016
15 ND ND .20 .85 LLD LID .004 .008 .008 .013 tLD LID .012 ,015
16 NO NO .30 .50 I.LD LID .004 .008 .008 .010 LLD LID ,013 .012
17 ND NO .50 .70 LLD LLD .009 .011 .006 .008 LLD LLD .009 ,010
18 ND ND .32 .82 LLD LLD .009 .014 .007 .015 LLD LLD .011 .019
19 ND NO .07 .52 LID LLD .007 .009 .009 .014 LLD ,007 ,014 .019
20 ND ND .17 .42 LI..;::) LID .008 .012 .007 .010 LLD LLD .011 .01
21 ND NO LID .65 LLD LID .005 .008 .006 .007 LID ,005 .010 ,(
22 ND NI} .47 .87 LLD LID .005 .009 .007 .015 LLD .004 .011 ,c
23 ND NO .35 .52 LID LLD .003 .005 .008 .015 .002 .012 .014 .019
24 NO ND .12 .20 I.LD LLD .002 .003 .008 .012 LLD ,004 ,012 ,015
25 NO ND .20 .42 I.LD LID .003 .005 .009 .019 LLD LID .013 ,023
26 ND ND .25 .47 I.LD I.LD .004 .006 .010 .017 LLD LLD ,014 ,020
27 ND NO .27 .52 LLD LID .004 .008 .009 .011 LLD LLD .013 ,014
28 ND NO .4F. .97 LID LLD .004 .006 .008 .014 LLD LID .012 ,017
29 ND ND .12 .52 LID I.LD ,004 .011 .013 .027 .002 ,010 .020 .041
30 ND ND NO ND ND ND ND ND ND ND ND ND ND ND
31 ND ND ND ND ND ND ND ND ND ND ND ND ND ND

LLD = LowerLiml of Detection
ND = No Data

"Figuresforthe 24-houraverageof NOx containan approximatebiasof .003 ppmdue to inclusionat calibration.
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TABLE 4.1

' ,ATMOSPHERIC MONITORING STATION
POLLUTANT GAS CONCENTRATIONS (PPM) FOR THE FOURTH QUARTER, 1986

(CONTINUED)

DECEMBER 1986

....._ so2 ...... co ,, _ ,H2S ....... NO ,, NO2 ...... NO×_,'
Day Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max Avg Max
1 ND ND .27 .77 LLD LLD LLD .005 .003 .005 .005 .009 .011 010
2 ND NO .25 ,82 LLD LLD LLD .004 .003 .005 ,006 .016 .013 022
3 ND ND .20 .40 LLD LLD ,003 006 .003 ,005 ,010 ,011 ,016 016
4 ND ND .25 ,55 LLD LLD ,003 .007 .004 .007 ,009 ,010 ,018, 0i7
5 ND ND .10 .42 LLD LLO LLD LLD .006 .008 ,008 .013 .018 021
6 ND ND ,05 ,12 LLD LLD LLD LLD ,,008 .010 .005 ,005 ,017 016
7 ND ND LID .05 LLD LLD ILLD ,003 .008 .009 .005 ,008 .017 018
8 ND NO LLD .17 LLD LLD LLD LLD .008 .011 .006 ,010 .017 023
9 NO NO .15 .55 LLD LLD LLD .003 ,005 .007 .007 .014 .014 .022
10 ND NO .77 1.10 LLD LLD .004 .006 .006 .010 LLD LLD ,009 ,012
11 ND NO ,47 1.32 LLD LLD ,002 ,006 .004 .008 .003 ,011 .010 .015
12 ND ND .40 .87 LLD LLD LLD .004 .005 .010 .004 .011 .013 .015
13 LLD LID .25 .55 LID LID .002 ,005 .004 .006 .008 ,014 .015 .018
14 LLD LLD .20 .45 LLD LLD LLD .003 .005 .007 .006 .007 .014 .013
15 ND ND .10 .45 LLD LLD .002 ,004 _ .007 .013 .005 .010 .015 ,016
16 ND NO LID .15 LLD LLD LID .002 .008 .011 .008 ,011 .020 ,023
17 ND ND LID LLD LLD LLD ,002 .003 .007 .010 ,008 ,010 ,019 .021
18 ND ND LID LLD LLD LLD LLD .004 .005 .009 .005 .009 .013 ,018
19 ND NO LLD LLD LLD LLD LLD .005 .007 .009 ,003 ,007 .014 ,018
20 ND ND LID LLD LLD LLD LLD LLD .007 ,010 ,009 .016 .020 .028
21 ND ND LLD LID LLD LLD LLD LLD .008 ,009 ,007 .009 .018 .021
22 ND ND LLD LLD LLD LID LLD LLD .006 .012 ,003 ,007 .013 .015
23 ND ND LID LLD LLD LLD LLD LID .007 .017 .005 .014 .017 ,030
24 NO ND LLD LLD LLD LLD LID LLD .006 .008 .006 .007 .015 ,022
25 ND ND LLD LLD LLD LLD LLD LLD .008 .008 ,003 .006 .013 ,013
26 ND ND LID LID LLD LLD LLD LLD .008 ,014 .003 .008 .015 .017
27 ND ND LLD LLD LLD LLD LLD .005 .010 .022 ,004 .011 .017 ,027
28 ND ND LLD LLD LLD LID LLD .002 .009 .014 .004 .012 ,017 ,019
29 ND ND LLD LLD LLD LID LLD .005 .009 ,014 ,002 .007 ,016 ,017
30 ND ND LID LLD LLD LLD LLD .005 .008 .014 ,004 .013 .016 ,023
31 ND ND LID LLD LLD LID LLD LID .006 ,010 .003 .005 .014 ,017

LLD., LowerLimitof Detection;NO. No Data

'Figuresforthe 24-houraverageof NOx containan approximatebiasof .003 ppmdue to inclusionat
caJibration.
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TABLE 4.1

ATMOSPHERIC MONITORING STATION POLLUTANT GAS CONCENTRATIONS (PPM)
FOR THE FOURTH QUARTER, 1986

(CONTINUED)

NOVEMBER 1986

,, __ S02 co ,0_1 _ , H2S NO , ,,NO_ NOX'

Day Avg Max Avg Max Avg Mex Avg Max Avg Max Avg Max, Avg Max
I ND ND ,05 .25 LID LLD .0o2 .003 .008 ,009 ,006 ,009 .017 ,020
2 NO ND .05 .I0 LLD LLD ,002 .003 ,004 .007 .005 .007 ,012 ,014
3 NO ND .17 .95 LLD LLD ,002 .003 .005 ,007 .006 ,008 ,014 ,017
4 ND ND .05 .27 LID LLD ,001 .002 ,005 .006 .005 ,011 ,013 ,017
5 ND ND .25 ,57 LID LLD .003 006 ,003 ,005 .007 ,011 ,013 ,014
6 ND ND LLD .12 LLD LLD LLD .003 ,006 .010 .006 ,010 ,016 ,020
7 LLD LLD LLD LID _LLD LLD LLD LLD .007 .011 .005 ,005 ,015 ,017
8 LLD LLD LID LID ' LID LLD LLD I..LD .005 .006 .004 ,004 ,012 ,011
9 LLD LID LID LID LLD LLD LLD LLD ,005 ,007 ,005 .006 ,012 ,014
10 LLD LLD .02 .37 LID LLD LLD LLD .005 .006 ,006 ,007 ,015 ,015
11 LLD LLD .12 .55 LLD LLD LLD LID ,003 .007 .005 ,006 .011 .014
12 LLD LID .20 ,67 LLD LLD LLD ,005 ,003 .005 .005 ,007 ,010 ,012
13 LLD LID .15 .75 I.LD LLD .006 .007 LLD LLD .005 .006 ,007 ,006
'14 LLD LID LLD ,10 LLD LLD ,003 .007 ,005 .011 .006 ,006 ,013 .020
15 LLD LLD LID LID LLD LLD LLD LID ,007 .011 ,005 .005 ,016 ,018
16 LLD LID LLD LID LLD LLD LLD LLD ,009 .012 .005 ,015 .016 ,028
17 LLD LID LID LLD LID LID LID .002 ,010 .011 .006 ,009 ,020 ,o21
18 LLD LLD LID LID LID LLD LLD LID .012 .014 .006 .007 ,022 ,023
19 LLD LLD LID LID LID LLD LLD .002 ,011 .013 .006 .008 ,021
20 LLD LLD LID .95 LID LLD LLD .004 ,008 .012 .006 ,010 ,017
21 NO ND .25 .65 LID LLD ,003 .004 ,004 .005 ,008 ,016 .015
22 NO NO LLD LLD LLD LID .002 .003 ,005 .006 .005 ,006 ,012 ,012
23 NO ND .12 .42 LID LLD LID .003 .002 .005 ,004 ,006 ,009 ,012
24 NO ND .35 .97 LLD LLD .003 ,006 .003 .006 ,004 ,005 ,009 ,011
25 NO ND .27 .80 LLD LLD .002 .006 .003 .006 ,004 .007 ,010 .012
26 ND ND .17 .42 LLD LID LLD .0c3 .002 .004 .005 ,005 ,009 .010
27 NO ND .25 .70 I.LD LLD .002 ,006 .003 .005 .004 ,008 .010 ,010
28 NO ND .17 .52 LLD LID .002 .004 .003 .004 .006 .011 ,010 ,009
29 NO ND .12 .47 LID LLD ,002 .004 .003 ,004 ,004 .005 ,010 ,010
30 ND ND LID ,65 LLD LLD LLD ' LLD .004 .005 .004 ,005 .011 .009

LLD. LowerLimitof Detection;ND = No Data

"Figuresforthe 24-houraverageof NOX containan approximatebiasof .003 ppmdue to inclusionat
calibration.
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TABLE 4.1

ATMOSPHERIC MONITORING STATION
POLLUTANT GAS CONCENTRATIONS (PPM) FOR THE FOURTH QUARTER, 1986

OCTOBER 1986

SO_a x CO 0 3 H2S NO NO2 NOk__Day Avg Avg Max Avg Max Avg Max Avt. Max Avg Max Avg

1 LLD LLD .12 ,30 LLD LID ,Oll .012 ,025 .040 ,006 .009 ,038 ,056
2 LLD LLD ,15 ,20 LLD LLD .012 .014 ,030 .041 ,004 ,005 ,043 ,054
3 LLD LLD .12 .25 LID LID ,011 .012 ,021 .034 ,005 ,007 ,032 ,045
4 LLD LLD .12 .17 LLD LLD ,007 ,008 ,009 .013 ,005 ,007 ,018 ,023
5 LLD LLD ,17 .20 LLD LLD ,008 ,009 .016 ,023 ,006 ,008 ,026 ,032
6 LLD LLD ,22 .30 LLD LLD ,007 .008 .009 ,012 ,005 ,007 ,018 ,019
7 LLD LLD ,27 ,:0 LLD LLD ,008 .009 ,012 .013 ,005 ,006 ,021 ,021
8 LLD LLD .35 ,Ii0 LID LLr ,009 ,011 .011 ,015 ,005 ,008 ,020 ,023
9 LID LLD .32 ,,40 LLD LLO ,009 .010 .015 .028 .006 .008 ,025 ,038
10 LLD LLD .37 .42 LID LLD .009 .010 .024 .027 .005 .007 .035 ,037
11 LLD LLD .27 .37 LLD LLD .008 .009 .012 .024 ,004 ,005 ,020 ,032
12 LID LLD .17 .25 LID LID .005 .005 .001 .002 .004 .005 .007 ,005
13 LID LLD LID .30 LID LLD ,006 .007 ,003 .004 .006 .008 ,011 ,010
14 LLD LLD LLD LID LID LID .006 .009 .002 .003 ,006 ,009 .011 ,012
15 LLD LLD LLD LID LLD LID ,006 ,008 .002 .004 ,006 ,010 ,011 ,014
16 LID LLD LLD LID LID LLD .006 .007 ' .002 .004 ,008 ,018 ,013 °023
17 LLD LLD LLD LID LLD LLD .007 .010 .005 .007 .006 .009 .0i4 ,015
18 LID LLD LID LID LLD LLD ,007 .010 .007 .009 .006 .007 ,016 ,017
19 LLD LLD LLD LID LID LLD .005 .006 ,007 .009 .004 .004 .015 .014
20 LLD LID LID LID LID LID ,005 .006 ,009 .015 ,006 .007 .018 ,022
21 LLD LID LLD LLD LLD LLD ,007 .009 .017 .022 .005 .007 ,028 ,031
22 LID LLD LLD LID LID LLD .007 ,008 .013 .016 .006 ,014 ,023 ,033
23 LLD LLD LLD LLD LLD LLD ,007 .009 ,013, ,018 ,006 .009 .023 ,025
24 LLD LLD LID LLD LID LID ,007 .012 ,009 .010 ,006 .007 ,018 ,018
25 LLD LLD LLD LLD LLD LLD ,005 .008 .008 .016 .006 .008 .018 ,024
26 LLD LLD .17 .35 I_LD LLD ,006 .009 .005 .007 ,006 .008 ,014 .015
27 LLD LLD .02 .37 LLD LID .006 .009 .004 .005 .008 ,018 ,014 ,024
28 LLD LID .15 .67 LLD LLD .006 .009 .003 .004 .007 ,011 .016 .015
29 LLD LLD .35 .57 LID LLD ,006 .00B ,004 .005 .007 ,010 ,014 ,016
30 LLD LLD ,22. .40 LID LID .006 .008 .005 .007 .008 ,013 .016 ,020
31 LLD LLD .05 .10 LID LLD ,004 .007 .006 ,008 ,006 .008 ,015 ,017

LLD = LowerLimitof Detectic,1;ND = No Data
"Figuresforthe 24.houraverageof NOX containan approximatebiasoi .003 ppmdue to inclusionat calibration,
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4.0 AIR OUALITY

This chapterdescribes air qualitymonitoringat WIPP, Seven classes of atmospheric gases are beln
monitoredcontinuallyat the site: carbonmonoxide(CO), hydrogensulfide(H2S), ozone (03), oxidesof
nitrogen (NO, NO2, NOx), and sulfur dioxide (SO2). Ali are EPA-regulated pollutants. Another
parameter being measured in conjunction with the atmospheric gases are the total suspended
particulates(TSP). These are quantifiedat the Far Field samplingsite, locatedone kilometernorthwest
(downwind)of the exhaustshaft.

4.1 AIR QUALITY MONITORING INSTRUMENTATfON

The Atmospheric Monitoring Station (AMS), manufacturedby Thermo Electron, lhC., is located in the
northwest(downwind)comerof WiPP Zone i. This systemoperatescontinuallyand reportspollutantgas
concentrationsas parts per million(ppm). The AMS is composed of seven analyzers, two data logging
devices, and three bottles of calibration gases (NBS traceable). Detailed descriptions of these
instrumentsand their respective modes of operation are given in the EcologicalMonitoring Program
AnnualReporlfor 1986 (Fischer,1987).

At 6:00 a.m. each day, the AMS system performsan automaticcalibrationverification cycle, or "span
check." Eachanalyzer, in spectflasequence,takes ina measuredamount of calibration gas and resets
its outputscale accordingto this concentration. After the span check cycle, the instrument performsa
"zero check." This is identical to the span check except that the ambient air being tested has been

passed throughscrubbersto removethe compoundswhichthe analyzer measures. This proceduresets
the zero readingof the instrument.

Each analyzerinthe AMS continuallymonitorsthe ambientair. At the beginningof each hour,the
Sum-Xdataloggerrecordsa summaryof the priorhour'srecordeddata _eraged overa specifiedinterval'
for that hour. Also.recordedat this time is the hourlyarsiage of the cla[acollected. At the end of eacl
day, a daily summary is recorded, which is a list of the past 24 hourly averages. The dajI/average
whichis an averageo_the hourlyaverages, isthen recorded.

4.2 RESULTSAND DISCUSSION

Operation of the AMS system began on August27, 1986. Tables 4.1 and 4.2 list daily averages and
maximumconcentrationsof pollutantgases fromOctober 1 through December31, 1986, and January1
through December 31, 1987, respectively. No data was available for February, March, April 1 through
15, and September of 1987. LLD indicates that the concentration of gas was less than the analyzer's
limitof detection. Fo, _,.'_, gu, the maximumhourlyconcentrationis recordedforthat day. The meanis
the average of ali hourly averages for the day. Between April 29, 1987, and May 20, 1987, the SO2
levels exceeded the New Mexico air quality standardsfor 24-hour averages. No known sourcefrom
WIPP has been determinedto be responsiblefor the elevated levels. Natural gas, or other extractive
activitiesinthe vicinityof WIPP, maybe the cause.

Anotherair quality parameter, total suspended particulates(TSP), is measured in conjunctionwiththe
aerosolsampling program of the Regulatoryand EnvironmentalSurveillanc_Program. These data are
presentedinTable 4.3. The TSP values are ali belowthe New Mexicoair qualitystandardvalues.

4.3 CONTINUING PROGRAM

The gases discussedinthischapterwill be monitoredat WIPP on a continualbasis by the instrumentsin
the AMS.
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3.0 ENVIRONMENTAL PHOTOGRAPHY

The purpose of the environmentalphotographysubprogram is to establish a long-termphotographic
recordof environmentalconditionsaroundthe WIPP site. In particular,thisprogram documentsthe land
use patterns and quantityof land disturbedat the WiPP site. The programincludesthe productionof a
photographic record which can be used to evaluate the effects of construction or operations on the
environment,

3,1 METHODS

Aerialphotographsof the WIPP sitehave been taken semiannually,inJune and Novemberor December,
since 1982. These photographsare archived for future reference and for use _y the Regulatoryand
EnvironmentalPrograms Section,

J

3.2 RESULTSAND DISCUSSION
!

Aerialphotographsdocumentsurfaceconstructionand developmentactivitiesto date, Figures3,I, 3.2,
and 3.3 are black and white reproductionsof aerial photographs taken in December, 1986; June, 1987;
and January, 1988; respectively. Poor weather conditions delayed the photo run scheduled for
December, 1987. Color prints (36"x36") are on file at the WIPP site with the Regulatory and
EnvironmentalProgramsSection.

These photosshow no significantnew surfacedisturbancesince the previousreport, At that time, the
total disturbed area was approximately 66 hectares, 12 hectares less than the area of disturbance
projectedin the Final EnvironmentalImpactStatement (DOE, 1980).

3.3 CONTINUING PROGRAM

Future roundsof aerial photographywill followthe flight linesdescribedin Relth et al. (1985). Should
aerial information be required for more remote locations, the photo coverage may be expanded or
mocUfiedon somefuturemissions.
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eight kilometers southwest of the WIPP site. The weather instruments monitored during the time of this
sighting, but showed no change. Although prevailing winds are front the SSE, SE, and ESE, winds were
recorded from ali directions dunng the winter months.

Figure 2.9 shows the annual wtndrose for 1987. Wlnds greater than 8.5 meters per second were
recorded from ali 16 directions. Most of the time, wind speeds lall in the 1.4 through 2.7 meters-per-
second category.

2.3 CONTINUING PROGRAM

Weather parameters will continue to be measured and reported in future EMP reports. Barometric
pressure and humidity sensors have been installed and these data will be included in future reports.
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2.0 METEOROLOGY

As previouslydescribed(Fischeret al,, 1987), the EcologicalMonitoringProgramhas measuredweather
parametersat the WIPP Site sinceSeptember, 1984, The purposeis to providea continuousrecordof
meteorological data to support the Radiological and Nonradlologlcal Environmental Surveillance
programsand othermonitoringprogramsat WIPP, Wlndspeed, winddirection,andambient temperature
are being recordedcontlnunusly.Humidityand barometricpressuresensorswere adaed to the systemin
August, 1986. Rainfall is measureddaily. Maximum and minimumtemperature data is compiledfrom
five additionallocationsin southeasternNew Mexico. Meteorologicaldata are summarizedfor Octo_r
throughDecember,1986 (App6ndtx2-A), andJanuarythroughDecember,1987 (Appendix2.B),

2,1 METEOROLOGICAL MONITORING INSTRUMENTATION

Currently,the weather rnonttodnginstrumentsare locatedapproximately20 meters northwestof the core
storagebuildingwithinthe Zone t Boundary(Figure 1,2). The wind data are collectedfrom instruments
elevated ten meters above the ground,whiletemperatureand rainfallare measured approximatelytwo
metersabove theground,

On September 1, 1986, the WIPP Site was designated as an official National Oceanic Atmospheric
Administration(NOAA) recordstation, Since that date the precipitationdata have been taken fromthe
rain gaugeprovidedby NOAA.

2.2 RESULTSAND DISCUSSION

This sectionsummarizestheweatherdatafor thefourthquarterof 1986 andfor 1987.

Daily Maximum/Minimum Temperatures at WIPP. Daily minimum and maximum temperatures are
graphed in Figure2,1 (1986) and Figures2.2 and2.3 (1987). In the lastquarter of 1986, a low maximum
temperature of 1"C was recordedon December 11, alongwith the low minimumtemperature ol -6'C.
Temperature fluctuation is greatest in the winter and early spring, reflectingthe periodicmovementof
cold air masses through the WIPP area, Drops of ten degrees or more in daily maximums are not
uncommonduringthis time,

Figures2.2 and 2,3 Illustratethe maximumand minimumtemperaturesfor 1987, The lastfreezingday (-
1"C) of the year occurredon April7, and the first freezing clay(-3'C) occurred on November 10, The
maximumtemperature exceeded 38'C 24 days out of the year, The minimumtemperature fell below
0"C.

_Precipitation,Precipitationdata (Figure2,4) are providedfor 1986 and 1987. Atotal of 58.5 centimeters
of precipitationfell in 1986. The highest monthlyprecipitation(19.4 centimetersof precipitation)tell in
June. Total precipitation for 1987 was 35,2 centimeters, The highest monthly precipitation (11,3
centimeters)fell in August, Rainfallfor the southeastern plans averages30.5 centimeters (Ken Kunkle,
State Meteorologists,personalcommunication), Rainfallin 1986 was well above the average, whilethe
amountof rainfailingin 1987was closeto the average (AppenOix2-C).

Snowfall, Snowfalltsa rareoccurrencein southeasternNew Mexico. Approximately0,83 centimetersof
snowtall on December 13 and 14, 1987,with a tracefallingon December25.

Wind Directionand Wind Speed, Hourlyaveragewinddata fromthe Sum-Xdata logger (see Chapter4
for a descriptionof the Sum-X loggingsystem)are compiled intomonthlywlndrosesillustratedin Figures
2.5 through 2.8. Wind speeds rarely fell below 1,3 meters per second, the lowest measurable speed
duringthe 15 months of record. On twooccasions(April11 and 12, 1987) wtndgustsover20 metersper
secondwere recorded fromthe nartheast. On May 15, 1987, a funnelcloudwas sightedapproximately

WlP:V4-APPK K-4





monitoring includes live subprograms,surface disturbance monitoringthrough the analysis of aerial
photographs, air quality monitoring, water quality monitoring, wilditte population monitoring, and
meteorologicalmonitoring.

The secondpart comprisesthosedata which are beingcollectedspecificallyto addressthe Questionof
whether salt is beingtransportedaway fromthe surfacestoragepilesand if so, what impactsit is having
in the surrounding ecosystem. Data collection activities for these studies are focused:on seven
permanent Ecological Monitoring Plots, located at various distances and directions from saltpiles,
includingfive in potentiallyaffected areas (see Figure 1.2) and two controlplotssituatedoutsideof the
area of probable impact. The salt impact studies include three Subprograms: soil chemistry, soll
microbialactivity,and vegetation.Theresults of the environmentalmonitoringactivitiesand discussions
of significantfindingsare presentedinthisreport.

One change inthis s,udydesignwhich occurredduringthe currentreportingperiod is the relocationof
the Control 2 site approximately300 metersto the southsoutheast in order to bringthe plot completely
withinthe WIPP Site Boundary. A quantP.ativecomparisonof vegetationbetweenthis new locationand
the old, as well as between the new location and the other plots, was performed on the 1987 fall
vegetationsurveydata andthe resultsof these comparisonsare presentedin Chapter9.

Unl,_ssotherwise noted, ali methodsused in data collection are those describedin the first Ecological
MonitoringProgramsemiannualreport (Relth et al., 1S_'L5)andincorporatingthe modificationsdescribed

• insubsequentreports(Fischer,1985; Fischer,1987).
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.0 iNTRODUCTION

The Waste Isolation Pilot Plant (WIPP) is a research and development facility operated by the U.S,
Department of Energy(DOE) to demonstrate the safe disposalof transuranic(TRU) radioactive wastes
derivedfromthedefenseactivitiesof the United Slates. ContainerizedTRU wastes willbe transportedto
the plant and emplaced in bedded salt of the Salado Formation,655 meters below ground surface,
Detailsof the project and itsmissionare presented inthe WIPP Final EnvironmentalImpact Statement
(FEIS) (DOE, 1980) andtheWIPP SafetyAnalysisReport(SAR)(DOE, 1988).

1.1 GENERAL SITE DESCRIPTION

WIPP is located al:c)roxlmately40 kilometerseast-southeastof Cadsbad, New Mexico,on a flat,sandy
plain knownas Los Medanos("the dunes'). The surface facilities,currentlyunderconstruction(Figure
1,1), will coverapproximately80 hectares and consistof a varietyof buildings(includinga largewaste
handling building, warehouses, offices, maintenance shops, and other support buildings), shatt
headframes, roads, a lightedparkingarea, and a sewage stabilizationfacility. Paved, two-lane roads
provideaccessto the site tromthree directions(north,south,and east) anda railroadspurentersthe site
fromthe_vest.

In additionto these surfacefacilities,two locationsare beingused for the stockpilingof topsoiland two
locationshave been designatedfor the stockpilingo! minedmaterlals,or "muck',consistingpnncipallyo!
salt(NaCI). Flow-controlstructures(e,g., bermsand channels)have been constructedto preventthese
materialsfrombeingtransportedoff siteby surfacerunoff. A holdingpond collects waterfromthe active
saltplle north of the site. Runoff from the older, "SPDV" saltpite east of the site is retained in a
surroundingmoat. An ovewlew ol the surface facilitiesis shownin Figure1.2.

1.2 ECOLOG!CAL MONITORINGPROGRAM AT WIPP

e The EcologicalMonitoringProgram(EMP) is conductedbythe Regulatoryand EnvironmentalPrograms
Section (fornlerly Radiological and Environmental Programs Section) of the Safety, Security and
Environmental Protection Biology Program (1975.1982), which combined scientific and technical
expertise from six universities to develop an extensive baseline of informationdescribingthe major
components of the Los Medar)os Ecosystem prior to the initiationof WIPP constructionactivities(see
Reith el al., 1985, for a summaryof thisprogram). The principalfunctionsof the EMP are:

• To detect andquantifythe impacts of constructionand operationalactivitiesat the WIPP on
the surroundingecosystem

• To continuethe developmentof the ecologicaldatabasefor the LosMedanos Area initiated
bythe WIPP BiologyProgram

• To investigate unusual and unexpected elements in the ecological and radiological
databases

• To provide environmentaldata which are importantto the missionof the WIPP project,bul
whichhave notorwillnotbe acquired byotherprograms.

This reportpresentsand discussesdata collected betweenOctober1, 1986. and December31, 1987,as
part oi the EMP. The data are divided into two maintypes: general environmentalmonitoring(Part A)
and salt impact studies(Part B). The first includesthose data which are being collected as a general
assessment of the impactsof WIPP construction activitieson the surroundingenvironmentand those
data which are being collected in support of other WIPP programs. The general environmental
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e EXECUTIVE SUMMARY

This documentreportsdata collectedas partof the EcologicalMonitoringProgram(EMP) at the Waste
IsolationPilotPlant near Carlsbad,New Mexico, for CalendarYear 1987, Also includedare data from
the laStquarter(OctoberthroughDecember)of 1986,

This report divides data collection activities into two parts.. Part A covers general environmental
monitoring which includes meteorology, aerial photography, air quality monitoring, water quality
monitoring,and wildlifepopulationsurveillance.Part B focusesonthe specialstudiesbeingperformedto
evaluatethe impactsof saltdispersalfrom the siteon the surroundingecosystem, The tounh yearof salt
impact monitoringwas completedin 1987, These studiesinvolvethe monitoringof soil chemistry,soil
microblota,and vegetationinpermanentstudyplots,

Noneof the findingsindicatethat the WIPP project is adverselyimpactingenvironmentalqualityat the
site. As in 1986, breedingbirdcensusescompleted thisyear indicatechanges in the local bird fauna
associatedwiththe WIPP site. Thedeclinein smallmammalpopulationsnotedin the 1986 censusis still
evidentin the 1987 data;however,populationsare showingsignsof recovery. There is no indicationthat
this decline is related to WIPP activities. Rather, the evidence indicates that natural population
fluctuationsmay be commoninthisecosystem,

The salt impact studiescontinueto revealsome short-rangetransportof saltoustfrom thesaltpiles. This
materialaccumulatesat or nearthe soilsudace duringthe dry seasons inareas nearthe saltpiles,but is
flusheddeeper intothe soilduringthe rainyseason. Microbialactivitydoes.not appearto be affectedby
thissalt importation,Vegetationcoverageand densitydata from1987 also do not showany detrimental
effectassociatedwithaerialdispersalo! salt.
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APPENDIX K

' ECOLOGICALMONITORING PROGRAM AT THE
WASTE ISOLATION PILOT PLANT

The Ecological Monitoring Program (EMP) _at the Waste Isolation Pilot Plant (DOE/WIPP.88-008,
CY1987) focuses on nonradiologicalbaseline studiesduringthe preoperationalphase at WIPP, EMP
samplingactivitiesfocuson the plantand animalcommunitiesimmediatelysurroundingthe siteand on
the ecological parameters most likely to be affected by construction and operational activtties.
(Subsequentresultsof the EMPare pul:)lishedinthe AnnualSite EnvironmentalReport,Appendix,J,)
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APPENDIX D6

SITE CHARACTERIZATION

FROM PREVIOUSLY PUBLISHED NO-MIGRATION VARIANCE PETITION,
SECTION 4.0, VOLUME I

U.S. Department of Energy (DOE), 1990,
DOE/WIPP 89-003, Revision 1, Carlsbad, New Mexico



4.0 SITE CHARACTERIZATION

This chapter presents a description of the natural environmental setting at the WIPP facility, Site
climatology,BWquality,geofogy,hydrology,and ecologyare described in sufficientdetailto demonstrate
that therewill be no rnigrMionof hazardouswaste tromthe WIPP faclMlyrepositoryto the environmenltor
as longas tM waste remainshazardous, 0/i o0(lOcN)ddlJflngweoperltlon81 environmentalprograms
are included in the foliowlngsections;these characterizebackground air, l,oil, and water qualityat the
site.

The WIPP facility is 40 kilometers (26 miles) east-southeast of Carllbad in an area known as Los
MeKlanos(the dunes), I relativelyfiat, sparselyinhabitedplateauwith littlewater and llm_ed land uses
Mostof the land isownedbythe federalOoverrvnentor the State o( NewMexlco ai'ldII used forgrazing
Other tend uses in the general area include potash mining and oil-and-gas exploration and/or
development.

4,1 CLIMATE

The regional and local climate is semiarid with generally warm temperatures. The average annual
precipitationis about30 centimeters(12 inches),of whichhaftis receivedduringsummerthunOerstorms
Daytime summer lemperatures consistently exceed 32'C (90'F) and occasionally rise above 36'C
(100'F). Winter ten'q:)eraturesoften rise ai high as 21"C (70'F) during the afternoon, Nighttimelows
(:luringwinteraveraoe near -5"C (23"F), occasionally dlpplng below -10'C (14'F). PrevailingwinOsare
from the southeast; rt<)wever,strong windl are frequent, especially in spring, and can blowIron, any
directioncreatingpotentiallyvioklMwindstormswhichcan'yLargevolumes of dust and sand, Figure4.1
summarizeswind dme collectedat the Me during 1987. Deiaileclcompilationsof climaticdata, presently
collectednear the northwestcomer of the Zone I boundary (see Figure 2-3), appear in the Ecological
MonitoringProgram Annual Reports (Fischer et al., 1985; Fischer, 1987, 1988). Additionalclimatic

e information in the Final EnvironmentalIm0act Statement(FEIS) (DOE, 1980) and WIPP Draft
appears

FinalSafetyAnalysis Report(FSAR) (DOE, 1988a, Revised1990),

4.2 AIR QUALITY

Five classes of atmospheric gases are monitoredcontinuallyat the site' carbon monoxide,hydrogen
sulfide,ozone, oxides of nitrogen, and sulfurdioxide at a sampling site located 1 kilometer (0,6 mile)
norlhwest (downwind) of the exhaust shaft, Ali are EPA-regulated pollutants. In addition, total
suspenck)dparticulates are measured. Airquality data from the WIPP monltonngstationare reported in
the Ecological Monitoring Program Annual Repot1for 1987 (Fischer, 1988) and the Annual Site
Environmental Report for 1988 (Flynn, 1989). These data show periodic increases in three of the
monitoredgases (sulfurdioxide,hydrogensulfide,and ozone) which excee0 the New Mexico air quality
stan0ar0s Sulfurdioxideexceededthe state standardfromApril29 through May 20, 1987. This was an
isolatedincident and no sourceof thisgas was identifiedat the WiPP facility(Fischer, 1988) Hydrogen
sulfideandozone regularly exceeded the slate stancLardduringthe spring and summer monthsof 1988
(Flynn, 1989) and 1989 (preliminaryOata). These data are being analyzed against concurrenlwind
cJirectiondata to determinethe direcliono! the source, Preliminaryresults indicatethat this is a regional
effectand not the resultof gas effluentsfrom the WIPP facility.

4.3 GEOLOGY OF THE WIPP SITE

The WIPP facilityis constructedinthe bedded saildepositsof the SalaOoFormat,on,the secondof three
evaporite-bearingformations inthe Delaware Basin (Figure 4-2). The WIPP facility is designed as a
geologic repository and, because it relies pnncipallyon geologicbarriers to isolatewaste, a thorough
understandingof the nature o_those geologicbarriers is necessary. Since 1975, numerousgeologtc
studies have been conducted to determine the suitability of the WIPP facility tor long-term waste
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isolation, The site selectionprocess is described in Section2,5, The geologichistoryof the reglon and
the site ar__ ",rovldesa reasonaC_ebasis for predictionof future geologic influencesupon repository

, pertorman_:, An exhaustive _mmary of the site and regional geology is included in Appendix L,
Portionsof that literaturerevieware Irckx:htdinSections4,3 through4.5,

The salt deposits of the Delaware Basin wire setectedfor the WIPP facility partlybecause the area is
very tectontcally stable, The WIPP facUlty li io¢ited in the northern part of the Delaware Basin, a
structuraldeweslion filhKIwith morethan 7,300 meters (24,000 feet) cd Prmnerozolcsedimentaryrocks
(Hills, 1984). lt ii INIrtof the larger Permian Basin and ti k:_lted at the Iouthwestem exte_l of the
centralstable regionof North America (NorthAmerCln Craton), With the exoel_ion of a broaOtiltingof
the basin during the Jurassic perk>dand regionalul_ltt during the LAte Tertiary period, the Delaware
Basin has been tectonically inactive Ilnoe the close of the Paleozoic irl (Powers lt al,, 1978), The
sedimentary rocks within the INulindip gerdtyto the list and oNy k:lc411lyshow _ deformation, The
bedded salt deposits cdthe SaJmc)oFormationat the WIPP facilitydo not thow any evidenceof tecton,c
activityor structuraldeformation(Figure4.3),

The salt of the $alado Formation was selected to host the WIPP facility rel_sltory because of ils
hydrologic and mechanlaal characteristicl, bedded nature, and lateral continuity, The average
permeabilityof the sail II low, typicllly 0,05 m_rodar_y or 4.2x10"13 meters per second(1.2x10" test
per day), and no hydrologicgradient exlsts across the formationwhich could cause the movement of
groundwater and lubsequent dissolutioncdthe Mit. MechanCally, the Mit behaves in a plasticlash_n
at lilhostatlcwessures and readilyremystalllzes,or Inneats, at repositorydepth, Bedded saildeposits,
llke the Salado, are typicallyof greet areal extent, an additional factor facilitatingwaste isolationin the
contextof a rel>ositow, The Sal&doIiti is approximately610 meters (2,000 feet) thick and underliesan
area of al_roxtmately 95,000 IN:luarekilometers (36,680 square miles) (Jones, 1972), The Salaclots
underlainand overtainby sequences of relatively Imaermeabie evaporite deposits whichfurther act to
confineand h_roioglcally isolate the WIPP tardily repo_ow,

The basement rock in the region consists of Precambrian metasedimentary and igneousstrata (Hills,
1984), The Precambrianbasement is overlainby a thick sequence cdPP,_nerozolcsedimentaryrocks,
consistingprimarilyoi carbonatesand evaporiteswitha small quantityof Interbeddedclasttcrocks, The
lower and mld-Paleozo_csediments were deposited on a slowty subsidingcontinentalshelf, anc_consist
predominantly of carbonates with minor sand, shale, and chert, The upper Paleozoic section was
deposited ina rapidlydeveloping basin and shelf environment, Reefs grew around the margins of the
Delaware Basin and reached a peak in the midto late Permian (Figure 4-3), Their growlh eventually
restricted the circulation of water in the basin and led to the accumulation of a thick section of late
Permian evaporites, including the Salado Formation, The rocks of Mesozoic and Cenozoic age are
relatively thin deposits mostly consisting of terrestrial sandstones, siltstones, mudrocks, and
conglomerate, ali of whichare overlain by c_llche and windblownsand, Thick sequences of Mesozoic
and Cenozoic rocks did not accumulate, as the region was emergent and subject to erosion or
nondeposttionfor mostof the Mesozoic andCenozoicEras,

The geology, stratigraphy, structure, and geomorl:>hologyof the area are thoroughly reviewed in
AppendixL, and are su_ed in the to,owing sections,

4.3,1 Geomorph0iogy

The terrain of muchof southeasternNew Mexico is characterized by a gentle southwesterlysloDeancJ
hummockysurface marked by karatfeatures,caliche, an0 sand dunes. The majorpermanent drainage
of the area is the Pecos River, located 23 kilometers(14 miles) west of the site, _./hichis in the Pecos
Valley sect0onof the southernGreat Plainsphysiographicprovince(Fenneman, 1931), The Pecos River
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Valley ts the dominant feature in the PecosValley section, The Pecos River is the only major perennial
stream in the Eddy and Lea Counties area of southeastern New Mexico, lt receives almost ali the
sudace drainage in this region anda largepart of the lubsurtace drainage, Most of the ground surface
east of the Pecos River Valley liesAnthe Llano Estacado, a poorly drained eastward.sh)plng surlace
covered by gravel, wlnd.blown sand, and caliche thai has developed singe early Pleistoc;enetime,
Locally,the surface hal a Mrst terraincontainingsuperf¢tal llnk_les, Oollnes,and sotution-_ubsk:tence
troughs,formedfromboth surface ermgonand lul:_urtace d_aaolutlon,

Eastof the Pe(oi River to longitude104"WIlel an exlanalve, gently 14opingpediment sudace knownas
the Mescalero Plain, Although termed a *pMIln,"the area Inckx_s many low maiM, b_fts, and wlcle
draws, Locally,the surlace his been dilsected by In(ermltlentItrelrna, but in t)emDral,the area is poorly
drainedand contains numerousptaya panl lind ima_ter slrd_ (Brokaw at ii., 1972; Kelley, 1971), The
deposits of the Melcalero Ptatn sre generally covered by the calcareous, cemented remnant Qfan
extensivesoll pro(lieknownu the MescaleroCillche, whichtom'ma rellstanl ¢aptock_eragtng three to
ten leer thick. Callctle may be locallyabsentclueto efolk_ of nondefx_ltion. Because of the generally
unltorm cover of the erosion-resistant callohe, tlm irregular 14Jrtacesprobablyresult from subsurtace
solutlonlngand me(:luenl m_C_denceof the undedyln0sedimentsafterthe calichecaprockformed,

Eoliansand covers muchof the Meacalero Plainin southiIstem New Mexk::o.Except at the WiPP site
and otherareas where the land is stabilized by vegetation, the sand is continually blown about to form
transverseduneridges and hardpanduneMess separatedby broadflats,

The land sudace in southeastern New Mexico locally exhibits a karat topography characterized by
geomorphlc features such as linkholel, linear depressions (solution-subsidence troughs), domes
(=ncludingone known"ore(cia pipe"), "castiles," lind coll_osed outllers(Anderson,1978), These features
resultedfrom the dissolution of salts and other soluble materialsof the upper Permian Ochoan series,
Dartlcularly in the Rustler and the Upper Salado Formations, The water which caused dissolution
contacted the solublematerials either by sur/aceexposure to.wing erosionalremoval of the protect0ve
mantleof youngersediments, such ss the callche, or, lt depth, by downwardpercolation or contact via
fracture e_ystem=between the dobbin rocks and underlying regional aquifers exposed _long basin
margins by the regional Cenozoic uplift, tilting, and erosion. These solution processes were then
followedbycollapse bl the insolubleslrata intothe vok:_c_eatedby the dissolution(Bachman, 1974),

Some of the major collapse features inthe aria, such as Nssh Draw, ClaytonBasin, and Crow Fiats,
. exhibit eviOenceof several intervals of dissolutionand subsidence activity, Dissolutionhas apparently

progressedfromwest to east cnolromsouthto northacross the Delaware Basin.

Near-Site Geomorphology

The WIPP faciltlysurface structuresare locatedon a thick sectionof the stable MescalaroCaltche, wilhln
the vegetated send dunes of the Los Meclanosarea, The facility alesnear a callche- and sand-covere(i
Or ,_agedivide separating two majorand activelydeveloping solution-erosionlectures: Nasn Draw to
th_ westand San Simon Swale to tna east(Figure4-4),

The nearest major geomorphlc feature is Nash Draw, Nash Draw, approximatelyeight kilometers(five
miles) norlhwest ot the WiPP facility, is an undrained physiographic depression which probably
(ievetopeclas a resu#ot regional an¢tdifferentialdissolutionof the anhydrite, gypsum, and halite be(Is of
tile Rustlerand upper SalaOoFormations, Accorclingto Vine ('" _:_),dissolutionon top of the massive
salt in the SalaOo Formation has produced a unilorm towerin_ [he land surlace in Nash Dra_. Its
surl0cialstructuralteatures were proauced anOgreatly modtfle_ ._ydifferential dissolutlonof the more
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solute porllormot lh@RustlerFormation, While the bedrockIn t_ northern part of the draw is covered
by eoliansand, caliche, and alluvium,the centrsl and _uthem portionscontainexposures of the Rustler
that are highlydeformed al Sresult ct large.lcale collapse tollowlng=otutlonof the Rustier and Salado
Formations, Th'_,dlMotution i_IvNy also prod_ld numerousindividual sinkholes in Nash Draw, whl(;h
vary in configuration from olroular features a taw tens of meters (tens or hundreds of teet) aoros_ to
Irregularor arcuste featuredmore thin twokilometers (one mile) aGross, Many of the larger depressions
in the area oi the draw, inoiudlngthe basin lt its southwestern extent, probably formed through the
coalescing of leveral Imatler solutiond',tpreMlons or sinks, Placeswhere several depressions tend to
alignmay also indicatethe locationo( su_errllnesn ¢svemouswater courses (Vine, 19631,

San Simon Swale Iii anothermajorkarl.related feature near the WIPP flk1_llty.San SimonSwale tsone
ct ii series of large deep-diMokJtlon deprelgllonsfilled with Cenozoic sediments lyingImove the inner
margin of the Capttan Reef along the eastern lade of the Delaware Basin (Andereon, 1978), Sl_uated
approximately32 kllometere (20 Hies) east of the facility, the San Simon Swllle tortuss southeasterly.
trendingdepression approximately40 kilometers(25 miles) longlind 3 to 10 kilometers (2 to 6 miles)in
w_th, Muchof the =JrlaceOfthe rwaJeiscovered byeolian sand,whCtt masksthe relief,

Of parteular interestwithinthe swale iii | compoundcot_apsefeature namedthe San Simon Sink,which
occupies an ares approximately three kilometers (two n_les) long and two kilometers (onemite)wide at
the southeastern end of the swale (Bachrnan et II,, 1973), The sink formed as s secondary collapse
structure, probably during the Plelstocene, Numerous ring fractures around the sink Indicate a long
history of su_esslve collapse events since Its initial formation, The most recent of these events is
reported lo haveoccurred inthe 19301 (Nicholson and Clel::_oh,1961), It Ii therefore assumedthat san
dissolution in the undertylngtorrn,ttlonIs continuing here andthai the bnne produced by dissolutionts
moving _ a southeasterlydlrel:;tiontowardTexas (Bachmanel al,, 1973), BaP.Jlman(1974) reporlsthat
more than 150 meters (500 feet) of Cenozoic sediments have tnus tar been deposited in San Simon
Sonk, Nicholeon and Clebeeh (1961) estlmafe that alluviumdeposition inthe sink occursat a rate ct
approx,Tmtely30 centimeters(1 fbbf) infive years,

Some of the geomorphlcdepressions near the WiPP facility were formed by processesother than the
previouslyOescrlbeOrnechanilrl_ of dIM_lUtion and collapse, The most conspicuousof these near the
WIPP sile sre the WilliamsSink, Laguna Gatuna, and Laguna Plata, ali of which are approximately 24
kilometers (15 miles) northof the _/IPP _ac,tllty, These teatures, termed blowouts, formed through the
removal of loose sand deposNsby wind erosK)n, Their floors are mantledwith clay and salinedeposits,
and (:luringthe rainywsson the I:_owoutsmay retain water, Many blowouts are surroundedby eolian
sand and dune fields commonlydevelop along the northeastern and eastern leeward marginsof these
del:Hessions(Bachman, 1974), (A discussionof the potentialimpactsof dissolutionon the WtPP taclltly
is p'oviOedin Section6,1,2,)

Impacl of Geomorl_olog_ Processeson Repositoryt_egrity

The integrityot theWIPP sNeis not jeopardizedbyany geomorohi¢processes,
The res,stint Mescalero catk::he_overs most of the land surtace around the site and indicatesthat no
s_gnlficantsurlace erosionhasoccurred since Its formationinmid-Pleistocene time, The majorareas oi
surlace relief in the area were caused bysubsidence resulting from subsurface dissolution, The two
maior subsidence features ct signlfi¢,anceto the site are Nash Draw and San Simon Swale, previously
described, The surlace inNash Draw has been lowered by dlssotutK)nat least30 meters (100 feet), and
in places as much as 55 meters (180 teel), within the past half million years, San Simon Swale, a
product of both surlace erosion and solution-subslaence, liesat its lowest point some 55 to 60 meters
(1B0 to 200 feet) below the surrounding land surface (Clalborne and Gets, 1974) and may have
undergone a total subsidenceof 230 meters (750 leer), Wind erosion of areas not covered by cal=ch_:

, .!

WJP PE -0974-4 4-4



hasproducedotherdeprmiorm intheareawithe rmJitar_de_ion o4wi_l:)lownmaterialinthearea
of file WiPP faollity, However,thesefeaturesaregenerallyof minordimensionsand lo_:alinextent
(Claiborneand earl, 1974), AHhoughthere hive beenand mayoontinueto be dissolutionand
subsidenceeventsin the WiPP vicinity,theseeventsare llmitld inextentto theupperlevelsofthe

' RustlerFormationanddo riot iftect theintegrityof theSalKIo Formationnear repositorydepth, No
s,gnHicanterosionhasoccurredin thearal sincernlckPtei_o<:enetime,

4,3,2 Qeok:xlkpHl_0ry

NewMexicoo41erle eerie rlK:Otdo_OeOtog_hlmo_/fromthePreGa_ pedodtotheR_ent, The
mountaincxxl_plexRyof NewMexicorelullt _ Iwgperloc_offoldlng_ ooflaideflbMvolcanicactlvlty,
Muchoft_ _me wascoveredbyi i_t_lowNi duringthePennsylvanianperiod,_ sedimentary
rocksrangeupto 2,440altern (e,o00felt) thick, TheIouthem partofthe lilts _ has thinlayersof
shaleandsandstonefromthePermllnperiod, Depositsof uJl, Oype4Jm,lindpolllh tree thePermian
periodarealso found, The followingii a dllmUSsionof thegeologichillory of the area oi the WIPP
faottltyandthe regionin_ it II ioc_ecl,

pre-PennsylvaN_nI_rio(I

Priorto the _te MiuiMlpp_n, Paleozok_ctepo_ionalpltlerns in theDelawareBasinreflectmigrations
ofepelrlcsees overtheregionendthestructuralclevetoprnertO4theTobo_ Basin,the predecessorto
the PermianBasin, FromtheLl_e Cimbrlan/EarlyOrclovioklnuntilthe Late Miselssipplan,a nearly
¢ontt_ousrecordof_Kllmenlitionis preservedas theregionwas,torthe mott_rt, tec_onicaltysta_le
c:luringthattime, Carbonmes_positeclunder_allow s_lf condttlonsdominatetherockrecord,

Duringand immediatelyfollowingthe Late Mtsslsstppian,the DelawareBasin began Io develop
structurallybyvorticjl movementalongI_'oexl|tlngstructuraltrends(Hills,1984), A thicksequenceof
basinals_Jes wasdepoMedin theI:)elawa_Basinduringthe l.aleMisli_dp_n,

Pennsy_anlanPeriod

The tectonic processesthai wlre initiated duringthe [ilssieslppian continued into the Early
PennsyNanlan,andclasticmaterialsderivedfromthePederr_lupliftincentrlJNewMexico,theexposed
CentralBasinPlatform,mountainsintheOuachita-Marathonares, andthe MatadorArchfilled the
growingI:)ellwareBuin (Hills,1984;Powerltt I1,,1978),

Duringthe Middleto Late Penneylvanlan,tectonicIctlvltyincreued in the region(Ross,1986),wlth
concurrentdevelopmentof broadcarben_teshelvesalongthe marginsof the DelawareBasin(Hills,
1984), Carbonalebankdevetog411Qr_begah]11AtokatimeandperldllledthroughtheLalePennsylvanian
anamuchof Permiantime(Mazzuio,1981), Forthe mealpart,ciastlcinputfromthe northwastrapped
beh,ncllhc carbonalebtnkl, thul l;IrvtngtheDelawareBas4nof sedimen((A0amsel al., 1951),

ByearlyPermian(mtd-Wolfcarr_an)time,tectonicactivityhadceased(Ross,1986), and the entire
regtonsubs_ted,deepeningthe DelawareBasinandestablishingthemajorfeaturesof the PermianBase,

PermianPeriod

In the early Permian,the last stagesof the Marathonorogenythrustgeosyncllnalrocksnorlhward,
providinga sourceof fineclastlcmaterialwhichfilledmuchofthesouthernana centralportionoithe
DelawareBasin(Hills,1984;Ross,198_1 Limestones,includingtheAbeReef,weredepostteclon the
sheffalareasand, (:luringperiodsof quiescence,asthinunitswrthlnthebasin(Hills,1972,1984), The

e
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development of carbonate reefs severelyremrtctedbaslnal olrc:ulation(Hills, 1984), Regional tectonic
stability markedthe rernalnderof the Permian, aitt_gh locld structural events continued to modify the
basin (Powersel ld,, 1978) (Figures4-5 arid 4-6),

The restrlotion of marine olrculation oontlnued into Leonardlan tlme, and the sea regressed to the
southwest (Hills, 1972), This ted to the development of large reefs and carbonatebanks (Figure4.3),
Evaporites were deposited In highly salineshallow lagoons in the back reef (Hills, 1972), Sandstones
continuedto be deposited in the central _ of the basin and were Interbectdedwith carbonate wedges
thinningtowardthe oenierof the basin, ,

A general eletward tilting04the Delaware Buin began near the end 04Leonan:_mt_ne and subsidence
continued through GuaclekJ_in time (HII_I, 1964), About 900 to 1200 meters (3,000 to 4,000 feet) of
Guadaluplan sands and slits were poured Into the Delaware Basin; large carbonate reefs developed
throughlater Gcl|clakJplantime (Hill, 1984),

As circulationbecame widely restricteddue to the upward growth04the reefs and continuedsubsidence,
the basin again t_came ledlment-starved (Oriel et II., 1967; Hayes, 1964; Hills, 1984), Reef and bank
growth continued around the basin margins and, by late Guadaluplan time, had closed the Hovey
Channel (Ross, 1986). The salinity of the fluids within the basin Increased, dramatically halting reef
growlh,

The Delaware Basin was very restricted by the beginningof Ochoan time and evaporative conditions
prevailed, Topographlcal_,the Dellrware_ Will fairly deep, Up to 440 meters (1,600 feet) of Castile
evaporites, consisting of carbonate lind anhydrite with Interbeds of halite, were deposited on the
Guadatuplansediments,

Followingthe deposition 04the Castile, wh-ichis restrictedto the DelawareBasin,the basin desiccatedto
an areally e__enl_htesait-parVaalinemudtlat, Sudace topogrlphy was essentially nonexistent and the
laterally conttrtuouldeslccattng-ul:_ardcycles oi carbonate-sulfate.halitewere deposited (Jones,1972;
Lowensteln,1982, 1987), Locally,more than 700 meters (2,300 feet) oi the Salado evaporites, mostly
halite, were deposited inthe basin, Salido deposition extended over the margins of the then.bur_ed
Ca_an Reef.

Deposition of the Rustler Formationwas markedby a major fresheningof the basin, Clastic sediments
were introducedinto a deeper, Immewhat lessMilne lagoonal-typoenvironmentwhich later desc,cated to
a salinemudflat/sattpan, RN:)/¢Itransgressionstoliowed bydeslcca_ion-depositedcarbonates,sulfates,
andhaliterocksinthe Rustler Formation.

Near the endof the Permian, nearly 200 meters (650 feet) of the Dewey Lake Redbeds (stltsl_nes and
sandstones)weredeposited over Rustierevapontesin n'cRlfiatand fluvialOepositK)nalsettings,

Post-PermlanPedod

Following ,he deposition of the Dewey Lake Redbeds (Figure 4-3), mostoi southeasterr, New Mexico
and west "[exaswere subiec_to erosK)n, The uplift and/or tilting that caused erosion was minor as the
unconformitybetween the Late Tdass,c DockumGroup and the Late Permian Dewey Lake Redbeds _s
rain,real, By the Late Triassic, southeasterr New Mexico was reduced to a broad peneplain (Kelley,
1971), A northwesterlydrainingflood plain basintormed in the Late Triassicand was not containedby
the Delaware Basin(Hills, 1963; Brokaw et al,, 1972; McGowen et al., 1983), Sourceareas to the south
provideddetntalrnatenalfor the Santa Rosaand Chinle Formations(McGowenet al,, 1983),

The Jurassic was a periodof uplift anderosionof TriassicandpossiblyPermian rocksin the western par1
of the Delaware Basin, Southeastern New Mexico was a source area icr Jurassic rocks in central and
nonhero New Mexk:o (Powersel al., 1978),
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ByCretaceoustime, oadlef erosion_ exposedPrecambmln-thcoughPemVan-a0e rocksinthe region.
From alX_OXlnlalelythe Middle Ci1HaceOUl,southel¢em New Mexico Wallcovered Dyshallow shelfal
seas (Hills, 1984). TI_ _s of limeotormand coarse sandstoneand conglomeratewere deposited,
in t_ DeWwareBas_, the Cretaceous rockswere removedby Ioter e_, save isolatedstumpbtocks
of lirnestoneand shale aseockitedwithklrll features (Bachnln, 1974). Late in the Cretaceousor early
in the Tertiary, the Guadalupe Mountalnl were uplifted and tilted to the northeast. Mtld tectonism
affectedthe NorthwesternShell (Kelley,1971),

Additionalregional upliftingand tiltingin the kits Tertiary in southeasternNew Mexico and west Texas
resut_edinthe uplif of the Delaware,Guadakq)e,lind SacramentoMountains. _flowing streams
drainedthe recentlyeli, votedh_, formingoo4NNIclngakNkil systems. These Systemseventually
produced In extensive blanka_ of sand and gravel called the Ogallala Formation. The Ogallata
represents the first preserved sedimentaryrecord since the Cretaceous (BieNnia, 1974). Ogallala
depositionended tnthe Pliocenewith the edvenl of IKk:ltk)nalregionaluI)llit and warping (Powersel al.,
1978). The lurkice becamestabllzed, lind loll lo_ processesbeganthal _ inthe tom!atlonol
the extensivecallc_ caprock(Bactvnan,1N0).

Anotherperiod of upliftof the Guedalupe Mountains(Figure4-7) occurredinthe late Plioceneand early
Pleistocene. Subsequent erosion and coalescence of subsided areas removed Ogallala sediments
(Nichotson and Clebsch, 1961; Mimer and Oct',1979), Duringthe lady to middle Pleistocene, Nash
Draw,the ClaytonBasin,and San SimonSwaleunderwentsul0,k_ence(BaCwum,1974).

The middle Pleistocene was rekitively humid, and the conditions were right for dissolution of older
formationsand the deposition of the Gotuna Formation fluvial reworklngand redeposition of older
sediments. The ims Plelotocens, folk)wingdel_osltionof the Gotuns Formation,was characterizedbya
muchmore arid environment. The arid condllk)nl coupled with a tector_ and in erosionallystable
surface permitted the formation of the Mescalero Callche. During the late Pleistocene to Holocene,
eolianreworkingo4detrttalmaterialsformedthe exlensk'edune fields whichnowbkinket largeportionsof
southeaslernNew Mexk:o.

4.3.3 Oct_an Strati(_al:#w

The Ocl_oanseries inthe Delaware Basin consistsof four formations,three o( which consistprirnafllyof
evaporites (Figures 4-S and 4-6). They sre, in ascending order, the Castile, Salado, and Rustler
Formations, and the Dewey lake Redbede. The Dewey Lake Redb4KIsdo not comain evaporltesand
probablyterm a protectivecover that retardsthe dtssokrtionand removal of soluble salts inthe lower
evaportteunits (Jones, 1954). Among the k)wer evlporfle units, the Castile lad Rustler contain more
ar_ydr#eand carbonatethan the SalB:IO. Inthe aral of the WIPP fac_ltty,.theseImhydriteshave formed

" protectNebamers that have ro'dirtiedthe upward ordownwardmovemento4meteoricwater into the sall-
rich Salado Formation. The Oehoan*sequence conformablyovedles the Bell Canyon Formation and
unconformablyunder,es the Trkiu¢ Santa Rosa sandstone.

CastileFormation

The Castile Formationconsistsof thick unitsof laminated anhydrite/carbonateand halite. I1provides a
hydrologiclamer belowthe Sakido Formationand preventsboth the0ownwardmovementof water tram
the WIPP facility into and the upward movement of water from the unOerlyingBell Canyon Formation
The Castile Formationconsistsof thickunits of sultate (mainlyanhydrite)or thinly laminatedanhydrite
and carbonate. Near the center of the basin, thick unitsof relatively pure halite are intert:)eddedand
_nterlonguedwith the suitate units. The halite thins or is absent inthe western part of the basin, The
thicknessof beds within the Castile are consistent over considerabledistances, interrupted only by
intraformational deformation or by dissokJtion, Extensiveoutcrops of the Castile are present in the
westernpart of the Delaware Basin. The Castile has localized structuraldeformation (Andersonand
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Powers, 1978; Bores el ii., 1983). Boresand Shaf/er (1985) exl_ned deformationinthe Castile near
the WIPP facility and concluded thai the stn._ures were caused by salt flowage. The basal contactof
the Castile withthe underlying Bell Canyon Formationof the Delaware Mountain Group is transitional
(Cys, 1978). The upl)erconUlctwih the Salado is gradltional and Interfinger_Ig(Bac'hrnan,1984; Jones,
1954), The Castile Formation is coneldered an example of a d_ep-water evaporate basin; the
characteristicsattendant with such depoNI ere discussed more fully oy Schmalz (1969), Dean et al,,
(1975), and Kendall(1984).

Salado Formation

The SalaOoFormationiii the host _ for the WIPP tactity repoMo_, Section 2.0 provides i discussion
of the criteria that were used to determine its m,dlal_lity as I repos,ory tor transurenlc waste. The
formation is roughly610 meters (2,000 feet) thick in the area of the repositoryand underlies an area
greater than 95,000 _:luare kilometers (36,380 IKluare miles). Unlike the Castile, the _alado is not
confinedto the Delaware Buin, S411adodeposition north _ east M the WIPP tacllity passed well
beyond the Capstanreef and occurredon the Northwestern Shelf and the Central Basin Platform, The
Saiado has been erosionally removed from the west and south Ir_les of the Delaware Basin leavin;_a
horseshoe-shapedrimof tx_ed Insolublematerial.

The Salado seri consists of halite with minor amounts of anhydrite, polyhalite, and other potassium-
bearing minerals. The formation li subdivided into three Intorn_l stratlgraphic units. Each contains
similaramounts of halite, anhydrite,and polyhalite (Jones, 1972), and is distinguishedby its contentof
other potassium- and magnesium-bearing minerals. Tho upper and lower units generally lack these
minerals, while the middle (McNutt potash zone) contains a relative abundance of potassium- and
magnesium-bearing minerals. Potassium-beating mlnera_ are mined from the rniddis rnem_)erof the

Salado in Lea and EddyCounties. /

RustierFormation

The Rustler Formationis the youngest of three Ochoan evaporlte-bearing formationsin the Delaware
Basin. lt is of s_F_/k_nce to the WIPP facilityI:)ecau,,_eitcorUlns severalwater-beanngzones (Figure4-
5), The RustlerFormatK)ninthis area is characterizedby a variable INhoiogyconsistingof interbeOcled
suffates,carbonates,clastics, and halite. Vine (1963) dividedthe Rustler intofive units: (1) at the base,
an unnamed unita4C_lyeyIlitl_one and very fine-grainedsandstonewith thin Interbeds oi anhydrite and
halite in its upperpart; (2) the Culebra Dolomite Member, a unit of thln-bedded, solutlon-pitted, finely
crystallinedoiornle; (3) the Tamarisk Member, anhydritewflha slngle thiO;Intert)edof claystone;(4) the
Magenta Dolomite Member, ! unit of thinlycross-lain,hated, llne-gralned dolomite',and (5) the Forty-
Niner Member, anhydrite with a single thin intert)edof sillstone. The anhydrite beds may be partially
altered to gypsum in plicts where dissolution has occurred. The dolomite units are not only
hydrologicallyIn'K)ortant,but are distinctive inthe lubsurlace as marker beds throughoutthe Delaware
Basin (Adams, 1944). The Ruetler varies in thicknessfrom s few meters (tens of feet), where exposed
and subjectedto solution and erosion, to nearly 170 meters (560 feet) in the northeastern part of the
Delaware Basin (Holt and Powers, 1988). The western margin of the Rustier has been removed by
erosion. The Rustler crops out along the Pecos River Valley, within Nash Draw, and in an arcuate
pattern near the southwestern edge of the Delaware Basin. lt has been extensively altered by near-
surlacegroundwater in Nash Draw. The uppercontact ot the Rustier withthe Dewey Lake Redbeds is
contormaJ_e.

DeweyLake Redbeds

The Dewey Lake Redbeds are the uppermostof tna tour Ochoan formationsand represent the close of
the Paleozoic inthe Delaware Basin. The Dewey Lake unit ranges in th,cknesstrom 105 to 165 meters
(345 to 541 teel) across the WiPP facility, lt is important because it acts as a barrier and prevents
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downwardpercoltt ion ot ground water intothe ev_:ortte sectionoverlyingthe WIPP facility repository,
The DeweyLakecontorn'_btyoverliesthe RustierFormationon a large scale (with local_r eros,onal
relief)andunoontormablyunderlieslate Trla_tc (DockumGroup)and youngerrocks. The DeweyLake
thinsto the northwestas the resuRo_pre-L.meThas_ erosion, The Dewey Lakeconsistsalmostentirely
ot mudstone,c_yslone, siltstone,andinterbeddedsandstone. With the exceptionof the upperportion,
theDeweyLake is Um'aclerlzed bygypsum-filledfractures, These tincturesare heartyall horizontaland
arethe resultof unk:_dlng(Holt andPowers, 1988), and indicatethat no fresh groundwater has moved
throughthe Dewey Lakeslncethey were formed.

Post.PermlanDeposits

Acrossthe WIPP facility area, the only Trlaagicunit l_esent igthe Santa Rolla Sm'_dstone,part of the
DockumGroup. The Santa Rosa Sandstoneis present to the east, havingbeen removed by erosionin
thewest. At the WIPP facility, the Santa Roll iS 6 meters(20 teat) thick (Holt _ Powers, 1g86a), lt
consistsoi sandstone and conglomerate with Interb_s of slltstoneand mu_tone, In the WIPP facility
area, ii isoften uncordorma_yoverlainbythe PleistoceneGatunaFormation,

Tertlaryand Ouarternary depots aroundthe WIPP facilityInclude the Ogallala Formationof Miocene
age; the Gatuna Formationof Pleistocene age; and sands, playa deposits,caliche, and alluviumof
Holoceneago. The unitscover,mo=of the region andlie urKx_cmmbly on olderroots,

InsoutheasternNew Mexico,the OgoNalaForrrullionis a welt-sorled,windblownsandwithminor,poetry-
sorted streamdeposits and carbonate pans that are usually capped by a rather resistantlayer ot weil.
fndurated callche. The es•lt•la is not present around the WIPP facility, but erosional remnantsof
Ogallalaare found locallywgrgnthe GaturtgFormation.

,

The Gatuns Formation is a Pleistocene fluvial deposit consisting oi sandstone, stltstone, and
conglomeratewith the conglomeraticbeds containing pelDblesof quartz and quartzite reworkeclfrom
Triassicconglomerates(Bactu'nan,1976). Atthe WIPP facility,the Gatuna is 5 meters(17 leet) tl'gckand
is overlainbytl_ MescaleroCaliche (Holtand Powers, 1986a).

The MescaleroC=Iche iSan Infernal stratigraphicunllwhichdedves ttaname from the MescaleroPlain.
lt began to lorm about 510,000 year= ago as a pedogenic caliche on an aggradlng eolian surtace
(Bachman, 1985). Calciumcarbonate, leachedfromoverlyingeolian sands, was deposited along a soil
horizon. Where the calk:he iSwelldeveloped, ali available porosity at the top of the zone of carbonate
accumulationis pluggedwithcalciumcarbon•le. The caliche caps the geomorphicsudace and lleswith
angularunconformityon the underlying Gatuna and older formations; its lowerpart commonly engutts
large masses of oiclerbedrock. AI the WIPP tacJlity,the MescaleroCaltche is roughlythree meters(ten
feet) thickwith a well-deflneduppersurtace and a very diffuselowercontact(Holtand Powers, 1986a),
tn general, the overall degree of indurationand the carbonatecontent both decrease downward. The
upper part of the Mescalero (the caprock)displays a welt-developed laminar texture which developed
• tier ali permeabilityinthe downwardciirectlonwas plugged,

Hummockysudicialdepositsot dune and sand covermostoi the site. Althoughthe sand may occuras
dune ridges,mostOfII is foundonthe fiatsand is generallystabilizedbyvegetation. At the WiPP facility,
2.4 meters(8 feet) of unconsolidatedrand occurs(Holt and Powers,1986,1).

There are nothrough-flowingstreamsin the immediate area of the WIPP facility; therefore, there are no
recentstream deposits of any magnitude. Surficial depositsare compose_J¢_ _cally-0erived materials
depositedbysheel wan.
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4,3,4 StructuralandTectonicSetting

The WIPP tacllity lies among the vegetated dunes of the Los Mec:lanosarea, some 42 kilometers (26
miles) east of Cartsbad, and is locatKI inthe northern part of the Delaware Basin between Nash Draw
an¢_San Simon Swale, The Delaware Basinof toutheastem New Mexico and west Texas is a major
sul:_Ivlslonof the Permian Basin, lt alitx>undedon the west by the Di_o Platform,on the east by the
Central Basin Platform, an0 on the north by the Northwestern Shelf, The areal extent of the basin is
greater than 33,650 square kllomoterl (13,000 Iquare miles), and lt tsflllecl with as much as 7,500
meters (24,600 feet) of Phanerozo¢ sedimentary rocks (HI!li, 1984), The Capltan Reef almost
completely surrounds the Delaware Basin, lt is =".._nsiderKiamong the lltest depositsImmecllatoly
prececlingdap_tlon of the Clchoanevlportte|, Ti_**WIPP facilityarea hal been ex4u...:ned In 0stall for
any potential structural or lec_oni¢features tl'gitmlg_ affect the integrityof t'_l racily. Such teatures
incluOe:tot_ and flexure=,fauns,¢_omatlon al the Saiaclo _:, and Mit _>_lon,

FoldsandFlexures

The nort_m Delaware Basincontain open, undulatory,flexura-lke structuresin the Paleozoic section,
At tl_ WIPP facllily, tl'mN t¢4¢_ck)nal Wopagaleupwan:l0nlotna Salacx:,Formation,Some thickeningof
the k>werSalactooccurs3,2 kJk_ers (2 mites) nollh oftheWiPP tacllltyoveroravlty_r_ensail tlowage
structures in the CastlLt Formation (Barns and Shaffer, 1985), Castile maltflowage structures occur
elsewt'_re wltl_inthe Delaware Basin, but do notaffect the integrityof the WIPP facility (An0er=on an0
Powers,1978).

Fautt____s

No surfacefaults have been rrBlx>edwithineightkilometer=(five miles)of tt_ centerof the WIPP facility,
Faultswith surface expressionare plainly relateOto _ttapse features, Bachman's (1976) mappingeast
of the WiPP facilily _ no lurlace fautls, T_',_ nearest faults rnal:C_eCby Vine (1963) involve Rustier
offsets inNlr_ Draw _ximatety 14,5 Idlorr_ s (9 miles) Ioulhwest of the facility, Surface mapping
anti structural_eq_'etatlon= tram boreholesdo,__t indicateany anomalousstructure_nthe vicinityof the
WIPP tacilitycausedby differentialauDl_enc4tof unclertylngi=rata,

Deep seated, high-angle normal or reverse fautls are present througttout the Delaware Basin. They
offset strata from the Precambrian through the Pennsylvanian and portions of the lower Permian
Movementalong these faults ceatNH:lbeforethe rnicI-Permian(Hills, 1984), The Be!, Lake Fault, located
in Lea County,isthe clo=4_ suchstructureto the WiPP facility,with approximately_52 meters(500 leer)
of Oisplacement in the Pracambr_mn, There are no known Ouarlernary faults of tectonic origin in the
facilityarea, The only faulting in Ins WIPP facility area since the Permian is relate0 to the c_iflerential
subsiclencedue to dissoiulion and collapseof solublematerials Inan0 nearkarblfeatures, The nearest
recent faultingattribulable to tectonicactivityis along the w_ ,rn marginof the GuaclahJpsMounta=ns.

CastileBrineReservoirs

Artesian brine reservoirs r_mvebeen encounteredin t,_eCastile, They are hlgh-pressure, low-volume
reservoirswith no external c:' munication, They are associated with thickened sati sections anctsalt-
coreclanticlinesin the Castile. Atr_kened mattsection anti sall..coreclanticlinewas ¢lrilleclin WIPP 1'1
(see Appena= L) wltrmutencounteringflulcls, These reservoirsappear to occurunder structuralhighs ,n
the SalaOoFormation, No such structuralleatures are recognizablewithintt'_ limitsof the w'r)P facility
repositoryon any of the SaiaOohonzonscontoured, In tact, the facilityappears to be ina slightstructural
sacldle,
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si, Deform= nIn S= o Fom=n

. Thick salt is knownto deform paBtioIily Ind to behave as a viscous medium over extended periods of
time, This behavior Is promoted by high overburden pressures and irmrealed temperatures, Under
favorable conditions, even sllg_ tilting of the beds or literal diflerermes tn llthostatic pressure are
sufficientto inlt_e tong-termvMl¢oulflow of san, Plastladeformationand bucking associatedwtthsam
migrationor flowhal apparentlynot occurredInthe SaJadointhe geofog¢ pest to the extentthat lt has in
the lower levelsof the undertylngC.,utlie Formation, Thickened MI1 sections and lilt-cored anticlines
developedinthe Cutlle as a teleX)hsalo loading(e,g,, the DOE 2 _ W1PP 11I_nJ_), Locally, the
lower Salado thickens over str_rIi iowll created byCastile deformation,but _ the WIPP taciltty
area deformationO4thl=tdndhas noto(x:urr_,

SaMDissolution

No dissolutionof soluble rnatedaMlfrom the Ocfloan =action hie occurredlt the WiPP tactlltyproper,
Some post-deposNionaJdissolutioncdhalite hasaftecledthe Rustier inthe WlPP facilityarea, butthis is a
local phenomena and Mlrelativelyminorwith Ikoproxlrnately3 to 9 meters (10 to 30 tier) of thickness
reductiondue to dMlsoiution(l-k_tand Powers, 1988). This minoramountoi diMolution has notresulted
in differentialsublk:_nce inthe Me Ires. Acrou the Igte Ires. dllsokxtion has not affected the Salado.
WlthinNash Draw and nearttamergln=,however,dissolutionof Satado MI haz occurredand is currently
activeresultingin wtdemre_ c_41apse¢nx:lurN (_n, 1987; Holtlind Powers,1988),

StructureintheWIPP FIc_l_ Aral

Structurecontourmapson vsrlousurdtswtlhlnthe Saladoand RustlerForm=Ions showa clear eastward
tiltingof these unitsacrosl the WIPP facilityarea. with no structuralanomalies (Hell and Powers, 1988;
Powers el al., 1978). The top of Dewey Lake Redbeds iii the first horizon that dOel not reveal the
eastward gradient of the Delaware Basin, which affects =11lower horizons, The Dewey Lake surface
acrossthe area Mlundulatory,Ix_4Mblyreflectingo_g_nalunduMltionsinthe uncornlormableDeweyLake-
Santa Rosa contact, I_H)achso4the Dewey Lake Redbedsdisclosethat tlm west-trer¢llngs_pe of the
Dewey Lake surface Mlthe resullof the Late Tertiaryerosionassociatedwith the developmentof Nash
Draw (Brokaw el ld,, 1972),

Seismolo_

Seismic studieshave been conducted to I:)utidI bodyof informationfrom which to predictthe ground
motions to which the repository mly be suDjected in both the near lhd distant luture, Near-term
concerns relate to designrequirementsIgr lurface and undergroundstructureswhichhave been builtto
withstandlevels of groundmotiongreater than any expected during the operationalphase, Long-term
concerns pertain to the potential for relative motions (faulting) within the repository and the resulting
impacton the integrityof the salt beds and/cr shamseals. Inthisdiscussion,ali intensitiesare basedon
the modified Mercalli intensity I¢ile (Wood and Neuman, 1931), Most of the magnitudes were
determined by the New Mexico Instituteof Mining andTechnology,or are described in the Geological
CharacterizationReport(Powerset al., 1978) and in the FSAR (DOE, 1988a, Revised1990),

The earthquake recordin southern New Mexicodates backto 1923, but seismicinstrumentshave only
been in piace in the state since 1961, Sanfordand Toppozada (1974) exammed available recordsto
determinethe selsm¢ historyel the regionwithin290 kilometers(180 miles) of thefacility. The resultsof
that reviewfor the perto¢lbefore 1961 are givenin ApOendlxL, With the exceptionof the weak shockin
1926 at t..k:H:_,New Mexk;o,andthe Stlocksin 1936 and 1949 felt zt Cartsl_d, ali _ recordedbefore
1961 occurred to the west and southwestof the facilityand more than 160 kilometers(100 miles)away.
Since 1961, comprehensive instrumentcoverage has allowed the identificationof moderately strong
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earthquakes in the region, Shocksthat occurredwHhln290 kliometers (180 miles)of the facility since
. 1961 also are listed in Appendix L. The distribution of data may be biased by the fact that seismic

stationsare more numerousnorthand west of the flciflty and have been In operationfor linger periods,
Except for the activityIoutheast of the |ll_llty, rh4 diitrttxltion of epicenterssince 1961 differslittlefrom
the dilrtdl:xJtlinof shockl r_'_ordodbefore trMittime, There are two clusters of activity, one associated
withthe Rio Grande RItton :_1Texls-Chthultlul bonier and anotheresioclited withthe Central Basin
platform in Texas near the southeastam comer of New Mexico, This killer activity was not reported
before 1964,

The strongeste|rthau_e on recordwithin290 kilometers(180 miles) of the facilityoccurredat Valentine,
Texas, on August 16, 1931, Coffman and von Hike (1973) eltlrnate Its migNtude al; 6,4 (modified
Mercldll intensityof VIII), This earthcluike occurred209 kilometers (130 miles) Blxltttwestof the WIPP
facilityand its Intensityat the facilityIi estimated to have been V, believed to be the highest intensityfett
at the facility in tics centUW,

Any seismicactivityaround the facilllyis of gromInterest, FromApril 1974 to October 1978, 420 events
identified as local or regional earlhcluakes [within approximately 340 kilometers (,:"_0 miles)] were
recorded by I stat0on6.4 kilometenl(4 milel) from the centerof the facility, For 150 of tnose events, the
el:_::enlerswere k:ientlfiedandrnegnludes determ&led, Nine tentath/eICdcenterlocationswereK:lentified.
From January 1962 through September 1986, 448 events _ere Instrumentally recorctedwithin 290
kilimeters (180 miles) Ofthe reposltow, These leiimlc patternsrese_ thoseof pretnstrurnentaldata,
Three events (July 26, 1972: November 28, 1974; and January 19, 1978) have been recorded by
instrumentwithin _ kilometers (3S miles) of the WIPP facility, The event (magnitude 2,3) closestto the
repositoryoccurred on January 19, 1978, _o¢)roxlrnately16 kilometers(10 miles) northeastof the station
nearest the WIPP Me, II ck). not appear to have been related to any human activity. Seismic activity
increasessway fromthe WIPP facility,

/_ _stimetehas been made of the Ilrgest lelsm¢ motionspoMibie at the WIPP facilitywith anestimate
oi .netrprobability, staring with an Inllysis of the recurrence rates of earthquakes in nearby active
areas, The historicaldata havebeen luPcHementedwith field geologlcdata. Cornell's (1968) method
was used to esttmlte seismic risk II the facility (Powers et al., 1978) utilizing three source regions
suggested by Algermisslon lind Perkins (1976). The analysis also used Sanford's recurrence
relationships(S_nford et ld,, 1976, 1978; DOE, 198,8a,Revised 1990), The ciepthof e-',rthquakesin the
sile source zone was assumed to be five kilometers (three miles), The Cornell method expresses
seismic riskas the probabilityper year that a specificaccelerationwillbe reacr_d or exceeded, Specific
assumptions, input parameters, and assessment of risks are detailed in Appendix L, This analysis
indicates that the possibility of faulting at the facilityof a magnitude that could significantlyaflect the
,in;egrityof the repositoryii extremelylow.

4,3.5 ,Sumrna_of wtPP FacIHtyReasonGeok:x:lyandConclusions

The geologicstructureof the Los MadaRas area is relativelysirnoieand the rocks are, for the mostpart,
or' slightlydeformed. Nevertheless. the rockshive been tl;_ d, warped, eroded, and subrodecl(i,e.,
sL..lected to subsurllce Iolutlin), anO discrete structural teatures can Derecogniz.d, These include
structural features of regional extent related to Permian sedimentation lind Intratormational folds of
limited extenl related to "down-the-dip" movement of salt under the influence of gravity and weeghtof
overburOen.

On the basis of avalla_e geologicalinformation,the sail deposits of the Los Medanos area constitutea
suitablegeologic medium for use as a radioactivewaste repository. The deposits have thick seams of
rock sail at moderate del:Xhs,and have escaped almostcompletelythe effectsof ions periodsof erosion.
The deposits are struclurallydeformed only slightly and are located znan area with a tonghistory of
tecton0c stability. Tectonic faulting and warping of rocks in the vicinity seem to be restricted to



Pennsy)vanlanand alder strataand to hive Ixedated Pem'danevapodtedeposition;certain _nor taultlng
withinthe thlok Permian section appears to hive occurred contemporaneously with sedimentation,
Deformationrelated to salt ftow M1 occurred prlmldty in the Clltlle Formationbeneath the Salado
Formationand may havo modif_KIthe reglonli outerty gradient at the repositorylevel, Artesianbrine
reservoirsin the area are usoctmed with thickenedsalt sectionsand salt.oared antlol_nelin the Castile
Formation,but no Ig.m,hstructuralfelturel are reoogntziblewllhln the limitsof the WIPP faotlttyon anyof
the S_lado horlzonl oontoured, The lJ_e i_J:)elrl tO bl in I slight ltrUotural laddie, a condition
aonsiOeredfavorablefor sae lele_lon, O_laolutlcmo( bedded II11 tnthe Me area has been restrictedto
horizonswithinthe RustlerFormation°but there is no evidencethat the dll4mlutlonptoc_e.,edsignificant
structuralirregularitiesin th4 averting strltl,

4, GROUNDWATE.RHYDROLOGY
The WIPP facilityltel inthe NorthernDelaware be.gln,where the onlymajormc_umeloi potable ground
water is the Clpltan Limestone Aqulter, The Delaware basin ii bounded by this limestone reet of
Permian age, which III one of the eightnx_ unitsimportant Io the hydrologyof the WiPP facility, The
others are, inlscendjllg onder,the Dellnvate MountainGtoclp (ooIw_s4KIof the BrushyCanyon, Cherry
Canyon lind Belt Canyon Formations), the Castile Formation,the Sllldo Formltlon, the Culebra and
MagentaMembers of the Rustler Formmlon, the Dewey Lake RiKIbeds,andthe Triassic Datum Group
(Santa Rosa Sandstone and the Chlnle Foffnltlon)(Figure 4.6), Of these eight rockunits, the Castile
and Salado Formations are aellned al KlUlCludes;the rest contain water-Deartngunits of low yieldand
nOnl:>otabtewater,

Appendix L presents a detailed delcrlptlon of both local and regional groundwater hydrology, This
sectiondescribesthosetelturel 04mastinterestin demohstrattngthe repolilory's capabilitieswith regard
to permanentwaste Isolation,

4.4,1 BeltCanyonFormation

The formationsthat comprise the Delaware Mountain Group Ire the basin equivalents of the Capltan
Reef and form the floorbenealh the Delawareb411nevlporlte I(Kluenle, The Bell CanyonFormationis
the ul:)permostrockunitwithinthe groupand conlilll of al:_roxtmatety290 to 460 meters (950 to 1,500
feet) of Inte_edded sandstone, shales and siltstonel, and represents the first water-bearlng unit
underlyingthe WIPP facility,

The uppermost sandltone of the Bell Canyon Formation,known al the Ramsey Sandstone Member
(Figure4-5), exhibitsa l:mrnetyporositythal is InlergramJlarand rangn tram 20 to 28 percent, Thisunit's
permeability ranges from 14 to 90 millldar¢lel (Berg, 1979) and contains unsaturated brine under
sufficient"freshwater"head to reachthe overtylngRustler Formation, These sandstones, however, are
surroundedby very low permeabilitysiltstonesand shaley sittstones,and the formation tlseffis confined
I:)ythethickanhydrlles of the CastileFormationabove I1. Recent studies(Lappin, 1988) suggestthat the
Bell Canyonbelowthe WIPP faci.ly does notcontainany ma}orchannelsandstoneunils,

Water lound in the permeable UlX_r sandstonesoi the Bell Canyon is saline, with sodiumand chloride
as the predominant0anl. Totaldissolvedl_lldS in water samoled tram the upper part al the Bell Canyon
at the WIPP facilityrangedfrom180,000 to 270,000 milligramsper liter,

4.4,2 CastileFormation

The CastileFormationoverliesthe BellCanyon(Figure4-5) and oonststsof thickanhydrite bedswiththin
Interbeds oi halite. At the WiPP facility, the Castile averages 457 meters (1,500 feet) thick and
represents a major regionalgroundwater confining layer, Throughoutmost oi the Delaware Basin, the
Castile evaDorilesact as a barrier or confining layer tor water movingup tram the upper part oi the Bell
Canyon Formation.
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Littlehydraullcdata are availableforthe Creel!leFormation, In the halitezones, the presence of water Is
restricted because the halite does not reldity maintain primary porosity, solution ahnnnels, or open
fractures, The lame characte_tlos are inherenl in the anhydrite, with the exceptionthat fray:luresmay
remalnopenfor longerperloOstr_nninthe hale, Hydrmlono( nnhyddte,wJ'_hoccurs Inthe presenceof
slighltysalinewater,usuaNyB aoco_ by 1 64 pement expansionin volume,

Drill stem tests were conducted in the Castile Formation during Installationof several test hotel;, The
permeabilitles of the Ilnhydrles m',:tsalt Interbedswere negl@t:4eand in many_4uleewere too low to be
measured, However, a consewatlve estlrnate for a hydraulic conductivityof tilted eectlonswould be
3,5x10"q4 metersper second (Ix10 "8 feet per day) or less (Larr¢)erlandMercer, 1977),

Because the Castile Formation overlies the BellCanyon Formation, tt has been suggested thal any
potential movementof fluids upward fromthe Bell Canyonthroughthe Castile evzl:>orttescould create a
flow path for deep dissolution of the overlying Salado salts, leading to the development of dissolution
featuresreferredto IB "txlccta I_S" (Anderson,1978), Forthis flowpathto form,in extensivefracture
system would hive to develop throughthe anhydriteof the Castile, Detailed studies of the logs and
cores from drillingInthe vicinityof the WIPP facd_yhave failed to identifysuch I fracturesystem or any
other evidence that would indicate water has moved vertically through the evlporJle sequence, No
dissolutionfeaturehaz been identifiedto extendto the de,hs M_>CtatKI withthe CastileFormation.

Isolated I:Xx:_etsof brine and usoclated hydrogensulfidehave been discoveredIn the regionaroundthe
WIPP facJ_y duringpill oftexploration andmore recentsltecharacterization, These pressurizedbnnes
are present in li fractured anhydrite bed in the Castile Formation, The brine;_are associated with
anticline structuresand exist in isolated pockels, Geochemical studies have shown that the Castile
brines are chemically and ilotoplcalty distinct from fluldi_in formations underlying and overlying the
Caslile,supportingthe isolatednatureof tj'Mlformation,

4,4,3 Salado Formation

The Salado Formationlaps extensively over the back reef of the Capltan Limestone(Figure 4.3), acts
hydrologically as I confining bed, and doel rx,t contain any circulating ground water, The Salado
Formationconsistsof about610 meters (2,000 teat) oi bedded halitewith seams of anhydrite,clay, and
polyhalite, The WIPP facilityundergroundstructuresare located nearthe centerof this formation,

The porosityof the Salado halite bivery lowand interconnectedporesare virtuallynonexistent. The sail
does not readily maintain open fractures or solution channels because of the high plasticity of the
matenal at the depthl of interest. Al | relult, the hydraulic conductivity of the halite beds is extremely
low(generallylessthin 1 rnicrodarcy)(Mimer, 1983),

The average permeability of the waste repository horizon Ii less than 0,3 microdarcy, with a
correspondingtransmrsslvityof less than 6,5x10"11 square meters per second (6x10"5 square feet per
day) and a hydraulic conductivity of less than 2x10 "12 meters per second (6x10 "7 feet per day)
Inlerbedded learns of laterallycontinuous anhydrite,clay, and polyhalite shouk:lnot providesubstantial
conduits for fluids as thelr permeabtliliel are also quite tow. Field permeability tests have been
conduclea on a 30 meter (100 foot) thick Mt1 layer centered at the 690 meter (2,264 foot)depth at the
WIPP facility. This 0nlervalcontainednumerousclay seams and yielded permeabilitmsbetween 12 and
21 macroclarctes.

C_rculatingwaters do not exist in the Salado Formation, which acts as li major confining unit in the
Delaware Basin, Fluids within the SalaOooccur mainly as fluid Inclusionswithin halite crystals and as
Ilu=Obetween crystal Ix_undarsesin the mass,re salt formation, Mid'ration of brine is promoted by
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temperatureand pressure gradients,I,Johas those existingin the WiPP faotlltyreDosllory. The
permeabilityof theSliade Formillonii oftentootowto measure,butwt_eremelmura_e,is anaverage
ct0,3nv,_,

BraeS_maoein_ WIPPt=,o_ S_tvmtone

The Permianlilt hedl of theWIPP taollHyarecormk:lerodto be*dry"inthatinflowof brineisvirtually
nonexistent,Measurementsof t_rk'teencounteredinthe undergroundworkings,however,t_tc.,ite thai
art',aftamountsotbrinecananddc iogumulateinthe undergroundtnvlmnment,The I:xlnemigratesInto
the repositoryinresponsetopresiuregradientscreatedbytheexoivatlonof the ropoittory,Moisture
contentstudieswere initiatedin 19112itsloon Iii theunderground_ beganto be ex_lvlted, Brine
seepagesIri minlfestedbyMl o11)oresoences,mo_ areas,lindrsi,lidaocur_ inddllholes(Deal
andCise, 1987;Dealet at.,1987),

Measurementof the amountof moisturepresentinthe roc_ exposedintheexr,4r,_ns have been
made (Diii at ii., 1987) andshowcorrelationbetweenmolaturecontentandstratigraphy,The
investigationsconcentratedon determ4nlngthe "easilymoved"moistureavailable,and theretore,
measurementso! theamountot sol/tufa drivenoli iii S)5*C(203'F) weremade. The lossrangecJtram
0.03 to 2.53 pementbyweight, 81mplestramolay.rlohstriflgriphIc horizonswere moremoistthan
thosetramclearhalitehorizorm.Theaverageurnpte comalne¢lapproximately0.5 pementmoistureby
weight. Measurementswere_ madeoftheamountof mollturedm,,n offat 150"C(302"F).anclthe
resuilsindicatetl'_ only0 to20 perotntl:idltiomllmoistureWalldrivenoffat tt_ temperature,This is
probablyan indicationthatwaterwas beingdrivenoffcs ii resultof thedehydrationof clayminerals
present.

Very small volumes of brine have been observed to "weep"from surfacesin the WIPP facility
undergroundexcavations,Therno_tureread_ evRooratesintothealr c_rculatedtl'_oughthe workings
tor ventilation.AI ii mim.IN,theweepk)oatlonaare ty_lty markedbythinlilt cruststhatbui_dupover
perto_ ctmonthe.

Small amountl of brinehavebeen observedto accumulatetn drtllholesmade fromthe repository
excavations(DealandCue, 1967). ThedrilrtoktsaretyplcaJiy15 meters(50feet)or tem in lengthanc_
15centimeters(5,9Incttes)or ftu indiameter.Measuredo_Jrrences haveInliowrites thatrangetram
less thin the rite at whlghsuffice moisture is evaporated into the repoettoryatmosphere to
al_roxln_tety 0.5 Nlerperday (0.13 gallonperday), IrtdMdualoccurrencesvarygre|tty andsome
drtllholeeseparatedbytel41thena meterhive seepageratesthalcontrastdrameticllty,makingthe
discussionof *lvtrlges" (x "ty_l occurrences"diffCutt,orrn_teading.Thety_l rangeof aeepage
ratesmfrom0.01to0,2 Slierperclay(0,002to0.05saltonper_y) _ decreues withthrne,

Brinesampteshavebeenche_l!y Imllyzed, TheyarehighIonic-strength,saturated,magneskJm-rich
sc_Jm cl'_noe brinesthathive a ipe_k: gravityinexcessof 1.2griml percubiccentimeter,

The concernhas been raisedthatbrine mightpreventcompleteconsolidationof theWiPP facility
ol:>eningsbytiffingIx)re_e, relutllngina volumea_,,oximaletythesllal:)eof theexcavationsthatts
somewhatmore porousand permeablethanthe surrounding,undtstumedsalt, Sandia Nat,anal
Laboratorieshis modetedthe5rlneseepage(Nowaketal,, 1988) ind hascalculatedthattheexpecled
brineaccumulationinii dill:x)sllroomwallbe inthe rangeof 4 to43 cubicmeters(141to 1,518cubic
leer) in 100 years, The maximumexl:>ecltKIaccumulation,43 cubicmeters(1,518 cubicfeet), is 1,2
percentof theinillalroomvo_me,wn_ is wtlt'_ntherangeofthe amounto_ea¢_ movedbrinepresent
_ntt'msailthatwasremovedW n'_ng theroom,
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WIPP facilitydtspoul rooms,filledwithwasteandbackfllled,areexpectedto be vlrtuallycompletely
reconsolldateddue to hostrookcreep in aboul100 years,preventingfurthersP.,cumulat=onof brine,
Catcuiatlonsshowthaiwirer.absorbing,tailoredbaokftSlmsteflais(::anresdltyabsorbthe maximum
expectedbrinesccumulatior_inWIPP facdlttydiKx)satroomswhilemaintainingadequatemeahanlcal
strength,AIIt'_ modelingzed bdneob_Prv|tionl continuelit theWIPPfa¢dllty,tldoel notappearthat
tnasmallamountso( brinethatseepimotheexcavationsposeanytdgntioant,technicalpro_em tothe
sate disposalo_waste = the toclJlty,

T_ ZoneO(tr_luerceInt_ SalaOoFame!on

Theundergroundboundaryof the repositoryis definedas the subsurfaceprojectionat thesurface
boundaryand extends upwardto the top of the Satedo Formationand beneath t_ re.story the same
chstance,However,wllhlnthisboundaryisa "zoneof Infk_lnce,"theredialextimlof wNct_ismarkedby
a changein rookbehaviortram brittle to plastic, The creationof this zone ts a consequenceof
excavation,whichde-=reMes therockarmJndtheopening,rewltlnoinan ma thatistractur_, When
fracturingoo_nl, the permeabilityoftherockIt=rims, HthereII brinepresent,ltwillflowtowardthe
min_ surface04the repoMory, Measurements04theWiPPfe<dlltyroCkSi_ve shownanaveragebrine
contentofapOmxlrrBtely0,5percent(Dolt andCase,1987;Dolt et IlL, 1987),

Thereare twomecNmisrruoperatingw_ninthezone04Influencethatddvethebrlnetowardthefacility,
First,thereise pressuregradient,Thezoneof increasedpemteabitltycurrentlyextendsapproximately
14 meters(46 feet) intothe_ awayfromtheminedopenings(Cats andKetsall,1987), Beyondthe
influencedzone,thepressureIs ltthostati¢,tpproxirnatety15x10u palP.als,At the minedsurlace,the
pressureis atmospheric,The extremedifferenceinpressuresdrivesthebrlnefromthe highpressure
areatowardtheropo_ory,

The secondmechanismII thedegassingof the brine. Thebrinecontainssmallamountsofdissolved
nitrogengas, Gas_lut_ Inolalel as IXessuretncreasel,Whentt_ pressureon_e brineisrelieved
aroundtheo_rCng, thegasevolves,exl:mncm,andck_esthebrineoutof the Mit, muchas carbonation
carriessodaoutof |gtaes, AI longal the Ixlne isfiow_ngtowardthefactll(y,thereis no mechanismicr
movinghazarOouswameawaytramthellcll_,

Theregionoutlddethe zone04influencedoesnotexhlbtlIncreasedpermeability,Inthisarea, thesail
be_ves plastCallyandflows(creels) towardthe rectifyhorizonin responseto thedevlatorlcstress(i,e,,
stresswt_k:;htsnot equalinali dire¢tlons)II1e ratethalwillremove95 percentof thevoidspaceinthe
backfill,rooms,endwastewithinabout100 years(Lappln,1988). Atthatpoint,the stresswillbeginto
bulldup tnthedisturbedzone, thewaste, lindthebackfill,Oncethevoid spaceis mostlyremovedand
thisreloadinghaz begun,theWIPPfacilitysalt, Inthe presenceof a sm.aliamountof brine(0,5 to 3
percent),wallrecon|,olldateto #s Intrinsicpermeability(onthe orderof 10"_ Oarcles)withina veryshot1
tame,(Theexperimentaldatashows one-ynr recoruoli¢lationperto¢lat a pressureof lx106 pascal;t_e
lithostaticpressureat theWIPPtacky wallbeconsk:teral:)tyhigher.)Alterreconsolldatlonto95 percentoi
theoriginaldenslty,thepermeabl,tywallbeinthesuO-mlcrodamyrange,the pointatwhichsalttermsan
effectivebarrierto fluidflow(Hoioomband Shields,1987), Whenthe_tne hasstoppedflowingbecause
ofthelackof permeabilityandthesat _ roconsolldateditsel(,thewastewellbesealedinthe salt,

44,4 Rustler/SalacloContactResiduum

Atthecontactof the RustlerandSala0oFormationsis a layerof thiniybeddedclayand brecciatecl
gypsumcontainingbrine, This layerranges in tt_lcknessfrom 3 to 18 meters(10 to 60 feet) and
averages7 meters(24 feet),
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TransmjAslvitlee determined dudng tetttng_ofthis Mixerzt the WIPP faollttyrange from 3,2x10 "11 to
5,4x10"° =luare metem per second(3x10"=to 6x10"= Ktuzre feet per day), Ground water flow In this
layer is southwest Iorotls the region towardNash Drlr_, A zone of greater permeability is associated
withthe residuumin _ Drew,where flowii _ly throughfracturesandthe intergranularspacesof
the stay and gyp_m, in centrist, bdne underlyingthe WIPP f=tflty east of Nalh Draw occursin a zone

' of minutepermeabilityU:mg tlm conla¢_I:N_Nn tlm _la0o and tlmover_ RustierFormation,ar_ is
essentially bedding INane flow, Water in this unH,¢onlldered a Iodlum-chlor_0ebrine, contains the
large= conc@ntratio.sof total dissolved Iotldl inthe WIPP tacilltymea, r!ngingfrom 80,000 to 480,000
mllllgramsper liter,

4,4,5 CulebraDoloml_eMerrt_r of the R_ler F,orm_Ior_

The Cu!ebraDolomiterna,TCabris the firstcontinuouswater-bearing zone ld)ovathe Silado Formation
(waste repositoryhorizon) and ii the mosttransrn_llve hydroioglouM in the WIPP llmility area, The
Culebrarangesfrom 7,6 to g,1 meter= (25 to 30 fnr) inthlck_eu, At the WIPP ladlly, the Culebrais a
vuggy, flnely crystalline 0olomfle thal is weeent below the thick anhydrite of the Tamarisk Member
Waterinthe dolon'dteululity is prelent Infmcturn and ii confinedbyoverlyinggyp_m or anhydriteand
unaertylng_lay and anhydritebeds, HydrologicItudles ct the WIPP facility area indicate that there is
consiOerabisvariabilityingradia.tand flow dlrectkm irtthe CulIbrl Dolorntle(Figure4-8), The hydraulic
gradient in the immediate WIPP taoilNy¥I_ is Iplxoxlrrmtely 3,8 meters per kilometer (20 feet per
mile) whilethe gradient Iouth lind southwllt of the Me is auc. flatter,on the order of 1 to less than 0,2
meter per kilometer(5 to _ thin 1 teel per mile). Amou the area, there is a general Iouth-soutr_est
flow direction, T.e area south of the WIPP faclllly, with itl flatter gradient, has = somewhat more
southeaste_ flowdk'ection,

Hydraulicpropertiesof the Culebra DolomiteMember¢lete_ by testingvary considerab4yfrompiace
to place and lppear to be related to the size and numberof fractures andopenings, Transmtsslvtties

calcutapd for the _ulebr| In Nash Draw, | highly fractured area caused by dissolution, range lrom
1,9x10"° lo 1,3x10" IKluareme(etl per day (18 to 1,250 Iqulre feetper day).
Transrn!Mivttlescalculated from te_ holes at the WIPP facility range trom 7.5x10"8 to 6x10"5 square
meter=per secor_ (7x10"2to 74 equatefee(per day), Anaty_ of racer tests inthe Culebra Dolomiteat
the WIPP facflltyindicatesa fractureporody of 1,9xl 0"'_,

Use of water from the Culebra Dolomite is quite limited because of the variability of yields and the
marginal water quality, The dissolved iollds in these waters range in concentration from 3,200 to
420,000 milligrams per liter (Figure 4-9), The dissolved mineral constituents in the water from the
Culebra Dolomite consist I:x'Imarttyof _Jflate, chloride, calcium, magnesium, sodium, and potassium,
This water is classified as being |ltghlly saline to b_ny, The Cutebra water is not used at the WIPP
facility;however, 19 to 24 kilometers(12 to 15 miles) Iouth of the re.lily, the water quality is acceptable
forslockwatenng,

4,4,6 MagentaDolomiteMemberof the Ru_. r Formation

The Magenta Dotomile, found throughoutthe WIPP facilityarea, is a persistent and distinctive clastic
cartxmate bed w_tl thin layer=of anl'_y0rNe,The Magenta Js the uppermostwater.proc_cingzone inthe
RustierFormationand ranges inthicknessfrom 6 to 9 meter= (20 to 30 feet), Strattgraphlcally,itoccurs
between the thick anhydrite confiningbeds of the Tamarisk and Forty.Niner members, Water, when
present, usually occurs in the thin silt beds or silty Ootomite I_utalso has been found along bedclmg
planesand tnfractures.

The Ioolentiometric surface, based on freshwater equivalent heads, suggests some variability irt
permeaDtlttyacross the WIPP facility (Figure4.10), The gradient is estimated to be 3 to 4 meters per
kilometer(16 to 20 feet per mile)on the easternside and steepentngto about6 _r,.dorsper kilometer(32
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feet per mile) along tl'_ western M:_ near the boundary of Nash Drew, Water ¢k'alnlngto the west may
flowinto lowerunitsU_coughthe tractur_ IMoc_ed _ Na_ Draw ci_,o_K>n scaN#y,

Rechargeto the Magenta Dolorniielakes _ outsideof the area. The mostlikelyarea isto the northin
Bear Grass Draw and possibly in Clay'tonBasin (Figure 4-4), DiSchargeof water from the Magenta
Dolomite inNash Draw ultimatelytl to the bsecciate(:larea in the Rustier Formationnear Malaga Bend
arx:lthen possiblyintothe Pecos Rh_'.

The water inthe Magenta Dolon'Cleii classifiedas Milne to briny, AI ii chareclertstk::of other hyclrok)gJc
unitsin the Rustler Formation, the dissolved mineral constituents on the Magenta consist largely of
sulfates and chlorides of calcium, potassium, magnesium, and sodium, The water of the Magenta
Doiomlteisnot used anywl'wrein the WIPP IIK_ IreS,

4,4,7 Summary arld_n$

The SalacloFormationovedies a thickevloo_e_po_ (CastileFormation)which acts as an effective
confininglayer to 0eeper water.bearing Mndstones (Bell Canyon Formation) preventing their upward
movement, The Saiacio Formationitselfhas only In extremely smallamount of interstitial water which
cloesnot naturallyflow, The RustlerlSala¢loContact containswater saturated withhalite and coulc_not
clissotvehalitein the SI_:Io, The Cuiibrl and Magenta Dolomitesofthe RustierFormationare confined
water-beanngunits. Hyclraullctestshive not Indic,liedany detectab4eleakage betweenthe two water-
bearingunits or between the water-bearlngzones and the confiningunits, The head gradienl from the
Rustler/SalacloContact throughtl'_ Rustler II upwan:llo that if there were verticalgroundwater flow in
the Rustier,li wou_ be upward. Horizontalgroundwater fk_win the CulebraDoiorn_eis generally to the
southalong a Oecreas_nggtac_nt at a very sJowrme,

4.5 SURFACE WATER HYDROLOGY

Al:C_ndixL provides a detaileddiscussionof regionaland site-Sl:>eclficsurface water hydrology, These
cliscuss_onsinciucleprecipitationpat_ems,drainage patterns, evaporation,flooding, ar_ estimationsof
probab_ maximumflood(PMF')flow, The Iollowlngsectionssumn_rize thosediscussions,

4,5.1 Precipitation

The WIPP facilityis located in the ChlhuahuanDesertw#h an aridto semiaridclimate. The mean annual
precil_tatlonin the region is about 12 inches,andthe mean annualrunoffis0.2 to 0,5 centimeter (0,1 to
0.2 inch). The maximumrecorOe¢l24-hour precipilationat Carlsbadwas 13centimeters (5.12 inches)in
August1916, The 6-hour, 100-year prectC)llationevent tor the site is 9,1 cent_neters(3,6 inches) and is
mos/likely to occurOunngthe summer, Thernax_lum clailysnowfallat Carisbadwas 33 centimeters(13
_nches)in December1987,

4,5,2 Evaporation

The potentialevaporation in the vicinityof the WIPP facility is muchgreater than the average annual
prec_itatK)nof 30 centimeters(12 inches), More than 90 percentof the mean annualprecipitationat the
site is estimated to be lost by evapotranspiratlon, The annual shallow lake evaporation rate for
soulheas_emNew Mex¢o is estimatedat 2 meters (80 inches),

A nearly continuouscaliche horizonunderliesthe surficial soilat the WiPP facility at a ctepthof a tew
centimeters to over 4,5 meters (15 feet), This caliche horizon forms bythe precipitation of calcium
carbonateat the limitsof soil moisturepenetrationand formsan extremely imoerviousbarrier, Almostali
of lhe infiltrating water that reaches this horizon is retained above it ancl is typically lost by
evapotransp_ration,



4,5,3 FloodingandProbableMaximumFbod

Althougt'tlarge floods have occurredon tl'_ Pec,oi River, the WIPP facility is at an elevationover 150
meters (500 feet) above the river bed and over 122 meters (400 feet) above the floodplain, Probable
maximum flood calculations,discuslNKIIn AR:_ndlx L, predictn'alxlmum lido0 levels on the Pecos near
the WIPP facilityto be near thelevels of the modem f_aln,

4.5,4 RegionalDrainage

The WIPP facilitylies withinthe Los Medanos area in the drainage buln o4the Pecos River (Figure 4-
11), The Pecol ii about 23 kilometers(14 miles)west of the WIPP tlctllty at itsclosestpoint anOhas a
drainage area of about 49,000 t_luare kilometers (19,000 square miles), Flow in the Pecos River is
regulate0byseveral clamsused tor storage, irrigation,lhd powerpto0ucllon (Figure4.11).

At the WIPP facility no natural drainage teatures exist. A few small unnamed drainage channels
constitutealithe trf_JtariesjoIning the PlOdSRNer fromthe sul within 80 kilometers(50 miles) north or
south of the sits, Atx>ut6.5 kilometers (4 miles) west of the WIPP sits, there is a topographical
depression know as Nash Draw which ¢onlains an ephemeral 0raJnagesystem. This c,ames wafer only
during very wet yeas and joinsthe Pecos River about 1.6 Idiometers (1 mile) upstreamof Malaga, New
Mexico.

There are no major surface water bodies located within 16 kilometers (10 miles) of the WIPP facility,
Beyond 16 kilometers (10 miles),several water bodleslte to the north and south of the site. The largest
of these, Laguna Grande de la Sal, ideated south of thesite, is several square kilometersinarea and is a
catchmentbasinfor limitedsurtacedrainage and artesiansalinesprings.

Scattered throughout the area near the WIPP facility are livestockwatering impoundments known as
tanks. Thesetanksare essentially_rmed areasOeslgne¢lto cal:_ureand contain surfacewater runoff.

4,5.5 Site Drai.,nage

The drainage pa.ems at the WIPP facilityare such that normal surface runofffrom areas north, south,
anclwest of the surface facilities drains westward intoNash Draw without atiecting the site structures.
Surface runoffduringintense precipilation eventscould potentiallypass through the site from tt'te east,
t'mwever,stormwater runoff is ONerled away fromthe surfacefacilitiesby a systemof bermsand O_tches
(Figure 4-12). The WIPP facility drainage system is designed so that storm runoff clueto the probable
maximumprecipitationevenl wout0 notfloodthe WIPP facility,

4 5,6 Summaryand Conclusions

The WIPP facilityis in In area of lowprecipitationand high evaporation. Storm runoff is directed away
Irorn the surface facilities to further recluce the potential of water ponding. The WiPP lacility is
approximately 23 kilometers(14 mikes)from the PecosRiver. The general ground elevationof the WIPP
facility is over 150 meters (500 teel) above the riverbed and over 122 meters (400 feet) above the
floodplain and probable maximum flood, The WIPP lacility can be categorizecl as a "drysite" with nc
potential for floodingfromthe Pecos River. There are no outstandingsurface water drainages near line
JacilityanOthere are no malorsurfacewater bodies located within16 kilomelers (10 miles) of tt_efacil=ty.

4.6 SOILS

Regionally, soils in southeastern New Mexico developed from Ouater, _,ryand Permian parent mater=al.
The parent material from the Ouaternary system is represents: :_yalluvial deposits of major streams,
dune sand wneh isthe soiltype in the 0mmediatearea of the tac,lf_y,and other surlacedeposits. These
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aro mostlyk:)arnyandundy gn4dimontscontainingsomecoarsefragments, Parentmalarialfromthe
Po_ systemmmp_r,orlod byImo=one,doion_e,amdgyp,r_mI:)oOm_,

Therenrathree=oHsasoclatlonswilh_ elghlkltometers(fivemiles)of thefadiity, O( these,onlythe
Kermll.Borinoueoclatlono(x:ursIll thefaldlltyInConlrolZone=I |hd II, Gonerllly,a herOcallchelayer
occursat 2 lo 4 motors(7 lo 13 toot) boiowthe surtaco, The Borlnoseries,wl_l_h(:oversabout50
percentof thearea,oonslils oi deep°noncalc,aroous0yollow-rodto redsandysoils thatdevelopedIn
wlnd.workodmaterialof mixedor_in, These loll= occuras gentlysloplng(0 to 3 percentslopes),
undulatinglo hu_ areas and are themolt I_omlvo oithedeep,14lady_ intheEddyCounty
area, Bartnosellsare _ toaonllnuingwindandwaterorolJon.Hthevege_tJvecoverIs seriously
depletod,thewater-ermdonpotervt_ii ndlght,butthowind-eroe_npotentialisvaryhigh.Thesesaltsare
partSia_ _N.'.n,itlvetowind_ m_ anq)mgwtw_rmintdii lowamdwins Uradto _ =runge=.

TheKormltsorl=sIsm4dotlpofdeep,lightty,cok:)rod,noncalcaroou|,e_ly drlllnedkm. sands,
typ_.,allyyollowiiltt-re(llineMhd. Th4 lurllmeii unduiallngtobllowy(0to3 peroenlIk)pe)andconsists
prlrnartlyat illblltzed sanddunes. Kontdl_ are i_ighttyto metier=elyeroded.Permeabilityis very
hio_'_,andtheI:xXor=_l_ _ emadc.'_ii veryI'VghIndenudodmu.

Soils at the facilityhaveNon collectedand oharaclertzedduringthe preoperationalperiodbytwo
monitoringprograms,UleRIdiologicalBaselineProgrlm(RBP)and the EcologicalMonitoringProgram
(EMP). The purposeof the RBPprograml= to mmortzo back0roundradiationlevelsat thesiteto
es;a_i_ a normagalna_whichoperationalmonitoringroir_llsmayboconlpared,Analy1_.alresultsare
reponedin rhoAnnuadSiloMondlorlngRoportsIsrtheWmo isolationPilotPtant(Ro_ etal,,1986;Banz
et ai, 1987;andFlynn,168), inaccorOancowithDOErequirements.Radlont,0cl_deconcentrationsin
RBPsoilsamplesanalyzedto data loll withinoxpe_od rangesand do not indicateanyunexpected

env_nmer1= ac0v_. _

The EMPisdesignedtomeuure the Im1:)actsoi WIPPfacilityaclivitiesonthe surroundingoccsystem,
and hasfocusedp_artty onthed_oen_ oi uN fromsurfacestorageI_S andtheimpactofthatsanon

IxoceMandveoetatlon.Anlt_ rNtlliSarereportedinthe annuldEcologicalMonitoringProgram
Reports(Rolthet ii., 19_15,1906;Fl=4:tter,167, 1IRIS).EMP relults havebeenincorporatedintothe
AnnualS_loU_lloc_ Repo¢l=alertinginCY 1988.

Thereissomevariationin EMPsol perameton;throughoutthe yearaswlndbk:rwnparticulatestramthe
storage_ aswenalifromc='u_eclcaJk:heusedtopavetheNo are depositedonthesoil suriaceinthe
immedi=evk::mtty.To date,sludletindicatethaionlyllmileddispersaloi saltfromthesudacestorage
pilesIi occurring.Con_nlratloml ofwater,solubleior_ (sodium,chiorlde,potassium,msgnestum,and
calcium)in the surtscosell are seasonallyelevatedwithin200 meters (660 loot) of the salt piles;
however,summerrainsflushthesem Ims the_ wflaco.

4.7 BIOLOGICALC..OMMVNITYS.TRUCTUR_

In general,thebiotaof Los Modanosrepresentsa transitionbetweenthe northernChlhuahuanDesert
andthesouthernGromPlain=,Inel iiidominatedbyQuerc_ohavardli(Shlnneryoak),Artemlsiafllitolia
(Sandsago),PnD_l;)Is_ (Honeyme=quite),andperennialgrasses.Soilsaresandyandterm
stabilizedcopl:_Odunesinterspersedwith swales, Extensiverootsystemsoi the dominantspecies
prov_e=abilitytothe _ (_jnesell,

Vegetationinthe EMP monitoringplots is surveyedinthe springandloll to detect impactsof salt
transportandtheresultantchangestnsell chemistryon extantvascularplants. Thissubprogram
monitorsfoliarcovertorali species,0ensityoi annualspecies,speciesrichnessandthestructureoi_he
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vegetation community tn the plots, To date, the data Indicate thai the Impaots of WIPP facility
constructionand sail storage on the vegetation in the surroundingecosystem are minimal (Fischer,
1988),

Additionalparameters monitored for the EMP Includethe populations of breedingbirds°actlvl_y levels of
microbial Ix_pulations on plant Iltler, and populationsof small noctumat mammals, The result_ of the
breedingbird surveysthus Iu indP.Ate_ _ constn_lon of the WIPP lacllRy has affected the avifauna
in the area around the facility, although not In I way which can be judged detrimental or even
unexpected, Some koecleaare 10141dense inthe area of the facility,probat_y as | resullof lost habitat,
while others, apparently benefNlngfrom activitiesat the facility,have increased irl numbers, The 1987
data st_oweda greater almllarlty between the control and WIPP facUltytransect| than in any of the
previousyears, pouil:)ly indicatinga recoveryof the Iwffsuna nearthe ta(lily III the surfaceconstruction
ac_rvit,esdecrease andthebin:isare more acclimatedto the acllvIUesanddisturbances.

This area of Ioutheastem New Mexico hl unusualtnthat ttaul:_0o_sa large populationof rapiers (birds-
of-prey), particularlyHarris Hawks, which reproducemore suoceMtultyhere than in other Dartsof their
range, A DOE-supported_ wu initiatedinMarch 1965 to studythe populationdynamics,I:>ehav_or,
and strategies for management of rip(ors in the area aroundthe WIPP facility (Bednarz and Hayden,
1988), Threatened andendangeredll_S oonsuttationwiththe U,S, Fish and WildlifeService andthe
New Mexico Department of Game and Fish was pertormed in 1979 as part of the WIPP Final
Environmental Impact Statement (DOE, 1980) and was renewed in 1969. The conclusion of this
consultationis that no State or Federally listedthreatened or endangered species nor criticalhabitat is
pro_fctedto be _ed bytt_econstructionand operationof WIPP.

To date, microbialpopuiationsfluctuateto lame extenl with available moisture,but do not appear to be
impactedbythe effectsof any WIPP facility-relatedactivity, The overall effects of the WIPP facilityand
ttsconstructionon small nocturnalmammal populatlonsare difficultto .,;sessdue to large-scale natural
fluctuationsin these poouiations. ARhoughdifferencesinthe i_ed and controlmonitoringgridshave
been detected, none can yet be identified as being indicative of possible long-term environmental
degradation, Mammal speciescounted dudng EMP trapping sessionsincludethe Ord's kangaroo rat
(Di_x)domys o__.._,the Plains pocket mouse (Peroanathus flavescens), and the northerngrasshopper
mouse (Onychomys leucooas!e,r). Wilh such naturallydynamic populations, the effects of the WIPP
facilitymay not be immediatelydetectable inthe structureof themammal community,but may be inferred
bythe communay'sabilityto recoverfroma natural "crash,"

4.8 LONG-TERM ENVIRONMENTAL CHANGES

The potential impactsof WIPP fac_lttyconstructionactivities onthe surroundingecosystemare illustrated
in Figure 4-13, A disturbanceof con'wnun#ystructureover an area of 0,9 square kilometers {224 acres)
is considered to be the only long-term impactthat wallaffect the environmentinthe area (DOE, 1980),
Additionally, intrusionby humans will be prevented because access to mineralreserves willbe restrK::ted.
Other potential IrnDactsto the site couldresult from the potentialrelease scenariosdescribedin Section
5 In lieu of any such occurrences, however, there are expected to be no long-term releases of
radioactiveor hazardousmaterialsfromthe repositoryto the surroundingenvironments.
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APPSNDIX L

SiTE AND REGIONAL GEOLOGY AND HYDROLOGY

The Site and Regional Geology and Hydrologydmtaprovide an extensive summary of the geology,
stratigraphy,struoture,and geomorphologyof the area inand around the WIPP facility, The geologic
history of the region and the site area provides a reasonable basis for predlotlng future geologic
influencesuponreposltotyperf--,
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+ 1J) REGIONALANDSITEGEOLOO¥

The regionsurroundingthe WiPP site has been understudy tor manyyears, BeforeWIPP was
proposed,the regionwas studiedintensivelybytheU,S,GeologicalSurveybecauseofItspotashandoll
andgas resoumes.IntheWIPPcontext,twoexploratoryholesweredrillednortheastofthepresentsite
in 1974,and intensivegeologicstudiesstartedtn 1975, The resultsof thesestudiesare givenin
numerousreportscitedlaterinthischapter,

The geologicstudiesat andaroundthe WIPP site have beenaimedat collectingdetailedgeologic
Informationforuse inevaluatingthesite's suitabilItyes a radioactivewasterepository,This section
summarizesthelargeamountofgeologtoinformationcurrentlyavailable,Amajorsourceof Information
ts the WIPP GeologicalCharacterlzatlonReport(Powerset al,, 1978),whichshouldbe consultedlcr
moredetaileddiscussionand forreterenaesto primarysources, The WIPPSafetyAnalystsReport
(DOE,1988,Revised1990)is anotherimportantsourceof site-specifictnforn_tlon,

Characterizingthesite'sgeologybeganwithsurveysof literatureandexistingdataandhascontinued
withthecollectionof newdata. On-goingstudiesemploymanystandardpetroleumandmineralIndustry
techniques,Specialemphasishasbeenplacedoncorrelatingdataobtainedbygeophyslcaltechniques
andboreholedrilling,Thegeophysicaltechnk:luesmostwidelyusedhavebeenseismicretlecltonand
resistivity,ByJune1980,newselsmlorefle_londataforabout152 line-mileshadbeenobtained,and
morethan9,000 resistivitymeasurementshadbeenmadeandanalyzed,Twenty-oneboreholeshad
beendrilledto evaluatepotashresources.Sixteenboreholeshadbeenddlledprimarilyforstratlgraphlc
informationonor nearthesite andto studysaltdissolution,Threeof theseholes,locatedoutsidethe
site'sboundaries,acquiredgeoiog_dataonthedeeperstrata, Eighteenlocationsweredrilledfor the
purposeof collectinghydrologicdata, andnumerousadditionaldrillholeshavebeencompletedas
monitorwells.

GeotoglostudiescontinueInorderto permita betterquantificationof theratesof geologicprocessesIn
andnearthesiteandto developa morethoroughunderstandingofthegeologicphenomenaof Interest,

• Moredetaileddescriptionsof thegeologic,hydrologic,andgeophysicalmethodsof investigationare
givenin_heGeologicalCharacterizationRelx)rt(Powerset al,, 1978)and otherdocumentsreferencedIn
thisreport.

ThebasementrockintheWIPP Site regionconsistsof Pre(_ambrianmetasedimentaryandigneous
strata.Thisbasementisovedalnbya lateCambrianthroughCenozoicsedimentarysequenceconsi=tlng
primarilyof carbonatesandevaporiteswitha smallquantityofredbedsandterrestrialelastics,The lower
andmld-Paleozok_sedimentsweredepositedon a slowlysubsidingcontinentalshelf. Theyconsist
predominantlyof carbonateswttl_minorsand, shale, and chert, The upperPaleozoic:sectionwas
depositedina rapidlydeveiop!ngbasinand shelfenvironment.TheDelawareBasin,inwhichtheWIPP
Siteis located,wasoneof thebasinstoformatthistime. Reefseventuallygrewaroundthemarginsof
theDelawareBasinand reacheda peakInthemidto latePermian.Theirgrowtheventuallyrestricted

• thewater circulationin the basinand ledto the accumulationof a thicksectionof upperPermian
evaporites.TheMesozoicandCenozoicsectionsconsistofre<Jt)edsand scatteredpatchesof limestone,
sandstone,andconglomerate,aliof whichareoverlainbycalicheandwindblownsand,Thesemeager
depositsare theresultof thepedodk:and long-termemergentconditionswhichexistedinthisarea
throughouttheMesozoicandCenozok:Eras,

Structurally,theWIPP siteis situatedatthesouthwesternextentof thecentralstableregionof North
America(Figure1), lt lieswithinafaldyundeformedarea,northandwestof theOuachttaTectonicBelt
inTexas andMexico,whichis characterizedbybroadarches,basins,platforms,andshelves. The
immediatestructuralsettingof thesiteisthenorthernDelawareBasin(Figure2), Structuraldevelopment
of this basinbegan in the Pennsylvanianand ceased in the late Permianwhen it was fitled with
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evaporitesandcoveredby youngersediments,Strmethattime, ii has undergoneonlybroadregional
ttltlng, The geology,stratigraphy,etruoture,and local geomorphologyof the WIPP Site area are
discussedIndetailInthefollowingsections,

1,1 GEOMORPHOLOGY,

The._erralnof muohof southeasternNewMexicots characterizedbya gentlesouthwesterlyslopeand
hummockysurfacemarkedbykaratfeatures,aalk:he,and sanddunes, Themajorpermanentdrainage
oi theareaisthePacesRiver,legated14 mileseastofthesite,

1,1.1 R_tonal PhvsloaraDIwandGeomomho!oov

TheWIPP Site Is Inthe PacesValleysectionof the southernGreatPlainsphystographloprovtnoe,a
broadhighlandbelt slopinggentlyeastwardfromthe Reeky Mountainsandthe Basinand Range
provinceto theCentralLowlandsprovince(Figure1). ThePacesValleysectionitselfisdominatedbythe
PacesRiverValley,a longnorth-southtrough5 to 30 mileswideand as muchas 1,000 feetdeepinthe
north. Thevalleyhas anunevenrook.and alluvlum-coveredfloorwithwidespreadsolutlon-subsldenoe
features,theresultof dissolutionintheunderlyingUpperPermianrocks.Theterrainredes fromplains
and lowlandstorugged(:anyonlande,in(:ludingsuGherosionalfeaturesas scarps,cuestas,terraces,and
mesas. Thesurfaceslopesgentlyeastward,reflectingthedipoftheunderlyingrockstrata. Elevations
rangefrommorethan6,000feetInthenorthwestto about2,000feetinthesouth(Powerset al,,1978).

The PacesValleysectionisborderedontheeastbytheLlanoEstacado,a virtuallyunerodedplain.The
LlanoEstacadots partof theHighPlainssectionof theGreatPlainsphysiographicprovirK:e,Fewand
minortopographlofeaturesarepresentintheHighPlainssection,formedwhenmorethan 500 feetof
Tertiary silts, gravels, and sands were laiddown in alluvialfans by streams drainingthe Reeky
_lountalns.Inmaw areas,thenearlyflatsurfaceiscementedbya hardreliohelayer.

_ To thewestof thePacesValleysectionare theSaoramentoand theGuadalupeMountains,partof the
SamarnentosectionoftheBasinandRangeprovirw,e. TheCapltanescarpmentalongthe southeastern
side of the GuadalupeMountainsmarkstheboundaryI_tween theBasinandRangeandtheGreat
Plainsprovinces.TheSacramentosectionhaslargebasinalareasand a aedesof interveningmountain
ranges.

The maingeomorphicfeatures bearingon the regionare the Peoos Riverdrainage system,the
Mesreleroplain,a karatterrain,andwind-erosion"blow-outs."The PacesRiversystemhasevolvedfrom
thesouth,cuttingheadwardthroughthe sedimentsOftheOgallalaFormationand becomingentrenched
sometimeafterthemiddlePleistocene.lt receivesalmostalithesudaceandsubsurfacedrainageofthe
region;mostofItstrbutadesare Intermmentbecauseofthesemiarid(:,mate. Moatof thegroundsurface
eastof the Paces RlverValleylles Inthe LlanoEstaoado,a poorlydrainedeastward-slopingsurface
coveredbygravels,wind-blownsand,andreUchethathas developedsinceearlyto middlePleistocene
time. The sudar,e locallyts representedbythe MeacaleroPlainandhas a karst terraincontaining
superficialsinkholes,dollnes, and solution-subsidencetroughs,from both surface erosionand
subsurfacedlssolutlon.The_e llesneara caliche-and sand-covereddrainagedivideseparatingtwo
majorandactivelydevelopingsolutlon-eroslonfeatures:NashDrawto thewestandSanSimonSwaleto
theeast(Figure2).

1.1.2 MeierGeomorphicFeaturesoftheWIPPSiteRegion

The geomorphlodevelopmentof the majorlandformswhichconstitutethe near-site settingare
discussedtnthissection, ThesefeaturesIncludethePecosRiverdrainagesystem,theMescaleroPlain
and assoolateddeposits (MeacaleroCaliche), karattopography,andblowouts, In general,these
geomorphi¢featuresarelocatedwithinthePacesValleyphysiographicsection.
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Pecos River DrainaaeSystem

The Pecos River, 20 miles west of the site, tsthe only major perennial stream in the Eddy and Lea
Countiesarea of southeasternNew Mexico. lt receives almostali of the surfacedrainage in thisregion
and a large part of the subsurface drainage. The Pecos River originates in the southern Rocky
Mountains of north-centralNew Mexico and flows south and southeastwardto join the Rio Grande in
west Texas (Kottlowskiet al., 1965). The dlmenFionsof thecontemporaryrivervalley are describedin
Section 1.1.1.

Accordingto King(1948), the PecosRiver apparentlyhad itsoriginto the south,inthe EdwardsPlateau,
as a shorttributary ofthe Rio Grande River. Asthe riverworkeditsway northward,erodingthe OgaUala
sediments in the process, it capturedthe westward-flowingstreams of the present upper Pecos River
Valley, thereby reversingtheir drainagedirection. This stream piracywas facilitatedby the underlying,
poorlyresistantPermianrocks(Thombury,1965).

Bachman (1973, 1974) has expressedthe opinion, inaccordance with Lee (1925) and Morgan (1942),
that thepresentcourseof the PecosRiverwasformed,at least inpart, throughthe coalescenceof trains
of solutionsinks(see Karst Topographybelowfor discussionof solutionsinkdevelopment). Bachman
cites as evidence for this theory many places along the course of the river in southeast New Mexico
where the river follows broad meanders, althoughthe floodplain as a whole is unusually n;_rrowor
nonexistent,as well as locationsadjacent to the Pecos where intermittenttributariesfollowsemicircular
collapse valleys. Bachman concludes that the river became entrenched in its present positionby a
combinationofthis solution-subsidence,headwardcutting,and piracy.

The age of entrenchment of the Pecos River is somewhatuncertain. Thombury (1965) has stated that
the age of the piracy which constituted part of the entrenchment process is rather definitely dated as
post-Plioceneand is assumedto have takenplace inthe early Pleistocene. Bachman(1974) has stated
that it is not possible to date the entrenchment of the ancestral Pecos River in southernNew Mexico
precisely. Bachman(1976) has observedthatthe Pecos entrencheditself near itspresentchannelalong
the toes of pedimentseast of the SacramentoMountainssometime after the middle Pleistocene,which
wouldplace the establishmento; the presentcourse at a later date. Since entrenchment,the riverhas
carved a valley in whicha vadety of subsidence featureshavedeveloped throughdissokJtionprocesses
whichare probablystillactiveinthe valley today.

Mescalem Plain

East of the Pecos River _oabout longitude 104"W _iesan extensive, gently sloping pediment surface
known as the Mescalero Plain (Thombury, 1965) which extends from the vicinity of Fort Sumner in
northern New Mexicoto southof the Mexico-Texas border (Bachrnan, 1974). The surface of the plain
rises eastward from about 150 feet abovethe Pecos River to as muchas 400 feet above the riverat the
base of the Llano Estacado (Bachrnan,1973; Kelley, 1971). The average elevations range from about
3,800 to 4,100 feet above sea level in northwesternLea County near Mescalero Ridge to about3,100
feet insoedheastemEddyCounty,southcdBigSinks(Bachman, 1973).

Although termed a "plain," the area includes many low mesas, bluffs and wide draws. Locally, the
. surface has been dissected by Intermittent streams, but in general, the area is PO_ ly drained and

contains numerousplaya pans and smallersinks(Brokawet al., 1972; Kelley, 1971). T;_asurface of the
plain is covered widely with gravelsand sands,omencemented _'ith the Mescalerocaliche. As muchas
five to ten feet, and locally more, of these materialsare exposed along the edges of the long irregular
mesas cdthe area (Kelley, 1971).
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The Mescalero Plainprobablyformedduringa periodof tectonicstabilityafter depositionof the Gatuna
Formation inthe Early to MiddlePleistoceneand has been modifiedbothduringarid _I_r its formationby
solution-subsidencefeatures,discussedbelow (Bachman,1976). The widelydistriL,ute_!gravel deposits
have probably been derived from erosionof the Ogallala Formationin the Llano Estacado, to tl'e east
(Kelley, 1971). The development arid distributionof caliche and sand dune deposits, both of which
overlie extensive portionsof the pre-calicheMescalero Plain surface inthe southeast New Mexico, are
discussedseparatelyinthe followingparagraphs.

Mescalem Callche

The deposits of the Mescalero Plain are generally covered bythe calcareous, cementedremnant of an
extensive soil profile knownas the Mssoalero caliche. The caliche forms a resistantcaprock which
averages three to five feet thick and is generally less than ten feet thick, lt is locally absent over the
solutiondepressions of the plain, and in areas of co!lapsemay be nearly vertical. Caliche may also be
locallyabsent due to erosion or noncleposition,lt consistsof a basal earthyto firm, nodularcalcareous
deposit and an upper well-cemented laminar caprock (Bachman, 1976). In places, the caliche has
weathered to a ledge that overhangs less resistantdeposits. Because of the generallyuniform covering
by the erosion-resistant caliche, it is probable that irregular surfaces, such as missingsections and
vencally oriented blocksof caliche, resultfrom subsurfacesolutioningand subsidenceof the underlying
sediments, primarilyafterthe calichecaprockformed.

Althoughthe genesis of the Mescalero caliche is urCertain, lt isthoughtto be a processdependentupon
climaticconditions involvingcertain rangesof bothtemperatureand rainfallinwhichcarbonatemovement
is producedwithinthe soilprofile,resulting in the reworkingand cementing of the soilconstituentsinto a
cohesive, calcareous mass. This caliche formed dud_lga period of staL_'e,semiarid climaticconditions
which have been tentatively correlated withthe Yarmouthianinterglacialstage of the middle Pleistocene
(Bachman, 1974, 1976).

EolianSand

Eoliansand covers muchof the Idescalero Plainin southeasternNew Mexicoarid is knownlocallyas the
Mescalero sand (Vine, 1963). This sand generally forms two distinct types of deposits: sheetlike
stretchesof surficlalsand which vary inthicknessfrom about 5 to 15 feet (Bachman, 1973; Vine, 1963),
anddunes having a maximumthicknessof about60 feet (Henddcksonand Jones,1952).

The eolian sand deposits of the Mescalero Plainhave prcoal_y been derived from a widespreadsource
of fine-grained sediments. Bachman(1974) suggeststhat most of this sand originatedfrom the Ogallala
Formation, although localsources, such as blowouts, have also been a source of some dune materials.
There is little svidence to indicatethat much sand has been derived from the Pecos River (Bachman,
1973, 1974, 1976).

Exceptwhere the sand is stabilizedby vegetation, it is continuallyblown about to fc_rmtransverse dune
ridgesand barchandune areas separated bybroadbarrenflats. The orientationof the dune ridgesis not
uniform throughout the area, withthe long dimension of the ridgesapparently reflectingthe direction of
the strongestprevailingwinds atthe time of then formation(Vine, 1963).

At feast two periods of eolian sand emplacement have occurred since the formation oi the Mescalero
Plain in Pleistocene time and are evidenced in some places by two distinctlayers of sand. The lower
deposit consistsof a semiconsolidated,somewhat clayey sand, as much as 1.5 feet thick,ovedain by as
much as 20 to 25 feet of loose surficlal sand forming the contemporary sheet and dune formations
(Bachman, 1976).

W
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Blowouts

Some of the basins which are present in southeastern New Mexico have been formed by processes
otherthan the previouslydescribedmechanisms of dissolutionandcollapse. The mostconspicuousof
these basins in the area of the proposed WIPP site are Williams Sink, Laguna Gatuna, and Laguna
Plata,aliof whichare situatedapproximately15 milesto the northof the site.

These features, termed blowouts, have formed through the removal of loose sand deposits by wind
erosion. Duringthe rainy season, many of the blowoutsare partiallyfilled with water. Their floorsare
mantledwithclay and salinedeposits,and many are surroundedby eolian sand. Dune fieldscommonly
developalong the northeasternand eastern leewardmarginsof thesedepression5(Bachman,1974).

KarstTopoaraphy

The land surface in south6asternNew Mexico locally exhibitsa karst topography, characterized by
geomorphicfeatures such as sinkholes,lineardepressions[calledsolutton-subsldencetroughsbyOlive
(1957)], domes (includingoneknown"brecciapipe'), "ca,stiles,"andcollapsedoutllers(Anderson,1978).
Many of these features show up on LANDSAT imagery as ponds and other water-filled depressions
concentratedparticularlynear Roswelland also between the Pecos Riverand Mescalero Ridge. These
features have resultedfrom the dissolutionof saltsand other solublematerialswithinthe upperPermian
Ochoan Sedes, particularlyinthe Rustlerand the Upper SaladoFormations. The water requiredfor the
dissolutionprocesshas come intocontact withthe solublernatedalseitherby sudace exposure,following
erosional removal of the protectivemantle of younger sedimentssuch as the Ogallala Formationand
calicheor, at depth, bymeans of the downwardpercolationof localsudace water or bycontact bymeans
of fracture systems between the Ochoan rocks and underlying regional aquifers, which have been
exposed _lori._g0asin margins by the Cenozoic regional uplift, tilting and erosion. These solution
processe_ have been followed by collapse of the insoluble strata into the voids left behind by the
dissolution(Bachman, 1974).

O Developmentof karst f,_aturesmay have occurredin southeasternNew Mexico as early as Triassicor
Jurassic time, when the area was above sea level and probably undergoing extensive erosionwhich
exposed the soluble materials. Bachman (1976) surmisedthat some dissolutionof Pe_'miansaltsand

_- gypsum probably took piace in the western part of the Delaware Basin during Jurassic time, before
resubmergenceinthe Cretaceous. Extensive regionalerosionalso took place duringthe earlyTertiary,
preSt_f_';_ablywith accompanying renewed dissolutionactivity, althoughno sedimentary recordsof that
period are preserved today. The eadlest and most widespread basis for relative dating of solution-
collapse features in the area is the Mescalero caliche, of Middle Pleistocene time. If, as is generally
believed, the caliche was dedved from a soil profile, it could not have formed on the irregular and, in
places, very steep slopes of today. Additionally,the fracturing andslumping of the Mescalerocaliche
alongthe widely occurringdepressionsof the area indicatecollapseafter Mescalerotime. Some of the
major collapse features here, such as Nash Draw, Clayton Basin and Crow Flats, exhibit evidenceof
several intervals of dissoltJtlonand subsidence activity. For example, Crow Flats, a large feature 15
miles east of Artesia, contains evidence for at least three such episodes, ranging in time from after_

Triassic and before PleistoceneGatuna deposition,during or afterGatuna time and afterMescalerotime
(Bachman, 1976). Notwithstanding this evidence of long-term dissolutionhistory, Anderson (1978)
believes that many of the deep-seated dissolution features formed during the most recent and most
extensiveperiodof salt removalfollowingthe Cenozoic erosionand exposureof the evaporites. Muchof
this activity is suggestedto have occurredduring the past few millionyears; dissolutionhas apparently
progressedfromwest to eastandfrom southto northacrossthe Delaware Basin.

==
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Solution. SubsidenceFeatures

Several typesof solutionand subsidencefeatures have been observed in the vicinityof the WiPP site.
The followingdiscussdescribesthe featuresandtheircauses.

Sinkholes- Sinkholesform a categonj of featuresrepresentedby thinOrmissingsectionsof halite inthe
Castile Formationand often resultin sudiclaldepressions. Many of the sinkholespresentin the northern
DelawareBasinare developed as deep-seatedfeaturesoriginatinginthe CastileFormation. The - "'-,_:"
are oftenexpressedas thin or missingsectionsof the majorhalitebeds of the CastileFormation;.,nO,to a
lesser extent,of smaller saltbeds above these units,and resultingstructural_depressionof the overlying
stratigraphic units. At least 100 deep-seated sinks are estimated to exist presently inthe New Mexico
portionof the basin. Aroundthe marginof the basin, a numberof these deep-seated sinks appear tobe
associated with anticlinalstructuresin the salt; in the mid-basinarea, these sinks occur as both isolated
features and in association with salt anticlines (Anderson, 1978). In additionto these deep-seated
features, there are many sinks present in the area which are associated with active near-surface
dissolutlo,nsuchas those alongthe Pecos Riverand in Nash Draw (Anderson,1978).

Compoundsinkholes,resultingfromcoalescingcollapse sinks,are commonalong the Pecos Rivervalley
south of Roswr_ll. Many of these sinks have collapsed within historic time (Bachman, 1974). As
discussedabove, Bachman (1974) suggeststhat the course of the Pecos Riversouthward fromCarlsbad
to nearthe New Mexico-Texasborder lieswithina majorbelt of such collapsesinks. Bachmandescribes
similardevelopmentsalong the east side of the Pecos River southeastof Cadsbad,where a linear scarp
is believed to have formedas the result of a collapsestructurewhichis nowoccupiedby the river.

Dolines- Dolinesare very common featuresin southeasternNew Mexico, formingon limestonebedrock
and caliche surfaces, Dolinas are definedas relativelyshallowsolutionsinksthatdevelop on the surface
beneath the soil mantle without physically disturbing the underlying rocks or being undellain by
subsurfacesolutioncavities(Bax-,hman,1974).

Solution-SubsidenceTrouahs - Narrow, linear,generallynortheast-trendingdepressionsin southeastern
New Mexicothat vary in widthfrom a few hundredfeet to a mile and, in length,from one-half mile to ten
miles have been termed solution-subsidencetroughsby Olive (1957), who proposesthat these troughs
result from the subsidence of near-surface material which fills voids dtssolvedby water flowing in
undurv_und channels. Accordingto Thombury (1965), these troughsare particularlycommonwest of
the Peco_"River in areas underlainby the Castile Formationand extend eastward,parallelto the regional
dip, as a rssult of dissolutionalongeastward-trendingjoint systems thal parallelthe regionaldip. These
are distinguishedfromsinkholesmainlyby their largersize and linearshape.

Bachrnan and Johnson(1973) also describe linearfeatures occurringinareas generallyunderlainby the
Ogallala Formation, to the north and northeast of the site, and suggest that at least some of these
depressions may be the result of alternate leaching and wind deflation (Judson, 1950; Price, 1958).
These features appear on LANDSAT imagery as alternatinglinearstdpsof vegetation and white to gray =
soil,,trending northwest-southeast. They are most prominentnorth of the Cityof Hobbs and San Simon
Sink and at scatter6d locationson the Mescalero Plain. The leaching may have been produced by the
chemical action of plant growth on the caliche surface between longitudinal sand dunes where small
amounts of groundwater were able to collect duringperiodsof eolianquiescence;later periodsof eolian
activity removed these leached sediments from between the dunes. The swales left behind by this
leaching activity mark the location of former longitudinaldune fields which have been displaced or
removedby continued eolianactivity. The effectof these linearfeatures has been to providedepressions
in wl-,ichsurface runoff collects and serves as sources of gruund water recharge. Solutioning and
erosion along these lineaments may also have opened conduits to the subsudace and contributedto a
more rapiddissolutionof the undertytngsolublerocks(Bachmanand Johnson,1973).
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Breccia Pipesa._ Domes- Variousdomal structures,havingdiameters fromseveral hundred to several
thousandfeet, occurInso_JtheastemNew Mexico,particularlyalongandeast of the PecosRiver,and are
associatedwithareas of relativelyrecentsurfacesalt dissolution(Anderson, 1976). Althoughthey have
been termed "breccia pipes,"these features have no relationshipwhatsoeverto volcanicactivity. Many
of the domes have been breached by erosion to reveal brecclated cores of stratigraphicallydisplaced
Gatuna, Rustler, and Triassic beds. These features are also characterized by doming-related
deformationof rocksas youngas the Mescalerocaliche (Vine, 1960).

Anderson(1978) hypothesizedthat brecciapipesoriginatefromthe dissolutionof saltat depthbywaters
circulatingalong intersectingjoint sets in adjacent brittlerocks. Subsequent collapseof tnsolublesinto
the cavity forms a rubble breccia chimney, which sometimes penetrates to the ground sul_lace. The
depth to whichbrecciapipes may extendis notknown. The onlyknownbrecciapipe inthe vicinityof the
WIPP site is knownto reachas deep as the McNutt member of the Salacio Formation,as evidencedby
underground exposure, in the Mississippi Chemical Company potash mine (Grtswald, 1977). This
breccia pipe is observedto be well-cemented byfine-grainedmaterial with no perceptibleopen space
and with no evidenceof removal of soluble material fromthe evaporites adjacent to the feature in the
mine. This particularfeature fsexpressedat the surfacebya domewitha colla_ed center. The doming
of this brecciatedcore took place at a latertime. Vine (1960) suggeststhree possible mechanismsfor
this later deformation: the erosion of the rocksurroundingthe core of the sink;the upward flowof salt
intothe sink; an increase in volume of rock as anhydriteis altered to gypsum in the brecclated core.
Anderson (1978) believes that the doming has been produced by regional near-surface dissolution
removingthe salt fromaround the pipes and producinga saggingof the beds aroundthe pipes. As a
result of the doming process, the rock strata surroundingthe dome at the surface generally dip away
fromthe breccia pipe core (Vine, 1960). Underground, inthe MississippiChemicalmine, bedsadjacent
to the breccia pipedip towardthe breccia pipeat about10-20".

The age of the brecciapipeformationin thisarea has notbeen determined. Mescalerocaliche, of Middle
Pleistocene age, tspresenton the flanksof breccia pipes and lyingat steeper anglesthanthoseat which
the callche probablyoriginallyformed. This may Indicate that the breccia pipes are youngerthan the
mld-Pleistocene, lt is also possible, however, that the breccia pipes predate the caltcheand that later
subsurface removal of salt by dissolutionproduc_:lgreater amounts of downdropaway from the more
resistantbrecciapipes, resultingin the slopesprese,4today.

Despitethe fact that knownbrecciapipesare ger,erallyexpressedtopographicallyas domes,it has been
surmisedthat others mayhave no surficialexp,assignand remainundetected. Geophysicaltechniques
have been used to explorefor pipes. Elect_al resistivitysurveyshave shownthat the breccia core of
the known pipe has a much IQwerresistivt',y than the surrounding undisturbed strata (Elliot, 1976).
Continuity of seismicreflections is lost whun similargeomorphicfeatures are crossed by survey lines
(Griswold,1977).

Collapsed Outllers and "Castiles". Outllersof the Rustler Formation, separatedfrom the main outcrop
area througherosional I:)mcesses,as describedby Anderson(1978), are circularto elongateor irregular
shaped featuresoonsisUngmostly of the CulebraDolomite memberof the RustlerFormation. They occur
where the salthas been completelydissolvedfrom the underlyingSalado Formationand the Culebrahas
collapsed Into theunderlyingstrata.

Limestonebuttes, calledcastiles,occurwest andsouthof the collapsedoutliers,primarilyinTexas, inthe
lower partof the Castile Formationoutcroparea. These features consistof biogeniccalcite which has
replaced the gypsum or anhydrite of the Castile Formation. Some exhibit collapse structures with
brecclated cores. These buries are similar in size and distributionto the collapsedoutliersbut do not
con=st of the CulebraDolomiteas describedabove (Anderson,1978).
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1.1.3 ProminentNear-.SiteFeatures

. Geornorphicfeatures which have formedin the area of the WIPP site as a resultof sinkholeformation
and relatedsolution-subsldencemechanismsincludeNash Draw and San Simon Swale (see Figure2 for
their location and topographic configurations). These features and their specific development are
discussedseparately below, /,r' '

Nash Draw ..'='' ' :"!.' "

Approxirnatelyfive milesnorthwestof the proposedWIPP site is a prominentgeomorphicfeature, known
as Nash Draw, which Vine (1960) describesas a sinuous depressionaboutfour miles wide and 18 miles
long(Figure 2). Its surface structuralexpressionIs similarto that of a breached ant_i_r_)plunginggently
northward,withthe older Rustler Formationexposed in ttacenterand the younger Dewey Lakereo'beds
and Santa Rosa Sandstone exposed along its flanks. However,well records tnthe area indicate that the '
bedrock underlyingthe draw exhibits a gentle monocllnal configuration. Accordingly, Nash Draw has
been identified as an undrained physiographic depression, which has probablydeveloped as a resultof
regional and differential dissolution of the anhydrite,gypsum, and halite beds of the Rustler and upper
Salado Forrnatlons(Vine, 1963).

Accordingto Vine (1963), dissolutionon top of the massivesalt in the Salado Formationhas produceda
rather uniform iowedng of the land surface In Nash Draw, but ttasurficlal structuralfeatures have been
produced and greatly modified by differential solution of the more soluble portions of the Rustler
Formation. While the bedrock in the northern part of Nash Draw Is generally covered by eolian sand,
caliche and alluvium, the central and southernportions of the draw contain exposures of Rustlerthat
have been highly deformed prtmadlyas a result of large.scalecollapsefollowing solution of the Rustler
and Salado Formations. This dissolution activity has also Woduced numerous individual, small-scale
'ocal sinkholesin Nash Draw, whichvary in configurationfrom circularfeaturesa few tens or hun('"_o nf
test across to Irregular or arcuats features up to more than a mile across. Many of the larger
depressions in the area of Nash Draw, Including the basin at its southwestern extent which contains a
Salt Lake, have probablyformedthroughthe coalescing of severalsmaller solutiondepressionsor sinks.
Some such places, where several depressions tend to align, may also indicate the location of
subterraneancavernouswatercourses(Vine, 1963).

The age of the eartleat solutionadivity that produced Nash Draw Is uncertain. II is thoughtthat some of
the deep-seated solutionin the Delaware Basin area had occurredbythe middle part of the Mesozoic,
but thal a substantialamount of this processhas taken piace sincethe Late Tertiary regional tiltingof this
area. Within Nash Draw, the formationof a large numberof the individualsolution features has resulted
in the deformation of rock units as young as the Pleistocene Mescalero caltche, which indicates that
Quaternary dissolutionof the Salado and Ruatl_ Formationsisof primaryImportance inthe geomorphlc
historyof Nash Draw. Assumingthatthisdisturbedcaltcheoriginallylay at an elevationcorrespondingto

that of the adjacent Mescalero Plain, then at leaat 100 to 150 feet of _1 wat%_,_n_and depression has
occurred in Nash Draw within relativelyrecent time (Vine, 1963). Bachman (llS_74)estimates that at one
place in Nash Draw, a surfaceloweringof approximately180 feet, almostwholly tl'm resultof solutioning
and subsidence, has occurredin the pasl 600,000 years.

San Simon Swale . _
.

San Simon Swale is one of a series of large deepdissolution depresalonefilledwith Cenozoic sediments,
lying above the inner margin of the CapitanReef (Figure2) along the eastern side of the Delaware Basin
(Anderson, 1978). Situated approximately 20 miles east of the proposed WIPP site, San Simon Swale
formsa southeasterly-trendingdepressionapproximately25 miles longand from two to six milesin width.
Much of the surface of the swale is presently covered by eolian sand, which masks the relief. Of
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particularinterest withinSan SimonSwale isa compoundcollapsefeature called San Simon Sink, which
occupiesan area abouttwo miles longand one milewide at thesoutheasternendof the swale (Bachman
andJohnson,1973).

San Simon Swale originated from a combinationof surface stream erosion and solution-subsidence
(BachmanandJohnson,1973). Duringthe Pleistocene,a major tributaryof the Pecos River isthoughtto
have flowedsoutheastward throughwhat is now San Simon Swale to join the Pecos River in western
Texas. The initial course of this tributarywas determined as it eroded headward through the caliche
caprock of the Ogallala Formation (Bachman and Johnson, 1973). The dissolution and subsequent
removalof underlyingsoluble beds resultedinthe formationof numerouscollapsed structures,some of
which coalesced to form, at least In part, the San Simon Swale (Bachman and Johnson, 1973), The
swale has been loweredat least 180 to 200 feet below itsoriginalsurface,inviewof lake depositsin the
sink encounteredduring preliminary WIPP site characterizationstudies (Clalborne and Geva, 1974).
Past drillingoperations reveal a thicknessof more than 600 feet of post-Ogallala sediments underlying
the presentfloorof the swale.

Located within San Simon Swale, the San Simon Sink formed as a secondary collapse structure,
probablyduring the Pleistocene. Numerousdng fracturesaroundthe sinkindicate that it has had a long
historyof successivecollapse events sinceits inHialformation(BachmanandJohnson,1973). The most
recent of these events is reported to have occurredin the 1930's (Nicholsonand Clebsch, 1961). lt is
therefore assumed that salt dissolution in the underlying formation is continuing here and that the
resultingbrineis being carried ina southeasterlydirectiontowardTexas (Bachmanand Johnson,1973).

On the basis of writtencommunicationfrom C. L. Jonesof the U.S. GeologicalSurvey, Bachman (1973)
reports that more than 500 feetof Cenozoicsediments have thusfar been deposited inSan SimonSink.
Nichoison andClebsch (1961) estimatesthat alluviumdepositionin the sinkoccursat a rate of aboutone
foot infive years. Preliminaryanalysisof a core (identifiedas WIPP 15) acquiredfrom San SimonSink
showsabout545 feet of fillon top of Tdassicsediments (Anderson,1978). Dates of the fillhave not yet
been obtained.

1.1.4 FutureGeomorphicDevelopmentsto the WIPP Site

This sectionbrieflydescribesthe degreeto whichthe majorsurfaceandsubsurfaceprocessesdiscussed
in the previoussectionhave affectedthe land surface in the vicinityof the site andconsidersthe extentto
whichthese activitiesmay be predictiveof futuregeornorphlcmodificationsinthisarea.

The resistantMescalero calichecovers mostof the land surface in thevicinityof the site andunderlies
the site itself. Where present,the caltcheprovidesan indicationthat no significanterosionof the surface
inthese areas hasoccurred sincethe formationof the calicheinmid.Pleistocenetime.

The major areas of relief whichhave developed since the mid-Pleistocenehave probably resulted,to a
largeextent, from subsurfacedissolutionand subsidence. The two majorfeaturesof significanceto the
site,originatingfrom these processes,are Nash Draw and San Simon Swale, described in the previous
section. In Nash Draw the surface hasbeen lowered at least 100 feet bydissolution,and locallyas much
as 180 feet, within approximately the past half million years. Bachman (1974) also cited one location
within the draw where the lowering of the ground surface appears to have exceeded the rate of salt
removal, indicating a surface erosion of about 400 feet in addition to sotutionactivities. San Simon
Swale, a productof surface erostol_as well as solution-subsidence,liesat its lowest point approximately
180 to 200 feet below the surrounding land surface (Claiborne and Gera 1974) and may have
undergonea total subsidenceof about750 ieet.
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Winderosionhasproducedotherdepressions(blowouts)inthearea,witha resultantbuild-upof material
in thesamevicinity. Thesefeaturesaregenerallyof onlyminordimensionsandare local in extent
(ClaiborneandGera,1974). Theyare located15milesnorthoftheWIPPsiteandsomecontainlakesas
discussedpreviously.

Theseobservationsshouldnotbeconsideredasconstantsforratesof erosionwhichwouldholdtnJefor
the future. However,theydo indicatethepatternof¢om,_Inutnggeomorphicdevelopmentof thearea.
VariationsIn climaticconditionsgive dsa to variationsin rates of denudationandalso in ratesof
subsudacedissolution.Thenatureof thegroundsudaceis alsoof n_ajorimportanceintermsof its
vulnerabilitytoerosionalprocesses.

Thesite is locatedwestof and neara drainagedivide(Figure2) betweenNashDrawandSan Simon
Swale, where it appears that very little dissolutionor surface erosionhas occurred since Early
Pleistocenetime,as evidencedby the relativelyundisturbednatureoftheMescalerocaliche,whichalso
servesas a protectivelayerfor theundedylngsolublerockunits. Contouringstudiesindicatethatthis
areahas servedas a drainagedivideat leastsincemid-Pleistocenetime(Bachman,1976). Although
minimalerosionoccurshereunderthepresentsemiaridclimaticconditions,undermorehumidconditions
whichmay developInthe future,anacceleratederosionof thecalicheis reasonable.Withincreased
rainfall,it isalsoexpectedthalNashDrawandSanSimonSwalewillbe exposedto moreerosivestress
becausemostoftherunoffwillprobabtyflowoutoftheimmediateareaalongthesedepressions,

To summarize,nosignificanterosionhasoccurredai theWIPPsite sincemid-Pleistocenetime. Mostof
thecurrent land surfacefeatureshave beencausedb_/pastdissolutionandsubsidenceduringthat
geoic tl, period.

i

1.2 RE'GIONALSTRATIGRAPHYAND LITHOLOGY

The stratigraphicsequenceof southeasternNewMexicoandwestTexasIsdominatedbythesedlments
ofthe latePaleozoicPermianBasin.A metasedlmentary-igneousPrecambrianbasementisove#alnbya
maximumof about20,000feet of Paleozoiccarbonates,evaporites,and clastlcswhichare, inturn,
mantledby relativelythin, primarilyterrestrialMesozoicand Cenozoicclastlcs,caliche,andeolian
deposits. Figure3 Is a geologicmap of the region. The major rockunitsunderlyingthe area are
discussedbelow,fromok:testto youngest.Figures4 and 5 arenorth-southandeast-westcrosssections,
respedively,demonstratingtherelativethicknessand reaationshlpsoftheseunits.

1.2.1 PrecarnbrianRocka

Precambrianoutcropecomposedof slltatone,shale,quartzsandstone(Intrudedbydlabasesills)(Kelley,
1971;Pray,1954;Bachman,1960),and gneissarepresentwestofthe DelawareBasin. Furthereastin
thebasin, thePrecambriandipsbeneaththe thicksedimentarysectionto depthsof up to 20,000feet
belowsea level, lt thenrises rapidlyon theCentralBasinPlatformto between4,000 and5,000 feet
belowsea level(Figure5). ..

SlightlyfoUatedand shearedgraniticrockunderliesmostof south-centralNewMexico,includingthe
vicinityof the siteandnearbypartsof Texas(Flawn,1954). Radiometricdatestor thesegranitesrange
frombetween1,250and1,400millionyearsin thenorthto 1,090millionyearsinthesouth.Diabaseand
slightlymetamorphosedclasticsarealsopresentinthenorthwestandsouthwestpartsof theDelaware
and Permian Basins. Rhyoliticmaterials predominantlyundeformed, overlie muchof the older
Precambrianof the region.These rhyolitesare intrudedbygabbrosand basaltsinTexas andinthe
vicinitynorthof the WiPPsite. [Muehlbergeret al. (1967)describethe regionalclassificationof these
terrains.]
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1,2.2 PaleozqRockm

The Paleozoic strattgraphtccolumn In this region Includes Cambrian, Ordovician, Silurian.Devonian,
Mississippian,Pennsylvanian,and Permian rocks, Paleozok;strata rocksconsistof several thousand
feet of lower throughmiddle Paleozoic carbonates and elastics overlain by up to about 18,000 feet of
upper Paleozoic elastics, carbonates, and evaporites, This area contains the most massive and
complete section of Permian evaporites in NorthAmerica. The formationnomenclatureandcorrelation
withinthis sectionfollowsthe 1983 AAPGcorrelationchartsedes,

1.2.3 Ca.mbrlanSvste.._.._m

The BlissSandstoneIs exposed onlyto the west of the DelawareBasinin the Sacramento,San Andres,
and FranklinMountains, lt consistsmainly of fine to coarse, well.sortedquartzsandstone. Thin bedsof
clastt¢do_mito formapproximatelyone-fourthof the beds, while slttstoneand shale occuronly in minor
quantities. Many bedsare ¢ross-la_nated and otherscontainburrowsapproximately0.1 to 0.2 InchesIn
diameter. Some layersof the formationweather to a dark reddish-brownbecause they containthe iron.
richmineralglauconite.

The sandsof the BlissFormationwere deposited In the beach or nearshore environmentsof the sea
which slowly transgressedover the Precambrian continental margin. The formation is therefore time
transgressive and ranges In age from late Cambrian (to the west of the Delaware Basin) to early
Ordovician(to the east). Under the WIPP Sitearea, the Blissis probablyof earlyOrdovicianage.

1.2.4 OrdovicianSystem

The Ordovician System is composed almost entirely of shallow water carbonates. These carbonates
compdse the El Paso Group (knownas the EllenbergerGroup in Texas), the SimpsonGroup, andthe
Montoya Group. The El PasoGroup(King,1948; Cloud andBarns, 1948) vades inthicknessfrom 400 to
1,600 feet and is composedpredominantlyof lightolivegray,finely crystallinedolomite. Dolomiticquartz
sandstoneand chert nodulesare presentinthe lowerportionsof the group.

A withdrawal of the sea tn the mid-Ordovician ended carbonatedepositionof the El Paso Group. The
subsequent transgression of the sea, a little later in the Ordovician, led to the deposition of the
carbonates, shales, and sands of the Simpson Group. Because there is no evidence of a nearshore
facies withinthese sediments,Galley (1958) suggeststhat the grouponce extended east of the Permian
Basin(possiblyinto Oklahomaand Kansas) and that subsequent erosion reduced its areal extentto the
PermianBasinregion.

The carbonatesof the upperOrdovicianMontoyaGroupwere depositedabovethe Simpson. This group
ranges in thickness from 280 to 440 feet in southwest New Mexico. lt is composed predominantlyof
dolomite and chertydolomite, except for a thin intervalof dolomitic quartz sandstoneor sandydolomite
near its base. The top 04theunit is markedbya distinctivezoneof cherty dolomite.

1.2.5 Silurian. [_nlan Systems

The Silurian, Devonian, and Mississippian strata of the Delaware Basin were deposited in the broad
subsidingre_lon of the Tobosa Basin (Figure 8). The Slludanof the Delaware Basinand Central Basin
Platform ts represented by the Fus_elrnanDolomite of middle and possible early Silurianage, and the
Wdsten Formation of upper Silurian age (Hays, 1975; Pray, 1958). The Silurian of the Carlsbad and
Northef,l Shelf regionsis represented by a carbonateunitknownas the "SilurianLimestone."

r
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Lowerto MiddleDevonianstratatnthe DelawareBasinandontheCentralBasinPlatformarecalledthe
Thirty-oneFormation(HillsandKottlowskt,1983), ThisunitIscomposedprimarilyof chert, siliceous
mlcrlte,andlight-coloredcalcarenlte,AlongtheSacr,lmentoMountainescarpmentto thewest,theupper
middle-Devonianunitis theOn_.ateFormation.Thisformationconsistsof darkgray,finelycrystalline
dolomitelnterbeddedwithsilt,sand,andshale.

The=,uawithdrewfromthe regioninthelateDevonianperiod,Thesubsequenttransgressiondeposited
a shaleknown in the Basin andon the Central BasinPlatformas the WoodlordShale and in the
SacramentoandFranklinMountainsas the PerchaShaleandCanutilloFormation(McGlasson,1968),
Thisunit,whichislessthan200 feetthickInthe DelawareBasin,consistsofblack,fissile,bituminous,
spa,re-bearing shale, lt contains interbedded chert layers tc the southand west and becomes
arenaceoustothenorth.

1.2.6 _MlsslssIpoianSystem

TheWooolordShale,IntheDelawareBasinandontl_ NorthernShelf,tsovedalnunconformablybythe
argillaceousgraylimestonesof theRancheriaFormation(Pray,1954),which IsturnIs overlainbythe
fine."_ralnedclastlcsoftheHelmsFormation.TheMlsslsslpplansystemon theCentralBasinPlatform
alsoincludesa lowercarbonateunit(theMississippianLimestone)andanupperclastlcunit(theBarnett
Shale)(HillsandK0ttlowskl,1983)intheWesternPaloDuroBasin. Tothe northeast,theMisslsslpplan
systemis composedentirelyo! carbonates(OsageLimestone,Meramec Limestone,andChester
Limestone).

1.2.7 PennsylvanianSystem

The stresses generatedbythecollisionof NorthandSouthAmericabeganto affectthewestTexas-New
MexicoregioninthePennsylvanian.TheCentralBasinPlatformandMatadorArchwereupliftedwhile
theDelawareandMidlandBasinsweredepressed.Thisrapidlydifferentiatingbasinandshelfstructural
configurationmakethecorrelationof Fennsylvanianrockunitsextremelydifficult.

ThenorthernDelawareBasinwas thesiteof clasticdepositioninthe eartyPennsylvanian(Morrowan
Epoch). These argillaceouscarbonates,sands, and shalescomprisethe MorrowGroup. Clastlc
depositioncontinuedintothe beginningof theAtokanEpoch;however,as this epochprogressed,
carbonatesbecamemoreabundant(Bachman,1975). Thetold-PennsylvanianDes MoinesSeriesis
composedpredominantlyof carbonates.Depositionduringthistimewas verymuchinfluencedbythe
developingbasinandshelfenvironments.The shelveswerethesitesof shallowcarbonatedeposition
whilethedeeperbasinsreceiveddarkbrown,fine-grainedchertycarbonates(Meyer,1966). These
baslnalsediments,knownas theStrewnGroup,arenotedforcontainingnumerousstratigraphicoiland
gastraps. The Misi;oudanrocksof earlylate-Pennsylvaniana0e, generallypresentonlyinthedeeper
portionsofthePermianBasin,consistof dasticsas wellascarbona'es.The uppermostPennsylvanian
section,the VkglllanSeries,differsfromtheearlierseriesin that reefsbegantogrowaroundthenorthern
marginof theDelawareBastn.Thereefs,whichwouldcontinuetogrowtntheWolfcampian(lowermost
PermianSeries),restrictedwatercirculationand initiatedthe precipitationof the evaporitesfoundinthe
VirgtllanSeries(Meyer,1966,1968).

1.2.8 Pertain Sy=__em

ThePermianSystemcontainsthemostsignlficantandthethickestgeologicunitsfoundintheWiPPSite
area. TheDelawareBasinbecamea distinctstructurebythe latePennsylvanianPeriodtoearlyPermian
Period,approximately280 millionyears ago. Approximately250 millionyears ago, the reef now
repr_;entedby the Capitan Limestonebegan to growaroundthe marginsof the developingbasin
(Figures2 and7), andthesandstones,shales,andcarbonatesnowmakingup theDelawareMountain
Group(DMG)were depositedwithinthe basin. Mostof theCapitanLimestoneisrelativelymassive,
Some portionsof the unitare hydroioglcallyacti_,eand supportlocalkarsthydrology,includingthe
formationof largecavitiessuchasCarlsbedCaverns.
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The DMG, which is limitedto the Basin, contains three major subdivisionsand is overlain by Permian
evaporite sedimentsincludingthe Castile Formation,Salado Formation,andthe Rustler Formation, The
evaporite sediment sequence Is ovedalnby the Dewey Lake Formation,which is the youngest Permian
formation existingin the WIPP Site area, Each of the Permiangeologlcunits present In the WIPP Site
area le discussedtn detail In the followingsections.

Del_are Moq.ntajn_Groua

The DelawareMountainGroup tspart of the GuadaluplanSeries depositedduringthe Permian age and
mainly is composedof ftne.gralnedclastiorockswith a few thinlimestoneand shale beds, The groupis
divided, in ascendingorder, intothe BrushyCanyon,Cherry Canyon, and Bell CanyonFormations, The
Delaware MountainGroup Isunderlainbythe BoneSpdng Formationof Leonardlanage, whichconsists
of baslnal slltstone, chert, and dark limestone. The Ochoan Series over,es the Delaware Mountain
Group and principallyconsistsof evaporites withIncreasingquantities of red mudstoneand slttstoneIn
the younger rocks. The following table lists the formations and their respective thickness from the
Richardson and Bass, No. 1 Regan H, Legg well (T. 22 S,, R, 30 E., sec, 27) and the Clayton W,
WillJarns,Jr,, BadgerUnit Federalwell (T. 22 S,, R. 31 E., ssc, 15) nearthe WIPP site (Figures7 and 8),

LEGG WELL BADGER UNIT WELL
Bell CanyonFormation 1,415 feet 961 feet
CherryCanyonFormation 1,050 feet 1,047 feet
BrushyCanyonFormation 1,605 feet 1,936 feet

Detailed descriptions of these formations can be found In publicationsby King (1948), Newell et al.,
(1953), Hayes (1964), and Sullivan(1979), The BellCanyon FormationIs the closestwater-bearingrock
unit underlying the WIPP facility. For this reason, the stratigraphyand hydrologiccha;'acterlstlcsof this
formatiorlaredescribedtn detailinthis report.

Boththe BrushyCanyonand CherryCanyonFormationsare composedmostlyof siltsto'0eor shales and
thin, fine-grained sandstone with a few thin limestone beds. Corglomerate and coarser-grained
sandstone are found only in the Brushy CanyonFormation(Harms, 1)74). These units JnterfJngerwith
their reef-faciesequivalents, the GoatSeepUmestorm andSan Andr_._Limestone(Figure7).

Fi__ - Stratlgraphiorelationshipsof the Bell CanyonFormationare of importancewhen
studyingtheh;drology of the Delaware MountainGroup (Watson, 1979). The Capitan Limestoneis the
reef facies equivalent to the Bell Canyonand lntedingers withthe Bell Canyon alongthe basin margin
(Figure 7). The uPl_r part o'.the Bell Canyon Formationwas studied using coresfrom three test holes
ddlled near the WIPP site: ERDA-10, AEC-7, and AEC.8. The stratigraphic subdivisions used in the
WIPP study are shown in Figure8 and are thoseinformalmembersdescribedbyGrauten (1965).

_nd Hays Sand=one M.embe_. The Hays sandstonemember is separatedfrom the overlyingOlds
sandstone(informalunits) inmost places bya shalybed (Grauten, 1965). The Ok:Isand Hayssandstone
membershave larnln_ed andclean sandstonesfacies, and they _x)thproducesome hydrocarbonsin the
Delaware Basin.

Ford Shale Member. The Ford shale member (informalunit)overliesthe OIdssandstone member inthe
Delaware Basin. II consists of two 2-foot-thick beds of black shale separated by & six-foot.thick
laminated siltstone,formingone of the mo= Importantmarker-beds used inexplorationfor hydrocarbons
inthe Bell CanyonFormation(Grauten, 1965).
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_R__'n_sevSa_stone Mqmber.TheRarnseysandstonemember(informalunit)overliestheFordmember
throughoutthestudyarea, As desorlbedbyGrauten(1965), the Ramseysandstonememberhastwo
mainfacies: a laminated,shat'_yslttstone,intedamlnatedwithblackshale;anda clean,veryfine-grained
sandstonewith orossbedsof laminated,Ilmy, shalysiltstoneor very fine-grainedsandstonewith
interlamlnaeof blackshale, ThisatratigraphtosequenceIs commonin manyof theunitstnthe lower
partsof theDelawareMountainGroup,AnImportantchara(_terlstlooftheRamsaySandstoneMemberis
that, in mostInstances,thecleansandstonesgradelaterallyintolaminatedsiltstonewith negligible
permeability,thusoreattngstratlgraphiotrapswherehydrocarbonsandotherfluidsmayaccumulate0The
Ramsaytsthemaino11-andgas-produdngunitoftheBellCanyonFormation.

Tr_aoMgmt_r- TheTrapmember(Informalunit)ovedlestheRamsaysandstonememberandconsistsof
an tntedaminatedshalyslttstoneandshalesequence,the laminaeof stltstoneandshalebeingvery thin
(Grauten,1965), This memberhas beenreferredto as theupperlaminatedRamsay(Watson,1979),
antiIsverythin,averagingonlyfivetotenfeetthick.

L_amar8ha!!eMember- The uppermostmemberof the Bell CanyonFormationis theLamer Shale
Member(Informalunit),commonlyreferredto as the"Lamerlime." lt is composedof a verydark,silty
shale;Insomeplacesbedsof hard,black,veryshatylimestonearepresent,Throughoutthe Delaware
Basin,thethicknessoftheLamerShaleMemberis25to30 feet.

_alu_otaq ReefCornplex

TheGuedalupianreefcomplex,specificallytheCapitanaquiferas definedbyHlss(1980),Isa Ilthosome
thatir_ludesthe CapitanandGoatSeepUmestonesandmo= or aliof theCadsbadfaciesof Meissner
(1972). ltalsoincludesshelf-margincarbonatebanksorstrat!graphtcreefsin theupperpartof theSan
AndreaLimestonewherethesecannotreadilybe distinguishedfromtheGoat Seep Limestoneand
Carlsbadfacies. Generally,theunitsdiscussedareof PermianGuadaluplanageandcomprisea reef
complexthatwasdepositedalongthemarginofCe DelawareBasinIna continuous,narrow,arcuatebelt
(Figure7).

Theunitsarecomposedmostlyoflimestones,dolomites,reefbrecclas(CapltanLimestone),andmassive
dolomitesandlimestones(GoatSeepLimestone).ThecomplexIncludesfaciestransitionscomposedof
shelf-edgedolomitesandthininterbeddedsandstones(Carlsbadfaciesof Meissner,1972),alongwith
chertanddolomite(SanAndreaLimestone).Terdgenouselasticsarenotablyabsentinthissequenceof
rocks(Meissner,1972). A moredetaileddescriptionof ltthologicrelationshipsin the"reefcomplex"
describedabovecanbe foundinHiss(1976),Meissner(1972), Molts(1968), Newelletal. (1953),and
SilverandTock.'_(1969).

Ochoan_Ser_s

TheOchoanrocksstudiedat theWIPPsite arecomposedof extensiveevapodtedepositsthaifilledthe
DelawareBasinandexlende¢lacrossthe Guadatuplanreefzone duringPermiantime. The Ochoan
SeriesIs represented,in ascendingorder, bytheCastile,Salado,and RustlerFormations,andthe
DeweyLakeRedbe¢is.TheOctx)anSeriesisentirelyof marineorigin,butit hastwodissimilarparts: a
thicklowersectionofevaporites,and a thinuppersectionof Redbeds(Joneset al., 1973). The lower
section,containingextensivedepositsof haliteand anhydrite,includestheCastile_Salado,andRustler
Formations,whereastheuppersectionIscomposedof theDeweyLakeRedbeds.TheDeweyLake is
composed entirelyof red sandstone,slltstone,andsomeshale. The sequenceprobablyforms a
protectivecoverthathasretardedthedissolutionandremovalofthesolublesaltsinthe lowerevaporite
units(Jones,1954). Amongthe lowerevaportteunits,theCastileandRustlerFormationscontainmore
anhydriteandcarbonatethantheSaladoFormation.IntheareaoftheWIPP site,theseanhydrileshave
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formedprotectivebordersthathaveretardedtheupwardordownwardmovementof meteork_waterInto
thesalt-richSaladoFormation,TheOohoanSeriesconformablyovedlestheGuadaluplanBellCanyon
Formationandunconformablyoverlainby the TdassioSant_RosaSandstone,

,, TheWIPPgeoteohnloalstudieshavegeneratedintenseInterestIntheOohoanSefles,notonlybecause
the haliteof the8aladoFormationis the Ioaationof theWIPPfacility,butalsobecausetheevaporites
couldbe barriersto fluidmigrationshouldthefaollltybe Ixeaohed,Discussionsof detailedstratigraphyof
thearea are foundin numerousdocuments(Vine,1963;Hayes,1964;Card, 1968;Jones,1954,197'3,
1978; Powers,Lambed, Shaffer,Hills,and Weart, 1978;and Baohman,1973, 1974, 1980, 1981);
therefore,stratlgraphlodiscussionsin thispaperwillbe limitedtothosedepositsthatmay affectthe
hydrotoglosYstemat theWIPPsite,

C_.g._leF_qorma_ton- TheCastileFormation,thebasalunit intheOohoanevaporttesequence,oonststs
prln_ipallyof anhydrite,calcite-bandedanhydrite,andhalitewithsomelimestoneandsandstone,As
originallydefinedby Richardson(1904), it Includedalitheevapofltesbetweenthe DelawareMountain
GroupandtheRustlerFormation;however,presentuseagefollowsthatofLong(1935),whodividedthe
CastileFormationof Richardsonintotwoformations:theanhydrite.richCastilebelow,andthehalite.rich
Saladoabove, Extensiveoutcropsof the CastileFormationarepresentin thewesternpartof the
DelawareBasin. Theformation,whereit is exposed,isdevoidof halite,andtheanhydriteprimarilyhas
beenalteredtogypsumbyweathering.

Thec.ontac=tbetweenthe CastileFormationandtheoverlyingSaladoFormationtsconformableand
gradatlonalbut,nonetheless,generallyIsdefinedas thehorizonatwhichthedominantanhydritebelow
changestohaliteabove(Jones,1973).

Salado_Formation- The SaladoFormationIs theprincipalsalt formationbeinginvestigatedat WIPP
because the facilityIs beingbuiltin a selected salt horizonof thisunit. The formationhas been
differentiatedfromtheCastilebyLong(1935)andconsistsprtr_lpallyof haliteinthickseamsInlerbedded

O withanhydrite,polyhalite,andglauberite, Theupperconta(_tof theSaladoisthedistinctconformablecontactbetweenhaliteandthegrayslitstoneand sandstoneof thelowerpartoftheRustlerFormation.
Partsof the SaladoFormation(MaNuttpotashzone)in eastern EddyandwesternLea Countiesare
minedforpotashminerals(Jones,1978).

Jones(1975) describesthreedivisionswithin theSaladoFormationnear theWIPP site: the lower
member(1,040 to 1,154 feet thi_), the MoNuttpotashzone (357 to 375 feet thiak), andthe upper
member(468to504 feetthick).The lowermemberconsistslargelyof clayeyhaliteinterbeddedwiththin
seamsof anhydriteandpolyhalite,aswellas somethin.beddedsiltstonesandsandstones,Thelithology
of theMcNuttpotashzone,williesimilarto thealayeyhaliteof thelowermember,includessylviteand
langbeinite,whicharebotheconomicallyimportantpotashsalts. The uppermemberiscomposedof
clayeyhaliteinterbeddedwithminoranhydriteandpolyhalite.A layerof residuumthatliesimmediately
on topof theSaladoFormationincertainareasis consideredto be residuefromevaporitedissolution
andisconsideredinthisreportto bepartofthelowerpartof theRustlerFormation,

ThroughouttheSaladoFormation,theprincipallithoiogtctypesare repeatedIna rhythmicdeposittonal
cyclethatconslstsinascendingorderof a clastio,a suffate,a halite,anda mixedhalite-clastt¢stratum
(Jones,1954). Jones(1973)Interpretstheserocksequencesto representa fundamentalsedimentation
unitor evaporitecyciothem.

RustlerFormatio.nn- TheRustlerFormation,namedby Richardson(1904), Is theyoungestunittnthe
Ochoanevapodtesequence.TheRustlerisa keymarkerbedofthe upperPermianinTexasandNew
Mexico. Hydrologically,thisunitis oneof themostextensivelyinvestigatedunitsat theWIPP site
becauseitcontainsthemostproductivewater.b_adngunitsinthestudyarea.
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Inthevicinityof theWIPP site,Vine(1963)hasdescribeda flve-folddivisionof theRustler(Figure9),
The divisionIno!udes: (1) at thebase, an unnamedunitof clayey siltstoneandveryfine-grained
sandstonewiththininterbedsof anhydriteandhaliteinits upperpart;(2) theCulebraDolomiteMember,
a unitofthin-bedded,solutlon-pttted,finelycrystallinedolomite;(3) theTamariskMember,anhydritewith
a singlethinkInterbedof unconsolidatedclayeysilt(residuumfroma thk::kseamcthaliteandassociated
polyhaliteandhalttlostitstone);(4) theMagentaDolomiteMember,a unitof thinlycross.laminated,fine-
graineddolomite;and(5) theForty-NinerMember,anhydritewitha singlethinInterbedofunconsolidated
clayeysilt(residuumfroma muchthickerseamof clayeyandsiltyhalite), The anhyddtebedsmaybe
partiallyalteredto gypsuminplaceswheredissolutionhasoccurred,Thedolomiteunitsarenotonly
hydrologicallyimportant,butared_Ir_tve markerbedsthroughouttheDelawareBasin(Adams,1944),

Theuppercontactof the RustlerFormationle representedbya dtstlnotlithologlochange,goingfrom
anhydriteto slltstone,sandstone,or shale, The discordanceandhiatusbetweenthe Rustlerand
ovedyingDeweyLakeRedbedsprobablyarenotverygreat,

DeweyLake Redbe_:Js- TheDeweyLakeRedbedsovertk)theRustlerFormationIntheWIPParea, This
sequer_ewasnamedbyPage andAdams(1940)fora sequenceof rockscomposedof stltstoneand
claystonewiththinlentk:ularbedsof sandstone.AsobservedInmanyof thecoresfromthetestholes
drilledat the WIPP site, almostali of the slltstoneand otay,tone are Intrudedby horizontaland
crisscrossingveinsof selenite. The DeweyLakeis thinbeddedand containsnumerousgreenish-gray
spots, Manyofthe _eddlngsudacescontainmudcracksanddpplemarks, The DeweyLakeRedbeds
rangeIn thicknessirom345 to 541 feetacrosstheWIPP site. Anerosionalunconformitymarksthe
contactbetweenthe DeweyLakeRedbedsandtheoverlyingSantaRosaSandstoneof LateTrtassio
age.

1.2.9 Ul:c)erTrlass_Rocks.

SantaRosaSandstone

TdasslorocksoftheWIPParea,partoftheD_ckumGroup,includetheSantaRosaSandstoneof Darien
(1922), TheSanta Rosais presentonlyintheeasternhalfof theWiPPsite(Figure10), havingbeen
removedby erosioninthewest. At theWIPPsite, theSantaRosasandstoneconsistsof medium-to
coarse-grained,mlcaceoussandstoneandcongt0meratewithinterbedsofsiltstoneand mudstone.

TheSantaRosaSandstoneInmostofthe area is truncatedbya nodulartolaminarlimestoneof middle
Pleistoceneage, informallycalledthe Mascalerooaik:hebyBachman(1974). Inthe areaeastof the
WIPPsite,theSantaRosamaybeoverlainbytheTdassk:Chink)Formationora Chink)equivalent.

Chin,leFormation

The Ul:)permostunitpresent Inthe Tdassk:DockumGroupis theChink)Formation,or anequivalent,
which, althoughnotpresentat the WIPP site,was penetratedin the H-10 test holedrilled4 miler
southeastof theWIPP site (Figure11). TheChlnleFormationat theH-10 testholewasdescribedas a
dominantlyshalymudstoneinterspersedwithgreenish-graymudstoneand lensesof sandstoneand
conglomerate.Anderson(1981) discussesthe preserce of as muchas 230 feet of TriassicChinle
FormationintestwellWIPP-15, locatedinSp_.lSimonSwaletenmileseastof the WiPPsite. According
to NloholsonandClebsch(1961), thereare manylithologk::similaritiesbetweenthe ChlnleandSanta
Rosa,whichtheybelievecannotbe separated. In fact, Baohman(1980) believesthat there is little
justificationto evenextendtheseformationnamesintosoutheasternNewMexicoandthatthesequence
should be simply referred to as Triassic or Dockum Group undivided. Although problems in
nomenclatureexistconcerningtheTdassicChinleFormation,thisreportretainsthe formationnamesand
usesthem,at leastinthevicinityoftheWIPPsite.
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1.2.10 TertiaryandQuaternaryRocks

TedlaryandQuaternarydepositsin thevicinityof theWIPP siteincludetheOgallalaFormationof
Mioceneage,theGatunaFormationofPleistoceneage,andsands,playsdeposits,caliche,andalluvium
of Holoceneage. These unitscoverthesudaceof nearlythewholeregionandlie unconformablyon
oUerrocks.

_Oaalla._Formation

TheOgellalaFormationof Mioceneageistheoldestrecordof Cenozoicdepositionalhistoryandclimate
preservedinsoutheasternNewMexico(Bachman,1980). AlthoughtheOgallalaiswellexposedseveral
milestotheeastalongMescaleroRidge,HatMesa,GrammeRidge,andtheDivide(Figure2), Bachman
(1980) indicatedthattheOgallalaFormationcouldnotbe recognizedwestof SanSimonSwaletowards
theWIPPsiteexceptfora fewthinoutllersneartheDivide.

InsoutheasternNewMexico,theOgallalaFormationgenerallyisdescribedas a well-sorted,windblown
sandwithminorpoorlysortedstreamdeposits;andcarbonatepansthatareusuallycappedbya rather
resistantlayerofweB-induratedcaliche. Bachman(1980)reportsthateventhoughtheuppersurfaceis
relativelysmooth,the irregularsurfaceonwhichitwasdepositedhasresultedin irregularthlcknesse_for
theOge,ata.

GatunaFormation

The GatuneFormationis theoldestknownQuaternaryf,_rmationinthestudyareaandprobablythe
thickestthoughtheInst extensive.TheGatunewasnern_dbyRobinsonand Lang(1938)andoccurs
as discontinuousbolson-typedepositsinchannelsand-dep:_aslons,possiblyrelatedto solutionwithin
the Salado and RustlerFormations. Bachman(1976) describesa referencesectionof the Gatuna
Formationinthevicinityof GatunaCanyonthatconsistsof sandstone,siltstone,andconglomerate,with
the conglomeratic beds containing pebbles of quartz and quartzite reworked from Triassic
conglomerates.

MescaleroCaliche

The MescalerocaUche,aninformalstratigraphicunitnamedforthe MescaleroPlain,occurseastofthe
PecosRiverandwestof the HighPlains(Bachman,1976). Thecaliche isa well-llthlfledalluvialdeposit
of chalky,finely.cr/stallinelimestone.Thecalichecapsthegeomorphicsudaceandlieswith angular
unconformityontheundedyingGatuneFormationandolderformations;its lowerpartcommonlyengulfs
largemassesofolderbedrock

AlluviumandOtherSurflclalDepo_
t

Thereare nothrough-flowingstreamsinthe immediateareaoftheWIPP site;therefore,thereare no
recentstreamdepositsof anymagnitude. Sudicialdeposits arecomposedmostlyof locallyderived
rnateflalsdepositedby sheetwash. Insomepartsof thearea,suchasNashDraw,thesur/iclaldeposits
Includegypsumandd31omitefragn_nl$derivedfromtheRustlerFormationas wellascalichefragments
fromtheMescaleroc_;iche. Therearesmallintermittentstreamsandcollapsefeaturesthat,although
theymaybedkcominuous,do containalluvialsandandsiltthatis locallyconglomeratic.

Hummockysudicialdepositsof duneand sandcoveralmostthe entireWIPP site. The sand,locally
knownas theMescalerosand(Vine, 1963),isfine-to medium-grained,withthegrainspredominantly
angularto subrounded.Althoughthe sandmayoccuras duneridges,mostof it is presenton the flats
andisgenerallystabilizedbymesquiteandothervegetation.
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Themostextensivedepositsoftrue idluvlumInthe vic_n#yofthe WIPP sitearepresentalongthewest
sideof the PacesRivernorthof MalagaBend. Isolatedpatchesof alluviumarepresentto thesouthof
MalagaBend,butthesearenotvon/extensive.

Alluviumeast ofthePacesRiveris localizedand presentIndepressions,as inClaytonBasinandNash
Draw. The thickestalluvialdeposits,however,were foundInSan SimonSwale 10 mileseastof the
WIPP site,wheredriftingat WIPP-l§ penetratedabout647fast offill(SandiaNationalLaboratoriesand
theUniversityof NewMexico,1981).

Maleyand Hufflngton(1953)andCooper(1962b)havedescribedseveralstructuralfeaturesinthestudy
area as thick accumulationsof alluviumthatfilldeep solutiondepressions.NicholsonandClebsch
(1961) describesimilarcollapsestructuresIn southernLeaCounty. These studiesshowthatalluvial
depositsunderliean areaof 150squaremileseastofthePacesRiverinEddyCounty,NewMexico,and
extendsouthwardintowesternTexas(Figure12). MideyandHulfington(1953) Indicatemorethan1,400
feet of fill at the centerof this area near the New Mexico-Texasstate line, butCooper's (1962b)
Investigationsshowthat,at leastInNew Mexico,the thicknessprobablydoes notexceed1,000feet.
Lithologicdescriptionsfromlogsof severalholesdrilledintothe fillIndicatethe materialsto be sands
separatedbysomewhatthickeranted)edsof lilt and clay.

Othersurfiolalmaterialintheareaof theWIPPsiteIncludesthe fillassociatedwithplayas. Thismaterial
genera_ consistsof alluviumand eoliansandsreworkedbylakewatersbutmayalsocontainreworked
gypsumas wellas precipitatedgypsumandchlorides,asle presentatLagunaGrandede la Sid. Some
playasmaycontainperenniallakes,suchas LagunaGrandede la Sid;othersmaybe drymostof the
year.

1.,2.11Conclusions

The stratigraphyand lithologyof theWIPPsiteandsurroundingareahavebeenextensivelystudied.The
physicalpropertiesof theseformationshavebeenmeasuredandpresentedin numerousreports.

1.3 REGIONALSTRUCTURALANDTECTONICSETTING

The singledominatingtectonicfeatureinthe regionaroundtheWIPP site is the DelawareBasin,the
locusof unusuallythickandrapidsedimentationIn late Paleozoic.Beneaththe site,forexample,about
16,000feetof Pennsylvanianand Permianclastios,Ilmeyclastlcs,andevaporitesaccumulated.The
basinwas marginalto an orogenicbelt locatedfarthersouthwest(the DiabloPlatform),whichwas
tectonicidlyactive inLatePennsylvanianandPermiantime. Thebasinevolvedbydownwarpof Pre-
Can/xtan basementterrainof theTexasforeland,a graniticcraton. Southof theNewMexicoborderIn
Texas,theDelawareBasininLa_eI_nlan timewastrough-likeandreceivedmuchof itssediment
from • borderingmobileorogenicbelt (Marathonsystem),In the mannerof a molaesetroughor
exogeosyncllne.In NewMexico,however,thenorthernpartofthe DelawareBasinreceivedsediment
fromintracratontchighslocatedbothto the west (Huapacheflexure)andto the east (CentralBasin
Platform). The Delaware Basin assumed more the characterof an intracratonicbasinin which
subsidencewas accon_lshedmainlybydownwarpingofthe cratonwithoutmajormarginalfaultingand
withoutsubsequentfoldingor compressivetectonicdeformation,althoughburied normalfaults of fiddy
laroedisplacementareknownal thenvlrginsoftheCentralBasinPlatform.TheCentralBasinPlatform,
locatedapproximatelyalongtheNewMexlco-Texasbordereastof thesite, maybe viewedasa medial,
archedhorst,nowdeeplyburiedby latersedimentarydepositswhichseparatedand partlyisolatedthe
DelawareBasinfrom ,s easterncounterpart,the MidlandBasin,duringLate Pennsylvanianand Eariy
Permiantime;laterin Permiantimethesebasinsconstitutedpartof thebroadPermianBasin(Bschman
and Johnson,1973).

qW
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In the Delaware Basin toward close of Permian time, as much as 4,000 feet of evaporite beds,
dominantlyrocksalt, accumulated, whichtime differentialsubsidenceceased and stablecratonic
conditionsreturnedto the area. Tdauic Redbedemantledthe region. In mid-to iate-Tertia_ time,
riftingandtensional faulting in the Basinand Range regionof New Mexico as far east asthe
Sacramento and Delaware anticlinalstructureswest of the Delaware Basin itself, The basin
was, however, tilted gently one or )re times between Late Triassicand Pliocene time, producinga
general net eastward tilt of about two rees. The Late Permian Ochoan rocksand the Triassic rocks
exposed in the basin today do not lect basin-wide warping; the major structural feature of these
deposits is merely the regional rd slope produced after Triassictime (Bachman and Johnson,
1973). The most significant a features of the region surroundingthe Delaware Basin are
discussedin detailinthe following

1.3.1 NorthwesternShell

Northand northwest of the Delaware Basin an area underlainbyshelf limestoneand Late Permianage
reefs and evaporites. This "northwestern (Figure 13) may have originatedin the early Paleozoic
(Orielet al., 1967) when lt formedthe of the early Tobosa Basin (Figure 6). The abundanceof
pre.Permianshelf gmestoneand reefs that lt definitelywas welldeveloped before the Permian.
Dudngthe late Permian, the Northwestern was a low-lying, lagoonaltidal flat area. Decreased
circulationin this back reefarea frequentlyled theprecipitationof gypsumandother evaporites.

Except for the Guadalupe Mountains, which ire located in the southwestern portion of the shelf,
deformation has been minor. Structural featu ts consist primarily of early Tertiary and older folds,
arches, flexures, and several linearshearsor mo features. Many of the fold systemslie parallel
to or near the reef front escarpment. Some of foldsreflect deep basement faulting,while others *
are superimposed over older flexures or are ht to result from sedimentary compaction (Foster,
1974). Many of the folds,particularlythose Inthe partof the shelf,were formedinthe early
to mid-Permian,possiblyas a result of the MarathonOrogeny. Rejuvenationof some of thesefeatures,
suchas the BoneSpring Flexure,occurredprior to the late Permian andinfluenced the emplacementof
the Guadalupian reefs. Some minor foldingand shearing to the north may have continuedduringthe
LamrnideOrogenyand intothe Tertiary.

An area of prominent fault-likestruclure(on the shelf) llesnorth of the Delaware Basin and consistsof a
zone of straight northeast trending shears: the Border Hills, Six-Mile Hill, and Y-O Buckles shownin
Figure 13. Movement along these shearsmay have been initiatedinthe Pennsylvanianperiodor earlier
(KeBey,1971; Brokaw et al., 1972). Anotherarea of faulting,which mayhave been active throughoutthe
Mississippianto early PemVan,underliesthe northem Guadalupe Mountains(Hayes, 1964). The most
recent faulting of the Northwestern Shelf was the last Tertiary to Quaternary faulting associatedwith
Basinand Range tecfontsm. Since thattimethe shellhas representeda broadarea of tectonicstability.

13.2 Pedemal UpliftandMMador Arch

Two ancient structuresto the north,the MatadorArchandthe Pedemal Uplift(Figure 13), influencedthe
deposltional and structuralhistory of the northern Delaware Basin. The Matador Arch (uplifted inthe
eadyPennsylvanian)was a narrowseat-westtrendingPaleozoic highlandwhich separated the Delaware
and Midland Basins fromthe basins in the Texas Panhandle (Figure13). it is approximately300 miles
long and underlain by Pre-Cambrian granites. The Pedemal Uplift, located north of the Sacramento
Mountains,was an ancienthighlandrepresentingthe southernportion of the AncestralRockyMountains.
lt was probably a broad uplift in some places and a fauit-beunded block in others. From the early
Pennsylvanianuntilthe Pe_ (Pray, 1961; Thompson,1942), ltwas connected to the DiabloPlatform.
Clastics from the uplift were deposited on the shelf and in the Delaware basin. The structural
developmentof the Pedernal ended withthe slightuplift and northwardtilting whichoccurredduringthe
lateJurasek:andearly Cretaceous.
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1.3.3 CentralBasin Platform

The Central Basin Platform is a brn_d feature which at one time formeda topographichigh separating
the Delaware and MidlandBasins. lt is approximately 200 miles long,and extendsina north-northwest
trend from southwestTexas to southeast New Mexico (Bachman, 1973). The platform has a complex
horstconfigurationformed by a numberof fault blockswith verticalseparationsof up to severalthousand
feet. In the struCturally high parts of the platform, centering around the Cities of Hobbs and Eunice
(Foster, 1974), the Pre-Cambrian surtace is from4,000 to 7,000 feet below sea level (Foster and Stipp,
1961), while the adjacent low, extending from Monument throughJal, stands at 6,500 to 11,S00 feet
below sea level. The Central Basin Platform is separated from the Delaware Basin on the west by a
complex fault system acrosswhich the maximum structuralrelief is remarkablyuniform at about 9,000
feet (Foster,1974).

The Central Basin Platformhad a more intensedeformatlonalhistorythan the adjacentbasinsor shelves
(Brokaw el al., 1972). Its tectonic development may have begun in the Pre-Cambrian and if appears to
have been a structural highdudng the ea_..Ordovlcian and the late Devonian. lt was generally stable
until the latest Mississippian or early Pennsylvanian. At that time the area was deformed into an
emergent north-northwest trending fold belt, with faults trending toward the northeast and northwest
(Hills, 1976). Submergence and depositionfollowed,however, duringthe late Pennsylvanianand early
Permian. Renewed upliftproduced large north-northwest trendingfaults. Bythe late Permian, erosion
had Significantlyreduced the elevation of the platform, and lt was once again submerged beneath a
shallowsea.

The Central Basin Platform appears to have been structural_, stable since the Permian. Hills (1976)
suggests that some minorearly Tertiary activity along the western margin of the p6atformmay have
helped to tilt the Delaware Basin eastward; however,no tectonic displacementhas been found In rocks
younger than the late Permian and no surliclal fault scarps have been observed (Sanford et al., 1978).
Recent low-magnitude seismic activity has been recorded within the Central Basin Platform, but it is lP'
posited to have nontectonicorigins(Santordet al., 1978).

1.3.4 DiabloPlatform

The Diablo Platformis a northwesttrending horsl,locatedto the southwestof the Delaware Basin(Figure
13). lt extendsfromthe GornudasMountains southeastwardlo the Ouachifa Tectonic Belt. The platform
has an average eleva_n of 3,660 feet and is boundedon the east, w_st, and south by grabens. At its
northeastern extent (itsclosesl approachto the site), the platformis bordered bythe Salt Basin and the

ovk).ntam etal.,1972).

The Olablo Platform underwent _ltsprimarydeformation, consisting of uplifl, folding, andfaulting, in the
early Permian (Stevens et II., 1967). Post-Permian faulting however has occurred along the
northeastern margin04the platform and late Cenozoic Basin anct Range activityhas produced regional
uplift as well as buckling and bkx:k faulting, primarilyalong noh,_westtrending faults (Stevens et al.,
1967). Contemporary arching o|'the Diablo Platform-Salt Basin area has been suggested by leveling
surveys and may represent some form of We-seismic deformation or intracrustal magmatic activity,
pos_ Indicative04co¢linuIng Basir,and Range tedonism in this area (Brownetal., 1978).

1.3.S Guadalul:_ Mountains

The GuaclalupeMountains(and _mtr southernextension, the OeL_vareMountains) trendnorthwestward
from the Diablo Platform, along the western portion of the Delaware Basin andonto the Northwestern
Shell (approximately110 miles). The southernmargin04the GuadalupeMountainsis coincidentwith the
Reef Escarpmentwhile the northeastern margin is coincident with the Huapache Monocline (Flexure).
The upliltis thereforetriangularin shape and thinsfrom 11 miles inthe southto about 3 miles inthe north
(Figure 13).
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Boththe Guadalupeandthe DelawareMountainswere formedinthe late Plioceneand early Pleistocene
when lalargefault blockwasupliftedandtined towardthe east. The late Cenozoicfaultscarp,composed

e of en echelon normalfaultswithdisplacementsrangingfrom2,000 to 4,000 foot, formsthe steepwesternslope of the range. The broadeastern flank dipsgentlytowardthe east. Offsetalluvialfans and scarps
along the westem escarpment suggest that the structuraluplift of the Guadalupe Mountains may be
continuingtoday. Aliof the principalstructuralelementswithinthe mountainsare describedin detailby
King(1948), Boyd(1958), and Hayes (1964).

Althoughthe Basinand Range forcesof the late Plioceneand Pleistocenewere primarilyresponsiblefor
the formation of the GuadalupeMountains, there were earlier upliftsin the region. In the Pennsylvanian
and early Permian, movement occurredon a northwesttrendingfault zone whichexisted alongthe east
side of the Guadalupe Mountains. This fault zone may have defined the eastern boundaLyof a
soutl_astem extensionof the Pedemal land mass,or oneof a chainof smallerpositiveelements(Hayes,
1964). The broad southeast-dippingBone Spdng Flexurewas formed in the late Leonardlanand early

, Guadalupian periods (late early to early middle Permian)and later rejuvenatedinthe mid-Guadalupian.
Minor Guadalupian flexing may also have taken place alongthe older northwest trending Huapache
faults,producingthe Huapeche Monocline.

1.3.6 SacramentoMountains

The Sacramento Mountains,whichare located west of the Northwestem Shelf (Figure 13), constitutea
north-southtrendingupliftapproximately45 mileslong. Theiroverallstructure, likethat of the Guadalupe
Mountains, is of a gently tilted fault block. Most of the structureswithin the range exhibit a northerly
trend, and greater uplift along a central crest has produced a slight doming effect. The eastern flank
consistsof relativelyundeformedstratawith easterlydipsof 100 to 140 feeUmile,whilethe westernside
is boundedbynormalfaultswith severalthousandfeetof displacement(Stlpp, 1960).

The range developed through at least three periods of tectonic activity, beginningprobably inthe late
Pennsylvanianor earliest Permian. Duringthis period, th_ strata were folded andfaulted,creatingmany
of the internal structuresof the range. During the Mesozoicor early Cenozoic, strongfolding,faulting,
and intrusive igneous activity occurred. The final development of the range began with late Cenozoic
Basinand Range faulting,upliftand tilting. Thisuplift appearsto be continuing(Pray, 1959).

1.3.7 Foldsand Flexures

The northern Delaware Basincontains open, undulator/, flexure-likestructures inthe Paleozoicsection.
Many of these structures formedduring the rapid baslnal downwarplngwhich occurred in the early to
mid-Permlan. Others formedin the early late Permian (Guadaluplan)during the depositionof the Bone
SpringFormation'andthe DelawareMountainGroup.

Alsothought to be responsiblefor many of the anticlinal structureswithinthe basin is the movement or
dissolutionof halite (Jones, 1973; Anderson and Powers, 1978). Borns et al. (1983) attributedanticlinal
and domal features to the flow of salt within the lower unitsof the Castile Formation. This salt flow
produces large variationsin the thicknessof the lowerhalite beds and creates a series of anticlinaland
synclinal structures in the overlying strata. The details of these evaporite-related structures are
discussedin Section1.3.8.1.

' North of the Capltan reef front, in the basinal regions which existed prior to reef progradation and
subsequentcorwersk)n to back reef, are the Cadsbad Folds (Figure 13). These are a 6-to-9-mile-wlde
beltof sharplyflexured,symmetricalfolds,with an averagewavelenc'hof 1.5 miles(Motts,1972) and an
average arc bringingJtwithin approximately15 milesof Carlsbadund 10 miles of the site. These folds,
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whP.,hare partially-expressedinthe presenttopography,contain biothermalshelf domes,suggestingthat
this region may have been topographically positive during CapStan deposition. The major fold
dewelopmentoccurreddudngthe LararnicleOrogeny(late Cretaceous)(Brokawet al., 1972; Hays, 1964).
Othe(_'folds in thissame region includethe Waterhole Anticlinodumand numerousCenozoic foldswhich
pa.r_ the reef.

The t;Ir;est folds in the Northwestern Shelf region are the Artesia-Vacuum Trend and the Huapache
Flexu_re(Figure 13), both of which reflect older structures. The Artesia-Vacuum Trend, an eastward
plunglinganticlineof early Permian age, is 75 miles long and locatedapproximately35 miles northof the
Capltl_n Reef front (Stipp, 1960). lt was formed as a resultof the differentialcompaction over the Abc
reef (early Permian) (Brokaw et ai., 1972). The Huapache Flexure is a long, northwest-trending
monooline, generally less than two miles wide, Involvingrocks as young as late Guadalupian. The
flexureextends fromthe westernDelaware Basin,acrossthe reefescarpmentand onto the Northwestern
Shelf (Figure 13), terminating at the northem extent of the Guadalupe Mountains. lt dips between 5
degreel;and 15 degrees to the east and has a structuralrelief on the Pre-Cambrianof between 300 feet
(in the north)and 1,000 feet (in the south) (Kelley, 1971). The flexuremay ovediea seriesof thrustfaults
whichoff.(setrocksfrom the Wolfcan_ (lower Permian)downthroughthe Pre.Cambrianbasement.

Drill data obtained from the Huge Flexure suggests that lt might be a drape feature whichformed
when depositionoccurred acrossthe thrust fault buryinglt by the Leonarclian. However, Hayes (1964),
believesthat the Huapache Monoclinsresultedfrom late Permianto post-Permianflexingalongthe older
thrustzone. The predse time of thisrenewedflexing is difficultto pinpoint;however,lt may beconcluded
that if minor flexing had occurred, lt could have taken place up untilthe Guadaluplan (late Permian).
Other folds in this vicinityof the Delaware Basin-NorthwesternShelf are described as early Tertiaryto
GusdekJp_ orolder;,therefore, lt is reasonableJo place the age of the Huapache Flexure somewherein
tns time frame.

1.3.8 Faults

Generaltopicsconsidered In thissectionincludethe nature and historyof faultingactivity(major faults of
the region are shown in Figure 14 and the occurrence of and potential for future surface faulting. The
capacity of t_ese faults for generating ground motion at the site is discussed in the section on site
seismicity.

DelawareB_.in Faults

Deep seated,, Intgh-angle normalor reverse faults are present throughout the Delaware Basin. They
offset strata _n the Pre-Cambrian INough the Pennsylvanian andalso portionsof lower Wolfcarnplan.
Some of thess_faultsoriginatedduringthe widespreadblockfaulting (Adams, 1965) which occurredas a
resultof the re,cddPennaylvanlanto emty Permiansubsidenceof the basin. The presence of continuous
post.WoUcan_an strata (acm_ these faults) irKIIcain thai movementceased before the mid-Permian.

The closest su¢_ stnJctureto the WIPP site is the Bell Lake Fault, located in Lea County, 15 to 20 miles
east of the site (_Figure15). Haigler and Cunningharn(1972) andHaigler (1962) desc.ibe the Bell Lake
Fault ao being ;about 15 miles long and displacing strata from the Pre-Cambrian up through the
Pennsylvanian,, This displacement, _olxoximaiely 500 feet inthe Pre-Cambclan, is also reflected in the
Wolcampian (l_er Permian) as a north-southtrendingstructuralhigh. Closure is also indicated on the
Bone Springs Fo._nation;however,tt is not knownwhether thisrepresentsLeonardlan movementon the
Bell Lake Fault or the effects of compaction(Foster, 1974).

The Barmra and Cadsbad Faults (Kelley, 1971) are located alongthe reef escarpment 20 milesand 10
miles southwest o_!Carlsbad, respectively. Kelley (1971) suggeststhat these faults have late Tertiary
with possibte Quaternary movement; however, many geologistswho have in' estigated the area are not
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convinced that the features exist. In a studyspecificallyaddressed to the investigationof these two
faults,Hayes and Bachman(1979) concludethat the faultsare nonexistentandthat Kelley'sconclusions
were basedon misinterpretationof exposuresof fangravel,jolntingandshrubalignment.

There are no knownQuaternary faultsof tectonicorigin inthe site area. Bachman(1973) conducteda
detailed investigationof the surfacefeatureswithinthe site area and concludedthat no recentfaulting
hadtakenplace. The onlydifferentialmovementssubsequentto late Permianevaporitedepositionwere
producedbythe localsettlingwhichresultedfrom the dissolutionof theseevaporites.

FaultsBoundingthe DelawareBasin

The only large-scalefaultstructurenearthewestern perimeterof the DelawareBasints a probablethrust
faultsystem that underlies the Permianto CenozoicHuapacheFlexure. This flexure,shownin Figure13,
extends fromthe northernGuadalupe Mountainssoutheastwardto justbeyondthe Texas-New Mexico
border. The fault system thoughtto underlie this feature dips steeply andoffsets strata fromthe Pre-
Cambrian throughthe earty Permian. Displacementin this fault systemappears to be between 4,000
and6,000 feet (Hays, 1964).

Northwest-trendinghigh-angle normalor reverse faults formthe boundarybetweenthe Delaware Basin
and the Central Basin Platform. Hills(1976) describedOneof the faults alongthe southernboundaryof
these two features and named it the West Platform Fault. Foster (1974) citesa displacementof about
2,000 feet forthisfault system,whileHaigler (1962) believesthat the displacementis nearly equivalentto
that in the Huapachestructure(5,400 feet) onthe west side of the DelawareBasin.

Inadditionto verticalmovement,the Platform-DelawareBasinboundingfaultsmay also have undergone
considerable rightlateral movement (Hills, 1976). The amount, however,is difficult to determine. The
stressthat gave riseto thismovement mayhave resultedfromthe early mid-Wolfcarnpianthrustingof the
Quachita Belt to the south(Hills, 1976).

Hills (1976) has also speculated that movement on the West PlatformFaulthas continued throughthe
Cenozoic and intothe Holocene. His evidencefor fault movement howeveris very indirect,and he also
reports "nowhere in the Permianbasindothe faultsand sharp foldsat the lowerPaleozoicrocks continue
into the Permian rocks above the middle Wolfcamp." This geologic evidence suggests that fault
movement has not occurred since the early Permian, and therefore does not supporthis hypothesisof
Cenozoic movement.

.Ce,.ntralBasinPlatformFaults

Faults withinthe central Basin Platformare similar in type to those bordering the platform. High-angle
faults, with vertical displacements more than 1,000 feet, border each of the horst-Ukeblocks which
together compose the platform. Foster (1974) indicates that "the fault system separating the highsof
Hobbs and Eunice from the Monument-Jallow has a displacemen| of about 1,000 feet in the northto
possibly 4,000 feet west of Eunice" and "the fault bounding the west side of the Monument-Jal low
extends about50 miles southwardintoTexas, with an inferreddisplacementof 1,500 feet at the northto
over6,000 feet westof Jal." Horizontalmovement is also evident on some of these faults(Hills, 1976).

Two groups of fat,_s are present on the platform: an early late:Mississippian to late middle-
Pennsylvaniansystem, and an early Permiansystem. The oldergroupof faults consistsof two sets: one
stdkes N55-80 degrees _:_t and has indicationsof right lateral movement,while the other strikesN50-65
degrees west and has in0ications of left lateral movement. The early Permian fault system strikesjust
slightlywest of north and includesthe West Platform Fault describedby Hills (1976). These platform
faults, like the basin-bounding faults, exhibit no post-early Permian displacement,and seismicactivity
recently recorded on the central Basin Platform does not correlate with the subsurface traces of the
faults.
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NorthwesternShelfFaults

ThemostprominentregionoffaultingontheNorthwesternshelfisa zoneof straight,northeast-trending
featureswhichextendfromthe area northof the GuadalupeMountainsto approximately25 miles
northeastoftheCityof Roswell(Figure13). Themajorstructuresof thisgroup,suchastheY-O,SixMile
Hill,andBorderHillsBuckles,are exposedfor25 to80 milesalongstdkeandarespaced8 to 20 miles
apart. Thenatureof deformationmaychangemarkedlyovera shortdistancealongstdke,andincludes
suchfeaturesas folding,faultingalongstrike,andoverthrusting.Evidencesuggeststhat movement
alongthesezoneswasinitiatedinthe Carboniferousoreadlerandmay havebeenprimarilyrightlateral
(Kelley,1971). Thesefeatures,Ike manyotherstructuresonthe NorthwesternShelf,havebeeninactive
sinceat leasttheTertiary.

FaulftnoWestoftheDelawareBasin

The SacramentoMountainarea was the siteof faultingthroughoutthe Pennsylvanianandearly
Wolfcamplan(earlyPermian).Otherfaulting,accompaniedbyIgneousactivity(Motts,1972),occurred
dudngtheMesozoicorearlyCenozoic.LateCenozoicBasinandRangefaultingproducedtheupliftand
tiltingwhichgavetherangeitspresentconfiguration.The dominantlateCenozoicmovementoccurred
onthe large,steeplydippingnormalfaultzonealongthe westernmarginofthe SacramentoRange.

Recentfault scarps,whichoffseta Quaternarygeomorphicsurface,suggestthattheupliftalongthis
zoneisstillinprogress(Pray,1959). Displacementon thisQuaternarysurfaceofas muchas 100feet
indicatethat majorseismiceventshaveoccurredwithinthepast500,000years. Offsethasalsobeen
observed inthe San AndreaRange,which borderstheTularosa Basinto the west (Sanfordand
Toppozada,1974).

The GuadalupeMountainsregionalsounderwentlatePaleozoicfaulting.The largestofthesefaultsis.
thoughtto lle beneaththe HuapacheMonocllne. The majorfaultlng in the Guadalupe-Delaware
Mountainupflft,however,conslstsof a complexsystemof nearlyenechelonnorth-to-northwesttrending
normalfaultsof lateCenozoloagewhichformthewest-boundlngfault scarp(Kelley,1971). King(1948)
datesmoatof themajorfaultsof theGuadalupeMountainsas latePlloceneorearlyPleistocene.He
pointsout,however,thatthedissectionof earlyPleistocenedeposits(indicativeof a loweredbaselevel)
mightbeindirectevidencefora renewedperiodoffaultingInthe Ims Pleistocene.

Whlle Klng foundno evidenceof movementlaterthan late Pleistocenein eitherthe Delawareor
GuadalupeMoumalnso;herevidenceexists,however,whichsuggeststhattheupliftoftheGuadalupe
and DelawareMountainsmaybecontinulngat a reducedrate. LeveringsurveysfromtheDiabloPlateau
to CarlsbadhaverevealedupllftwithintheDiabloPlateaurelativeto Carlsbad.Kelley(1971)reportsa
smallscarpinthe alluvialfansalongthenorthernendoftheGuadalupefaultscarp(T20S, RI 7E), and
recentfield investIgationsin theSaltBasinhaveidentifiedmorethan100 Quaternary-age,normal,down-
to-basinfaults,withIndividualor aggregatedisplacementsof as muchas 20 feet. Thescarps,which
havea predorninlmtnorth4o-northwe_orientationduetopre-existingzonesofweakness(Goetz,1977),
areshortandwidelyscatteredalongthe easternsideof thegraben,butaremorecontinuousalongthe
westernside. Thissuggeststhatthewesternborderofthegrabenis activelysubsiding.Theorientation
of the scarps,the proximityof recurringseismicactivity,andthe youthfulnessof offsetsurfacesali
suggestthatthesescarpshavea tectonicoriginandare maintainedby intermittentactivity.In some
places movementhasoccurredwithinthe past1,000yearsand is probablycontinuing.Releveling
measurementsofthe DiabloPlateau.SaltBasinregionindicaterelativeupliftof the Plateauof 8 +1
inchesbetween1934 and 1977 (Reilingeret al., 1983). Themaximumupliftoccurredapproximately
eightmileswestof theboundarybetweenthe DiabloPlateauandSalt Basin. Thesedata indicatethat
the Basin and Rangesystemof southeasternNew Mexicoand west Texas is a regionof ongoing
structuraldevebpment.
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1.3.9 Tectonicand Structural Setting of the WIPP Site

At the WIPP site, stressesassociatedwith the originand developmentof the Permian Delaware Basin
have deformed the pre-existingrocksor contemporaneoussediments in different ways. Specifically,
these stresses includedthe nontectonicdownwardpressureimposedby the weightof rapidlydeposited
sediment, in addition to the tectonicstress arisingfrom withinthe earth's crustand transmittedthrough
the basement rocks to the sedimentary pile. The tectonic stress would have been most effectively
imposed upon those rocksof the sedimentary pile that had already undergone lithificationand were
thereforemechanicallycoupledwiththe basement rocks. Stressimposedbysedimentary loadingwould
have been most effectively absorbed by subjacent materials that were the least lithifled, the most
compressible, and capable of adjusting to differential sediment loads. Each mechanism would have
produced different kinds of structures and caused different types of faulting in the rocksbeneath the
basin.

The presenceof thick salt beds profoundlyaffectsthe type of deformationwhich occurs in the salt itself
and which is imposed upon rocks and sediment lying above the salt, because thick salt is knownto
deform plastically and to behave as a viscous medium over extended periods of time (Powers et al.,
1978). This behavior is promoted by highoverburden pressuresand increasedtemperatures. Under
favorable conditions, even slight tilting of the beds or lateral differences in lithostatic pressure are
sufficient to initiate long-term viscous flow of salt. Salt deformation is therefore quite different in
mechanism and manifestation than the deformation of the enclosing rock materials. As a result,
deformational features exhibited by rocks and sediments lying above thick salt would normally be
expected to have little or no mechanical relationship to structures in rocksoccurring beneath the salt,
because the Intervening salt effectivelydecouples the two rockmesses. Rocksoverlyingsalt wouldbe
expectedto displaylocalstructuresthat are generatedbymass flowof sail In addition, becauseshallow
salt is susceptible to dissolution by ground water unsaturated in sodium-chloride, sediments above
shallow salt where active soluttoning had occurred could be expected to exhibit karst and collapse
features, or to have internal Irregularityand chaotic structure broughtabout by uneven subsidenceor
upward sloping following removal of significantthicknesses of salt in the subsurface, lt should be
emphasized, however, that at the WIPP site, evaporite dissolutionhas been restricted to salt bedsof the
Rustler Formation. No evidencehas been obtainedto dale to indicatethat thisrelativelysmallamountof
dissolutionof Rustler salt has resulted in significantdifferentialsubsidenceinthe site are1. In contrast,
the potentialfor subsidence structuresto occur has been realized in areas such as Nash Draw, where
partialdissolutionof Saladoevaporlte beds has taken piace (Powers(Jtal., 1978).

lt is concluded on the basis of the preceding discussion that the origin and development of possible
structuralfeatures inthe rockswhichoccur inthe immediatesite area is spatiallyrelatedto the positionof
these rocks in the geologiccolumn relative to the position of thickbedded salt in the Castile andSalado
Formations. Accordingly,the followingdescrtplionof geologicstructureat the WIPP site is organizedinto
separate discussionsof deep structure(i.e., structure inrocksunderlyingOchoansalt), salt deformation,
and shallowstructure.

1.3.9.1 Deep Structures

Su.break)nal,Structureof P,re-EvaporlleRocks

A numberof Structurec_ntourmapscovedngenarea withinabouta 25-mile radiusof the WIPP site have
been prepared, generally fromwell-logdata. Foster (1974) providesseven such subregionalmaps from
top of Pre-Cambrian to top of the Bell Canyon Formation(base of the C,_stileFormation). Sipes et al.
(1976) show somewhat more structuraldetail on top ot Devonian, Pennsylvanian,and Permian strata
(theirexhibits11, 10, 9, and 8), the firsttwo of whichincorporateseismic reflectionprofileinterpretations.
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Netherland,Sewell and Assoc. (1974) presentgeneralized structurecontourmaps on 11 horizons,from
the Ellenburgerto top of the BellCanyonFormation(theirFiguresG-6 througl_G-16).

Structurecontourmaps expressa homoclinalregionaldiptowardthe southeastto easton ali pre-Ochoan
Paleozoic strata, reflecting the presence of the Delaware Basin downwarp. Structuralgradientson ali
pre-Permian hodzons are similar in magnitude and direction,decreasing from about 150 feet per mile
southeasterly in the lower Paleozoic to about 100 feet per mile at the top of the Pennsylvanian. The
nearest fault large enough to be indicated by subsurfacewell control is a north-trendingfault shownby
Foster(1974) about 15 to 20 mileseast and southeastof the WIPP site,and referredto as the "BellLake
Fault." lt has a length of about 15 miles and a displacement of about 500 feet. Located west of the
central axis of the Delaware Basin, ltnevertheless appears to be structurallyrelated by orientation and
disp4acement(thrownupto the east) to the west-boundingfault of the Central Basin Platformfarthereast,
as is shownon the regionalstructurecontour map of Haigler and Cunningham(1972). The fault is not
indicated to offset Permian strata (Foster, 1974), but contours of Wolfcampand Bone Springsstrata in
the lower part of the Permian section are deflected in the area of the fault. Permian structurecontour
mapsindicatea differencein gradientand directionof horizonscomparedto earlier strata. This indicates
significanttectonic activity in the basin in Late Pennsylvanianand Early Permian time, which was the
majorperiodof structuraladjustment in the Delaware Basin (FoSter,1974). Permian strata beneaththe
Ochoan Sedes slope east-southeast at about 50 feet per mile (Foster, 1974), markedly less that pre-
Permianstrata.

In the immediate site area seismicreflectiondata were utilizedas an adjunctto well control in preparing
more detailed structurecontour interpretationsof the Paleozoic rocks. In general, the analysisof deep
structures reveals the existence of minor faulting and secnndary warping (swells and rSaddles) in
Paleozoic strata belowthe evaporile beds. This analysisindicateda patternof generally north-northeast-
trending faults, odented roughly parallel to regional strike and typically thrown up to the east. Small,
subdueddome-like features and complementarysaddles spaced several miles apart and with crest-to-
trough amplitude of several hundredfeet are superimposed on the regional gradient and appear to
persist in positionthroughboth horizons. Inthe Silurian,for example, several small arches of up to 300
feet of relief are alignedto an east-southeastor west-northwest anticlinaltrend passing just north of the
WIPP site exclusionarea (Powers, (It al., 1978]. In the Borrow,a similareast-westtrend defined bymore
subdued structural gradients and highs of lower amplitude is about the same location. This trend is
identified as the "Cabin Lake* trend by Nethsrtand, Sewell and Associates(1974). On both horizonsa
domal feature is evident beyond the southwestedge of the site. This feature, which Nstherland, Sewefl
and Assoc_es (1974] kclicaleis inkthe east edge of the "Los Medanos"trend, is presumablyresponsible
for the gas _ion of the LosMedanos field, the nearest hydrocarbonfieldto the WIPP site. Between
these two anticlinal trends, a northwest-trending saddle is defined, located beneath the southwestern
ec_e of the site.

These north-northeast-trendingfeatures, interpretedas faultsbased on seismic reflectionrecords,are of
greater intensity in the Devonian, being traceable over distances exceeding ten miles and having
displacementsof up to 400 feet (Figure 16). Faulting of the Morrow(Figure 17), soma 2,500 feet higher
stratigraphically, Is roughly correlative with the deeper displacements, but seems to dissipate into
discontinuoussegmentsof generallysmallerdisplacement.

Small-scaie structures Inteq=,retedonthe topof the Delaware Mountain Group, roughly9,500 feetabove
the Morrow Formationhorizon,show little orno correlation with deeper features (refer to Figures 16 and
17). The north-northeast-trending faulting Is no longer apparent. Warping in the Delaware Mountain
Group appears to be muchmore subduedthan inthe MorrowFormation;stru_ure contours lack closure

, aro_Jndirregularities, and trends inthe Delaware Mountain Group appear to be unrelated to Morrow
Formation and deeper trends.
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The contrasting structural characteristics between the Delaware Mountain Group and pre-Permian
horizonssuggestdifferentodgins. Alistrata, includingbelowthe Pennsylvanian,havebeen deformedin
continuity,withintensityof deformationincreasingwithdepth. Tectonicdeformationapparentlyoccurred
in Late Pennsylvanian or Ea;'lyPermian time and established the local structuralelements of ali pre-
Permian rocks. The "rootless" character of at least some of the small normal faulting in the lower
Permian suggeststhat these are shallow-seated features. Considering the unusually rapid rate of
accumulation of material in Permian time (about 13,000 feet), it seems reasonable to presume a
predispositionfor the occurrenceof contemporaneoussedimentarydeformationbroughtaboutby such
factors as gravitycreep, compaction during diagenesis, differential sedimentary loading and rates of
dewatering, and differentialsubsidence. Such deformationhas been documentedalong"growthfaults"
inthe Gulf Coast Basin (Murray, 1961; Bishop, !973). Contemporaneousfaultsof this type may have
been initiateddudng depositionof thickpre-Oohoanclastics[Auences. Conceivably,furthermovement
mighthave been promotedby mass movementof salt subsequentto _vaporitedeposition,whichshifted
overburdenloadsover possiblystillcompressiblesedimentarymaterial,

Figures 16 and 17 show southwest-northeastand northwest-southeast cross sections, respectively,
acrossthe WIPP sitearea, adapted from Griswold(1977). The overwhelmingthicknessof Permianpre-
evaporite strata relative to eadler deposition is graphicallydisplayed. Faults arisingin the basement
offsetPennsylvanianstrata, but do notprOpagatethrough the lowest Permian series, the Wolfcamplan.
The regionaldip ofthe DelawareBasinis mostevidentin Figure17.

Salt Deformation

For the purposeof this discussion,defaHeddescriptionof deformationalfeatureswithinthe saltbeneath
the WIPP site and in the northern part of the Delaware Basin is restrictedto considerationof structure
displayed by the Castile and Salado Formations even though the Rustler Formation is normally
considered part of the evaporite sequence. At the site and in the vicinity of the site, the Rustler
FOrmationhas been leached of muchof its salt, with the result that most of its structure is surficlalin
originand is incJudedunderthe heading"ShallowStructures"laterin thissection.

Of previousstudies available in the literatureon the northernpart of the DelawareBasin, the papers by
Brokawet al. (1972), Andersonet al. (1972), Jones (1973), Anderson (1978), Snyder and Gard (1982),
Lambert (1983), Bachman(1985), Bachman(1987), Bores (1987), and Bores(1987) are mostrelevantto
salt deformationanddissolutioninthe area of the WIPP site.

Subregional Struct.ure of Evaporite Beds. Throughout the r.,_rthern Delaware Basin, the genera8
uniformity indirection and amount of the gentle southeastward homoclinaldip is practically the only
stru_ural feature that is common to ali levelsof theevaportte section(Jones, 1973). Superimposedon
this homocline is a rather complex system of flow features variably developed relative to both areal
locationand stratlgraphl¢position.These features are attributableto large-scalemigrationof salt.

A feature that ts of subregional significance, and that appears to have a fundamental role in the
development o! selldeforr_atlon,is the CapltanReef front, ltformeda steer_,submarineprominenceor
wall 1,000 to 1,500 feet hk',_, isolatingthe deep water of the early Castile brine sea from the rest of the
Permian inland sea. Figure 10 of Jones (1973), a structure contour map on the base of the Castile
Formation, graphically depicts the structural relationship of reef and basin in the WIPP site area.
Immediatelybasinwardof these buriedreef masses,whichare locatedeightmilesnorth of the WIPP site,
is a northwest-southeast-trending structural troughparallelingthe base of the reef and descending in
elevation, or plunging, southeastward. The most intensedeformationin the evaporite sequence seems
to be apatiaflyrelated to this trough. Not only is a troughexpressedwithinthe salt layers, but the top of

L
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theelasticDelawareMountainGroup(BellCanyonFormation)isalsodepressed.Subregionalgeologic
sectionsconstructedbyJonesacrossNash DrawandLivingstonRidge(Brokawet al., 1972;Jones,
.1973)illustratethegeneralconfigurationofreef,trough,anddeformationwithintheevaporitesequence
inthesitearea. Jones'(1973)assessment04theseparticularfeaturesispertinent:

L

At Intermediateandother levelsinthe[evapodte]section,thestructureisgenerallymore
uneventhanat thebaseof theCastileFormation,and minorfoldsaresomewhatmore
prominent.Saltand8nh_e inthemiddlememberoftheCastilearecrumpledinsharp
intraformationalfoldsthat appearto dieout northwestwardupthedipandto become
morepronouncedsoutheastwarddownthedip. Spatiallythe Intraformationalfoldingof
the saltand anhydriteappearsto be confinedto a singlelongnorthwestwardlytrending
belt,aboutthreeto fourmileswide,thatmoreor lesscoincidesintrendand extentwith
theprominentsoutheastwardlyplungingtroughatthebaseof theCastile. Thefolding
hasresultedinsomeIxckllnganddownw&,l)k_of rocksintheSaladoFormation,and it
hasupliftedthe Saladoandother rocksUsyoungas the Chink)Form_SionIna fairly
broadarchthaitrendsnorthwestwardacrossthe area. Theexactageofthedeformation
18unknown;it canbe dated onlyverybroadlyas post-LateTdassicto pre-Pliocene.
SpecificconsiderationsconcerningminimumthiCknessof overburdenrequiredto initiate
saltmovementsuggestthatthedeformationmayhaveoccurredduringor shortlyafter
the periodof regionaltiltingthat followedthe depositionof Cretaceousrocks. The
deformationalmostcertainlyhad to occurbeforeanygreatthicknessof Cretaceous
rockswas removedbyerosion.

L

SubsequentstudiesbyAnderson(1978),Andersonand Powers(1978), Boreset al. (1983), Lambert
(1983), and Bores(1987), have suppliedmuchnew detailon thecharacter of the salt deformation
,acogntzedbyJones. Apparentlytheonlypartof theCastileFormationthathas notbeeninvolvedin
significantplasticflowdeformationisthe lowerorbasaJanhydrite.On theotherhand,the lowestthick
CastilesaltmemberhasundeJgoneseveral-toldincreasesinthiduwssinsomeareas. Anderson(1978)
presentsa basin-wideisopachmapofthe lowerCastileHaliteunitwhichshowsanincreaseofthickness
froma normalvalue04about300 to350 feet,asoccursIntheareaof theWIPP site,toa valueof 1,200
feetat the ERDA-6locationS milesnorth-northeastof thesite. Thetsopachlinesat thislocationdefine
an elongated,sharplythidumedbulgeoftheHaliteunit,the longaxisof whichis about12 mileslongand
is orientedparallelto, and on thebasinsideof, theburiedCap#anreeffront. Anderson'sisopachmap
alsoshowsnumeroussimilar,slightlysmallerelongatebulges,theirlongaxes aliabout3-1/2 timesthe
le_lh*01 theirshorteronce,containedwithina bell aboutfivemileswideparallelingthe basinsideof the
reef_fr0nt. Becausethe anhydriteunitunderlyingthisdeformedsalt is notsignificantlydeformedand
doesnotItselfreston defomudrocks(Jones,1973),thetopsOftheselargesaltmoundsorbulgesdefine
whatmaybetermedsaltanticlines.Theseare notantk::ltnesintheusualsenseof thetermbecausethe
topandbaseof theunithavetotaltjdissimilarprofiles;plercemantassociatedwiththetermsaltantClk_
is not generally present. Thisbelt of salt anticlines, then, Is the northwestward-trendingbelt of
intraformationalsaltdeformationrecognizedbyJonesas occurringwithinthe CastileFormationand
affectingstrataabovetheCastileFormation.

Structuraldetailwithinthelargesaltantlciirtolocatedaboutfivemilesnortheastofthe center04the WIPP
sitehasbeenprovidedbycoresrecoveredfromthe ERDA-6holeddllednearthecenterof theanticline.
StrattgraphicInterpretationmadebyAndersonandPowers(1978)fromstudyof thecoreindicatesthat
themiddleanhydritebedwhichoverliesthesalthasindeedbeen pushedup bytherisingsalt,buthas
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apparently acted 2;; a semidgld confining blanket that was stretched upward like a flexible sheath;
whether the anhydritebed everywhereremained intactor was in pla_osfully rupturedand detachedby
extension is not knc)Wn.What is displayed in the core is that mos| of the anhydrite, which actually
cor4iats of finelyintsdarninatedcalciteand anhydrite,was stretchedby extensional_crofractudngof the
calcite laminaeand in-fillingof the fracturesby mobilizedcalc,;umsulfate,whichpresumablywas derived
by diffusion or creep from adjacent anhydrite laminate. The process seems closely analogous to
boudinage in metamorphicrocks,and couldbeviewed as a microboudinagestructurebroughtabout by
the woperties of finely laminated calcite and anhydrite when subjected to high shear stress under
sufficientconfiningpressure. ,

Anderson and Powers (1978) find that in the Castile, Halite-I salt_(Iowersalt), together with stretched
AnhydriteII or middleanhydrite,have in their'upward migrationpushed aside both the overlyingupper
salt (Halite II) and upper anhydrite (Anhydrite III) beds in'the manner of an intrusion, because the
stratigraphy inthe ERDA-6 holepassesdirectlyfromInfra-Cowdensalt (lowerSalado salt)to AnhydriteII.
The authorsshowthat the overlyingSalado Formationbeds, though not breached by the intrusion,are
archedover it. lt is thereforeevidentthat the archingeffectinbeds of the SaladoFormationand younger
rocks referredto by Jones (1_73) along the 0eli of deformation is, in at least some cases, due to the
presence beneath these anticlines j? a salt core whicharosefrom the lowerpartof the CastileFormation
andpartly intrudedthe overlyingrocks.

In addition to revealing the corgs of many of the salt a_lticlines in the northwest-southeast belt of
deformationdescribedabove, the subregional Halite-I isopachmap (Anderson,1978) showsnumerous,
sharply defined localized depressions at locationswhere the Halite,I salt is entirely missing from the
section. Inthe centralparto4the basin, these"deep-seatedsinks,"as Andersoncallsthem,do not have

. obvious sudace expression, and are not clearly related to shallower dissolution features--such as
co,apsed and uncol_psed domes, dissolutionfronts, castlles,and collapsed outliers--whichhave been
documented elsewherein the Delaware Basin region. Many oi these isopachousdepressions,some of
which are defined by a single data point, may possibly by attributed to "deep dissolution"processes
(Anderson,1978), presumablyactingfrom near,or perhapsbelow, the baseof the salt section.

These structural depressions northof the WIPP site havebeen further investigated. Hole DOE-2 was
drilled in the spring of 1985 largely to Investigate the structure of these depressions. Borns (1987)
reports that the characteristicsof the depressionswere manifest in thickerhalite unitsinthe Castileand
Salado Formations. At hole OOE-2, and in nearby deep boreholes, complex structuresin the Castile
Formationwere found where, In some cases, Castilehalite was thinnedto lessthan thre_ meters thick,
with recumbent structures and thickening of the anhydrite units by folding. The results of Borns'
investigation indicate that dissolution was not the dominant process In the Castile. The favored
hypothesisfor the Castile structures associated withthese local depressions is salt flow in responseto

I gravity inversionof the anhyc_e and haliteunitsof the Castile.

Unlike the belt of salt anticlines hav_ngcores of Halite I, the distribution of the localized pockets of
missing, or greatly reducedthicknessof Halite I and higherCastileor Infra-CowdenhalitethatAnderson
classifiesas "deep sinks"is not confined to a bell aboveoradjacentto the Capitan reef,but includesmid-
basin areas as weil, as illustratedby Figure 16of Anderson(1978). The nearestof thesedeep mid-basin
features to the WIPP site, ,tsdisclosed by the various halite isopach maps of Anderson (1978), occurs
aboutfive milessoutheastM the site al the Eddy-LeaCountyline.

lt is not yet clear whether any of these deeply buried mid-basin"sinks" identified by Anderson have a
hydroioglooriginsubsequentto diagenesis and saltdeformation, ff they do, they may well be relatedto
other collapse features in the Delaware Basin region as simplyone manifestation of the same general
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processbeingseenat differentlevelsof exhumationbyerosion(Anderson,1978). The conceptthat
thesediversesolutionstructuresarebeingexhumedby present-dayerosionsuggeststhaltheconditions
oftheirformationinthegeologicpastmaynotbe presenttodayinkindortothesamedegree.

Thenatureof thedeformationInthemiddleandupperpartof thesaltsequenceabovetheHallte-Izone
is recordedby the subregionalhalite Isopachandstructurecontourmapsof Anderson(1978) and
Brokawetal. (1972). ThesaltisopacheofAnderson(1978, Figures4 throtp;_h10)clearlyshowthai no
othersalt memberoi theevaporltesequencehasexperiencedlocalflowOelormatlonas severeas the
Hallte-Izone,norarethe"deepsl.ks" apparentlyesprevalentInthemiddleandupperpartas t+'_eyare
nearthe baseo4theCastileFormation.TheHalite-ll memberoftheCastileFormationmirrorsthesame
thldu_sstrendsexhibitedbytheHallte-Ibed,butina muchmutedmanner.The infra-Cowdensaltisthe
highestsalt ofthe Casttle-Saladosequenceto exhibitmarkedthickeningalongth_ trendof theburied
Captlanreef;it rsalsothelowest,or first,majorsalt bedtoovertopandextendbeyondtheconfinesof the
reefmargininthispartof thebasin. Eventhoughno appreciablethickeningof Saladosaltabovethe
infra-Cowdenis apparentovertheCap,anreel margin(Anderson,1978),structurecontoursat thebase
of theSaladoFormation(thetopoftheCastileFormation)(Jones,1973),and on the 124-ma_kerbed
withintheMcNullpotashzone(Anderson,1978),documentthai theSaladoisindeedarchedalongthe
basinwardedge of thereef and confirmthat the saltdeformationwhichoccursa! depth=roundthis
me:ginhadImposedananticlinalstructureon overlyingstrata,muchas Jones(197_)described(also
compareBrokawel al.,1972,withJones,1973).

Theevidencepresentedinthissectionregard6ngthe subsurfacestructureof CastileandSaladohalite
bedsand the spatialrelationshipof deformationstructureswiththeboundingCapltan reef margin
suggeststhatvla_cusflowofsaltwasinitiatedbypost-deposltionalregionaltiltingand thattheCapltan
reefactedas a damorabutmentobstructingthe eastwardsubsurfaceviscousflowof the lowerpartof
thesaltsectionwhichimpingedaga_natit. Thesaltpiledup slightly,asa rugmightwhengentlypushed
egalnsta wall,untillithoslaticequilibriumwasattainedwlh thesuperjacentrockma,.

Thatlarver,mea dramaticsalt plumeswere notformedinthe DelawareBalin, as theyareknownto Q
occurintheGullCoastbasin,for exm, maybeallrlbutedtoseveralfactors.Two_ 0hesefactorsare
thegentleness04tl_ regionaltillandperhalMa relativelyshallowdepth04burial04sail Thiswouldhave
resultedInk)werIlthostatlcpressuresandrelativelyhigherviscosityofsalt,and I_nce greaterresistance
tomigration.Evidencefromstructuresnearerthesite(e.g.,in holesWIPP11 an0ODE-2)indicatesthat
theRedbedsoverlyingtheSaladoarenotalwaysinvolvedin thestructure.This Impliesthatsomeof the
structuresmaybe Permianinage.

Noconclusiveevidenceestablishingtheexacttime04regionaltiltingofthe DelawareBasinhasyetbeen
found,exceptthat it occurredafterChinledeposition(late Triassictime) and beforeOgallalatime
(uppermostMiocene).King(1948)hallproposedthatregionaltiltingtookplaceinearly,to told-Tertiary,
_,onoomitantwithknownBasinandRangefaultingthatoccurredinthe regionwest of the Delaware
Basin,wtlhrel_iveupllvowoftheGuadalupeandDelawareMountains.

Northeastof the Idle,Long(1977a)shows• ciomalfeaturein section36, T.31 ,'_., R. 22 E of about500
feetof structuralrel_f. ERDA-6,whichwasdrilledinsection35 justwest of thecrestof thisfeature,
encountereda geopressured(artesian)brinereservoirin the CastileFormation.Studiesofthe ERDA-6
coreestablishthatthedomingInthisarea Is dueto a _altanticlinewitha coreof mobilizedHallte-Isall
(AndersonandPowers,1978;referto Figure16). Thisdomeis locatedwithinthebeltofsaltdeformation
flankingtheCapitan Reel where suchoccurrencesare to be expected. Artesianbrineflow was also
encounteredby theBelcoNo,1 Hudson-Federalovera similardomslfeaturesouthwestof thesiteinthe
LosMedanosgas fieldarea (Section1, T. 23 S., R. 30 E), althoughnosait-coredanticlineofthe type
encounteredat ERDA-6wasthoughttooccurthere.
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A previousseismicinvestigation(Long, 1977b) alsodefined an area of poor data qualityto the northof
the site. From the ERDA-6 anomaly westward into Range 30 E and southwardinto section 17 at the
northedge of the site, the quality and continuityof data as viewed on the seismicrecords deteriorate.
This suggeststhepossibilityof increasedstructuraldisturbancein thisarea, presumablycaused (if real)
by some form of salt deformation. Deteriorationof the seismic recordcan also be brought about by
anomalousor irregulartransmissioncharacteristicsof the overlyingmedium. Forexample, near-surface
structuraldisturbance,such as mightbe caused bydissolutioninthe RustierFormation,or thepresence
of an anomalously rigid near-surface layer, such as caliche, could change the quality of the seismic
record (Dobrin et al., 1954). A salt anticline at the northwestcorner of Section 9, T22S, R31E, was
suspectedon the basisof seismicreflectiondata;ddlling(WIPP 11) confirmedthe structurewas present
inthe Castile. WIPP 11 did not showany bdneor gas, thoughddlledto the loweranhydriteof the Castile
Formation. This confirmsthat anticlinalstructureswithinthe evaporitesare not alwaysassociatedwith
brine and gas. The apparent non-involvementof the overlying Dewey Lake Redbeds in the structure
may be interpreted,as noted inthe previoussection, as indicating a Permian age for this structure. As
discussedprev_usly, two anticlines,or domal structures,are present,one centered near the ERDA-6
localityand the ethel atthe L(_sMedanosgasfield. At bothstructures,andonlyat these structuresinthe
_;tudyarea, explor_ory ddllingencounteredartesianbrine reservoirsinthe CastileFormation. No such
structuresare indicatedby the 125 markerbed contoursto be presentwithinthesite exclusionarea.

Preliminaryinterpretationof seismicreflectiondata (Long, 1_7To) near the top of the Salado Formation
indicate the pocsibilltyof faulting, with a possible displacementof 100 to 250 feet, less than one mile
north of ERDA 9. Consequently,four holes (WIPP 18, 19, 21,22) were drilledbracketingthe possible
locationof the faulting(see Figure 19) to validatethe interpretation.The resultingborehole data show no
apparentfaultinginthisregion.

q

A preliminary assessment of the WIPP site relativeto structuralfeaturespresentlyindicatedinthe Salado
and Castile salt formations enclosing the selecte!:lwaste storage level can nowbe stated. Structure
contourmaps of varioushorizons in the Saledo FollT_ationindicate a uniformeasterlyregionalstructural

e gradient of about 80 to 100 feet per mile acrosst,_elimits of the proposed storage facility, with littleindication of the presence of any significant structur_,ianomalies. Plastic deformation and buckling
associatedwithsalt migrationor flowhas apparently r_o_occurredinthe SaladoFormationin the geologic
past to the extent that ithas inthe lowerlevelsof the underlyingCastileFormation. Areas inthe regionin
which artesian brine reservoirshave been encountered are associatedwiththickenedsalt sectionsand
salt-cored anticlines in the Castile Formation. However, as previously mentioned, a thickened salt
sectionand salt cored anticline was ddlled in WIPP 11 (See. 9, T. 22 S. R. 31 E) without encountering
fluids. Further,the occurrenceof these reservoirsappears to correlate with consistentstructural highs,
delimited by structure contours of successive horizons in the overlying Salado Formation. No such
structural features are recognizable withinthe limitsof the WIPP storage facilityon any of the Salado
horizonscontoured; infacl, the siteappearsto be in a slightstructuralsaddle.

1.3.9.2 ShallowS_tructures

As discussed previously, in the Los Medanos area a distinction may conveniently be made between
structural features exhibitedby rocks oocurdngabove the Salado Formationandstructuralfeaturesof ali
other strata. The distinctionmay be made becauserocksabove the Salado Formationat the WIPP site
have at one time or another in the geologic pastbeen subject to weatheringprocesses,and hencemight
display secondary structures related to surficial dissolutionand subsidencethat would not have been
imposed upon deeper strata. Accordingly, shallowstructures at the WIPP site have a potential for
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greater Irregularityandcomplexitythan thosewhichoccurat depth. "Shallowstructure"is here definedto
includethe Rustler Formationwhichextends to a del)lhof about850 feet beneath the center of the site.
Figures20 through24 are structurecontourmaps of Rustlerand higher strata,constructedfromthe clara
obtained from wirellne geophysicalloggingof WIPP exploratoryholes, holes drilledat the WIPP site to
assess potashreservepotential,and holes drilledfor hydrogeiogioinvestigations.

\

\ Structure r',onlourson top ofthe Culebra Dolomitememberof the Rustler Formationare shownon Figure
20. The Culebra is the mostproductive water-bearing unitinthe Rustler Formation. The closelyspaced
contours in the southwesternquadrantof the map define a slopeof about80 feet per mile eastward. The
wider _:,aclngof contours In the eastern half of the map is anomalouswith respect to regionalstructure
and marks the increasing amount of halite present progressively eastward in the Rustler below the
Culebra member. A similarconfiguration is evident on top of the Rustler (Figure 21); againthe regional
gradient appears in the southwestern quadranl, whilean anomalouslygentle eastward gradient,insome
places even reversed, signifiesthickening due to an increasingcontent of salt present in the formation.
Virtually the same pattern is observed with respect to the structure contoursof the Magenta Dolomite
Member (Griswold, 1977]. Isopachsof the Rustler Formation(Figure25) showthe gradientand amount
of eastward thickening. A broad,shallowdepressionwith30 to 40 feet of closurenear hole P-I I appears
near the northeastcomer of the slte on both the Magenta and the top of Rustler Formationlevels,but not
on the Culebra. Possibly lt represents an area of greater dissolution in the upper part of the Rustler
Formation, since Rustler Formationisopachsshow the Rustler Formation Is not thickeningeastward at
thisparticular location(Figure25).

The area in Figures20 and 21 where the regionalgradient is reflectedby the RustlerFormationstructure
contours, Identifiesthe area where the Rustler Formationhas perhaps been leached of mostof itssalt,
and hence presumablywhere maximumsettlement of overlyingrockshas occurred,assuming,of course,
that no disso_n took piace priorto depositionof overlyingDewey Lake strata. Jones(1973) suppliesa
subreglo.al structure contour mtp oi the Dewey Lake-Rustler contact and recognizes that the
unevennessit showsisdue to the added complexitiesof subsidence(Jones, 1973).

Proceeding higher |n the section, the top of Dewey Lake Redbeds (Figure 22) is the first horizon that
does not reveal the eastward gradient of the Delaware Basin that all lower horizons show. The Dewey
Lake surface acrossthe site area is undulstory, possiblyreflectingto some extent originalundulationsin
the unconformableDewey Lake-Santa Rosa contact mentionedby Jones (1973). A broad depression
near hole P-I I with about 50 feet of closure ts In the same location as a similar depression on the
underlying Rustler Formation surface (Figure 21). Subregional structure contours of Jones (1973)
indicate considerable irregularity of the Dewey Lake surface as is also suggestedby Figure 22, but
overall the surface slopes northeastward. Isopachs of the Dewey Lake Redbeds (Figure 26) disclose
that the west-trending slope of the Dewey Lake surface at the west edge of Figure22 is the resultof the
Late Tertiary erosion which Is associated with the development of Nash Draw and which completely
truncates Dewey Lake In Nash Drew ,self (Brokawet al., 1972). Continuationof thiserosion surface to
the east across higher strata is quite obviousIn Figure 23, contouredon the surface of the Santa Rosa
Sandstone. Structure contours of the Gatuna surface (below the Mescalero callche) (Figure 24) show
virtuallythe same configurationas does the Santa Rosa surfaceon the east and the DeweyLake surface
on the west, indicating that the thin Gatuna veneer was deposited over these surfaces after erosion
occurred. ,

No surface faults have been mapped within five miles of the center of the WIPP site; faults that are
mapped at the surface are dletant and are plainly related to collapse features. Bachman's (1976)
mapping east of t_e WiPP site shows no surface faults. The nearest faults mapped by Vine (1963)
involve offsets of the Rustler Formation in Nash Draw about nine miles southwest of the site in
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section 18, T. 23 S., R. 30 E. Although Vine recognized these faults as being produced by karst
processes, involving areas of circular or semicircular rock deformation up to a few thousand feet in

O diameter, he was unsure how to accountfor the fact that some were positivetopographicfeatures ordomes (Vine, 1960; 1963). Anderson(1978) believes that they may be the eroded remnantsof former
caverns insalt whose roofs had collapsed;the collapseddebds then remained as the upperpartof the
surroundingsaltwas partiallydissolvedand cardedaway.

LivingstonRidge, four miles northwestof the site, marks the edge of Nash Draw. Bachman (1974)
mappedoccurrencesof calicheinthe regionaroundthe WIPP site. He notedthe structuralrelationship
of the calicheto depressionssuchas Nash Draw (refer to _:ructurecontourmap of the I_escalerocaliche
in Bachman,1976). He concludedthat,

Major solutionand collapsepreceded and followed the accumulationof the Mescalero
calichein Nash Draw... (Bachman, 1976). The Mescalerocalicheprobablyformedon
anundulatory stablesurface.... AlongLivingston,Quehada, and NimenimRodges...
the caUchedips abruptlyintothe adjacent depressions. The crowdingof contours,the
presence of fractures, the uniformthickness of the celiche alongthese ridges indicate
thai Nash Draw and ClaytonBasinwere subjectedto collapseafter the formationof the
Mescalero caliche. On the other hand.., the uniform spacingof the contours in the
area of the Divide betweenUvingstonand AntelopeRidgessuggestthat thissurface...
approachesitsoriginalslope.

Thus, surface mapping structural interpretationsIlave found no evidenceof any anomalousstructurein
the vicinity of the WIPP site east of Nash Draw that might be indicative of significant differential
subsidenceof underlyingstrata. Such surface featuresand structuralrelationshipstllat ar_ exposedin
the area revealno indicationof any surfacefaultingat the WIPP site.

In summary, surface and shallowsurface structure in the vicinityof theWIPP site has presumablybeen
modifiedto some extent by Io_;sfromdissok,Jtionof 100 to 200 feet of salt thoughtto be originallypresent
in the Rustler Formation. The resultingsubsidence and settlement would not be expected to have
progressed in a perfectlyconstant and uniformmanner over an area of several square miles. On the
other hand, there is no indicationof the presence of the types of chaoticstructure encountered in the
Rustler in Nash Draw, as deacdbedby Jones (1973) and by Vine (1963). In the Nash Draw area, the
widespreadcollapse structuresobservedare due to extensive dissolutionin the Salado Formationrather
than inthe Rustler alone. Further,the successive erosional strippingof Santa Rosa, Dewey Lake, and
Rustlerstratawestward intoNash Draw, coupledwith the general eastwardregionaldip of the evaporite
strata, indicates that the amount of overburdenabove the Rustlerand Salado Formationsactuallywas
much less in Nash Draw than lt presently is east of Nash Draw. Thus the potential for significant
differentialsubsidence to have occurredbeneath the WIPP site seems to have been minimizedby the
restrictionof salt dissolutionto beds within the Rustler and bythe relativelyhigh overburdenpressure
whichwould have tended to providemore uniformsettlementas saltwas being removed. Stratigraphic
data frompotashholes drilled inthe WIPP site area indicateno majorirregularitiesin horizonsabove the
Salac_.

1.3.10 Summaryand Conclusionsof WIPP Site Geolog£

The structure of the Los Medanos area is basically simple and the rocksare,,for the most part, only
slightly deformed. Nevertheless, the rocks have been tilted, warped, eroded, and subroded (l.e.,
sublectedto subsurface solution), and discrete ctructuralfeatures can be recognized. These include:
structuralfeatures of regionalextent related to Permian sedimentation;intraformationalfoldsof limited
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extent related to "down-the-dip" movement of salt under the influence of gravity and weight of
overburden;and subsidencefolds related to warping and settling of rock_ to conform with the general
shape[Adtopographyof tl_ surfaceof salt Inareas of subrosion.

On the basis of available geological information,the salt deposits of the WIPP site area seem in many
ways to constitute a suitable receptacle for use in a pilot-plant repository for radioactivewastes. The
deposits have thick seams of rocksalt al moderatedepthsand are almostcompletelyundamaged from
subrosion. The deposits are only slightlystructurallydefonrned,and they are located in an area that has
had a long historyof tectonic stability.

The geologicInformationcollected to date indicatesthat tectonic faulting and warpingof rocks in the site
vicinitymms to be restrictedto Pennsylvanianand older rocksand to have predatedPermian evaporite
deposition; certain minor faulting within the thick Permian section appears to have occurred
contemporaneouslywith sedimentation. Oeformat!_.nrelated to salt flow has occurred primarilyin the
Castile Formation beneath the SaBado Formation, and has perhaps Increased the regional easterly
gradientto 80 to 100 fee_per mile to someextent atthe level of the storagehorizon. Areas inthe vicinity
of the site inwhich artesian brine reservoirshave been encountered are associatedwith thickenedsalt
sections and salt-cored anticlines in the Castile, but no such structural features are recognizablewithin
th_ limitsof the WIPP storage facilityon any of the Salado horizons contoured. The site, if anything,
appears to be in a slight structura0saddle. Dissolutionof bedded salt at the site has been restrictedto
horizons within the Rustler Formation; there is no evidence that the resultingsettlement produced any
significantstructuralIrregularitiesor collapsefeatures in the overlyingstrata withinthe area of the WIPP
site.

1.3.11

the purposeof the seismic studies has been to build a basis from which to predict the ground Inotions
that the WIPP repositorymight be subjected to in both the near and distant future. The concern about
seismic effects in the near future, during the operational period, pertains mainly to the design
requirements for surface and undergroundstructuresto withstand levelsof groundmotionmuchgreater
than those expectedduring thisperiod. The concernabout effectsoccurringoverthe longterm, ;dterthe
repository has been decommissioned and sealed, pertaInsmore to relative motions(faulting)withinthe
repositoryand possibleeffectson the integrityof the salt beds and/or shaftseals.

in thisdiscussion,ali Inteneltles are based on the modifiedMercalll Intensityscale (Wood and Neuman,
1931). Most of the magnitudeswere determinedbythe New Mexico Instituteof Mining and Technology
or described In the Geological Charade.rlzatlon Repor_ (Powers et al., 1978) and in the FSAR (Final
SafetyAnalysisReport) (DOE, 1988, Revised1990).

SeismicHistory

Selsr, lc history fs dlscuseed both before and after the time when seismograph data for the region
became available,

The earthquake record in southern New Mexicodates beck only to 1923, and seismicinstruments have
been in place in the state only since 1961. Sanlord and Toppozada (1974) have examined various
records to determine the seismic history of the area within 180 miles of the site. The results for the
period before 1961 area given in Table 1. With the exception of the weak shockin 1926 at Hope, New
Mexico, and the shocksin 1936 and 1949 felt at Cadsbad, aliknown shocksbefore 1961 occurredto the
west and southwestof the site and more than 100 miles away. Since 1961, instrument coverage has
become comprehensive enough to locate most of the moderately strong earthquakes in the region.
Shocksthat occurredwithin180 milesof the sitesince 1961 are listedinTable 2 and are shownin Figure
28. The distribution of data in Table 1 may be biased by the fact that seismic stations were more
numerousandwere inoperationfor longerperiodsnorthandwest of the site.
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Exceptfor the activitysomheast of the site, the distributionof epicenterssince 1961 differslittlefrom that
of shocks before that time. There are two clusters, one associated with the Rio Grande Rift on the
Texas-Chihuahua border and another associated with the Central Basin platform in Texas near the
_utheastem cornerof New Mexico. This latter activitywas notreportedbefore 1964. lt is notclear from
the recordwhether earthquakeswere occurringin the CentralBasinplatformbefore 1964, althoughlocal
historicalsocietiesandnewspaperstend to confirmtheirabsencebeforethai time.

A stationoperated for 10 monthsat Fort Stockton,Texas indicatedmany small shocksfromthe Central
Basin platform. Activitywas observedat the time the stationopened on June 21, 1964. Shurbet (1969)
suggested that this activity was related to the injection of water underground for oil recovery. The
suggestion has merit in that the Central Basin platform is an old structure (Early Permian), with no
surface indication of having been rejuvenated, and also because enormous quantitiesof water have
been injected. In one of the oil fields, the Ward-Estas North operated by Gulf 011Corporation, the
cumulative totalof water injected upto 1970 was over 1 billionbarrels. Accountingfor 42 percentof the
water InjectedinWard and WinklerCounties,Texas, thequantityis three timesthetotal injectedinali the
oHfieldsof southeastern New Mexicoin the same period. The knownhydrocarbonresourcesnearestthe
site are two gas wells approximately three miles to the southwest of the center of _hesite. Water
injection has not been used in the region around the stte to stimulate gas production. The nearest otl
fields inthe Delaware Basin,where secondary recovery mightbe attempted, are seven miles from the
site. Water-injection operations would be prohibited within the WIPP site during the period of
administrativecontrol Afterthe closingof t_'_erepository,seismicityinducedby water injectionwouldnot
p_ enoughgrounddisplacementto jeopardizethe repository.

The strongest earthquake on record within180 miles of the sitewas the Valentine, Texas, earthquakeof
August 16, 1931 (event 4 in Table 1). Coffman and von Hake (1973) estimate lt to have been of
magnitude6.4 (modHledMercatHintensityof VIII). The Valentineearthquakewas 130 milessouthwestof
the sits. Its modifiedMercalli intensityat the site is estimated to have been V; this is believedto be the
highestintensityfelt at the site in thiscentury.

in 1887, a major earthquake occurred in northeast Sonora, Mexico. Althoughabout 336 miles west-
southwestof the site, II is indicativeofthe sizeof earthquakespossiblein the eastern portionof _heBasin
and Range provincewest of the provincecontainingthe site. Santord and Toppozada(1974) estimateits
magnitude to have been 7.8 and Coflman and von Hake (1973) list lt as VIII.IX in modifiedMercalli
intensity, lt was fell over innarea of 0.5 millionsquaremiles(as far as Santa Fe to the northand Mexico
Cityto the south);faultdisplacementsnear the epicenterwere as largeas 26 feet (Aguilera,1920).

RecentSeismicActivity

Any seismic activity at or near the site is of great interest. From April, 1974, to October, 1978, 420
events identifiableas localand regionalearthquakes (withinabout210 miles)were recordedby a station
(CLN) 4 miles from the center of the site. For 150 of those events, the epicenterswere identifiedand
magnitudes determined(Table 2). Nine tentative locationswere alsodetermined. FromJanuary, 1962,
throughSeptember, 1986, 448 events were instrumentaflyrecordedthai occurredwithin180 milesof the
WIPP facility. Theseseismicpatternsare similarto thoseof the ptein,,,'trurnentaldata_

Three events (July 26, 19Z2; November 28, 1974; and January 19, 1978) have been instrumentally
recorded within35 miles of the WIPP site. The nearest event to the WIPP site occurredon January 19,
1978, about ten miles northeastof station CLN. Its magnitudewas 2.3, andthe event does not appearto
have been related to humanactivity.
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The other two nearby events (July 26, 1972, and November 28, 1974) had magnitudesof 2.8 and 3.6,
respectively,andbothwere about25 milesto the northwest. At both times, rockfallsand groundcracking
were reportedat an activepotash mine. To determinewhethercollapseat thismine was responsiblefor
bothevents, an analysis was made of whether the two epicenterscoincided. They were aboutsixmiles
apart, and thusthe two eventscouldnot bothhave been caused bythe mine. Moreover. the earthquake
had too muchenergy to have been caused by the rockfall. In the absence of additionalseismicdata on
these events, seismic risk at the site hal been estimated on the assumption thal both were natural
(Camvella and Sar/efd, 1977).

Set.k:

One desiresnot only an eatinrzmeof the largestseismic _otionspossibleat a site, but alsoan estimateof
their probability. Such an estimate has been mada fo_'the WIPP site, starting with an analysis of the
recurrence rates of earthquakes in nearby active areas. While maps of the position and intensity of
recordedearthquakesare usefulInevaluatingthe probabgityof an earthquakeat a given site,to increase
their usefulnessthe historicaldata havebeen supplementedwithfieldgeologicdata.

Several researchers have divided the United States into zones of earthquake risk. The standard
estimate ii that of Algermiisen (1969). Accordingto this estimate,the site is located inseismicriskzone
1, where only minor damage to structures is to be expected, corresponding to a modified Mercalli
intensity of V to VI, Earlier, Richter (1959) had placed the region within a seismic zone where the
probably maximum intensitywould be VIII. Sanford and Toppezada (1974) considered the site to be
either on the boundary of zones 2 and 3 or within zone 2, depending on whether earthquakes in the
CentralBaSinplatformare found to be naturalor ira:kcedby humanacttvfly.

Instrumental studieshave shownthe Central Basin platform,a structuralfeature less than 30 mileseast
of the site, adjacent to the DelawareBasin, to have been activesince at least mid-1964, and muchmore
active than would be expectedfrom itsstable tectonicsetting. Primarilyfor this reason, a seismographic
station array was establiiNKI in Kermlt, Texas, in late 1975. This stationwas in operation from 1975
through1979. Duringthe periodfrom November1975 to July 1977, 407 localeventswere detectedand
135 located with array data.

• Data show the Central Basin platform to be the most active seismic area within 180 miles of the site in
the number of event,;, but not in magnitudeof events. The data implythat seismicactivityis equallylikely
to occur anywhere along the Central Basin platform, without any clear relationship to small-scale
structuraldetailssuch ali i:x;e-Pemdanburiedfaults. Attemptshave been madeto relate thisseismicityto
the injectionof water for the rooovefyof oil. Such a relationshiphas not been unequivocallyestablished,
but the lack of evklencefor tochx_ originsuggeststhis correlation.

Sanford ez al. (1978), and 8glin reported in the FSAR (DOE, 1988, Revised 1990), calculated the
apparent recurrence rates for earthquakes on the Central Basin platform. The distributionof minor
shocksimplieda recurrence rate of avery 10,000 years for earthquakes of the size of the 1887 Sonoran
event. There is no evidence that such earthquakes have occurred tn the Central Basin platformarea.
Faultscaq:m25 miles longwould be expectedfrom shallowquakes suchas these, withdisplacementsof
perhaps 10 foot. They are not found. To explain this discrepancy, three possible explanations have

• been advanced:

• Crustal movementhas onlyrecently resumedon the Central Basin Platform;

• The structure of the Central Basin platform imposes a limit on the possible magnitude of
earthquakes;and

• The minorslxx:ksobservedwere caused byhumanactivity.
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The firstexplanation may not be absolutelydiscarded, h,. "_ever,it is extremely unlikelythat a structure
such as the Central Basin platform,which has exhibited no tectonicmovement for about 200 million
years, shouldbe tectonicallyreactivated so recentlythat no surface manifestationsare observed. The
calculated recurrencerates previouslydiscussedindicatea largeevent every 10,000 years; no surlicial
evidence has been found to confirm such events. The first explanation is not reasonable given the
informationnow available. The thirdexplanation,which seems best supportedbythe evidence, means
that the seismic activityin the Central Basinplatformis not naturaland shouldnot be used forassessing
tectonicstabilityover the long term. The second exp_anationis used in the analysis conductedtor the
WIPP site and brieflypresentedhere. lt is more conservativeinthat it assumesnaturalcauses (whichis
probablynot the case), but withan upper limit to ths magnitudeof an earthquake on the Central Basin
platform. This assumptionwouldbe consistentwith natural earthquakesin a regionwhere the geology
does not indicatelargerecentevents.

The method of Cornell (1968) was used to estimate seismicriskat the site (Powerset al., 1978). Three
source regions suggested by Algermissen and Perkins (1976) were used: the Rio Grande Rift, the
Central Basin platform, and ;,+eremainder of the area within 180 miles of the WiPP site (site source
zone). The analysis used Sanford'srecurrencerelationships(Sanfordet al., 1976; 1978). On the basis
of the earthquake of 1887, an upper,limit of 7.5 was set on the magnitude of earthquakes in the Rio
Grande Rift. The fact thal this magnitudeis less thanSanfordandToppozada's(1974) estimateof 7 to 8
does not affect the conclusionsof the analysis. On the basis of the largestearthquake observedsofar
(magnitude3.2), and consideringthe uncertainties incausative mechanisms,the upper magnitudelimit
for the Central Basinplatformwas set at 5 and 6 in separatecalculations. The largestearthquake sofar
observed in the remaining region(the site source zone) was of magnitude 3.6; from this, and from the

+ absenceof any indicationof Holocene localfaulting,the uppermagnitudelimitfor the site regionwas set
at 4.5 and 5 in separate calculations.The depth of earthquakesinthe site sourcezone was assumedto
be 3 miles.

The Cornell methodexpressesseismic dskas the probabilityper year that a specificaccelerationwillbe
reached or exceeded. The probabilitiescalculatedfor the WIPP site are shown in Figure 29. Figure29
also showsthe separate contributionsto these totals from eachof thethree sourceregionswitheach of
the assumed upl:_r magnitude limits. The contributionsof the Rio Grande Riftsource zone to the total
seismicriskat the site is smallat ali accelerationlevels. CurvesA andB andcurves C andD indicatethe
totalcombinedaccelerationforthe variouscombinationsof uppermagnituae limits indicatedabove.

From Figure 29 the accelerationsthat would be experienced at the site from earthquakes in the three
sourcezones separately are as followsfor two levelsof probability:

ACCELERATION G FOR

UPPER LIMIT PROBABILITY(PER YEAR)
SOURCE ZONE MAGNITUDE ........ I0 "u 10"_

.... ,., .,. - ,=. __ ,- , , _ , __ ,, _

Rio Grande Rit 7.5 0.14 0.09
Central Basin Platform 6.0 0.17 0.15
Central BasinPlatform 5.0 0.17 0.07
Site SourceZone 5.0 >0.3 0,23
Site Source Zone 4.5 0.21 0.17
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The totalseismicriskiscontrolledbyearthquakeprobabilitiesinoneof thesesourcezones,depending
o,"1theaccelerationlevelconsidered.Therelationshipsareshownbelow.

UPPER.LIMITMAGNITUDE ...... CONTROL..LING_ZONE ....
RIOGRANDE CENTRALBASIN SITESOURCE HIGH LOW

RIFT PLATFORM(CBP) ZONE(SSZ) ACCELERATIONACCELERATION
,. , ,, ......... ,

7.5 S 4.5 SSZ SSZ
7.5 6 4.5 SSZ CBP

_ S.0 SSZ SSZ7.S /7.5 5.0 SSZ CBP

Thisassumptionabouttheseismicpropertiesof theareaaroundand beneaththeWIPP site(sitesource
zone) is trnl)__tantin estimatingseismicaccelerationsat the WIPP siteandthepotentialforfaulting
throughthe repositoryafterits closure. The possibi!_ty Offaultingat thesiteof a magnitudethatcould
significa_ly affectitsintegrityisextremelylow.

1.3.12 Man-lr_.. SubsidenceFeatures

IntheCarlebadminingdistd¢l(BLM,1975),therehasbeensubsidenceduringand afterunderground
mining.Areaswheresubstden:eeffectshaveoccurred(14 squaremiles)or areexpected(40 square
miles)areshownin Figure27. Theseareasarenollh,northwest,andwestofthesiteatdistancesfrom
3.5 to 26 miles. The maximumsubsidenceobservedIs abouttwo-thirdsof theheightof theore zone
mined. Currentorezonesarefourtoeightfeetthick;maximumsubsidencesaretwofeeteightinchesto
ire feetfourinches.

1.3.13 SummaryandConclusionsofwipP SHe.Seismology__

The WiPP site fs In an area of low selsmic risk. The seismic historyof the area has beenwell
documented. The posslbllltyof faultingat the slteof a magnitudethat couldsignificantlyaffectits
integrityIs extremelylow.
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2.0 HYDROLOGY

Groundwater and surfacewater datahave been collectedin the WIPP sitearea since 1975 as partof a
studyto evaluate the feasibilityof storingdefense-generated nuclear waste in the halite depositsof the
Salado Formation. Full-scalesite-characterizationstudiesat the site began in 1976 and are stillgoingon
today. Hydrologicsite characterizationstudiesat the site since 1983 have been aimed at refiningand
updating the overall conceptual model of the hydrologicand geologic behavior of the WIPP site and
providingdata adequate for use InWIPP performance assessment. Much fundamental geologic and
hydrologicinformationwas available for the general area prior to the beginningof WIPP-related site.
characterization studies. This Informationwas the result of potash exploration, mining, oil and gas
exploration,andsite-assessmentactivities relatedto the GNOME project.

In 1976, the sHe-characterizationstudies began withthe drillingof hole ERDA.9 near the center of the
present WIPP site. The final series of hydrologic site-characterization studies, such as a recently
conducted, long-term,regional-scaleinterferencepumpingtestand local-scaleconservativetracertestof
the Culebra Dolomite Memberof the RustlerFormation,shouldbe completedandreported by December
1988. However, understandingthe hydrologicand geologicbehaviorof the WIPP facility (and the site)
willcontinueto developafterthat time.

Data collectedfromthese investigationshave and willcontinueto support a fullevaluationof the facility
performance against crltedadeveloped bythe U.S. EnvironmentalProtection Agency (40 CFR 191) in
their present or revised form. The structural,geologic, hydrologic,and waste-isolatlngbehaviorof the
WIPP facility,includingfar-fieldPathsof nucliderelease to the accessibleenvironment,will bemonitored
throughoutthe WIPP operationalperiod.

2.1 GRO.UND WATER HYDROLOGY'

The WIPP facilityis locatedinthe Pecos Valleysectionof the Great Plains physiographicprovince inthe
north-central part of the DelawareBasin about25 mileseast-southeastof Carlsbad, New Mexico (Figure
2). The WIPP undergroundstoragearea is at a depthof about2,150 feet, which is nearthe middleof the
1,750- to 2,000-feet thickPermianSalado Formation(Figure30). The stratigraphyand structuralgeology
of the region and the site aredescribed inSections1.2 and 1.3 respectively.

:

The characterization and evaluation of the subsurface hydrology in the region has consistedof the
followingprincipaltasksor items:

• Compilationand evaluationof availablepre-WIPP data and literature,mainlyfrompotash,oil
and gas, Pecos River,and GNOME investigations.

• Drilling and loggingof about 80 exploration holes as part of the •Site Characterization,"
"StipulatedAgreement," and =SiteValidation" programs; about 52 of these holes were the
subjectofhydrok:

• Extensivefield testingprogramscomprised of drillstem tests, flowtests, pump tests, packer
tests, etr,.

• Laboratorytestingof physicaland chemicalpropertiesof selectedrockunits.

• Laboratorytestingof fluk:;samples.

• Monitoring of water levels and water pressure in wells and ptezometers and monitoring
surface dischargeat gaging stations.
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• Fgrformlng hydrologicandgeotechnicalobservationsand measurementsduring excavation
of the WIPP facility (three shafts, approximately 25,000 feet of drifts, and our design
validationtestrooms)and duringconstructionof the WIPP facility.

• Numerical modelingof the hydrologicsystems,includingassessmentof various hypothetical
aocidentJbreachscenarios.

,I

Ground water within the Delaware Basin varies from fresh to saline. Water-bearing zones that
consistently produce potable water exist west of the Pecos River north of the City of Malaga in the
alluviumand east of the WIPP site inthe TriassicDockumGroup andTertiaryOgallala Formation(Figure
9). In the vicinitY of the WIPP site, there are limitedoccurrences of potable water and several water-
bearing zones able to produce poor-qualitywater. Discussionsof regionalground.water conditionsare
Included in Hendrtcksonand Jones (1952) and Nicholsonand Clebsch(1961). Detailed discussionsof
groundwater ¢x)nditlonsInthe vicinityof theWIPP site are givenby Murcer(1983).

The characterization/evaluation program identified the following regional and WIPP site specific
hydrok)gicsystems/unitsindescendingstratigraphicorder (Figures30 and34):

• Fresh-wateraquifersin alluvialdeposits alongstrearn_,pdmadlythe Pecos River; regional.

• Perched bodiesof freshwater in near-surfaceGuaternaryan0 Tertaarydeposits,suchas the
Giluna Formation;regionaland site-specific.

• Two fresh to saline water-bearingunits, the Magenta and Culebra DolomiteMembers of the
Perrnkm RustlerFormation;,_gl01_aland site-specific.

• A saline water-bearing unit along the contact between the Rustler and Salado Formations;
regionalandsite-speckle.

• Pressurized bdne reservoirs infractured anhydriteunitsof the Castile Formation;regional
andsite-specific.

• Brine and gas occurrencesin potashmines northand east of the site, primarilyin the McNutt
Potash Zone 800 feet abovethe facilityhorizon;regional.

• Brine and gas occurrencesIn the Salade Formation evaporites at the facility horizon;site-

• A mNor aquifer In the Guadaluplan reef complex (Capitan Reef, in particular)forming a long
arcuate bell aroundmostof the marginof the Delaware Basin;regional.

• Shell aquiferscdthe "badu'eef" zone of the basin;regional.

• Saline water-bearing zone(s) in the fine..graineasandstones of the Bell Canyon Formationof
; the Delaware MountainGroup;regional andsite-speclfic. 'J

'"* | "

To the west of the Pecos River,many of the rock unit_of the basincrop out (Figure 3). in these areas,
the solublesalts have been leachedfromthe Ochoan evaporites. The remaining,fairlypermeable strata
provide a conduit for percolaUonof precipitationintothe subsurfaceand for movement of relativelyfresh
watar to the east. The only large quantitiesof potable ground water in these unitsare foundwest of and
along the Pecos River.

APPI.2 L.40



The near-surfaceaquiferseastof thePecosRiverare limitedInextent,andthe waterpresentusually
containsmorethan 3,000 milligramsper liter TIDS, These shallowaquifers are rechargedfrom
prectpitatlonon outcropareasor fromovedylngformations.Thedirectionof migrationof theground
waterisnotuniform,butIsgenerallytothesouthorsoutl'wvest,eventuallyreachingthePecosRiver,

YieldtowellsfromRustlerFormationwater-bearingzonespresentabovetheSaladoFormationtypically
rangesfrom lessthan 1 gallonper minuteto over80 gallonsper minute. Thewater in these zones
rangesfromlessthan100 milligramsperliterTDSto greaterthan220,000milligramsper literTDSand
occursunderbothunconfinedandconfinedconditions.

TheSaladoFormationhas extremelylowpermeabilityandsmallamountsof isolatedfluids(discussedin
Section2.1.6). Duetothisfact,theSaladoFormationfunctionsas a regionalaqultard.

The undedyingCastileFormationalsoactsas an aqultarddespitetheoccasionalpresenceof brine
reservoirsencounteredwithinfracturedanhydritebedsof the formation.Sincethe reservoirsarenot
connectedto otherfluid-containingunitsinthebasin,theirpresencedoesnotdiminishtheaquitard
pmpertlesoftheCastileFormation.

Water-bearlngzones stratigraphlcallybelowthe evaporitesequence(BellCanyon Formation,in
particular)arewidespreadandcontainlargequantitlesof salineto brinefluidsunderconfinedconditions.
ThesefluidsmoveveryslowlytowardsthenortheastandeventuallydischargeintothePartiallydepleted
Capitanaquifer.

LittledevelopmentofgroundwaterhasoccurredintheWIPPsitearea. Thewastestoragehorizonwithin
the SalacloFormationts hyclrologlcallyIsolatedby thick,confiningbedsof theSalado, Rustler,and
DeweyLakeFormationsoverlyingit anclbythebedsofthe SaladoandCastlleFormationsunderlyingJt.
Anysignificantclrculationoffluids,particularlyina verticaldirection,withintheSaladoISprecludedbythe
serf-heallng,nearlyimpermeablecharacterof theevaporitebeds. Dlsso0utionofthe Saladobeds,based
on thegeologicevidence,willprogressat suchslowratesthatthe formationtsexpectedto maintainits
nearlyimpermeablecl_aracterforat leastonemillionyears.

The NaturalResourcesStudy(Braushel al., 1982) Indlcatesthatthe WIPP sitearea couldcontain
severalpotentlalproductivehorizons(payzones)of hydrocarbonswlthintherocksthat underliethe
evaporitedeposits.However,onlytheMorrowFormationof Pennsylvanianage,whichisa consistent
naturalgasIXoducerovermuchof theareasurroundingtheWIPPsite,isworthyof explorationriskatthe
presenttlme. Some anclllarygas productionmay alsobe possiblefromtheoverlyingPennsylvanian
AtokaFormation. The crudeoliresources Inthe WIPP site area are not consideredreasonably
extractableattbaPresenttime.

2.1.1 0..OfHrok:Sy=em

At the WIPP _,lteand itsvicinity,fluid-bearinghorizonsfrom the surfacethroughthe Bell Canyon
Formati¢_hav_been Investigated.Additionally,thegeologicobservationsanddocumentationof the
conditionsencc_J_erc¢linthefourshaftsandotherundergroundopeningsprovidedadditionaldataon
penetratedflu_d-bearingzones, I.e., on the two dolomitemembersof the RustlerFormation.the
Rustler/Salaclo:_nta,¢l,andthe SaladoFormation,inparticular.

Inthe immeclla_evk_tnityofthe WIPPsite, groundwaterabovethe SaladoFormationiscommonlyoi
suchpoorqualitythe lt is notusableformostpurDoses.Groundwaterof marginalquality,availablein
rarenear-sudaceI:_e_ aquifersintheDeweyLakeRedbedsandDockumGroup,isusedforwatering
live+_tockandis¢o+'_sidereda valuableresource.
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Exploratory holes were drilled with air through the Gatuna Formation, Dockum Group, Dewey Lake
Redbeds, and Rustler Formation. Saturated zones are readily detected with thisdrilling method. The
Gatuna Formation and Dockum Group (Figure 30) occur within50 feet of the surface, but little or no
water is present. The DockumGroup is found only indiscontinuousthin lensesbeneath the eastern half
of the site and is not present to the west. Small zones of moisturewere reportedin three holes in the
Dewey Lake Redbeds and one hole in the Dockum Group. Otherwise, no moisturewas encountered
until the Magenta DolomiteMember was reached. Observation wells constructed in the Dewey Lake
Redbeds and Dockum Group are dry, confirmingthe absence of large saturated zones and aquifers
abovethe Magenta Dolomite. Occasionalbodiesof perchedwater have limited extent andyield.

Hydrologicexplorationat the Me has identifiedand tested five fluid-bearingzones. These includethe
Magenta and Culebra Dolomite Members of*theRustler Formation and Rustler/Salado contact zone,
eachof which may be a potential avenue for radionuclidetransport.

The fourth zone tested was the Castile Formation,the hydraulicconductivityof which is generally very
low in the site vicinity, as determined by drill-stem tests in exploratory drill-holes AEC-7, AEC-8 and
ERDA.10. In some cases, deformationof the Castilebeds has occurred,resultingin anticlinalstructures
with local fracturingof anhydrite beds as described in the previous section on _tructuralgeology. In
some of these areas, brine reservoirs have been encounteredthat have substantiallyhigher hydraulic
conductlvitJesthan those determined for intact anhydrite. However, interbedded halite units are not
fracturedandexhibitlowpermeabUttlestypicalof halite.

The flflll zone tested was the sands o4the underlying Bell Canyon Formationwhich containsa confined
fluld-bearing zone of unsaturatedbrine under sufficienthead to reachthe Salado Formation. Additional
hydrologic teatlng and investigatlone have been conducted in the WIPP underground openings to
address localized weeps of small quantities of brine and gas. Section 2.1.6 contains more detailed
discussion of these phenomena and the permeability and hydrologic characte;'istics of the Salado
Formation(repositop/ho_t fornmlJon).

The permeability oFthe fluid-bearing zones above the Salado Formation and within the wiPP site
boundaries is highly variable. The range of transmissivities and storage coefficlen,*sis discussed with
regardto each water-bearingunit in the followingsections. Modelingstudieshave shown large areas of
the Culed_raDolomite Member have transmissivityvalues as great as 2x10-4 square metersper second.
Static heads inali of the fluid-bearingzones are generally more than 200 feet below land sudace, except
the initialheadsof the Isolated,artesian brine reservoirsencounteredinthe Castile Formation.

2.1.2 H_lroloaic Testingand Eva_ation MethodoloQy

The geologicand geophysicalexplorationconductedat and the near the WIPP site, as well as geologic
mapping and relalKI Investigatlone of the undergroundopenings,providea detailedunderstandingof the
stratigraphy, structure, rock properties, and other features of the subsurface geology, in coordination
with the geologiccJ_aractedzation,a i_ogramof hydrologictesting and monitoringwas established. The
primaryobjectiveof _ programwas to identifyindividualhydrogeologk_units/systemsandtheir potential
effects with regard to the WIPP facility. To fulfill this objective, investigations were conducted to
determine the characteristics of the flukJ-beadng zones, such as equivalent potentiometric surfaces,
formationtransmissivtty,and the chemicaland physicalproperties of the formationand wellbore fluids.
These data were used to develop mathematical fluid and solute-transport models of the hydrologic
systemsand providedinputintobreachconsequencecalculations.
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An inventorywas made of existingwaterwells in the vicinityof the WIPP siteprior to the developmentof

_ site-specifictestwells (Table 3). Dudngthe earlytestinghistoryof the WIPP Project(fromabout 1977 to1981), the U.S. Geological Survey and Sandia National Laboratoriesconductedhydrologictests in 39
exploratoryddgholes withinthe site boundaryand in the WIPP vicinity. Additionally,unsaturatedzones
were tested in shallow, site-specific holes to determine the potentialpermeabilityof the shallow units.
From 1981 through1988, Sandia NationalLaboratoriesandthe Management and OperatingContractor
re-comp,latedexistingwells and establishednew testingsitescomprisedof eithersingleor multiwellpads.
Pressure-transienthydraulictests, chemical analyses, and non-sod)ingtracer tests were conductedin
wells installedprior to 1981 and in the newly completed or installedwells. Figure 11 showsthe location
of selectedweL_used forhydrologictesting inthe vicinityof the WIPP site.

HydrologictestingwM also¢o,'Kkcteddudng shaftandrepositoryconstruction.Duringthe sitevalidation
phase,the effectsof shaftconstructionon the localwater-bearingunitswere assessed,detailedgeologic
and hydrogeoiogicmaPl_ngwas conducted inthe shaft afterconstruction,hydrologicobservationswere
performedduring undergroundm_ing and reconnaissance/inspectiontrips, andfacilityhorizonbrine
and OaSoccurrenceswereevaluated.

Multiple-well intederence tests were conducted at a numberof three-well hydropadscompletedin the
Culebra DolomiteMemberof the RustlerFormation. Thistestingprogramconsisted of pressuretransient

" and non-sod)ing tracer tests to determine the principal transmissivities, porosity, storativity, and
dispersivttyof the Culobra DolomiteMember. Test mettcx_ employedduringthese Interferencetests are
discussed in Gonzalez (1983), Ward and Waiter (1983), Walter (1983), Hydro Gee Chem, Inc. (1986),
Kel_ and Pickena(1986), and Beauheim(1986). A discussionof the resultsof hydraulictestingactivities
are givenin thefollowing sectionsfor each individualhydrogeologi¢unit.

Fluid sampleshave been collected from several different water-bearing units by bailing,swabbing, or
pumping;these fluid sampleswere obtatn_ bothduring initialdrillingand installationof thetestwells and
dudng dedicated samplingprogramsmainly the Water QualitySampling Program(WQSP). To maximize
the probabilitythat the fluid samples obtained were representativeof the zone beingtested, analysesof
key chemical indicator parameters have been performed in the field on a periodic basis during fluid
removal until stabilization of these parameters occurred. Results, plans, and discussionsfrom these
testing programs are given in Mercer and Orr (1979), Mercer (1983), Lambert and Rob'.nson(1983),
Mercer and Orr (1977), Cc,iton and Morse (1985), Uhlandand Randall (1986), Uhlandat al. (1987), and
Randallet al. (1988).

Boreholes inwhich hydrologictesting has been performedwere completed as observationwells and are
used to monitorthe hydrostatichea_ In fluid-bearing zones. Several of the test holes were completed
as multiple observationweil= and are used to monitorfluid levels of two separate zones by means of
packers and an inner tubingstring. In some wells, a third zone was pedorated and tested and a bridge
plug was later set above it; cons4Kluently,the zone is not now available for periodic monitoring. Other
wells were completedto monllorone zone in anopen hole ratherthan throughperforationsin the casing.
In addition to zones found to yield fluid to wells, selected shallow test holes were completed as
observationwega to allow detection of perched or transitory saturated conditions that could develop.
Shallowzone| monitoredincludensar-sudacealluvium,the Gatuna Formation,the DockumGroup,and
the Dewey Lake Redbeds. Some observation or test wells have been temporarily or permanently
plugged.

Periodic monitoringof fluid levels in thewells began after the initialseriesof hydrologictests in eachwell
were completed. Becauseof the lowyieldsof someof the tested fluid-bearingzones, considerabletime
is requiredafterwater removalfor thefluid level in somewells to stabilize. The rate of recoverywouldbe
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slowedif the interconnectionbetweenthewellandthewater-bearingzoneswas impairedbythewell's
construction,suchas byhavinginsufficientperforations.Mostfluidlevelshavestabilized,however,and
provideanaccuratedeterminationof thepotentiornetriclevelsofthemonitoredzonesaswellasdatato
establishpotentiometricgradients.

Duringthe site validationphasethe effectsof shaft coj_structionon local aquiferhydrologywere
assessedby:

• Ground-waterinflowtestsintheventilationshaft(diameterof sixfeet).

• DrawdownanalysisoftheCulebraaquiferintheunlinedventilationshaftusingpiezometer
dm fromtheexploratoryshaftandnearbymonitorwellsatpadsH-01,H-02,andH-03.

• Chemicalanalysesof inflowsamplescollectedintheventilationand intakeshafts.

Thezonesof interim werethetwoprincipalwater-bearingzonesintheRustlerFormation,theMagenta
aw,JCulebraDolomites,andtheRustler/Saladocontact.

Twomethodswerem',edPorthe inflowtests:

• Measudng_thechangeInwaterlevelintheshaftsumpdudngthreeseparatetestsintervals,
and

• Instalgnga watercollectionringtodeterminethe inflowfromtheRustierFormationdolomite
members.

Afterenlargingthe SPDVventilationshaftto theapproximately20-footdiameterwastehandlingshaft,
hydrologicobservationswereincludedaspartof thedetailedgeologicmapping.Hydrologicobservations
werealsoperformeddudngundergroundmappingandreconnaissance/inspectiontdps.

.r,/_

Duringtheexr,avationof theSiteandPreliminaryDesignValidation(SPDV)undergrounddrifts,several
occurrencesof minorgas emissionswerenoticedinverticalcoreholesdrilleGintotheroofandfloorof
thedrifts.A subsequenttestprogramconsistedof:

• Inventoryofboreholesanddeterminationof theirsuitabilityforgas testing.

• Gas testinginexistingaccessibleholespenetratingAnhydritebeds"A*and"B,"andMarker
Bed138:

- Determinationof gas_)du_ng zonesusingstraddlepackers,
- Measurementsofgasflowrates,and
- Colkctionofgassamples.

• Testingof an availabledrillrigundergroundfor its suitabilityforgastesting,whichincluded
drillinga newholeto thebottomof MarkerBed139, measurementof gasflowand collection
of gasand brinesamples.

Latertestsincludeddrillingfourone-inchdiameterholesintotheroofofthedriftswkhrapidshut-ins(after
gaswaz encountered),enablinginitialflowrateandpressurebuild-upmeasurementstobe made. These
boreholespenetratedAnhydrites"A"and"B."

--
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Duringthe SPDV phase, samplesof the facilityhorizonhalitewere alsosubjectedto laboratorytestingto
determine:

• The fluid content of releaseable water/brine in the form of fluid inclusionsor as hydrated
minerals;and

• Permeability.

Hydrologic data presented and/or referenced in Section 2.0 have been collected or calculated by a
numberof individualsIn differentorganizationsover a periodof manyyearsusingvariousvalues/unitsfor
similarphenomena,suchas hydraulicconductivityversuspermeabilityversustransmissivityor milligrams
per liter versus parts per million, etc. These values are presented as they have been used in the
individualreferencesbecausethek unificationcould lead to inaccuraciesand/orinterpretativeerrors.

The followingdiscussiondesmtbesthe hydrologicand hydrochemtcalcharacteristicsof each of the water-
bearing units found to be significantto the performance of the WIPP site. The individualdiscussions
includethe distributionof hydrologicparameters,water quality,ar_Jtheir relationshipsto the WIPP site
and other hydrogeologicalunits. The term "aquifer"is not used in its formalsense in thisreport. Formal
usage definesan aquifer as a geologic formationor groupof formationsor a part of a formationthat is
capable Ofyielding economic quantities of water to a pumped well or to springs. The use of the term
aquifer in reference to mostwater-bearing units at z,'KIadjacent to the WIPP sitewould be misleading.
More appropriatelythe zones associatedwith the WIPP site will be referredto as "hydrologicunits"or
preferablyas "waterbeadng units" in this report.

2.1.3 I-lydrolocwqf the DelawareMounta!nGroup

The lithology of the Delaware Mountain Group has been described previously in detail, lt is
predominantly a fine-grained, silty sandstonewith interbeds of black shale and black limestone. The
basinal deposits are composed, In ascendingorder, of the BrushyCanyon, Cherry Canyon, and Bell
CanyonFormations. The Delaware MountainGroupcropsout in the southernGuadalupeMountainsand
inthe Delaware Mountainsin Texas. The maximumthicknessof the Delaware MountainGroup is in the
central part of the Delaware Basin,where it exceeds 4,000 feel. The Delaware Mountain Groupeither
pinchesout or interflngerswiththe severalstages of reeffacies on thebasinedge.

GeohydrolooicCharacteristics

Data for a regionalarialysla of the hydrologiccharacteristics of water-bearingunitswithinthe Delaware
Mountain Groupare sparsedue to the depth,the salinityof the water,and the overalllack of permeability
of these rocks. Studies(Greuten, 1965; Sullivan,1979) of the Delaware MountainGroupconcluded that
the Lamar shale at the top of the Bell Canyon Formation plus the several thousand feet of dense
anhydrite and salt of the overlyingCastile Formationwould probablyformeffective confiningbeds over
the Bell Canyon Formation. These confining beds, if they were not fractured, would restrictwater from
migratingupwardfrom the BaH'CanyonFormationto dissolvethe saltof the Salado Formationand would
also restrict movement of fluids downward from the proposed facility horizon to the Bell Canyon
Formation. Since these studies, Interpretationsof the potential for upward movement of fluids fromthe
Bell Canyon into the overlying evaporites (Anderson, 1978, 1981) have created a need for a re-
evaluationof the hydmbgic s_tst_nof the Delaware Mountain Group.

.

This discussion is restrictedto the upper part of the Bell Canyon Formation because lt is the closest
water-bearing zone below the evaporites and contains the most poroussandstones of the Delaware
Mountain Group. The hydrologic system of the Delaware Mountain Group probably is confined to the •
upper 600 feet of the Bell CanyonFormation.

=

APPL2 L-,45



A

Based on drillstem testsconductedinthe Bell CanyonFormationand from data frompreviousstudies, it W
became apparent that eadier studies (Hiss, 1976; Mercer and Orr, 1977) indicatingthat the Delaware
Mountain Group is a uniformhydrologicunit were in error. Numerous studies of oil reservoirsindicate
that the sandstones of the upper part of the Bell Canyon are present as narrow, sinuouschannels that
grade laterally into le3s permeable shales and siltstones. These channel sandstonesmay be covered
with si#stone and locallyare poorlyconnected hydrologicunits. Thoughstudiesof geophysicallogs may
indicate that an Individualsandstone body is continuous, each major sandstone body is composed of
many individual sandstone beds that are either separated by slltstone or have different degrees of
cementation (Willlamson, 1979). Grauten (1965) describes the apparently continuous sands rf the
Ramsey sandstone actually to be composed of three or more separate sublensesof poroussan0stone
separated by relativelyimpermeablesiltstone beds, each sublens to be virtually separated hydraulically
from the others. The entiresystemis confined by overlyingbeds with negligiblepermeability;inthe case
of the sandstones of the Ramsey member, the overlying Trap and Lamar shale members form a very
effective seal (Grauten, 1965). Ali a result, vertical permeabilitywithin these sandstone units is very
small, as indicatedbydata from a drill-stem test in testwellAEC-8 where two sandstoneunits,separated
by a slltstoneunit 16 feet thickwere Individually tested (Mercer and Orr, 1979). The water levels for the
upper and lower sandstones stabilizedat 553 and 568 feet below land surface. Extensiveevaluationof
drill-stem tests in other wells throughoutthe basin indicatedthat potentlometric (or head) differences of
this magnitude are common between adjacent sandstonehydrologic units. These differencesindicate
that confining beds between the sandstones are so poorly connected that they cause hydraulic-head
differencesof 15 feet in sandstonelenses only 16 feet apart.

The hydraulicpropertiesof the upperpartof the BellCanyonFormationhave been compiled fromseveral
sources, Includingdrill-stemtests at the WIPP site (Table 4) and selected oil-field productiondata. The
following discussion provides the average values for hydraulic properties published in the Delaware
Mountain Group Symposium (Sullivan, 1979) for reservoirsat which oil, gas, and water are present and
includesthe valuesfor the hydraulicpropertiesforthe permeabilitybarriersof siltstoneandshale.

The primary porosity of the upper Bell Canyon Formation sandstones (generally the Ramsey) is '
intergranular and generally ranges from 20 to 28 percent. The permeabilitles of these Ramsey
sands_tonesrange from 14 to 90 mlllidarcles(Berg, 1979), althoughpermeabilitymay be greater locally.
The siilstones and shaly siltstonesforming the permeability barriers generally have porositiesranging
from 10 to 20 percent, witha permeabilityusually lessthan 0.1 millidarcy. A good exampleof this type of
stratigraphyis showninthe crosssectionacrossthe El Maro41field in LovingCounty,Texas (Figure31).

Recent studies suggestthat the Bell Canyon Formation at the WIPP site does not contain any major
channel sandstone units (Figure32). This decreases the probabilitythat the Bell Canyoncan serve as a
soume of fluids for dissolutionof overlyingevaporitesat the WIPP.

To evaluate the water-bearing units In the upperBell Canyon FormationIn the vicinityof the WIPP site,
three test holes (AEC-7, AEC.8, and ERDA-10) were ddlled into the upper part of the Bell Canyon
Formationand were hydraulicallytested. Several sand stringersthat were identifiedfrom the geophysical
logs and cores were permeable enoughto test and were found to contain brine. These zones included
an upper and lower sand in test hole AEC.,-8(probablypre-Rarnsey), a sedes of sandstones intest hole
ERDA-10 (Ramsey and pre-Ramsey), and sandstonein test hole AEC.7 (Ramsey). Althoughtest holes
AEC-8 and ERDA-10 are only about 14 miles apart;and the sandstones tested are aboutthe same depth
below the top of the Bell Canyon, they may not be in_ hydraulicconnection because they appear to
be channel sandstones. Test hole AEC-7 penetrated similarsandstones at a shallowerdepth.
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The testswere conductedusingstandardand modifieddrill.stem-testprocedures(Mercer andOrr, 1979),
which primarilytest the horizontalhydraulicconductivity. From analysesof the hydraulicdata (Table 4),
the hydraulic¢onductivitles of the sandstones were 4.0x10 "¢ footper clayfor the zone tested in AEC-7,
2.0x10"2 and 7.0x10"3 foot Per day for the two zones tested in AEC-8, and 5x10"2 footper day for the '
zone tested in ERDA-10. The Lamar shale also was tested in the three holes to evaluate the
effectivenessof the zone as a confiningbed which wouldrestdctupward movement of fluids, assuming
the unit is not fractured. These tests of the Lamar shale yielded values of hydraulic conductivity of
2.0x10"6 footper day in tesi hole AEC-8, and 4.0x10"4 foot per dayin testhole ERDA.10. In AEC-7, the
Lamarshale was evaluatedto determineits effectiveness as a confiningbed, but it had such negligible
permeabilityit could not be tested. These hydraullc-conductivityvaluesfor the uppersandstoneunitsof
the Bell Canyon Formation were within the range of permeability values reported by various oil
companiesforthe sandstonesandshalesof the Delaware MountainGroupthroughoutthe basin. These
tests also indicated that the head in the upper portion of the Bell Canyon is less than the heads in the
Rustler Formation. Therefore, if an interconnectlonwere formedbetween the two units, the potential
wouldbe fordownwardmovementif, infact,these zones were interconnected.

GroundWater Movement

Several stuc;;_shave producedpotentiometric-surfacemapsfor the Delaware Group;however,because
most of the pressure-head Information comes from the upper part of the Bell Canyon, these maps
probablyare most representativeof that zone. The common procedureduringoil explorationis to run a
drill,stem test on a zone that (from geophysical logs)appears to have the greatest porosityalongwith
someassociatedpermeability.Becauseof the lack of lateralcontinuityin many of the sandstonestested
inthe upper part of the BellCanyon Formation,less reliable data are availablethan wouldbe expected
from the numberof weftsshownon an oiland gas map.

Hiss (1976) and McNeal (1965) have constructed potentiometric maps for the upper part of the Bell
Canyon Formation,and the mapsgenerally are similareventhoughHiss'smap covers onlythe northern
part of the Delaware Basin. Bothof these maps were constructedafter adjustinghydraulichead data to
a freshwater equlvalenl to accountfor variations in brine density. In the WIPP characterizationstudy,
available oil-field ddg-stemtests, productiontests, andwater analyseswere coupled with data collected
fromthe deep test holes AEC.7, AEC-8, and ERDA.10 near the WIPP site to construct a potentiometric
map. The base map developed byHiss (1976) was used, and new informationwas correctedfor den_ity
as describedby Hiss and incorporatedIna new map, The new contourmap duplicatedHiss's mapwith
verylittlemodification(Figure33).

The potentiometric gradient of the upper part of the Bell Canyon is nearly parallel with the region;li
structural trend. Water apparently enters the unit in the western part of the basin, perhaps in ti_e
Delaware and GuadalupeMountains, andmoves northeastwardacrossthe basin at a hydraulicgradient
rangingfrom 25 to 40 feet per mile. The rate ofwater movement in the sandstone isprobablyvery slow
because it is assumed to be restrictedby negligiblehydraulicconductivityof the interveningsiltstones.
Althoughthe Capitan aquiferof Hiss (1976) abutsand ovedlestho Delaware Mountain Groupalongthe
buin margins,the lithologicandhydrologiccharacteristicsof theCapitanaquiferand Delaware Mountain
Group (in particular the upper part of the Bell Canyon Formation) are quite different(Hiss, 1980). The
hydraulicconductivityof the Delaware Mountain Group is several orders of magnitude less than that of
the Capitan aquifer; this fact, coupledwith differences in quality of water, would indicate that only a
relatively small quantityof water in the Delaware Mountain Group, if any, would move intothe Capitan
aquHer. Data from testsof the upper part cdthe BellCanyon Formationintest holes AEC.7, AEC-8, arid
ERDA-10 fit with the regionaltrend. Fluiddensity and permeability variations and discontinuityof the
uppersandstone units in the BellCanyon Formationprecludedetailedsite-specificanalysesby meansof
the potentiometric map.
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Hydrochernlstry e

Generally, the waters inthe upper part of the Bell Canyon Formation are brines in which sodium and
chlorideare the predominant ions (Table 5). The "clean" sandstones near the outcropof the Ramsey
sandstoneof the Bell Canyon Formation,west of the WIPP site near the Guadalupe Mountains, appear
to be saturated with relatively fresh water (Grauten, 1965). As the water moves across the Delaware
Basin, however, the salinity of the water increases; total dissolved solidsconcentrations of more than
300,000 milligramsper literoccur inthe structuraltroughof the basin (McNeal, 1965). Con,:entrationsof
dissolved solids In brines sampled duringthe testingof the upper part of the Bell Canyon Formation al
the WIPP site ranged from 180,000 milligramsper liter intest hole AEC-8 to 270,000 milligramsper liter
in tesi hole ERDA-10. The abundance of calcium, magnesium, sodium, and potassium cations, the
presence of chloride and sulfate as the major anions, and the measured low hydraulic conductivity
supportthe conceptof extensive brine-rockintera_ion as the water movesslowlynortheastwardacross
the basin. Detailed informtlonon the compositionof the water from the BellCanyon Intest holesAEC-7,
AEC-8, ERDA-10 and DOE-2 can befoundinMercer (1983), and Uhlandand Randall (1986).

2.1.4 I-h.droloclyof the Guadaluplan ReefComplex

In general, the position and dimensionsof the Guadaluplan reef complex,which contains the Capital1
Limestone Aquifer as defined by Hiss (1976, 1980) andras used in this report, closely agree with the
location of the Capitan and Goat Seep Limestones and carbonate banks of the Carlsbad facies of
Meissner (1972) (Figure 2). lt also includes shelf margin carbonates and the upper part of the San
Andres Limestone. Althoughthe Capltan aquiferis one of the most productiveaquifersin southeastern
New Mexico, lt Is present in the subsurface,at the closest, approximatelyten miles north of the WIPP
facility. Here, the Capitan aquifer is generally composed of a relatively "clean" carbonate with low
insolubleresidue,espedally near the foreresfedge.

GeorrvtlrologlcCharacteristics

This discussion is concerned with the section of the Capitan aquifer that parallels the nortllern and
eastern margins of the Delaware Basin in an arcuate strip thal extends from the Guadalupe Mountains
southwest of Carlsbad to the Glass Mountains near Fort Stockton, Texas. The width of the Capitan
aquifer inthis strip ranges from 10 to more than 14 miles (Hiss, 1976). In the subsurface,the forereef
edge Is relatively abrupt and abuts against the sediments of the basin. Approximately 1,200 feet of
vertical relief along the foreresf edge was detected in two oil test holes drilleda few hundredfeet apart
(horizontal distance) in sections 5 and 9, T. 22 S., R. 33 E. in Lea County (Hiss, 1976). The backreef
edge of the Capitan aquifer hzmuch more irregular. The thickness of the unit is quite variable, with a
maximum thickness of nearly 2,400 feet present about 13 miles northeast of Carlsbad. Hiss (1976)
reported that a thickness of more than 1,500 feet has been observed in 49 percent of the wells that
penetrate the Capitan aquifer In New Mexico. He also discussedthe presence of submarine canyons
that erodedinto the reef in Eddy and Lea Counties,New Mexico,_ decrease the overall thicknessof
the aquifer by one-haftor more. These featuresali have a bearing on the occurrence and movementof
water in the reef complex.

The hydraulic conductivity of the Capitan aquifer along the eastern margin of the Delaware Basin in
Texas and New Mexico has been calculated and found to range from 1 to 25 feet per day (Hiss, 1976);
average values forthe aquifer in southernLea County and east of the Pecos Rivervalley at Carlsbadare
about 5 feet per day. Although no values of hydraulicconductivity are available for the Capitan aquifer

APPL2 L-48



west of Carlsbad, Molts (1968) indicates that yieldsof developedwells are from 1,000 to 4,000 gallons
per minute. He alsoIndicatesfrom his studiesthat theoccurrenceand movementof waterin the Capltan
aquifer is controlled prtmadlyby lithofacies changes. Permeabiiities are greatest in coarser grained
rather than finer-grained detrital carbonates and in calcareous rather than dolomitic rocks. This
associationalsois borneout in the wed(of Hiss(1976).

GroundWater Movement

Water inthe Capitan aquifer is under water-table conditionssouthwestof the Pecos River at Carlsbad,
but to the northandeast, where the aquiferIs entirelyin thesubsurface,artesianconditionsprevail. Hiss
(1976) indicates that water entering the Capitan aquifer system in the GuaclalupeMountains moves
east,Nardtoward Carlsbed where mostof thewater dischargesinto the Pecos at Cadsbad Springs. lie
concludes that a deep, incised submarine canyon near the Eddy-Lea County line forms a hydraulic
restriction that constrains the eastward movement of water from the vicinity of the Pecos River.
Apparently, there is little movement of water between the Pecos River and this restriction(Figure 34).
East of thisrestriction,however,the regionalpotenticmet_ surface, representedbythe hydraulichead in
the aquifer, has been changed significantly in response to withdrawal of both ground water and
petroleum,especiallyduringthe last 50 years (Hiss, 1980).

In summary, the Capltan aquifer system is unique hydrologicallyin that itforms a longnarrow arcuate
belt composed of very permeable rocks. Rocks with little permeability adjoiningand underlying the
Capitan aquifer control the movement of water. Lateral movement into the basin is prevented by the
nearly Impermeable anhydritesof the Castile Formation,whiledownward movementis controlledby the
higherhydraulichead in the relativityImpermeableDelaware MountainGroup. The shelf-aquifersystem
(Hiss, 1976) to the west and east of the Pecos Riveri8 interconnectedwith the Capitan aquifer, but the
relatively lowerpermeability of the shelf-aquifers(one to two orders of magnitude less than that of the
Capitan) restrictshydraulicconnection.

H_rochenvslry

There is an extensive dlsctlasJonof the chemical composition of ground water associated with the
Capitan aquifer in Hiss (1976). In general, the water with the lowest chloride-ion concentrations is
present in the Capitan aquifer throughout the regionwhere the rocks have the greatest permeability;
conversely, the water withthe highestconcentrationsispresent in rockswiththe leastpermeability. The
slightly saline water found in the Capitan aquiferand backreef rocks in southeasternNew Mexico and
western Texas probably is a resultof Imiectivedisplacementof the originalbrinesbyfresh water moving
from the Glass and GuadalupoMountainintoformationswith the region;lilygreatesttransmissivity(Hiss,
1976). Moderatelysaline waters are found in theCapitan aquifer ineastern EdclyCounty, especially in
the area 04the apparenthydraulicrestrictionnear Eddy-LeaCounty Line.

2.1.5 I_lydroicovoi I_ Castile Formation

The Castile Formation,consisting of thick anhydrite beds with thin Interbeds of salt, lies between the
Delaware MountainGroupandthe overlyingSalado Formationand representsa majorregionalconfining
layer. Its distribution is almost completely ,roiled to the Delaware Basin (Oriel et al., 1967), the only
evaporite unitso restricted. Generally, the CastileFormationaverages between 1,500 and 1,650 feet in
thickness except In west-central Ward County, Texas, southeast of the WIPP site where Jtreaches a
maximum thicknessof more than 2,100 feet (Adams, 1944). Based on data from the test holes drilled
during slte-charactedzatJon Investigations at the WIPP site, the Castile is 1,518 feet thick in test hole
AEC-7, 1,377 feet thickIntest hole AEC.8, and 1,492 feet thickin test hole ERDA-10.

Extensive outcrops of the Castile Formation are present inthe western part of the Delaware Basin, in
south-central Eddy County, New Mexico, and southwardinto Texas. The upper anhydrite beds have
been alteredto gypsuminthe area of the outcropand containsolutionfeatures.
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GeohydrologlcCharacteristics

Very little hydraulicdata are available from the Castile Formation. Inthe halite zones, the presence of
water is restricted because the halite does not realdilymaintainprimary porosity,solutionchannels, or
open fractures. The same characteristics are tr_herentin the anhydrite, with the exception that if
developed, fractures may remainopen temporarily_.Anhydritehydrates to gypsum in the presence of
slightly saline water. Hydrationusually Is accoml:_nled by a 64 percent expansion in volume, which
possiblycouldseal the fracturesandpreventfurtherwater migration.

Drill-stemtestswere conductedin the Castile Format_ionduringdrillingof test holes AEC-7, AEC-8, and
ERDA-10 (Lambert and Mercer, 1977). The permeabilitles of the anhydrites and salt interbedswere
negligibleand In most testscould not be determinedwithconventionaltestingmethods. However,based
on the sensitivity of the test equipment, a conservative estimate for a hydraulic conductivity of the
sectionstestedwouldbe equal toor lessthan lx 10-8 foot per day.

In mostof the basin, the Castile Formationevaporitesact as a barderor confininglayerfor water moving
"through"or "in" the upper part of the Bell Canyon Fom'tatlonof the Delaware Mountain Group. lt has
been suggested that movement of fluidsupward fromt_ Bell Canyon Formationthroughthe Castile
evaporites coulddevelop a flow path for deep dissolution of the overlying Salado Formationsalts and
subsequentlydevelop dissolutionfeaturesreferredto as "_eccla pipes"(Anderson, 1978, 1981) (Section
1.1). Anderson also suggested that the upward-moving _ater would,as the concentrationof dissolved
salts increased,beginto move backdownwarddue to a de4nsitydifferential.This concentratedbrine, itis
postulated,wouldmove backdownthroughthe fracturesystem inthe Castile Formationto dischargeinto
the Bell CanyonFormation. ..

For this density-flowmechanismto work, an extensivefracturesystemwould haveto developthroughthe
anhydrites of the Castile. Detailed studies of logs and core_sfrom drill holes in the vicinity of the WIPP
site have failed to identifysuch a fracture system or any otl_erevidence that would indicate water has
moved vertically throughthe evaporitesequence. Infact, no(dissolutionfeature that has been identified
withinthe basin has been shownto extend as deep as the Cas_tlleFormation.

The hypothesis also requires that the upper part of the Bell Canyon Formation would be capable of
transmitting these saturated brines away from the density-flow systems. The minimalpermeabilityof
sands in the Bell Canyon Formation probably would preclude removal of the volume of salt-bearing
bdnessuggested by the hypothesis.

Appreciable quantities of water have been reported (Mercer, 1983) in the Castile Formation alongthe
western side of the Delaware Basin, but only in _';¢_tt.eredzones near the outcrop. Anhydritesin these
areas have been altered to gypsum,formingsolution(,hannelsand cavities. These cavitiesare filledwith
silt and broken blocks of gypsum and act as reservoh's for.ground water. This ground water is used
locallyfor stockwalerlng, but usuallyhas largeconcentrationsof dissolved solids.

Isolated pockels of brineand associatedhydrogen sulfidehave been penetrated by test holesof various
oilcompanies and during site-characterization investigationsat the WIPP site [Section 1.3.9). These
occurrenceshave been discussedin several reports resultingfrom these investigations[Griswold,1980;
Register, 1981; Lappin, 1988). In general, these pressurizedbdnes are present in a fractured anhydrite
bed in the Castile Formation. The brines, in all knowninstances, are associated with structuralfeatures,
as determlnedby seismicmethods,and appear isolated and not part of interconnectedhydrologicsystem
as determined by testing. Geochemical studies by Lambert (1978) show the Castile brine present in
ERDA-6 test hole to be chemically and isotoptcallydistinct from indigenous fluids in rocksabove and
belowthe Castile Formation.

t
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The known dlstdbutionof these Castile brine occurrences as of 1983 is shownin Figure 35. Castile
bdnes have been encounteredlargelyInhydrocarbon.explorationdrill-holesbothnorth and northeastof

D the WIPP site (i.e., between the WIPP site andthe marginof the basin). However, brine has alsobeenencounteredsouthwestof the WIPP site at the Beico weil. Duringsite characterization,Castile brines
have been encountered in hole WIPP-12, approximately1.6 kilometers north of the site center, and in
ERDA-6, approximately8 kilometersnortheastof the sitecenter.

Brine volumes inthe two WIPP testingoccurrenceshave been estimatedon the basis of flowtestsand
drill-stemtesting, but remain somewhatuncertain. Estimatedbrine volumes rangesbetween 9.5x 103
and 105 barrels for theE RDA-6 weil, and between 5x106 and 17x106 barrels Igr WlPP. 12(Poplelak et
al., 1983; Neill et al., 1983).

A geophysical survey using electromagnetic methods was made directly over the WIPP waste-
emplacement panels in 1986 (EarthTechnology,1987) to determinethe presenceor absence of Castile
brines ben6ath the facilDty.The resultsof this surveyindicate that there may be localized and isolated
brine occurrences beneath the furthest northern and northeastern parts of the waste emplacement
panels,occurringwithinthe CastileAnhydriteIII unit (upperanhydrite).

Extensive geologic, hydrologic, and geochemical studies have been performed on the reservoirs
intersected by boreholes ERDA.6 and WIPP-12. These studies showed that the brine is located in
fracturesin the Castileanhyddtes(AnhydriteIII at WIPP-12 and probablyin AnhydriteII at ERDA-6) likely
formed during the creation of the anticlinal structures (see Section 1.3.9). Also, hydrologic and
geochemicaldata indicate that the reservoirsat ERDA-6 and WIPP-12 are not interconnectedand are
not connected to water-bearing unitsin the area. Geochemical data support the hypothesisthat the
brinesrepresent trapped,concentratedPermian seawaterthat iscurrentlysaturateowithsodiumchlodde
inequilibriumwith the reservoirhost rock(Popielaket al., 1983). Otherhypotheseshave been proposed
for the originof the brine. These includewater fromthe Capttanor other basin aquiferstrappedin the
past and fluidfromdehydrationof gypsum inthe Castile(Powerset al., 1978). '_

In summary, the bdne reservoirsare thoughlto representstagnant, isolatedpocketsof fluidthat cannot
naturally become connected to the WIPP storage rooms by any credible processes. Of the
approximately100 boreholesddlled intoor throughthe Castile in thisarea, 13 intersectedpressurized
brine reservoirs. Eleven of these 13 occurrences are located north and east of the WIPP site center
(WIPP-12 is approximately one mile north) and are associated with known intraformatlonalanticlinal
structures In the Castile Formation(Section 1.3.9). The Belco occurrence, located southwestof the
WIPP site, is also thought to be related to an anticline, though the structure is not as pronouncedas
those to the north and east. The H&W Danford occurrence is located west of the WIPP site, where
structuralcontoursare not well defined. NI knownbrine encountersin the Castile Formationflowedto
the surface with initial rates estimated between about 700 and 20,000 barrels per day. Initialdownhole
pressureswere estimatedto rangefrom 1,460 to 2,519 psi (Popielaket al., 1983).

The regional brecclas described in Section 1.1 comprise a dissolutionfeature that would require the
development of an extensive hydrologicsystem in the Castile Formation. These breccias, Anderson
(1978) postulated, am present inthe subsurface at stratlgraphlchodzonscorresponding to major halite
beds; the proposed sourceof the water requiredfor halite dissolutionis the Capitan reef system. As
discussedby Bactmlan(1980), a welkdevelopedflowsystemwouldbe requiredover an extended period
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of time for such extensive lateral dissolutionto take place. During careful examinationOfgeophysical
logs, Bachman could not find a hydraulicsystem inthe Castile Formation;infact, he indicates that the
halitebeds have neverbeen in close proximitywiththe Capitanreef system. Bachman proposesinstead
that the haliteswere deposited In individualand discrete sub-basinswithinthe large Delaware Basin.
The dissolution breccia zones described by Anderson would correspond to areas outside these sub-
basinswhere halHewas not deposited. To completethe circulat0onsystem, Anderson's(1981) theory
rellas on fracture communicationthroughthe evaporitesinto the Bell CanyonFormationto drain off the
brine;as discussedearlier,evidencefor thisflowmechanismislacking.

GroundWaterMovement

No regional flow system Is present wlthln the Castile Formation. Brine occurrence in the Castile
Formationappearto occur In isolatedpockets. Withinthe outcropareas to the west,some localizedflow
systems have developed in places where anhydrltes have been hydrated to gypsum and localized
rechargecan occur_hroughsolutionchannelsandcavities.

2.1.6 S.aladoFormationI-lydroaeoloav

The Satado Formationrepresentsa regionalaquitard due to the hydraulicpropertiesof the bedded halite
which formsmostofthe unit. Duringgeologicmappingactivitiesin the WIPP ExhaustShaft, the Salado
Formationdid not yield any observable fluid inflow. The porosityof the Salado halite is very low, and
interconnected pores are virtually nonexistent. The _alt does not readily maintain open fractures or
solution channels due to the high plaetic,y of the material at the depths of interest. As a result, the
hydraulicconductivityof the halitebeds is extremely low(Mercer,1983),

Because halite is quite soluble, it would readily dissolve if the beds were to come in contact with
circulating solutions unsaturated with respect to sodium chloride. West of the site where the Salado
Formationrisesto the surface, progressivelyless haliteis present. This condition is a resultof leaching
by percolatinggroundwater.

Dissolution of the salt has left behind a residuumof ha,tic clay, gypsum, and sand. Along the Pecos
River inthe Cadabad area to the west,this residuumformsdensereclbecls.This lowpermeabilityresidue
retardsgroundwater Infiltrationand subsequentsaltremoval (Hendricksonand Jones,1952).

The average gas perrneablll_of rocksalt samplesfrom the siteat lithostaticconfiningpressures(i.e., the
underground storage horizon) Is less that 0.05 microdarcy (about 1.2x10"/feet per day). Interbedded
seams or markerbedsof anhyddle, clay, polyhalite,andothers,whichare laterallycontinuousthroughout
the Salado Formation,should not provide substantialconduits for fluidsbecause theirpermeabllitlesare
also quite low. Typicalpermsabillttel for these type clay assemblagesgenerallyrangefrom 10.6 to 10"3
darcy at atmosphericpressure(Fetter, 1980). Under lithoetaticcompressionatdepth, permeabilitywould
generally be less. Other seams occur as thin (a few hundredthsof an inchto about a tenth of an inch)
discontinuousstdngere dispersedwithinthe argillaceoushalitezones. Field permeabilitytests have been
conducted on a 100-foot thick salt layer centered at the 2,264-foot depth inwell AEC-7 (Sandia, 1979).
This interval contained numerous clay seams and yielded permeabilities between 12 and 21
microdamias,demonstratingthe minimaleffectof theclay seamson permeability.

Very small angular cavities, containing bothbrine and gas, existwithinand between the grainsof halite.
The cavities tnthe core samples inspected constituted an average of 0.61 percent of the rock sample
volume. Analyses of 26 rock samples,taken fromthe facilityhorizonduringthe SPDV Program, indicate
a brine and other volatile content averaging about 0.59 percent by weight. Less common are much
larger cavities in whichhalite-saturated brineand nitrogenousgas may be confined. Brine occurrences
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inthe McNuttpotashzone (a zone in the SaladoFormationstratlgraphioallylocatedabout800 feet above
the WIPP facility horizon) have been encountered 6nthree potash mines during mining operations.
Estimatedbrine volumes intwo of the three mines are 190,000 gallonsin LundbergIndustriesMine (17
milesfrom the WIPP site), and2,500 gallonsin New MexicoPotashCorporationMine (ten milesfromthe
WIPP site). The bdns occurrencesIo not appearto be Interconnectedand seem to be in isolatedporous
zones. Geochemical evidence tends to preclude tnterconnectlon of these brine occurrences ct'
connectionwithwater-bearingzones inthe area (Poplelaket al., 1983).

Detailed hydrologicInvestigations(Deal and Case, 1987) performed inthe undergroundopeningswere
directed to attaining a better understanding of minor fluid/moisture and gas occurrences and their
movementwithinthe SaladoFormationin and around the facilityhorizon. These effortsaddressedlocal
weeping of small quantities of brine and/or gas (mostlynitrogenwithtraces of methane,carbon dioxide,
andethane) directlyfrom freshlyexcavatedhalite and from layersof impurities.These typesof liquid/gas
movement are typicallyassociatedwith the redistributionof stress inducedbythe excavationactivities.
Therefore, the fluid migrationobserved in the undergroundexcavationsshoulddecrease with time and
with increased distance from the openings as the pressuregradient approaches the low undisturbed
value. Pressurized gas, consisting of mostly nitrogen with some amounts of methane, has been
encountereddudng ddlling and miningactivities resultingin small gas releases. The gas appears to be
associatedpdmadlywith clay seams,althoughltmay occur infracturesand poresin evaporites.

Preliminaryobservations fromthe WIPP bdne samplingar_ evaluationprogram show that brine inflow
usually occurs as "weeps" on the exposed surfaces and occasionally as small inflowsintodrill holes.
These brin_ inflows are small, usually less than a few hundredthsof a liter per day or less. There was
foundto be considerablevariationsin brineinflowbetweenlocationsevenwhen the locationsare only a
few feet apart (Deal andCase, 1987).

Experiments are being conducted as part of the near field effects/waste package performancetests to
studybrine migrationdue to thermal gradients. For thismechanism,thermal gradientswere established
using heaters placed within the salt. Because of the temperature dependence of halite solubility,
movement occurs towards the higher temperature. Results f;'om the Brine Migration Study (Nowak,
1986) showed that combined inflowrates u_der both a thermal and pressure gradient were higher for
higher borehole wall temperatures. Inflowrates at the WIPP were in the rangeof 65 to 75 gramsper day
from Room B, an experimentalheatedtest room,at 115"to 125"C wall temperatures.

Thegas testing inselecteddriftsof the WIPP facilityhas producedthe followingobservations:
I

• The emission of gas appears to be associatedwith clay layers at the base o! the anhydrite
strata, suchas MarkerBed 138, Anhydrltes"A" and "B," and Marker Bed 139.

• The flow from the vertical boreholes (penetrating the above mentioned beds) is very low,
erratic, often pulsating, and rapidlydecreasing. Maximum flow rates greater than 12 liters
per minute, subsequently diminishing to a few millilitersper minute within four days, and
shut-in pressures oi up to 120 psi were recorded. The flow rates decreased to one-half of
the initialrate tn less than an hour. There is a definite relationshipbetween gas rates and
stressreMeffromundergroundexcavationsand possiblythe atmosphericpressure.

• The samplesof emittinggases were composed mainlyof nitrogen(78 to 94 percent). Some
oxygen(5 to 21 percent)was observed;however,thiswas probablydue to air contamination
of the samples as a consequence of the low flow rates of gas. Minor amountsof methane
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(0.02 to 6.6 percent),carbondioxide(less than 0,6 percent),and ethane (lessthan 0,1
percent,withoneexceptionof 0.9 percent)werealsodetected.

• The highestflowratesappearto be fromthebaseof Anhydrite"fi,"whichis theanhydrite
layerclosestto_e roofof theundergroundworkings.

Gasreleasesfromhaliteexposedduringthe excavationofthe WIPPrepositoryhaveoccasionallybeen
noted. These releasesoccurredduringminingandthedrillingof probeholes. In someinstances,the
gas occurredin associationwithporouszonesand fracturesin the salt, notobviouslyrelatedtoclay
seams. The releaseswere the resultof excavation-induaedstressredistributions,involvedsmalland
unmeasuredvolumesof gas,and weremxllbleforonlyshortperiodsof time. Theyappeartofallwithin
therangeofthebetter-doo,mentedreleasesreportedaboveaspartofthegastestingprogram,

Hydrologictestingat the DOE-2,AEC-7, ERDA-9, andCabinBabywellsWasperformedwithinthe
SahtdoFormation(Table6) todetermineifhighpressurezoneswerepresentandtoobtaininformation
onthe hydrologicpropertiesof theSaladoFormation.Apulse"withdrawaltestat geE-2 wascompleted
onan intervalwhichincludestheMarkerBeds138and 139andthe facilityhorizonat a depthof 2,195to
2,309 feet belowthegroundsurface(BGS). The maximumpermeabilityobtainedwaslessthan0.3
microdarcy,witha correspondlQgtrartsmiasivityo4lessthen6x10";:squarefeetperdayanda hydraulic
conductivityof lessthan6x10"_squarefeet/day. TheentireSaladoFormationinterval,between1,040
and 3,095 feet figs, wasalsotestedwitha pulse-wlthdrawaltestand an additionalpulse-injectiontest,
buthadan apparentpermoal_lJtytoolowto measure.

Hydrologictestingof theSaladoFormationat OOE-2_ thefollowingconclusions:

• Therem nohighpressurezoneswithintheSaladoFormationat DOE-2.

• The SaladoFormatlonIntervalfromMarkerBed138 toMarkerBed 139,whichincludesthe
WIPPfacil_ horizon,hasanaveragepern_a_lityof lessthan0.3 microdarcy.

Insummary,the SaladoFormationdoesnothaveanyactivecirculationo!waterand tsa majorconfining
unitof extremelylowpermeabilityin the DelawareBasin. Fluidswithinthe SaladoFormationoccur
mainlyas fluid_nclusionswithinhalitecrystalsandasfluidbetweencrystalboundariesinthe massivesalt
formation.Migrationof brineispromotedbytemperatureandpressuregradients,suchas thoseexisting
inthe WIPP undergroundfacility.The permeabilityof theSaladoFormationhaliteand anhydrite/clay
beds isoften too low to measure, but where highenoughto measure is generally less than 1.0
rnk:mdaJcy{Mercer,1983).

2.1.7 _ OftheRustlerFormation

TheRustlerFormationIntheWIPP81reareahasbeendividedIntofivemembers(Vine,1963)thatare,in
ascendingorder,an unnamedlowermember,tI_eCulebraDolomiteMember,an anhydritecalledthe
Tamarisk Member that is partly alteredto gypsum,the Magenta DolomiteMember, andan upper
anhydritecalled the Forty-NinerMember(Figure9). The Tamariskand Forty-NinerMembers also
containhalite In areas wheredissolutionhas notbeenactive. TheCulebraandMagentaDolomite
Mernbemat theWIPPsite arethemostsJgniticantunitsfroma hydrologicstandpointand consequently
arethe mostextensivelystudied.
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The Culebra Dolomite Memberconsistsof 25 to 30 feet of mlcrocrystalllnedolomite, lt characteristically
containsmany small sphericalcavitiesthat rangefrom 2 to 20 millimetersindiameter andmay be partly
filled with secondaw gypsumand oaiclte. Althoughmany cavities are open, they do not appear to be
interconnectedexcept along fractures. Vine (1963) considersthese cavitles to be either a primaryor a

. dlagenetlo phenomenon and not related to Weathering in outorop$ or secondary dissolution in the
subsurface. In the subsurface,the Culebrais boundedaboveby anhydrltes,whichmay containgypsum

as thick rinds along the contact with the dolomite, These gypsUn__!ndsprobably were formed by the
movement of water throughthe dolomite. Underlying the Culeb_._,_0_/0ereis either a olayey halite or a
clayey residue,depending on whetherthe halite has undergonedissolution. Dissolutionand removalof
thishalite bed tsdirectly associatedwith subsidence,fracturing,andthe occurrenceof permeablezones
in the Culebra. in outcrop, the dolomite also may be locally breoctated or deformed by dissolution
collapse.

The Magenta Dolomite Memberrangesinthicknessfrom20 to 30 feet and is characterized by alternating
wavy laminae of siltydolomite and anhydrite(altered in places to gypsum). The dolomite is detritalin
od01nand is boundedabove andbelow by anhydrite,which maybe alteredto gypsumalongthe contact
with thedolomite(Vine, 1963).

A layerof residuumundedlasthe RustierFormationin Nash Draw and geologicallyis probablypartof the
Salado Formation,but for hydrologicpurposesit Is considered partof the Rustler Formation. II is a unit
composed of clay with crudely intedayered seams of brecclatedgypsum and fine-grained sandstone
(Jones, 1973). The clay is considered to be the resultof dissolutionof clayey haliteand otherevaporites
in the upper part of the Salado. The clay, gypsum, and sandstone comprise a distinctive sequence
referred to as the Rustler-Salado residuum. Because it is formedby dissolution,the residuumis quite
variable in thickness,especially in Nash Draw. The unitthinseastward, grading into and intertongulng
with halite from which it originated, The residuumthickens westward and crops out locally alongthe
Pecos River,

Exposure ofthe Rustler Formationalong the Pecos Riverand inNash Draware locallydeformedcreating
an irregular outcrop pc°,tem. This deformationis caused by collapseof the harder, less soluble beds
followingdifferentialdissolutionwithinthe anhydrite,gypsum, andhalite of the RustlerFormationand the
upper part of the Salado Formation. Generally, the dolomite members are not as susceptible to
dissolutionas the evaporites;consequently,the dolomitesare presentthroughoutmostof the area. The
dolomites commonly are slumpedand form draped features inoutcropsalongthe Nash Draw, while in
otherareas they may be brokenintodiscontinuousblocks.

In some areas of Nash Draw, dissolution and erosion have been so extensive that the Magenta and
Culebra Dolomite Members are virtually incontact, whereas in a n_rmalstrattgraphicsequence they
wouldbe separated byas muchas 150 feet of halite beds and anhydrite. Otherevidence oi dissolution
in the Rustler Formation can be found throughout Nash Draw, as indicated by the development of
sinkholesand othertypes ot karattopography. Bachman (1985) presentsa detailed discussionof these
types of near-surface dissolutionfeatures. Nash Draw is separated by a low topographicdivide from
Clayton Basin to the north (Figure 43). A similar type of genesis, that oi dissolution collapse
accompaniedbyerosion, also is postulatedfor ClaytonBasin.

There has been extensive dissolution of the Rustler Formation in the Malaga Bend area causing the
developmentof karat mounds (Bachman, 1980). As describedby Bachman, these moundsand other
similarfeaturesappear to be controlledmore by surflcialdissolutionin the Rustler Formationthan deep-
seated geologic I:lmcesses. , ,

Eastwardfrom the Pecos River,especiallyeast of Nash Draw where the RustlerFormationoccursinthe
subsurfaceand is protectedbythe DeweyLake Reclbedsand youngerrocks,structuresare less chaotic
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and the Rustler Formationattains a more regularcharacter. In fact, detailed stratigraphy,lithology,and
estimates of thickness are obtainable only from drill holes. The structure of the rocks indicates a
relativelysimplehomoclink;aldipto the east.

The Rustler Formation ranges in thickness from 300 feet in test hole P-14 at the western edge of the
WIPP site, to more than 460 feet in P-18 near the southeasternedge oi the site. The increase of 160
feet In thicknessbetween P-14 and P-18 may providean approximatemeasureof the increase in halite
content of the Rustler Formationfromwest to east between the test holes. The thicknessof the Rustler
Formationis330 feet in the northeastpart of the studyarea near test hole AEC-7. Jones(1973) believes
the difference information thicknessbetween the southeastand northeast corners of the area may be
depositional in originbecause the formationis more thicklybedded in the southeastnear test hole P.18.
The theory for depositional variation in thickness is enhanced because evaluation of cores from test
holes in these areas show no evidence of the dissolutionresidues common in other areas where the
Rustler Formation is thinner. The varying thicknesses shownby an Isopsch of the Rustler Formation
(Figure 25) represent bothchanges resultingfrom proposeddissolutionas well as thoseresultingfrom
the depositional history. This becomes importantwhen describing the hydrologicsystem because the
areas of dissolutionhavean importantbearing on the hydraulicpropertiesof the Rustler Formationand
associatedrocks.

The hydrologicunitsof the RustlerFormationhave been among the mostextensivelystudiedrocksat the
WIPP site for two reasons: (1) they are the most productive; and (2) they directly overlie the Salado
Formation and couldprovide a potential avenue for halite dissolution and, consequently, a means for
transporting radionuclides from the proposed repository. Based on many previous studies, the most
areally extensive water-bearing units at the WIPP site have been identified as the Culebra Dolomite
Member, the Magenta Dolomite Member, and the Rustler-Salado contact residuum. Locally,water also
may befoundin some of the altered anhydriteunitsand at places in residuezones where halitehas been
leached. These occurrencesusuallyare Umitedto Nash Draw and appearto be discontinuous.

The hydmiogk:flow system In Nash Draw is verYcomplex and probably is controlledby geologicfactors
that caused development of the feature itself. Bachman (1980) proposes the process of "solution-and-
fill," which was discussed by Lee (1925) as the processresponsiblefor the developmentof Nash Draw,
Bachman describes the process whereby near-surface dissolutionoccurs as surface and ground water
penetrates soluble rocksthrough Join systemsand fractures. The fractures are widened, developing
cavities that either collapse (forming sinks) or subside (causing disruptionof the more resistantbeds).
Collapse and subsidence commonly have been observed in Nash Draw. Arroyos actually disappear
along fracturesintocaves in the gypsum.

_Hydmiooyo_th.eRustler.SaladoCo.ntactResiduum

Bdne in the Ruatler-Saladocontact residuum,immediatelyabove the top oi the salt inthe vicinityof Nash
Draw, was first described by Robinson and Lang (1938) and referred to as the "brine aquifer." They
suggested thai the 8true, rsi conditions that caused the development of Nash Draw also migh_control
the occurrenceof the brine;thus, the "brineaquifer"boundary may coincide with the topographicsurface
expression of Nash Draw. Their studies show the brine to be concentrated along a strip two to eight
miles wide and about 26 miles long (Figure 36). Data from the test holes they drilled Indicatethat the
residuum (containing the brine) ra_s in thickness from 10 to 60 feet and averages about 24 feet,
Hydraulic properties determinedb. Hale, Hughes, and Cox (1954) were computed primarily forthe area
between Malaga Bend on the Pecos River and Laguna Grande de la Sal, They calculated a value of
transmisaivity of 8,000 squareteet per d_y and estimatedby potentiometrlc gradient to be 1.4 feet per
mile. Inthis area, the "Rustler-Saladoresiduum"apparently is part of a continuoushydrologicsystemas
evidenced by the coincident fluctuation of water,levels inthe test holes (as far away as Laguna Grande
de la Sal) with pumping ratesin irrigationwells along the Pecos River (Hale, Hughes,and Cox, 1954),
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Robinson and L8_ (1938) also made a studyof Laguna Grande de la Sal and the area between it and
Malaga Bond to detemdne ii brine in the lake was a sourceof rechargeto the system. They determined,
at the time of their study, that the sources of the water in the lake were precipitation and surface
drainage, ground.water inflowfrom units above the Rustler-Salado contact and effluentfrom the U.S.
Borax andChemicalCompanyi:Hant.Since that time, the plant has been closed;however,there stillmay
be some inflow from mining activities that take place farther north in Nash Draw. Robinsonand Lang
concluded_hatthe lake and underlyingRustler-Saladoresiduumwere notconnected. Factorssupporting
thisconclusionwere: (1) test holes drilledintothe hydrologicunitsunderthe lake containedwater witha
differentchemicalp,ompositlonanda muchsmallerchlorideconcentration;and (2) water levels in the fill
indPcatedmovementtowardthe lake and not away from it (in fact, the hydraulicheads were above the
lake levelin most testholes). Thets and Sayre (1942) supportedthisconclusion infindingwater levelsin
the lake to be high in winter and low in summer,whereas the hydraulic head in the Rustler-Salado
contactresiduumwerehighinthe irrigationseason andlowbetween seasons.

Discharge of ground water into Laguna Grande de la Sal, and probably into the fill, is by the flow of
springs and seeps, particularly alongthe northern end of the lake. The largest of these springs was
identifiedby Robinsonant1Lang (1938) and called Surpdse Spring(SW... NE... SW... sec. 4, T. 23 S.,
R. 29 E.), which was repo_u¢l to discharge 115 to 125 gallonsper minute. More recentWIPP studies
indicate that the springand accompanyingseeps now discharge over such a broad area that accurate
measurementsof flowcannotbe made. The increase inthe areal extent of the dischargearea indicates
an increase in discharge, probablyresultingfromthe effects of effluentadded by miningactivitiessince
Robinsonand Lang'sstudies. The discharge of the spring probablycomes from the cavernousgypsum
of the TamariskMember of the RustlerFormationeventhoughalternativesources,the CulebraDolomite
Member or the Rustler-Saledo contact residuum,have been proposed. Data from more recent WIPP
investigationsIndicate that the water chemistry and hydraulic.headinformationidentifythe sourceof the
water to be somethingother than Culebraor the residuum. Analyses of water samplesfrom the Culebra
Dolomite Member andRustler-Salado contact residuumintest hole WIPP-29 (Figure 11) near Surprise
Spdng Indicate an Increase in both sodium and chlorideconcentrations comparedto Surprise Spring.
However, there is two and one-half times more calcium in the water dischargingfrom Surprise Spring.
Acidiiionally,hydraulic-headdata from a potashtest hole drilled for AMOCO in Laguna Grande de la Sal
(T. 23 S., R. 29 E., sec. 4) show theCulebra to havea hydraulichead about21 feet abovethe lake level,
indicating a confinedsystem although there may be some minorupward leakage. The Culebra was
confined underabout40 feet of gypsummudandflowedat a rate of approximately20 gallonsper minute
when firstpenetrated dudng drillingactivities. Thisevidence indicates that neither the water presentin
the Culebra DolomiteMember norin the Rustler-Saladoresiduumare in good hydraulicconnectionwith
the brinefrom the spdngthat flows into LagunaGrande de la Sal. The most likelysourceof the brine is
the TamariskMember.

• In the northern one-half of Nash Draw, the approximateoutline of the "brine aquifer" (Rustler-Salado
contactresiduum)as desc_ byRobinsonand Lang (1938) (Figure36) has been supportedby drilling
associated with the WIPP hydrogaologi¢ studies(Mercer, 1983). These studies also indicatethat the
main differencesin8rear extent occuralongthe eastern sidewhere the boundary is very irregularand,in
places (testholes P-14 andH-07), extendsfarthereastthan previouslyindicatedby Robinsonand Lang.

Other differences fromthe eadier studiesincludethe variabilityin thicknessof residuumpresent in test
holes WIPP-25 throughWIPP-29. These holes indicatethicknessesrangingfrom 11 feet in WIPP-25 to
108 inWIPP-29 in Nash Draw compared to eightfeet 6ntest hole P-14 east of Nash Draw. The specific
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geohydrologtcmechanismthat has caused dissolutionto be greater in one area than in another is not
apparent,althougha general increaseinchlorideconcentrationin water_romthe northto the southmay
indicatethe effectsof movementdownthe naturalhydraulicgradientin Nash Draw.

The historicaldata (:oncominghydraulicproperties collected from the Rustler-Salado contact residuum
are concentrated in the area from north of Laguna Grade de la Sal south to Malaga Bend. The data
collectedfor the WIPP regional and site-specifichydrologicstudiesgenerallyare from north of Laguna
Grandede la Sal and east of Nash Draw, includingthe immediateWIPP site area.

A potentiometrk:surface map for the hydrologicunitof the Rustler-Saladocontact residuum(Figure37) is
basedon data from boththe Rustler-Saladocontact residuumof Nash Draw and the bdne at the contact
of the Rustler and Salado Formationseast of Nash Draw inthe WIPP site area. The mapped headdata
are adjusted for the effects of variations in water chemistry which create density differences. As

discussed under methodsof investigation,the static headsrepresentedbywater levels inthe wellswere
adjustedto a commondensity of 1.00 gram per cubic centimeter (freshwater equivalent). Equivalent
freshwater head is defined as the elevationof the water level in a well that is filled with freshwater to a
level which will balance the fluid pressure in the aquifer (Lusczynski, 1961; DeWiest, 1965). The
contoursof thismap representthe approximatevaluesof static head and show the variationingradients
between Nash Draw and the area of the WIPP site. The average hydraulic gradient in Nash Draw is
about ten feet per mile; in contrast, at the WIPP site the average gradient is 39 feet per mile. This
difference reflects the changes in transmtssivity,whichare as muchas five orders of magnitude greater
in Nash Draw. The transmisstvitydeterminedfrom aquifertests intest holes completed in the Rustler-
Salado contact residuumof Nash Draw ranges from 2x'10"4 square feet per day at WIPP-27 to 8 square
feet I_r day at WIPP-29. This is in contrast to the WIPP site proper,where transmlssivitlesrangefrom
3x10"_ squarefeet per day at test holes P-18 and H-05c to 5x10"" squarefeet per day at testhole P-14.

The potentiometrtcsurface map of the hydrologicunitof the Rustler-Saladocontact residuumindicates
that there are two areas of considerably different permeability (Figure 37). The zone of greater
permeabilityis associatedwiththe residuum(bdne aquifer)of Nash Draw, where flowis pdmadly through
associatedfractures andthe intergranularspaces of the clay and gypsum. In contrast, brine underlying
the WIPP site east of Nash Draw occursin a zoneof very lowpermeabilityalongthe contact betweenthe
Saiado Formationand the overlyingRustlerFormation(bedding-planeflow).

As stated eadler, potentlometrtc surface maps can be useful in showingthe areal variations in hydraulic
gradient from which a general trend in movement can be interred. Inspection of the potentiometric
surface map for the hydrologicunit of the Rustler-Salado contact residuum indicates that the apparent
ground-water flow is southwestacrossthe WIPP site towardNash Draw and then south-southwestdown
Nash Draw towardMalaga Bend (Figure37).

Althoughcaution shouldbe used inmakingInterpretationsof the hydraulic-headdistributioninthe WIPP
site for the hydrologicunit of the Rustler-Salado contactresiduum, the inferred flow direction probablyis
valid (Mercer, 1983). Static-head interpratations of the Rustler-Salado contact residuum withinthe area
of the WIPP site are complicated by variations In water chemistryand its effects on density, and by the
_qraatlength of time requiredduringtesting to establish static conditions intest holes because of the very
lowpermeab, itles.

,.

Calculations of the rate of movementof water inthe Rustler-Saladocontact residuum are complicated by
the variationsin permeabilitlesas well as in the hydraulic gradient. The rate of movement calculated by
Hale and Clebsch (1958) was 0.2 foot per day for the residuum (brine aquifer) southof Laguna Grande
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de la Sal. Assuming,as they did, an averageeffectiveporosityof 0.2, an average hydraulicconductivity
of 0.15 foot per day, and a hydraulicgradientof ten feet per mile, the flowrate for the area from Maroon
Cliffs to LagunaGrade de la Sal wouldbe 0.002 footper day, assumingthatthe residuumbehavesas a
uniformporousmedium. Althoughthe hydrauliccharacteristicsof the Rustler-Saladocontact residuum
are variable, this rate probably ts a conservative value. The rate of movement in the Rustler-Salado
contact residuum at the WIPP site has not been determined because the hydraulic properties are
extremelyvadable and becauseof the lack of a valid value forthe effectiveporosity. Water-qualitydata,
tn particularthe large concentrationsof magnesiumand potassium,indicatean extremelyslow rate of
movementwith long periodsof rock-watercontact (Mercer, 1983).

The area of recharge suggestedby Lang(1938) is inthe area of Bear Grass Draw (T. 18 S., R. 30 E.),
some 30 miles northof Malaga Bend. He suggeststhat water percolatingintothe ground may passinto
the truncated lower part of the Rustler Formationand then migrate south and east into Nash Draw,
graduallydissolvingsail inthe Salado Formation. Data from WIPP regionalstudiesindicatethat there is
a hydraulicgradient from the north and that the Bear Grass Draw area may be a recharge area. There
alsois a possibilityof some rechargeoccurringinClaytonBasinand Nash Draw.

Hale et al., (1954) believed the Rustler.Saladocontact residuumdischargesto the alluviumnear Malaga
Bend on the Pecos River. Because the confining beds in this area probably are fractured due to
dissolutionand collapse of the evapodtee, the brine (under artesian head) moves up throughthese
fractures intothe overlyingalluviumand thendischarges intothe Pecos River. Theis and Sayre (1942)
estimatedthat the dischargerate was about 200 gallonsper minuteandthat, inthe Malaga Bend area,
about342 tons of sodiumchlorideper day were dischargedto the river, presumablyali comingfromthe
Rustier-Saladocontact residuum.

Although the potentiometric surface map for the Rustler-Salado contact (Figure 37) indicates a
potentiometrlohighto the east of the WIPP site, there are insufficientdata to determine itsorigin. The
possibility exit_ls that there could be leakage from the overlying Culebra in this area; however, to
accomplishthis leakage, the water wouldhave to move through80 feet of clay and silt and a 25-foot-
thickanhydritebed. Ddllingat the WIPP site has not revealed any fracturedanhydritethatcould increase
the vertical permeability allowingwater to move into the Rustler-Saladocontact residuum, nor is there
any indication that the water has altered the anhydrite to gypsum. Additionally, the hydraulic-head
differences between the two hydrologicunits, about 90 feet in test hole H-02c, coupled withthe water-
quality difference, would tend to indicate the zones are isolatedand confinedsystems. The apparent
potentlometrichigh at test hole H-05 couldbe due to the conversionof the dense brine to equivalent
freshwaterhead.

Evidenceforvery slowgrourKPwatermovementis found inthe waterquality,especiallyinthe magnesium
concentrations. Large magnesium concentrationsappear to be indicativeof an environmentin which
ground-waterflow is extremely slow andthere has been extensive interactionbetween the water and its
hostrock. Largeconcentratlortsof magnesium,rangingfrom21,000 milligramsper liter inwater fromtest
hole H-06 to 82,000 milligrams per liter in water from test hole H-05, were present in most of the test
wells in the eastern part of the WIPP site (Mercer, 1983). Aquifer tests at these test holes were
characterized by very lowtransmisstvilles. To the west, approachingthe moredeveloped part of the flow
system of the Rustler-Salado contact residuumin Nash Draw, the magnesiumconcentrationsdecreased
by one to two ordem of magnitude. Magnesium concentrationsof 1,200 milligramsper literinwater from
test hole P-14 and 350 milligramsper literinwater fromtesthole P-15 mayindicate the eastern boundary
of the more developed Rustler-Salado flow system. Magnesium concentrations are as small as 430
milligramsper liter in water from test hole H-08; other values range from910 milligramsper literin water
fromtesthole H-07 to 3,200 milligramsper literin waterfrom test holeWIPP°25 (Mercer, 1983).
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Water inthe Rustler-Saladocontact residuumcontainsthe largestconcentrationsof dissolvedsolidsin
the WIPP area, rangingfrom 79,800 milligramsper literintest hole H-07 to 480,000 milligramsper literin
test hole H-01. These waters are classified as brines. The general chemical compositionof the brine
collected from the Rustler-Salado contact residuumand the major dissolved cations and anions are
discussedin a followingsectionon WIPP site waterquality.

The dissolved-mineral constituents in the brine largely consistof sulfates and chlorides of calcium,
magnesium, sodium,and potassium;the majorconstituentsare sodium and chloride. Concentrationsof
the other major ions vary accordingto the spatial locationof the sample and probablyare directlyrelated
to the interactionof the bdne and the host rocksand reflect residencetime withinthe rocks. Residence
time of the bdne depends upon the transmiseivtty of the rock. For example, the presence of large
concentrations of potassium and magnesium in water is correlated with minimal permeability and a
relativelyundevelopedflowsystem (Mercer, 1983).

Hydrolooyof CulebraDolomiteMember ofthi} RustlerFormation

The Culebra DOlomiteMember of the Rustler Formation has received the majorityof attention during
WIPP sHe-characterizationstudies. This is because itis the firstcontinuouswater-bearingunitabovethe
Salado Formation(wastefacility hodzon), and it is the most transmissivehydrologicunitin the WIPP site
area. The majorityof water quality sampling and hydrologictesting since 1983 has been conducted in
the Culebra DolomiteMember. The hydrologiccharacteristicsof the Culebra DolomiteMember and the
resultsof testingand samplingare discussedindetailbelow.

The Culebra Dolomite Member of the Rustler Formationranges from 25 to 30 feet in thicknessand is the
most persistent and productive hydrologicunit in the area (Mercer, 1983). In the WiPP site area, the
Culebrl; is a vuggy,finely cn/atalline dolomitethat is presentbelow the thickanhydriteof the Tamarisk
Member, which in Nash Draw is mostly altered to gypsum. Water in the dolomite usually is present in
fractures and is confinedby the overlying gypsum or anhydrite and the underlying clay and anhydrite
beds. The water may be under water-table conditions inthe area south of Laguna Grande de la Sal
where the Culebra Dolomite Member has been subjected to dissolution activity that has caused the
conrmlngbeds to be extremelyfracturedand alte_,_d.

Hydraulicpropertiesof the Culebra DolomiteMemberdeterminedby testingvary considerablyfrom place
to place and appear to be related to the size and numberof fractures and openings. As previously
mentioned, these fracturesand openings may be relatedto the degree of evaporitedissolutionoccurring
either in the Rustler orthe upper part of the underlyingSalado Formation. The potentlometric surface
map, representingequivalent freshwater heads, is shown inFigure 38. This potentiometdcsurface map
was constructed from actual measured Culebra hydrostatic pressures collected during the Pressure-
Density Survey Program(Crawley, 1988).

As discussed previously, freshwater heads for units other than the Culebra have been calculated for
observation weftsat the WIPP site usingmeasuredwater levelsand estimatedwell-bore fluiddensities.
The freshwater heads determined for the Culebra are dedved from actual measured formation fluid
pressuresand are given inTable 3-7.

The contours on Figure 38 indicate that ther8 is considerable variability in gradient and flow direction
within the WIPP site area. This vadability may be the resultof lateral variations in Culebra permeability
and differences in fracture orientation as discussed in Mercer (1983). The hydraulic gradient in the
immediate WIPP site vicinityis approximately20 feet per milewhile the gradient south and southwestof
the site is muchflatter. The gradient between wells H-OToand H-09b is less than five feet per mile,while
the gradientfrom H-0Toto H-08b is less thanone footper mile(Crawley, 1988).
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Mercer (1983) reports a potentiometric high associated with the area near test hole H-05b, which he
attributed to the effects of the conversion of brine density to freshwater head. The results of the
equivalentfreshwater head analysisin the more recent investigationsalso indicatethat the area of the
H-05 well site is a potentlometric highfor the Culebra hydrologicunitand it extends to and includesthe
areas associatedwithwells DOE.2 and WIPP-13. The potentiometricsurface southof the WIPP site has
a very flat gradientwiththe contoursindicatingan apparent potentiometriclowin the regionsurrounding
the H-09 well site. Examinationof the contours in the southernstudyarea (between wells H-07, H-08,
and H-09) Indicates that there may be a local divide or a change in the general ground-water flow
direction. This representsa changefromthe basic south-southwestflow directionto a somewhatmore
southeastertydirection. This change inflow direction maybe the resultof localdtr_',"tionaldifferencesin
hydraulicconductivity or perhaps some localized recharge to the Culebra Dolomite Member near the
eastern side of Nash Draw, in the vicinityof the H-07 well site. The broad area southof WIPP, where
gradientsappear to be extremelyflat, may representthe transitionfrom an area of fractured dolomiteto
thatof a fracturedand disruptedur_ created bythe extensivedissolutioninthe Nash Draw area.

The hydraulicproperties of tpe Culebra Dolomite Member, as determinedby testingin cased andopen
hok_s,vary considerably dependingon its structuralcharacter (Table 8). Mercer (1983) and Mercerand
Orr (1979) providedetailedtestresultsand analysesfor a numberof wells completed inthe Culebraand
other w_ter-beadng zones priorto 1983. Beauheim (1987) presentshydraulic test analyses for both
single well and multi-welltests at the DOE-2 and H-03 hydropads, and for single-welltests at DOE.l,
H-04, H-08, H-14, H-15, WIPP-18, WIPP-19, WIPP-21, WIPP-22, ERDA-9, P-17, Cabin Baby,andEngle.
Additionalhydraulictestinghas been completed at H-02, H-05, H-06, H-07, H-09, H-11, H-12, and WIPP.
13. Testing has shown that the Culebra is a fractured, heterogeneous system with varying local
anisotropy.

Transrniasivitlescalculatedfor the Culebra Dolomite Member in Nash Draw range from 18 squarefeet
per day to 1,250 square feet per day (Mercer, 1983). Laboratorytests of two samples of the Culebra
taken from the Project GNOME Shaft Indicate total porosites of 13.7 percent and 14.4 percent, and
effectiveporositiesof 7.8 percentand 11.1 percent. Transmissivitiescalculatedforthe CulebraDolomite
for wells within the WIPP Site Boundaryrange from 7x10-2 to approximately 69 square feet per day.
Tests in three three-well arrays indicate the heterogeneousnature of the Culebra DolomiteMember. lt
was found that theratio 04majorto minortransmissivitycomponentsrangesfrom 2,1 to 2.7.

Tracer tests have been conducted at hydropade H-02, H-03, H.04, H-06, and H-11. The typesof tracer
tests conducted Include: convergent-flow, with pumping of one well and additionof tracer(s) to one or
more wells at the same hydropad;and injection-withdrawal, where one well is pumped and the water
injected with the tracer(s) intoa secondweil. The tracers used for these tests were organicsand were
assumedto be conservative(I.e.,were not sorbedby the rockframework).

The tracer test conducted at the H-02 hydropad has been analyzed using a porous-medium
conceptualizationwhere the modelpredictionsgenerallyare inpooragreement with field measurements.
A tracer test analyzed al the H-03 hydropadutilized a double-porosityconceptualizationandassumed
longitudinal dlspersivitles from 5 to 10 percent of the flow path, a fracture porosity of 1.9x10"3, and
effective matrix block sizes of 0.25 to 2.1 meters. Analysisof the H-04 tracer tests did not provide
reliable quantitative estimatesof physicalsolute-transportparametersfor the Culebra. The analysisof
the H-11 fracer testhas not beencompletedat thistime.

Fromthe observations and measurements Irt the Ventilation Shaft (later reamed out and nowcalled the
Waste Handling Shaft) itwas determinedthat mostof the observedinflowof about 0.5 to 0.6 gallonsper
minute (gpm) to the shaft was from the Culebra. The analyzed drawn down of the fluid levels inthe
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Rustlerwater.bearingzones resultingfromshaftconstructioncorrespondedwell with the measurements
in observation wells H-01, H-02, and H-03. A long-term effect of less than ten feet of drawdown at a
distanceof about4,200 feet from the shaftwas observed.

Transmisslvltyvalues calculatedfrom tests intwo test holesin the WIPP site area are much larger than
the average;these test holes are H-06b, with a transmtssivityof 73 squarefeet per day; and P-14, witha
trarmmissivttyof 140 square feet per day. Bothof these test holes are on the western side of the WIPP
site along Nash Draw. GeoloQic data from cores from these test holes indicate that the large
transmtssivityvalues may be relatedto localizeddissolutionin the RustlerFormationor upper partof the
Salado Formation. Although not expressed topographically at the surface, an eastward subsurface
extensionof the geologic processesthat formedNash Draw may bethe causeof the larger transmissivity
(Mercer, 1983). Approximatelyeight feet of residuum was penetrated at the base of the Rustler in test
hole P-14 and about two feet of residuumwas penetrated intest hole H-06b. The transmisstvltyof the
Rustler-Salado contact residuum In these test holes also is the largest inthe WIPP site area. A similar
occurrencewas foundsouth of the WIPP site Intest hole H-08b where thetransmlsstvitywas calculated
to be 16 square feet per day and in test hole H-09B where the value was 231 square feet per day.
Because of these large values of transmissivity, lt is possible, as in the case of test holes H-06b and
P-14, thai the geologicprocessesactive in Nash Draw also may be occurringhere.

When the distributionof hal#e bedsin the RustlerFormation(Figure37) is comparedto the distributionof
trimsmlssivityacross the WIPP site, il appears that absence of the halitein the lower part of the Rustler
Formationmay be relatedto the permeabilitychanges in the CulM)ra DolomiteMember. As these halite
beds belowthe CulM)ra are dissolved,subsidenceoccurs,creatingfracturesinthe dolomitethat open up
and allow movementof water. No fractureswere noted in the ovedytnganhydriteincores from most of
the WIPP sae test holes; thus, the Culebra ts assumed to be effectively isolatedfrom overlyingwater-
producingzones east of the site. However,west of the site, fracturingmaycreate some lnterconnection.
lt Is generally accepted that the extensive dissolution in the Rustler Formation in Nash Draw is
responsiblefor the permeabUilyIncreasesin the Culebra inthat area.

Dudng construction of the four shafts (Waste Handling, Construction and Salt Handling, Air Intake, and
Exhaust), a record of leakage or drainage and corresponding pressurechanges has been compiled.
Leakage and drainage into the shafts is reportedonly for the CulM)ra Dolomite Member. Attemptshave
been made to Incorporate this Information into a transient flow model for the WIPP site area and
preliminaryinterpretationsof this effortare providedin Haug et al. (1987), and more recentlyin La Venue
et al. (1988).

The best estimate of undisturbed freshwater head (pre-shaft constructio_l)has been calculated using
most of the tested wells and those data are given in Table 9 (La Venue et ai., 1988). This information
was used to prepare the equivalenl potentiometrlcsurface map in Figure 39. Additionalwater level data
forthe Culebra DolomiteMember can be found inW'instanleyand Carrasco(1986), Saulnier et al. (1987),
Mercer (1983), and Crawley (1988).

Flow directionsmay be estimated fromthe contours on the map. However,the flow pathof water moving
in rock such as the Culebra Dolomite Member is affected by fractures, variable density, and
heterogeneity; consequently, the regional direction of flow may have little or no relationship to the
ioca;ized flowpaths that may be visualizedusing Figure39. In Nssh Draw, the Culebra hydrologicunit is
so extensively fracturedthai a localflowsystemmay exist which haslittle relationshipto the regionalflow
in the CulM)ra. Based on thispremise and on inspection of the equivalentpotentiometric surface map,
the flowtrend in Nash Draw generally is southwardtoward Malaga Bend. Localflow paths inthe area of
the WIPP site indicate flow to the west, southwest,and southeast. If steady-stateflow conditionsexist,
the recharge area for the CulM)ra Dolomite Member appears to be to the north and northeast of Nash
Draw.
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The conclusionsdrawnfrom the mostrecent hydrogeologicstudiesof theCulebra DolomiteMember and
ali of the RustlerFormationIndicatethat steady-stateflowconditionsdo not exist today (Lappin, 1988).
Fluid flow and geochemistrywithinthe Culebra Dolomiteand shallowerunitsare incontinuingtranstont
response to the marked decrease or cessationof local recharge at approximatelythe end of the last
pluvial period. Bothbulk chemistry and isotopicrelationswithin Culebra fluidsare inconsistentwith
modem flow directionsif steady-stateconfinedflowis assumed. Becauseof the relativehead potentials
withinthe RustlerFormationat and near the WIPP site, there must be a smallamountof verticalfluid flow
between its members, even though the permeabilltles of Rustler members other than the Culebra
Dolomite Member are quite low. Where measuredsuccessfully,the modem head potentialswithin the
Rustler Formationpreventfluidflowfrom the surfacedownwardintothe Rustlercarbonates(Beauhelm,
1987). These modem day conditions do not proibit either the present movement of fluids from the
underlying Salado Formation upwards into the Rustler Formationor the past downward movement of
Dewey Lakewaters intothe RustlerFormationduringor even after the cessationof local rechargeat the
end of the last pluvialpedod. They do, however, suggestthat recharge fromthe surface to the Rustler
Formation is not now occurringat the WIPP site. The results of the stable-isotope,radiocarbon, and
uranium-disequilibriumstudies also are consistentwith the interpretation that there is no measurable
modern rechargeto the Culebra Dolomite Member from the surface at and near the WIPP site (Lambert
and Hanrey, 1987). The transient hydrologicresponseof the Rustler Formationto the end of the last
pluvial period has involved at least some change In flow directions inthe Culebra DolomiteMember.
Althoughthe modem flow is largely n0rth-south,the results of uranium-disequilibriumstudies suggest
thatflow was moreeasterlydudnga previousrecharge period.

The dissolved mineralconstituentsin the water from the Culebra consistprimarilyof sulfate, chloride,
calcium,magnesium, sodium,and potassium. The filterable residue driedat 105"C inwatersassociated
with the CulebraDolomite range in concentrationfrom 3,100 milligramsper literat wellH-08b to 420,000
milligramsper liter at well P-18. The water is classified as being sightly saline to brine. A listing of
undisturbedformationwater densitieshas been compiled(Table 10) andcontoured(Figure 40) (Crawley,
1988). A more detailed discussionof Culebra water chemistry is given in a followingsection of this

report.

Use of water from the Culebra Dolomite is quite limited because of the variability of yields and the
marginaJwater quality. Where the water quality is acceptable,water from the Culebra Dolomite Member
is used for stockwatering,but rarelyfordomestic purposes.

The mineralizationof water inthe Culebra increasesfrom west to east acrossthe WIPP site area. The
sum of potassium and magnesium also increases. An arbitrarily chosen line of equal concentration

•representing100 mllliequivalentsper liter of potassiumplusmagnesium approximatesnot onlya dividing
linebetween activeand restrictedcirculationsystems,but also approximatelycoincideswitha line to the
east of which halite is present inthe Rustler Formationbelow the Culebra and to the west of whichhalite
beds have been removedby dissolution(Mercer, 1983). As previouslymentioned,the removal of these
halite beds may have contributed to an increase in tbletransmissivltyof the dolomite. Althoughnot as
obvious in the Culebra as at the Rustler.Saladocontact reslduum,this line dividesthe area into zones
where transmissivitlesgenerally are greater thanone squarefoot per dayto the west and generally less
than one square foot per day to the east. Even though thisdivisionis arbitrary, it does relate the water
chemistryto theexistingground-waterflowsystem (Mercer,1983).

Based on water-quality data from the Culebra Dolomite Member and other units, hydraulic head
differences, and analyses of cores taken from the hydrologictestholes in the WIPP site area, probably
no effective verticalconnectionexists between the Culebra Dolomite Member and overlyinghydrologic
units. Intest hole H-03 near the site center,the stabilizedhydraulichead inthe Culebra is 155 feet lower
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thanthat inthe overlyingMagenta Dolomite Member. In the northwestpart of the WIPP site at test hole
H-06, the hydraulic heads inthe Culebra and Magenta are neady the same; however, differencesin the
sodium and chloride concentrations in the water from the two units at test holes H-06a and H-06b
indicatethat verticalflowprobablyis very small (Mercer, 1983). The dissolved-sodiumconcentrationin
water from the Cutebra was 18,000 milligrams per liter compared to 1,100 milligramsper liter in the
Magenta;the chlorideconcentrationwas 28,000 milligramsper liter inthe Culebra and 1,200 milligrams
per literinthe Magenta.

In test hole WIPP-25 in the northeast part of Nash Draw, the static-headdifferencebetweenthe Culebra
and Magenta is four feet; the sodium concentrationwas 5,100 milligramsper liter in the Culebra and
3,100 milligrams per liter in the Magenta, whereas the chlorideconcentrationwas 8,300 milligramsper
liter In the Culebra Dolomite Member and 5,600 milligrams per liter in the Magenta Dolomite Member
These minimal hydraulic head differences and similar sodium and chlodde concentrations,along with
similar values of tranemisslvtty (Culebra, 270 square feet per day, and Magenta, 375 square feet per
day), suggest localizedvertical InterconnectlonInthe northend of Nash Draw (Mercer,1983).

Fromtest hole WIPP.29 southto Malaga Bend, places probablyexistwhere the Rustler-Saladocontact
residuum and Culebra Dolomite Member may be hydraulically interconnected; however, data are
insufficientin thisarea to verifythisposs_lity.

The Cuiebra was unsaturatedin test hole ERDA-6 to the northeast of the site, Similar informationhas
been reported for the area along Quahada Ridge west of Nash Draw. These data may identify
permeabCttyboundariesinthe CulebraDolomiteMemberto the west and northeast.

Hydrologyof Magenta DolomiteMernbe.rof the RustlerForTnatlon

The Magenta DolomiteMember of the Rustier Formationis a persistent and distinctiveciasticcarbonate
bedwith thin laminae of anhydrite. The Magenta rangesin thicknessfrom 20 to 30 feet and is present
throughoutmostof the studyarea. The Magenta is the uppermostwater-producinghorizonin the Rustler
Formation. Stratigraphically, ttoccurs between the thick anhydriteconfiningbeds of the Tamarisk and
Forty-Niner Members (Figure 9). Water, when present, usually occurs in the thin silt beds or silty
dolomite but also has been found along bedding planes between rock units and in fractures, The
Magenta, where it has been tested, was always under confined conditions except where it was
extensively fracturedand altered. In test holes H-07a, W1PP-26,and WIPP-28, the dolomitewas virtually
unsaturatedand was extensively fractured; the underlyinganhydritewas fractured andin places altered
to gypsum. The water formerly present in the Magenta in this area probably drained through the
fracturesInto the underlyingunits.

The structure of the Magenta DolomiteMember, particularlyin Nash Draw, is related to the presenceor
absence of evaporite dissolution.The Magenta inthe northernand centralparts of Nash Draw and along
the eastern boundaryIs present inthe subsurfaceas a relativelycontinuous bed. Along the western side
of Nash Draw below Quaheda Ridge, outcropsof the Magenta are present. To the eastof Nash Draw, in
the vicinity of and including the WIPP site, the Magenta Dolomite Member generally dips gently to the
east. Althoughrelatively continuous,outcropsshoweffectsof weatheringand are quitefractured, but are
not saturated. A reasonableconclusionis that the dissolutionresponsiblefor the formationof Nash Draw
fractured the Magenta and brecclated the underlying anhydrite,allowing water to drain intounderlying
units. In the vicinity of test hole WIPP-29 and south to Malaga Bend, most of the Magenta has been
stripped away by erosion. There are isolated blocksscattered throughout this area; the Magenta is
present along the sides of karst sinks and in other collapsedfeatures as breccia. The bre :cia mounds

,.,
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shownon Bachman's (1980) maps, particularly in T. 22 S., R. 29 E., sections 33 and 34, are excellent
examples of this type of occurrence. These same features were described by Vine (1963) as domal
structures.

.. An isolatedoccurrenceof swing remnantswas foundalong LivingstonRidge (Bachman, 1981). These
spdngdepositsare representedbya northeast-trendingalignmentof gypsitemounds(east halfof section
15, T. 22 S., R. 30 E.). The spring deposits are believed by Bachman tohave resulted from the
evaporation of sulfate-bearing water, discharging into Nash Draw, that had drained from the sudace
throughfractures in the Rustler Formationeast of Nash Draw, particularly in the vicinity of test hole
WIPP-33.

Althoughsome flow along LivingstonRidge may be In fractures in the Magenta, the com samples and
hydraulic tests at the WIPP site indicate the flow in the Magenta Dolomite Member probably is more
within the silt beds and the silty dolomite, with some minor flow along bedding planes. Fracture flow
probebly ismore predominantIn NashDraw.

The potentlometrlc surface map (Figure41), representingfreshwaterequivalent heads (Mercer, 1983),
Indloaies a flow system with some variability Inpermeability acrossthe WIPP site. The contoursshow
the gradientacrossthis area to be 16 to 20 feet per mileon the eastern side and steepeningto about32
feet per mile along the western side near the boundary of Nash Draw. This steepening of gradientmay
reflect the drainageof groundwater from the Magenta into lowerunitsthroughthe fracturesassociated
with Nash Draw dissolutionactivityor mayonly reflect 8 decrease inpermeability. The gradientin Nash
Draw of about 13 feet per mile indicates a more uniform permeability than at the WIPP site. The
Magenta, as an identifiablecontinuousbed, is not present below the centralpart of Nash Draw because
erosionhasremoved all stratadown tothe TamariskMemberof the Rustler(Mercer, 1983).

Values of transmlsslvity for the Magenta Dolomite Member are includedin Table 1I. In Nash Draw,
these values range from 53 square feet per day in test hole WIPP-27 to 375 squarefeet per day intest
hole WlPP-2S; the large values probably are the result of increased permeability in fractured rock
(Mercer, 1983). The transmisstvitycalculatedfor test hole WIPP-25 is the largestvalue recorded inthe
region for the Magenta Dolomite Member; this test probably was affected by vertical leakage along
fracturesthai connectwiththe underlyingCulebra DolomiteMember. The Magenta is unsaturatedintest
hole WIPP-28 as a consequence of fracturing caused by dissolution in lower beds. These fractures
drained water from the unit;however,core analyses have indicatedthat these fractureswere laterfilled
with gypsum. Evaluation of the core fromtest hole WIPP-28 indicatedthat bedding-plane partingsand
fractureswerefilledwithgypsum,whichhas significantlydecreasedthe permeabilitythere. The Magenta
also was unsaturated intest hole H-07a al the marginof Nash Draw southof the WIPP site. The ground
water at testhole H-07a also probably drained from the Magenta into lower units, the subsequent
alteration of the rocks considerably decreasing the vertical permeability. The core showed that this
dolomitehas been altered extensively to a partly cementeddolomite mud with the thin anhydritebeds
that have been alteredto gypsum. Likethe other cores, secondary fillingofgypsumsealed thefractures.

Hydraulictests let the Magenta inthe WIPP sitearea east of Nash Draw have been conductedin seven
test holes; transmisstvttyvalues from these tests ranged from 4x10"3 square feet per day in test hole
WIPP-30 to 3x10"' square feet per day intest hole H-03a (Table 11). Hydraulic tests from the regional
test holes southof the site showedthat thetransmiseivityranged from6x10"° squarefeet per day intest
hole H-08a to 1.0 B:luareloot per dsy intest hole H-09a (Table 11).

The*contoura on the potentlometricsurface map for the Magenta Dolomite Member (Figure 41) indicate
that water moves westward across the WIPP site towards Nash Draw, where it probably flowsthrough
fractures into lower units. In the northeast end of Nash Draw, the water flow generally is to the
southwest,probably movingclownthrough_racturesintolowerunitsinthe centralpart of the draw.
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The staticheads and water-qualityanalyses indicateisolationof the Magenta hydrologicunitfrom other
unitsin the area east of Nash Draw and east andsouthof testsite H-06. The hydraulichead differences
between the Magenta and Culebra in thisarea range from 115 feet at test site H-02 to 155 feet at test
site H-03. In Nash Draw, static-headdifferencesbetween the Magenta and the Culebra vary from eight
feet in test hole WIPP-27 and four feet in test hole WIPP-25; a head differenceof 72 feet in test hole
WIPP-28 wobably is anomalousfor Nash Draw. lt is expectedthat some hydraulicconnectiondoes exist
between zones in ali the other Nash Draw test holes. The water quality inthe Cuiebra and Magenta
hydrologicunits intest holes WIPP-25 and WIPP-27 is very similar, indicatingthe possibilityof hydraulic
connectionbetween these units.

If modem day recharge to the Magenta is occurring, itprobably takes place outsideof the WIPP area.
The most likelyarea is to the northof the vicinityof Bear Grass Draw and possiblyin ClaytonBasin. An
Inspectiono4the contourson the potentiometrlc sudace map indicates the possibilityof recharge to the
east of the WIPP Me. This apparent recharge is believedto be the effectof either the corrections made
for variable water quality (and Its density effect on the static-head calculations) or the locally steep
gradientsthat resultfromdecreasedpermeabilityto the east.

Dischargeof water from the Magenta Ooiomite in Nash Draw probably takes place inone of two ways,
either by movingintolowerunRssuchas the Culebraor into cavernouszones in the Forty-NinerMember,
which has been alteredby dissolution. The ultimate area of discharge is intothe brecclated area inthe
Rustler Forrnationnear Malaga Bend and thenperhapsintothe Pecos River.

The dissolved solids Inwater associated withthe Magenta Dolomite Member of the Rustler Formation
range in concentration from 5,460 milligramsper liter intest hole H-09a to 270,000 per liter intest hole
H-10a. The water is classitledas beingsaline to briny. As Is characteristicof the other hydrologicunits
in the Rustler Formation, the diuolved-mineral constituents In the Magenta Dolomite Member consist
largely of sulfates and cldoddes of calcium, potassium, magnesium, and sodium;the major constituents
by percentage are sodium and chloride(Randell at al., 1988). The water qualitycharacteristics of the
Magenta are discussedin moredetail inthe sectionon water quality.

The relationshipbetween the magnesiumand potassium concentrations and the hydraulicpropertiesof
the hydrologic unit of the Magenta Dolomite Member is not as well defined as in other units, but does
exist. The mineralization of the water and the combined concentration of magnesiumand potassium in
the Magenta Dolomite Member Increase from the northwest to the southeast. The unusually large
degree of mineralizationin the water at test hole WIPP-27 may be caused bya relativelywell-developed
hydraulic connection between the Magenta Dolomite Member and other rock units that contain highly
mineralized water (Mercer, 1983).

2.1.e Ph'drokxwof_ DeweyLakeRedbeds

The Dewey Lake Redbeds cornpdse the youngest rocks Inthe Ochoan sequence at the WIPP site and
mark sn abruptchange in the depo_ional environment. This changewas from predominantlyevaporitic
deposits in the Rustler Formationto a deltaic sequence of alternating thin, even beds of siitstone and
mudstonewith ltntlcularlnterbedsof fine-grained sandstone. Nearly ali the siltstoneand mudstoneare
veined with selenitegypsumin the cores. The DeweyLake dips gently eastward,increasingin thickness
from 350 feet in test hole P-14 to 541 feet intest hole P-18 (Figure 10). The Dewey Lake Redbeds are
separated from the overlyingTriassic Santa Rosa Sandstone by an erosional unconformityeast of test
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hole ERDA-9; west to LivingstonRidge (along Nash Draw), the Dewey Lake Is ovedain by the 6atuna
Formationand other Cenozoic deposits. The thicknessof the formationdecreases to the west where ii
was thinned by post-Permian erosion. The Dewey Lake in Nash Draw has been almost completely
removed, and is present locallyonly insinks andother collapsefeatures. The Dewey Lake cropsout in
low bluffs along the north and east sides of Nash Draw. Because of Its characteristically minimal
permeability,ltdoes not containsignificantquantitiesof groundwater.

Geohydrolo(lk::Chara_'tertstlcs

Drillingdudng area geohydroiogloevaluationdid not identifya continuouszone of saturationwithinthe
Dewey Lake Redbeds; however, localizedpermeablezones were detected. In the geologictest holes,
the presence of these zones was indicated by minor losses of circulationduringdrilling, Detailed data
collectedduringair-drillingof the hydrologictest holes (Mercer and Orr, 1979) Identifiedminorzones of
saturation,partlculadyin several of the thin lenticularsanos in the upper partof the Dewey Lake at test
holes H-01, H-02, and H-03. Geologicdata fromthe wellsat the WIPP site indicatethe lenticularsands
pinchout laterally. Where water is present, it probablyisperched or semlperched and itsoccurrenceis
very localized,probablydependingto a great extenton locallyfavorableconditionsforrecharge.

In most instar_es, the only Indicationof ground water was the presence of moistcuttings, in test hole
H-02c, an attemptwas made to test the moist sands presentat a depthof 185 feet. Aftermonitoringthe
zone for five hours, very little water had entered the hole and the test was stopped (Mercer and Orr,
1979).

Four Intervals of Dewey Lake Redbeds were hydraulicallytested in site foundation holes (holes B-8,
B-38, 13-52,and B-53) (Figure42). The two intervals at B.52 and 8-53, selectedbecausefractureswere
observed inthe core, indicatedhydraulicconductivesof.0.7 and 0.5 foot per day, respectively. Ali other
foundationboringsthat encounteredthe formationindicatedthe DeweyLakewas unfractured. Testingin
B-38 indicated a conductivityof less that0.003 footper day.

Althoughno saturated conditionwas encountered in the foundationexploration holes, ten observation
wells were installedin these shallow holes. They provided a monitoring system to determine whether
transientsaturated zones mightdevelop. Observationwell B-54, the deepest of thisgroup,is open to a
zone of permeable but unsaturated material that was encountered in hole drilling in the Dewey Lake
Redbeds.

The water levels In the observation wells were measured on a regular monthly basis during an
approximate18-monthpedod. In al wells, the water levelswere belowthe lowermostperforationsinthe
monitor tubing, indicatingthat the water encounteredwas from well flushing after installation,as was
confirmed by bailing observationwells B-4 and B-13. The apparent fluctuationof water levels tswithin
the limitsof precisionof the measurementmet_K)ds.

The Dewey Lake has not normally been found to yield water to wells; however, two wells used for
domestic and stock purposes at the James Ranch, three to four miles south of the WIPP site, could
possiblybe completedinone of these lentk:ularsands. These wells in T. 23 S., R.31 E., sections6 and
7, range in depth from 94 to 212 feet (Cooper and Glanzman, 1971). These wells have either saline
water or small yields;geologic data Indicate they are completed in the upper part of the Dewey Lake.
Just east of this area there is an extensive, thick, active area of sand dunes, whichcouldbe a recharge
area for these water-bearlngunits. A few otherwells inthe area, generallyto the east andsoutheast,are
knownto producewaterfromthe Dewey Lake.

GroundWater Moverr_m

Rechargeof sand units in the Dewey Lakecouldresultfrom localizedconditions,as inthe James Ranch
area, or couldoccurby downwardpercolationof waterthroughfracturesor alongbeddingplanes inthe
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mudstone and slltstone. Discharge towards deeper zones through existing fractures or through
dissolutionof the gypsumvelnletsis minor. The Dewey Lake is a protectivecover that retardsdissolution

, of evaporifes in the Rustler Formation, Generally, in the WIPP-site area the Dewey Lake acts as an
unsaturated confining layer, If the ground water penetrated to the top of the Rustler Formationin the
WIPP site, then the upper anhydrite shouldbe altered to gypsum. Cores and geophysical logsdo not
indicate that this alteration is present except where the Dewey Lake is thin or absent. Ground water
movement within the Dewey Lake is restricted arJevidenced by the perched character of the water in
these lenticularsands.

Several private ranch wells believedto be completed in the Dewey Lake have been sampled as part of
the Water QualitySamplingProgram, The resultsof this samplingactivityis givenin the sectionon water
quality,

2.1,g ,Hydrolooyof the DockumGroup/SantaRosa Sandstone

The Santa Rosa Sandstone (now referredto as the Dockum Group) is present only in the eastern one-
half of the WIPP site and overliesthe Dewey Lake Redbeds (Figure 10). The Santa Rosa Sandstone
cropsout at the northend and along the east sideof Nash Draw. The Santa Rosa Sandstone consistsof
a fine- to coarse-grainedsandstonewithlnterbedsof slltstoneand mudstone;it rangesinthicknessfrom
a featheredge west of test hole ERDA-9 to 176 feet in test hole H-10, To the west of test hole ERDA-9,
the Santa Rosa has been removedby erosion. Throughoutmostof the area, the Santa Rosa is covered
by sudicial Cenozoic deposits; however, in test hole H-10, the sandstone is overlaid by 392 feet of
unsaturatedTdassl¢ DockumGroupsediments.

GeohydrologicCharacteristics

Althoughthe Santa Rosa Sandstone is reported to be a principal aquifer tn ecuthwes_em Lea County
(Nicholsonand Clebsch, 1961) water was present only inthe lowerpartof the formationintest hole H-05
where about two feet of saturationwas found. Airdrillingwas used to identify the presence of water. An
attemptwas made to test the zone, and the yieldwas estimated at about0,1 gpm. The water was under
water-table conditions andwas present In a sandstoneimmediatelyoverlyingthe Dewey Lake Redbeds.
In test hole H.10, the Santa Rosa Sandstone was monitoredduringair-drillingand no indicationof water
was found. Several wells east of the WIPP site have been reportedto obtainwater fromthe Santa Rosa
Sandstone, but yields are reportedto be small. Accordingto geophysicallogs, a well in T. 22 S., R. 31
E., section15, just west of test hole H-05, was completed in the lowerpart of the Santa Rosa Sandstone;
however,well yieldswere reported to be very small.

GroundWater Movement

The Santa Rosa probably is recharged by precipitation In the area where it is overlain by permeable
Cenozoic deposits, especially inthe eastern partof the WIPP site. Thewater moves downwarduntil it is
impeded by the relatively impermeable Dewey Lake Redbeds and then probably moves down the
structural dip to the east. Where the Santa Rosa Sandstone liesbeneath the younger Dockum Group
units, water that is found in the Santa Rosa Sandstone probably is under confinedconditions, Small
quantities of water probablydischargelocallyinto the Dewey Lake throughfracturesand alongbedding
planes. Ntcholsonand Clebsch (1961) believe that, further to the east, ground-water movement in the
Santa Rosa _andstone is controlledby the collapse featuresof San Simon Swale, and that the pressure
gradientsare towardthe swale.

Samples for chemical analysis have been collected from a few wells believed to be completed in the
Santa Rosa Sandstone east of the WIPP site. The resultsof this sampling.,ctlvityis given inthe section
on water quality.

•
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2.1.10 Hyc!.roloayofTertian/andQuateman/R_

Of theTertiaryand QuaternaryrocksinthevicinityoftheWiPPsite,theGatuflaFormationof Plei_ocene
ageandtheplaysdepositsand alluviumof Holoceneageare theonlyunitsthatcontainwater, The
velum'heofwaterInthesesedimentstsClUltesmall.

The OgallalaFormationof Mleceneage isan aquifernorthandeastof thearea; however,alongthe
dividenear the WIPP site, lt occursin isolatedoutilersno morethan 60 feet thick. Theseoutllers
generallyareunsaturated.

TheMesoalerooalioheof Holoceneage lma well-llthifledcalciumcarbonateandfunctionsmoreas a
barriertodownwardmovementof waterthanas a ground-waterreservoir.TheMescalerocallchecovers
mostoftheWIPPsiteareaalthoughII isnotpresentinNashDraw.

GatunaFormation

TheGatunaFormationis presentasdiscontinuousbolson-typedeposits, In theWIPP sitearea, the
GatunaFormationIs representedbyseveraltensof feetof poorly-sortedslit,clay, andsandstonethat
maygradedownwardIntoconglomeraticsandstonecontainingolastsof si,stoneandsandstone(Jones,
1978). Of thepost-TertlaryrocksInthestudyarea, the Gatur_ FormationIsabsentinsometestholes
andmorethan100feetthickinothers(143feet intest holeH-08,forexample).Whereitdoesoccurat
theWIPPsilo, ttisgenerallynothickerthan46 feet. Inmostareas,theGatunaFormationisoverlainby
the Mescalero¢aliche.

Becauseof lte erretlc distribution,there lo no knowncontinuoussaturatedzonewithinthe Gatuna
Formation. AlthoughCooperandGlanzman(1971) have reported that there were somelimited
occurrencesof waterinthe GatunaFormationin theProjectGnomearea,nowaterwasfoundduringthe
drillingattheWIPP site. Ifwaterwerepresentlocally,ttprobablywouldbe perchedinsandstonelenses
overlyingthelesspermeableDeweyLakeRedbeds.

Dudngbu_Ing-foundatlontestsInthecentralpartof theWIPPsite,30 explorationholeswereddlledto
testthe hydraulloconductivityof theGatunaFormation.Packerr,.ermeabllitytests intheseholeswere
conductedusingInjectedwafer;thesetestsIndicatedthatthehldraulk:conductivitygenerallyranged
fromlessthan3xi0"° to 1.9feetperday;onevalueof 5.1feetperdaywasnoted(Reglster,198i). No
IndicationofwaterwasfoundInanyoftheseholes,andnowellsin the WIPPsiteregionareknowntobe
completedintheGalunaFormation.

WatermovementIntheGatunaFormationapparentlyis restrictedbythediscontinuous"perched"zones
andthe eporadlcoccurrenceof theunit. Rechargeto the Gatuna Formationprobablyis by local
downwardpercolationof preclpltation,especiallyin areaswhererainwatertspondedon thesurface.
Thisrechargeprobablyis hinderedbytheca,chocoverintheWIPPsitearea. MostwaterIntheGatuna
FormationprobablyIstranspiredbyphrealophytes,althoughsomewatermaypercolatedownwardinto
_owerzones,particularlyin theeasternpertof thestudyareawheretheGatunaoverliesthe Triassic
SantaRosaSandstone.

Surtk:ialt_4x)sh_ Anmdum

In the mainpart of thestudyareathere are no through-flowlngstreams',thesurflcialdepositsare
composedof locallyderivedmaterialdepositedby sheetwashor bydiscontinuousarroyos. These
surticlaldepositsare presentalmosteverywhereintheregionandusuallyareonlya veneeroverthe
underlyingbedrock. Exceptionsexistwheredepositsare concentratedin depressionscreatedby
dissolutionofunderlyingrocks.
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The only stream-depositedalluviumin areas near the WIPP site is alongthe Pecos River, mostlyalong
the west side of the rivernorthof Malaga Bend. This alluviumis composedof sand,gravel, silt, andclay
and is ,asmuch as 200 feet thick. One of the mostnotable featuresof the alluviumis itslarge variationin
thickness, which probably is caused by the alluvium filling the depressions created by dissolutionof
underlying rocks (Hale, Hughes, and Cox, 1954). South of Malaga Bend, the alluvium is present in
Isolated patches, which may be as much as 150 feet thick but generally average about 50 to 75 feet
thick. The alluvium associated with the Pecos River, especially north of Malaga Bend, Is a productive
aquifer. Transmlsslvitlesinthe alluviumyaw considerably,but calculationsmade byBjorklundand Motts
(1959) average 13,600 square feet per day; the hydraulic conductivityprobablyaverages 116 feet per
day. The averagehydraulicconductivity,however,could be misleading; lime-cementedconglorneratesin
the alluvium maygreatly increase the value because of solutionchannels. Detaileddata for the alluvium
(:an be found in studies by Hale, Hughes, and Cox (1954) and Bjorklundand Motts (1959). South of
Malaga Bend, the alluvium is less extensive and more variable in thickness, so average hydraulic
properties are more difficult to determine. Recharge to the alluvium is from several sources. Near
Carlsbad, water moves from the Guadaluplan reef complex to alluvium. In the southnear Malaga Bend,
adjacent PermSangeologicunits, such as the.Rustler Formation,recharge the alluvium. Infiltrationfrom
precipitationand from streams, canals, and appliedirrigationwater are also sourcesof recharge to the
alluvium. Water moving through the alluvium generally flows toward the Pecos River and then
southwestwardtoward the Red BluffReservoir. Because the thickaccumulationsof alluviumhave been
derived, to a great extent, from evaporites and fine-grainedelastic rocks,the permeabilityof the alluvium
is probablyminimal,resulting infairly lowflow velocities (Hale and Clebsch, 1958). However, localized
zones of greater permeability may be present, especiallywhere semiconsolidatedalluviumis fractured.
North of Malaga Bend,wells drilled intothe alluviumvary inyield, but the yields are large enoughto be
usedfor irrigation. Generally,the chemicalcomposition of.the water inthe alluviumnear Malaga Bendis
affectedbybrine inflowfromthe Permianrocksto the east,downwardpercolationof relativelyfreshwater
from irrigation,and localdissolutionof evaporites. This mixinghas caused variabilityinthe overallquality
of the water, with dissolved constituents dominated by sodium and chloride. Hale, Hughes, and Cox
(1954) reported that the chlorideconcentration in the water inthe alluvium increaseswith depth and a
saturatedbrine is present inthe lowerpartof the fill. The overall ioniccompositionof the water is similar
to the ground water fromthe other hydrologicunits,predominantly consistingof chloridesand sulfatesof
calcium, magnesium,sodium,and potassium.

Playas withinthe study area are reportedto contain alluviumand eolian sands that have been reworked
by shallow lake waters (Vine, 1963). Playa deposits consist of slit, sand, and gypsum; the thickest
deposits exceed 55 feet at Laguna Grande de la Sal (Robinsonand Lang, 1938). The gypsum and other
materialsdepositedin the other playas inNash Draw are similarto thoseat LagunaGrande de la Sal, but
the deposits are not as thick. The ground water in the playa deposits usually is localized and water
movement la restricted. The water table in the area aroundthe playas slopes inward towardthe playas,
indicatingwater inthe fill Is moving into the playa and been dischargedby evaporation. The source of
the water is partly from recharge from precipitation and partly from ground-water Inflowfrom springs
(Robinson and Lang, 1938). The playa deposits are knownto containwater, but the water generallyhas
such large salt concentrations that lt is unusable. Robinson and Lang (1938) reported the water
associatedwiththe Laguna Grande de la Sal playawas undera slightartesian head.

Windblown sands are common throughoutmost of the area east of Nash Draw. The sands are only a
fewfeet thick except wherethey have been concentratedby wind intodunes. The greatestconcentration
of dunes Is located easto4the James Ranch (k:c,ated southeast of the WIPP site) wherethey may have a
localized effect on the hydrology. Where present, water associated with the sudlclal deposits and
windblownsend probably is perched or semiperched;consequently, the occurrenceof water is spotty

i

APPL2 L.70



andgreatlydependent on localconditions. Rechargetakes piace in areasof surfacepondingand moves
downward throughfractures andjoints into permeable zones. In several trenchesdug through sand
dunes at the WIPP site, the sand was foundto be unsaturatedand no perched water was found. The
highevapetranspiration rate in the area and the relatively Impermeable underlyingbeds (caliche and
siltstone)probablypreclude largevolumesof water movingdownward. No wells in the WIPP site area
are knownto producewater from the surflclaldepositsor from the windblownsands; however, where
these depositsare thickest,they may contain localizedperchedzones of ground water, rbe sand dunes
east of James Ranch are very permeable; however, evapotranspirationprobably removes m_)stof the
water.

Theoccurrenceofwater in the Tertiaryand Quaternaryrocksinthe WIPP area generallyis quitevariable
and ts restrictedto the area southof the WIPP site. The qualityof groundwater characteristicallyranges
fromfresh to saline,althoughin isolatedareas nearplayas it may be quitebriny.

2.1.11 GroundWaterUse

Ground water is used Inthe region for Irrigation,municipalsupplies, rural domesticsupplies, livestock
watedng, a few Industrial purposes, and for secondary oil recovery (usually referred to as "oil field
flooding'). The Capitan aquifer, located north of the WIPP site, is the largestsource, but supplies are
alsotaken from the Dockum Groupand the Rustier Formation. A recent studyhas been completedon
the localwater usage and the water balancefor an area of approximately2,000 mile2 around the WIPP
site (Figur_ 43). An extensive discussionof the modeling requirementsfor such a study is includedin
that report. Recent ground-wateruse data cited here are taken from a recentlypublishedreportby the
New Mexico State Engineer'sofficeon water use In 1985 (Wilson,1986).

RegionalGroundWater Use

Demand for water throughoutthe region Increased steadily since the 1950s and this trend had been
expected to continue intothe 1980s. Production _romthe Capitan aquifer alone increasedfrom about
80,000 acre-feet in 1950 to about 700,000 acre-feet in 1970 (Hiss, 1975). The increasehas been fairly
linear over the 20-year period. Most 04the Increaseddemand has been for oil fieldfloodingwhichbegan
inthe early 1950s. The largest amount of pumpingfor this purpose is in Ward and Winkler Counties,
Texas, and is primarily extracted from the Capitan aquifer. The other major source is the San Andres
Limestone. Accordingto Hiss (197S), the cumulative totalof water producedfrom these aquHerstor th_
period 1920-1969, inthousandsof acresfeet, is as follows:

USE EDDY COUNTY LEA COUNTY VtEST TEXAS TOTAL
ml

Industrial 65.4 - - 65.4

Irrigation 151.0 - 223.7 374.7

Municipal 162.0 - - 162.0

SecondaryRecovery 0.....66 2.....88 293....__0 296.__44

TOTAL 379.0 2.8 516.7 898.5

_= According to the New Mexico State Engineer's office, ground-water use in Eddy and Lea Counties
declined between 1980 and 1985. High rainfall, lowcrop prices and the government Payment-in-Kind
(PIK) program loweredground-water use in 1985. The fall in oil and gas prices affected ground-water
usa in Eddy and Lea Countiesbecauseoil refineriesand gas processingplantsinthe area have cutback
on productionactivitiesor shut down operations completely. Table 12 illustratesthe change in use of
surfaceand groundwater in the state between 1980 and 1985.

] _ AFFi.2 L-71
.



Table 13, modifiedfrom the State Engineer's Report(Wilson,1986), listswater use, by usercategory,for
Eddy and Lea CounUes. Seventy-eightpercent of the groundwater withdrawn in Eddy Countywent for
irrigation,while in Lea County,67 percentof groundwater usedwas for irrigation.

The occurrence of large quantitiesof potable ground water is restrictedto west of the Pecos River,and
mostof lt is extracted fromthe Capitanaquifer. Municipalwatersuppliesfor the communitiesof Carlsbad
and Whlte's City are obtainedfrom wells completed in the Capitan aquifer. Water pumped from the
Capltan aquifer is used to irrigateabout 2,300 acres of farmlandinthe Pecos River valley, the immediate
vtctnityof Cerlsl_ad.

In addition to the above uses, water pumped from the Capitan aquifer at Carlsbad is transported by
pipelineto a potash refining plant about 18 miles east of Carlsbad. About 3,740 acre-feet of water per
year was used to refine potash ore dudng the period of 1965-1969. Approximately31,962 acre-feetof
ground water was pumped in Eddy and Lea counties in 1985 to support industries extracting and

processing mineralsand fossilfuels. This includesany of the followingactivities: mine dewatering,oil
andgas well drilling,seconclaryoHrecovery,oil refineriesandgas processingplants.

LocalGroundWater Use East of the Pecos River

Eastof the Pecos River in southeasternNew Mexico, small amounts of groundwater are used for rural
domestic supplies, watedng livestock, gasoline plants, and gas stripping. The Artesia Group, the
Dockum Group and the Rustler Formationare the principalhydrologicunitspumped for these purposes.
In the erea of Nash Draw, relatively large quantitiesof groundwater have been taken from the Rustler
Formationforuse inpotash refining.

The future developmentof groundwaler at the WIPP site is limitedby the paucityof good qualitywater
and the lowpermeabilityof theformationspresent. As discussedpreviously,inthe WIPP sitevicinity,the
geologic units above the Salado Formationare either unsaturated (Dewey Lake Formation)or contain
very poor quality water (Rustler Formation). In the surrounding area, there are a few wells used for
livestock watering purposes or for human consumption at ranches east and south of the WIPP site.
These wells are shownin Figure4,i. '_ majocttyof these wells have been sampled for water chemistry
analysis by the WIPP Water QualitySampgng Program. The resultsof these analyses are discussedin
the sectionon Water Quality.

2.1.12 Ground Water Q_ality

The water-bearing unitsat the WIPP site have been sampledfor water quality since 1976. Aspart of the
early hydrogeoioglc site-characterization studies, Mercer (1983) reported the results of ground-water
sample analyses from the Rustler-Salado contact residuum,the Culebra Dolomite and the Magenta
Dolomiteof lhe Rustler Formation,the Upper Bell Canyon, andthe Santa Rosa Sandstone.

Beginning in 1985, a formal ground-waler quality samplingand monitoring programbecame operational.
This wogram is calledthe Water Quality SamplingProgram (Coitonand Morse, 1985). In thisprogram,a
large number of monitoring wells have been sampled repeatedly and the samples analyzed for an
extensive list of inorganic, organic and radiologic parameters. The program was enlarged in 1986 to
incJudoseveral mea I_'_ate wells,

The WiPP site monitoringwells now access water from the Culebra and Magenta DolomiteMembers of
the Rustler Formation. Earlier, one of these wells (DOE-2) was completed in the Hays Sandstone
Member of the Bell Canyon Formation. The area private wells are completed in the Dewey Lake
Redbeds, the Triassic Dockum Group (Santa Rosa Sandstone) and far to the south, in the Culebra

Dolomite Member of the RustlerFormation. O
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GroundWater Qualityof the CulebraDolomiteMember

The water qualityof the Culebra DolomiteMember is highlyvariable, rangingfrom a calciumsulfatetype
water havinglessthan 10,000 milltgran_per litertotal dissolvedsolidsto a sodium chloride brine having
over 230,000 milligrams per liter total dissolved solids (.Figure45). The chemical compositionsof
sampledCulebra groundwater is giveninTable 14. A completelistingof the analyticalresultsof Culebra
ground-water samples can be foundin Randell, Crawley, and Lyon(1988), Uhland et al. (1987), and
Uhlandand Randeg(1986).

Ground water chemical analyses of samples from theCulebra Dolomite were evaluated in order to
establish ffany apparent trends inwater qualityexisted or if any chemical groupingscouldbe defined
withinthe studyarea. When attemotingto classifyor categorize ground-wateranalyses from numerous
wells spreadover a large area or un entirehydrologicbasin, the use of plottingtechniques, suchas the
tdllnear diagram, is often very revealing. The use of the trilinear diagram to assess groupsof water
analyses may help to identify ffa particular water or sample falls withina closely defined population,
represents a simple mixtureof waters for which other analyses are available,or whether ground-water
quantityis affectedby solutionor precipitationof particularmineralspades.

Ground-wateranaylsesfrom 26 individualwellscompleted in the Culebra Dolomitewere evaluatedbased
on theirchemical composition. This evaluation indicated that four hydrochemicaltype areas can be
defined. These type areas and their relationshipto the WIPP site are shownin Figure 51. These type
areas were defined based on their major solute distributions, total dissolved solids (TDS) content,
potassium to sodium concentration ratios,and other solute relationships. Type Area 1 includeswells
H-0Tol, H-OSb,H-09b, Engle Weil, the Poker Trap Weil, andthe Mobley Ranch Weil. The water from
this zone is a relatively diluteCaSO4type with less than 5,000 milligramsper liter TDS. Type Area 2,
containinga very saline NaCI brine, is found in the eastern portion of the study area and includeswells
H-05b, H-11b3, H12, H-15, H-17 and DOE-1. This type area water contains between 120,000 and
230,000 milligrams par liter TDS. Type Area 3 represents water with a somewhat variable composition
and TDS concentration. Area 3 Includeswells P-14, H-14, H-06b, H-04b, P-17, H-3b3, H.18, WIPP-19,
WIPP-13, WIPP-30, H-02a, WIPP-25, WIPP.26, and DOE-2. This area has ground water which has a
TDS concentration ranging from 13,000 up to 85,000 milligramsper liter. Type Area 4 includeswells
WIPP-27 and WIPP-29; bothwellsexhibitanomalousconcentrationsof several chemicalparametersand
appear to be contaminated by local potash refining operations. Each of these four type areas are
discussedin more detailbelow.

• Type Area I

Type Area 1 is characterized-by Culebra ground waters with a relatively low Total
Dissolved Solids content when compared with the Culebra ground waters over the
majority of the project area. TDS ranges from 2,200 milligramsper liter at the Poker
Trap Well up to a highof 4,000 milligramsper literat the Engle Well (Figure 45). Type
Area 1 exhibitsvery lowchlorideconcentrations(24 to 45 milligramsper liter) which are
not typicalor representative of Culebraground water found acrossthe WIPP site area.
In general, the water of this type area is a CaSO4 type, havingsulfate concentrations
rangingfrom 1,400 up to 2,000 milligramsper liter. Calciumconcentrationsrange from
420 to 690 nClllgran_ per liter and generally increase from west to east across Type
Area 1. Sodium concentrationsrange from a lowof 43 milligramsper liter at the Poker
Trap Wel to a _ of 200 milligramsper literat the EngleWell and at H.07bl.

, ,

Type Area 1 is located south and southwest of the WIPP site along the eastern edge of Nash Draw
(Figure51). The northam boundary is located between wells P.14 and H-7bl. The eastern boundaryis
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somewhat difficultto define and is represented by a northwest to southeast line from just west of the
H-02 well pad to just east of the H-09 well pad. The western extent of Type Area 1 is undefined due to
the unavailability of hydrogeologic and geochemical data from the southern part of Nash Draw.
Generally, Type Area 1 is a north-southrunning,linear-shapedregion,wideningtowardthe south.

• Type Area 2

Type Area 2 is characterized by Culebra groundwaters having sodiumand chlorideas
the dominant ions, and havingvery high TDS concentrations (Figure45), rangingfrom
120,000 milligramsper liter at well H-11B3to as high as 230,000 milligramsp_r liter at
well H-15. Generally, TDS concentration increases toward well H-15, which is
approximately centered within Type Area 2. Sodium concentrations are typically in
excess of 80 percent of the total cation population as is chloride for the total anion
population. Sulfate concentrationsrange from6,500 milligramsper literat well DOE-1 to
a maximum of 8,200 milligrams per liter at well H-12. Calcium plus magnesium
concentrations are faidy high, although comprising less than 20 percent of the cation
population, and range from 2,450 milligrams per liter at well H-1 lb3 up to 4,000
milligrams per liter at well H-15. Sodium concentrations range from 44,000 milligrams
per literat weftH-1lb3 to a maximumof 79,000 milligramsper literas determinedat well
H-15.

Type Area 2 comprises the eastern one-third of the WIPP site area, bounded on the west by a line
running generally north to south between well pads H.05 and DOE-2 (on the north side), DOE-1 and
H-03 (near the center), and H-17 and P-17 (on the southern edge). Type Area 2 appears to extend to
the east, but this cannotbe defined because very littlereliableCulebra ground-waterchemistrydata are
avallablefor the area east of the WIPP site (Figure51).

• Type Area3

Type Area 3 represents a large area whichgenerally separatesType Areas 1 and 2, and
extendsto the north and west into Nash Draw (Figure 51). Many of the wells includedin
Type Area 3 actually have similarcompositionsto Type Area 2 groundwater. However,
even though many wells included in Type 3 are basically NaCI types of waters, they
exhibitsignificantly lower TDS concentrations, it appears that muchof the Type Area 3
Culebragroundwater represents a distinctmixingof the more salineNaCI brine of Type
Area 2 with the much fresher CaSe 4 water of Type Area 1. Type Area 3 water is
variable in TDS concentration and in the overall percentages of the major cations and
anions maldng up Its composition.

TDS concentration ranges from a lowof just11,000 milligramsper liter at well H-02a up to a maximum of
85,000 milligramsper liter at well WIPP-19 as shownin Figure 45. Chloride concentrationsrange from
4,800 milligrams per liter at well H-02a, located just west of the WIPP site, to a maximum of 47,000
milligramsper literat well P-17. Sulfate concentrationsrange from 1,600 milligramsper liter at well P-14
to 6,400 milligrams per liter at well H-04b. The concentrations of the divalent cations, calcium and
magnesium range from 830 milligramsper liter at the H-02A well siteto 4,330 milligramsper liter at well
P-14. Sodium ranges from 2,600 milligramsper liter to 29,000 milligrams per liter at wells H-02a and
P-17, respectively.

.,:.,
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Type Area 4 is locatedIn the western halfof Nash Draw (Figure51). This area contains
only two wells,WIPP-27 and WIPP-29. Culebragroundwater in the areas of thesewells
has somecharacteristicswhich differfrom the waters foundin bothType Areas 2 and3.
The TDS concentrations are muchgreater than those found in Type Area 3 (135,000
milligramsper liter at well WIPP-27 and 290,000 milligramsper liter at well WIPP-29).
The potassium/sodlumratiosare considerablyhigherthan forwatersof eitherType Area
2 or 3 (0.21 at WIPP-27 and 0.22 at WIPP-29). The higher potassiumconcentrations,
and thus potassium/sodiumratios at both WIPP.27 and WIPP-29 and the anomolously
high magnesium/calciumratio at well WIPP-29, indicate that the Culebra ,.]roundwater
surroundingand probablybetweenthese wells hasbeen contaminatedbypotashmining
and refining operstlons in Nash Draw. The ground.water chemistry of the Culebra
Dolomite Member In the western and northwestern sections of Nash Draw is not
representativeof the naturalundisturbedconditions.

Ground water from the Culebra Dolomite Member is not used in the WIPP site area except in the far
southwestern part of the area shown in Figure 44, near the wells H-08 and H-09. Near these wells
privatewindmillsuse brackishCulebragroundwater for livestockwatedng purposes. Generallythe water
qualityin the Culebra deterioratesfrom west to east across the site,with increasingchlorideand TDS
concentrations. ,

Theanalyses fortrace metalsof Culebraground-watersamplesshowedsome anomalousconcentrations
for severalparameters(Rarmt el al., 1988). it is difficultto mess ii the reportedconcentrationsof such
trace metals as lead (1.1 milligramsper liter at well P-17), antimony (1.5 milligramsper literat P-17),
cesium (5.0 milligrams per liter at well H-17), chromium (10 milligrams per liter at H-17), tin (0.60
milligrams per liter at well H-111)3) and antimony (0.9 milligramsper liter at H.1 lb3) for example, are

e actually natural-ocourdngconcentrationsof the trace metals. In general, it is believed thai manyof thesereported trace metals are a productof the deterioration andcorrosion of the steelwell casingsused in
monitoringwell construction. Becauseof the very highTDS concentrations in manyof the WQSP wells
at the WIPP site, reported concentrations for many trace elements may be much higher than actual
concentrations due to analytical enhancement or intederenceu. Alternative methods are now being
evaluated, as part of a WIPP water qualitysamplingve_tcatlon pre,am, to ascertain ifcurrent analytical
metro:is are eppmpriateIorgroundwaters (brines)of the typeoccurdng inthe WIPP site area.

With few exceptions, the results of analyses for organic compounds in Culebra ground waters have
shown no detectable concentration in the majority oi samples analyzed. From well to well and from
samplingepisodeto episode,there have been a few exceptions. In the majorityof caseswhere analysis
have reported detectable concentrationsof organics,previousanalyses for the same well havefailed to
detect any o4the compounds. The _nde usuallydetected are acetoneand phthalates. These are
frequentlyfound amlaboratorycontaminantsdue to their abundance in the typicallaboratoryenvironment
(i,e., solvents, adhesives,etc.).

Groundwater Qual.I_ of the Magenta Dolomite

The Magenta DolomiteMember of the RustlerFormationhas not been sampled withthe same density as
that of the Culebra Dolomite Member, due to the fewer number of wells completed in the Magenta and
the fact that much more emphasishas been placed on characterizing the Culelxa ground water in past
investigations. Ground-waterqualitydata from four Magenta wens including H-03bl, H-04c, H-05c, and
H-06c wen) evaluated In the same manneras previouslydescribedfor the Culebragroundwater.

In general, the chemistry of the Magentagroundswaters Is variable (Table 14). Ground-water types
rangefrom a predominantlysodlum-chlorldetype atwell H-04c to a calclum-magnesium-sodlumsulfate

APPL2 L-75

......... ' ,i ,,. "" _-:....................... i ....... i............................ l_rl" ...... |llnl Ull ...................... li



typeatwellH-06c. Reviewof theMagentaWaterqualitydataIndicatesthatthere is nocleartrendor
definitivegroupingsof waterchemistrywithintheMagenta.Chlorideisthedomlnsntanionin samples
fromjustsouthoftheWIPP siteatwellsH-03bl andH-04cwherethechlorideconcentrationsrepresent
68 and61 percentof theanionpopulations,respectively.Northof theWIPPsite,sulfatebecomesthe
dominantanionat wells H-05c andH-06c comprising66 and82 percentof the anionpopulation,
respectively.

Thecationsof thesefoursamplesarealsovariable. Sodiumconcentrationsrangefroma high of 82
percentof thecations in well H.04c to a lowof 42 percent of well H-06c. Calciumand magnesium
(combined)rangefrom57 percentat wellH-06cto as littleas 18 percentatwell H-04c. Generally,
calciumandn_ignesiumcomprisea largerportionof thecationpopulationmovingfromsouthto north
acrossthecentralWIPPsite area. This la theresultof decreasingsodiumandTDS concentrations
towardthe north,notanincreaseintheconcentrationof thedivalentcations.Theconcentrationsof the
majorcationsandanionsforthe fourMagentawellsareshowninTable14.

WellH-04c appearsto be anomolouslyhigh inTDS concentrationsas shownin Table 14 (23,500
milligramsper liter),and insodium(7,100 milligramsper liter). The TDSconcentrationsfor theother
threewellsshownin Table 14 are inthe rangefrom4,800 to 8,100 milligramsper liter andsodium
concentrationsfrom650to 1,500milltgranulperliter. WellH-04cmayindicatea generaloverallincrease
'_nTOS,concentrationstowardthe southandsouthwest,awayfromthe WiPPsite,and perhapsa change
to"amo_.predominantlysodlum.chlorldetypewaterintheMagentainthatarea,

The overallwater qualityof the MagentaIn theWIPP sitevicinityle betterthanthat of the Culebra,
becausetheTDS, chloride,sulfate,andsodiumconcentrationsareali generallymuchlower, However,
thewaterintheMagenta18consideredbrackishto slightlysalineand18notusedanywhereintheWIPP
site area.

_GroundWaterOualltyof Docku.mGroupandDeweyLakeFonnat.lo_n

Thewaterqualitysamplingactivitiesatthe WIPPsite have recentlyincludedthe samplingof several
privatewellsIn the vicinityoftheWIPPslc (Figure44). TheformationssampledincludetheDeweyt.ake
RedbedsandtheTriassicDockumGroup. AI showninFigure44, theseprivatewellsare alisouthand
east of the WIPP site. The generalqualityof thegroundwaterproducedfromboththe DeweyLake
Redbed8and the DockumGroupi8fairlygoodandis suitableforuse as livestockwaterand, insome
cases,forhumanconsumption.

Thegroundwaterchemistryof theDeweyLake18basicallya calcium-magnesium-sulfatetypewitha
TDSconcentrationsrangingfrom670 to3,400mH,gramsper liter. Chlorideconcentrationsrangefrom
50k) 470 milligramsperliter. Sutate _ bicarbonateconcentrationsrangefrom190 to 1,600milligrams
per literand79 to 270 rnllligranmper liter,respectively.Calciumplusmagnesiumconcentrationsrange
from100to 570 milligramsper literandsodiumrangedfrom110to 240 milligramsperliter. Thereisno
generaltrendto the distributionof dissolvedchemicalspeciesin the DeweyLake Redbedsas the
formation18notsaturatedover mostof thearea, and the DeweyLake Redbedswellssampledhere
representIsolatedoccurrences,eachhavinga somewhatdifferentchemical,composition.

The analysesof the DeweyLake Redbedasamplesincludedtrace metalsand I numberof organic
parameters.Theresultsof theseminor_nent analyses(Randell,Crawley,and L_/_n,1988)indicate
that noneof theorganic parameter= analyzedfor were presentin samplesfrom ttbs DeweyLake
Redbeds. Insomecases, inorganictracemetalssuchas copper,zinc,and leadwere reportedinthe
detectablerange, lt seemsunlikelythat naturalgroundwater in thistypeoi formationwouldhave
significantconcentrationsof tracemetals. Thesourceof the metalslistedaboveis probablythewell
pumpingassemblyand metal pipeassociatedwiththe wellsdischargeand routingsystems,which
consistedof galvanizedsteel,copper,and/orleadpiping.
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The wider qu•ltty of the Dockum Group (Santa Res• S•ndstone), Is based on the sn•lysis from two
wefts, tl ge•stilly good. The TDS concentrations ranged from 340 to 780 milligrams per liter. The
Dockum Group w•ter is b•s_atly • sodlum-bicarbonate to sodium-sulfate type water. Chlori_e
concentr•tions ranged from only 24 to 45 milligrams per liter, end suHets ranged from 40 to 330
milligramsper liter. The zum of the divalentcetions calcJumand magnesiumare lowrangingfrom 53 to
90 milligramsper liter. Sodium rangesfrom 4S to 190 milligramsper liter. The two wells reportedto be
completed in the Dockum Group •re the Clifton well •nd the Commanche weil, both located
approximately ten or more mile e•st of the WIPP site. Trace metal analyses were conducted on the
llnlplal Iron1these two mh ENdthe orl_ parameterreportedinany significantconcentrationwas zinc.
The sourceof zinc Inthis4 sam_ ii believedlo be fromthe galvanizedsteeldischargepipe assembly
present at the we, sites. The an•lysis of these Slmptll for several organic parameters showed no
detectableooncenVidionl.

2.2 SURFACEWATER HYDROLOGY

The WiPP I#e Ilia wtllln the LosMid•SOl •re• in the dr•lnlge basin of the Plcol River (Figure 46).
The renewingsections_ raOiomd_ _ sod•ce widerhydmioW.

q

The he•clwaterl oi the P'K'oI RiverIrl Ioceted nollheslt of Sent• Fs, New Mexico;fromthere, the river
flows southttr•ugh ••stem New Mexicoandwemem Texas untilttdischargesInto the RioGrande. The
Pecos Riverhal In •viral iength of appmxlmMelyS00 miles, I maximumbasin widthof 130 miles,and
a total dischargearea of roughly44,S00 squ•re miles. Of these, 25,500 squ•re miles are classified as
noncontributing(DOE, 1988, Reviled 1990). Clif_ characteristicsof the basin vary fromsub-humidin
the mountainsto semi-lutdaCthe lowerelevations.

The Pecol River Ii about 14 milli well of the WIPP s#e lit Itsclosest point (river mile 430 above the
confluence wllh the Rio Grande), and has • drainage area oi about 19,000 squaremiles. The slope o!
the Pecos;tverbedin thli lull• is apwoxlmMely4.0 feat per mile (U.S. Army, 1964).

East of the river,near the WiPP 1He no outstandingnatural drainage features exist. A few small,
unnamed drainagechannels constituteli the trtbutartel joiningthe Pecos fromthe eastwithin 50 miles
northor southof the Idle. Fromthe west, the principaltributariesjoining the Pecos northof Carlsbad are
Rio Pe•aic• with a dridna0e erel (D.A.) oi 1,060 square mill aCrivermile 4H (rounded to the nearest
mile), the Recto/Anoyo (64 squaremiles D.A.) at river mile47S, and the Dark Canyon(451 squaremiles
D.A.) allrivermile 4S9. Offi4r smlfler trt_ahe| flowingfrom the westare the LittleWait Canyon, Willow
Draw, Spencer Draw, and the North Seven, Middle Seven, snd South Seven Rivers. Most of these
trfl_tarles ori0inae in the GuadakJN Mountains (USACE, 1976). Downstream from Cadsbad, the Black
River (434 KlUlra rntlesD./L) joinsthe Pecos from the west at a point about 16 miles southwestof the
site st dyermile 438. The Delaware River (689 squaremiles D.A.) joinsthe Pecos River from the west at
river mile 404 and s hunt)lr of other ml creekslind draws join at vlrlous pointsbetween Carlsbad and
Malaga.

In the reich between CldSbed Ind Mll•Ol (where the river ii cioNSt to the WiPP site), the bed of the
Pecos la made upof Blindand gravel. The •verb••ks adjacenlto the mainchannelconsistoi sandysoil
dominatedby mesquiteand 1411cedar. Ingeneral,the rlgrl (west)bank hasa steeper slopethan the left
(east bank) and, at • few places, the banks are ma_ upof bare rock. Duringmajor floods, river water
spreadsoveraifloodplain.

The Pecos Riverfk:)wabove Malaga (rivermile 432) li regulated by storagein several dams, including
Santa Rosa Lake (Los Esteros Dam, river mile 757), Lake Sumner (Alara•gird• Dam, river mile 702),
Lake McMigan(rivermile 484), LakeAvalon (river mile 467) and several other smallerdams that diver1
water for irrigation and power production, tn addition, the Branlley DaJn(river mile 479) has t:)een
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completedandbeganimpoundingwaterduring1988. ThedamatLakeMcMiIlanwillthenbe breached
followingthecommencementof operationsat BrantleyDam. The locationsofdamson thePecosRiver
anditstributariesareshowninFigure46.

Numerousstream-gagingstationsare locatedon thePecosRiverandseveralof itstributaries.These
gagingstationsareshownin Figure46. Informationpertainingto severalgagingstations,including
average,maximum,andminimumrecordeddischarges,iscontainedinTable15.

The stream-gagingstation at Malaga,NewMexico,on the PecosRiver, is theneareststationto the
WIPP site. The maximumand minimumrecordedflowsat thisstationduringtheperiod1938 to 1985
were120,000cub_ feetpersecond(August23, 1966)and3.7 cubicfeetpersecond(October20, 1976),
respectively(USGS,1986).

Thereareno majorsurface-waterbodieslocatedwithintenmilesof theWIPP site. Beyondtenmiles,
severalwaterbodieslletothenorthincludingLagunaGatuna,LagunaTonto,LagunaPlata,andLaguna
Toston. Theselakesaresituatedat or aboveelevation3,460feet (meansea level(MSL)). As thefloor
elevationof theWIPPsurfacefacilitiesis about3,400feetMSL,surfacerunofffromtheWIPPsitewould
notflownorthtowardanyoftheselakes.

Aboutfour mileswest of the site,there ts a topographicaldepressionknownas Nash Drawwhich
containsan ephemeraldrainagesystem. Thisdrainagecarrieswateronlyduringverywetyearsand
joinsthe PecosRiverabouta mileupstreamfromMalaga. At itsnearestpointto theWIPPsite,Nash
Drawisaboutfivemileswide. Thegeneralbedelevationo!NashDrawinthe vicinityof thesiteis3,150
feetMSt.,whichis approximately250 feMbelowtheoracleelevationsof theWiPPsurfacefacilities.Red
Lake,locatedinNashDrawaboutsevenmilesnorthwestof thesite,is at 3,160feetMSL.

Severalbdns lakesare locatedinsoutheasternNash Draw. The largestof these,LagunaGrandede la
Sal, isseveralsquaremilesInareaand is a downslopecatchmentbasinfor limitedsurfacedrainageand
artesiansalinewater-bearingformations(RobinsonandLang,1938). Emptyingintoits northernendisa
largesalineSlXlng,Surl_tseSlxlng,andthemuchsmaller,lesssalinePul_tshSt:)dng.Onlythenorthern
thirdof the lakeksperennial.

Theamountof water in the southernportionof thelakedependsstronglyon theamountof precipitation
(Hunter,1985). Theremainingbrtnslakes,IncludingLagunaTree,LagunaQuatro,LagunaDos,Lindsey
Lake,andTamariskFlat, lienortheastof LagunaGrandede la Sid. Theselakeswereformedbetween
1942 and 1979, apparentlyas a resultof potashrefiningandollbrinedisposalinNashDraw. These
waterbodiesare locatedatelevationsof approximately3,000feetMSL

Scatteredthroughoutthearea neartheWIPP siteare livestock-wateringimpoundments(tanks). These
tanksareessentiallybermedareasdesignedto captureandcontainsurfacewaterrunoff.Someofthese
includeHillTank,IndianTank,RedTank,andNoyeTank.

Thereare no knowndomesticsurfacewaterusersonthe PecosRiverdownstreamfromCarlsbad.Most
of thesurfacewaterksUl4KIforirrigationwNie lessthanonepercentof thetotalwaterwithdrawnisused
for industrialpurposes. The actualamount of waterdivertedby any userdiffersfromyear to year.
APlXOxirnatequantitiesof surfacewaterdivertedfromthePecosRiverin theyears1976to 1985fromthe
reachbetweenCadsbedandtheNewMexico-TexasborderarelistedinTable16.

Waterqualityin thePecos RiverBasinnear theWIPP site is stronglyinfluencedbybothhumanand
naturalfactors. HumanImpactson the PecosRiverincludeirrigationwaterreturnedto theriverand
wastewatertreatmentplantdischarges.Inaddition,wastewaterfromthepotashandoil industrieshas
beendischargedintosurfacesediments,spoilpilesandpondscontaminatingthe shallowbrackish
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aquifersand rechargingexistingwater bodies inNash Draw. The iand surfaceslopeand shallow aquifer
gradient around Na/h Draw are toward the Paces River (DOE, 1980). Natural effects on water quality
are inflowsof ground waters that have dissolved salts in the aquifersand water contact with the river
bantul andbottomcausingdissolutionof saltsandotherconstituents.

The water qualityof the Paces RiverbetweenCarlsbadand Red Bluffexhibitsincreasingconcentrations
of several dissolved oonstituents in a downstream direction. Selected water-quality parameter
concentrationsper stationare presented inTable 17. Especiallynoteworthyare the increasesinsodium
and r,hiorlde concentrations. Theories explaining these increases includecontributions fromground-
water Inputs,irrigationrelum water, anddissolutionof ionsfrom riversediments.

2.2.2 LocalPrectlP4t_ionPstte_

The WIPP site is located in the ChihuahuanDesertwith an andto semi-andclimate. Precipitationinthis
area varies between localitiesandyears,but averagesapproximately12 inchesper year.

At the WIPP site, precipitationamountshavebeen recordeddudng the periods of May 1976 to February
1980, and June 1985 to February 1987. These data are noted in Table 18 which indicates that four
complete years of precipitation data have been obtainedat the site. 1977 appeared to be a slightlydry
year (9.3 inches),1979 was a "nonnaJ"year (11.8 inches),and 1978 and 1986, very wet years(19.4 and
23.0 inches,respecUvely).

The probable maximum precipitation (PMP) quantities during "aliseason" and "winter" for different
durations withina ten IKluaremile drainage area in the vicinityof the WIPP site are listed inTable 19.
The corresponding intensities are shown in Figure 47. The PMP determinations have been used to
design the drainage systems and root loads for the surface facilities at the WIPP site (discussed in
Sections2.2.3 and2.2.4, respectively).

2.2.3 Sife Drelmme Patlema

In the proximityof WIPP, subsudacegeologic formationsare coveredwithsmoothlyroundedhillsof dune
sand. Surfacedrainage patternsInthe area are notwell defined,and rain thai collects in poolsbetween
the sand dunes is tait through INIItratlon Into the sand and evapotransptration. Vegetation generally
consistsof mesquite,shinnaryoak, andother plantscornmorWfound in the northern Chihuahuan Desert
andsouthern Great Plains.

The general ground slopeat the site is about 50 feet per mile downwardfrom the east towardthe west.
The average ground slope frofl"/10rth II9 southts downward about 15 feet per mile. A topographicand
surface-waterdivide (AntelopeRidge) exi_| about ten miles east of the site. The WIPP is not expected
to alter appreciablythe existingdrainagepatternof the area aroundthe site.

The local drainage I:_tem kl linchthai natural sudace runofffromcontributing areas north, south,and
west of the ludace facilities drains westward Into Nash Draw without affecting the site structures.
However, sudace rimed generatedby Intenseprecipitationover localcatchments,especially immediately
east of the sudaoe factlitiea, couldpotentially pass through the site. Storm-water runoff from areas
around the surfacefacUitlse,inckKl_ thai fromthe east, are diverted away fromthe facilitiesby a system
of peripheralinterceplordlvermns. AI shownin Figure48, this Me drainage system is designedsothat
storm runoffdue to a PMP eventon the contributingdrainageareas does not flood the pla,t. In addition.
the grade elevations of molt roads, railroad tracks, and surface facilities are designed so that storm
water will drain away underthe most severe conditions. For example, the floorsof the Waste Handling
Buildt_ and other surface facultiesare 0.5 footabovethe grade elevation.
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2.2,4 EvaDoratlon

The maximum,average,andminimummeanmonthlytemperaturesat Cadsbad(26 milesfromthesite)
over a periodof 30 years(1951to 1980)arediscussedinthesectionof the No MigrationExemption
Petitionon climate (4.1). Generally, June,July, and Augustare the warmestmonths(average
temperatureforthisperiodis 81.2"F),andDecemberandJanuaryarethecoldest(averagetemperature
forthisperkxlis 43.8"F). The recordhightemperaturerecordedatCarlsbadwas 112'F (June,1902;_
and the recordlowwas -18"F(January,1962). Windspeedsareusuallymoderatewiththeprevailing
windfromthe south. The maximumrecordedwindat Roswellwas a gustof 75 milesper hour. The
averagerelativehumiditiesat5:30a,m., 11:30a.m.,5:30 p.m.,and11:30p.m.at Roswellare65, 38, 30,
and52 percentrespectively.

The petentlalevaporationinthevicinityofthesiteIsmuchgreaterthantheaverageannualprecipitation
of about12 Inches.Morethan90 percentof themeanannualprecipitationatthe siteIsestimatedtobe
lostbyevapotranspiratlon(Hunter,1985). NationalOceanographicandAtmosphericAdministration
(NOAA)recordsshowtheaverageannualClassA panevaporationrateatLakeAvalonto be116 inches,
with an averageof 76 Incheslost betweenMayand October.The annualshallowlake evaporationfor
southeaatemNewMexicoisestimatedto be80 Inches.The maximumevaporationrateoccurstypically
inJunewhiletheminimumis typicallyinDecemberorJanuary.

Inthesitearea,the naturalsoilmaterialis comprisedof loamysandof depthsof asmuchas 15 feet. A
nearlycontinuouscaltchesoilhortzon(theMescalerocallche)thatvariesfromzeroup to ten feet in
thicknessunderliesthe surficlal soil at the sitefrom a depthof a few Inchesto over 15 feet. The
Mescalerocalichehorizonformsbytheprecipitationof calciumcarbonateatthe limitsof soil-moisture
penetrationand formsan extremelyimperviousbarrier."l_us,_le, ifany,sogmoistureInfiltratesbeyond
this horizon(Slemerset 81.,1978). Preliminaryinvestigationsindicatethat naturalbreachesof this
horizonamountto onlya very smallpercentageof theareaunderlainby it, Evenunderconditionsof a
rare, locallyintenseIXecipitatloneventwhichmightcausedeeper-than-averageinfiltration,thecaliche
horizonisan additionalobstructionto infiltratingandrechargingtheunderlyingbeds. Wherethecaliche
horizonisclosetothe surface,a matofplantrootsformsontopof it. Nmostalithe infiltratingwaterthat
reachesthislayerisretainedaboveltandistypicallylostbyevapotransptratlon.

The abovediscussionindicates that precipitationlossesdueto evaporationin the basin are high;
therefore,the runoffcoefficientsam low. Themeanannualrunoffinthe regionisonly0.1 to 0.2 inch
(Hunter,1985).

2.2.5 Flooding

FloodHistory

Floodsonthe Peco8Rivercan begeneratedby: (1) frontalstormswhichproducelargerunoffvolumes
andhighfloodpeaks;(2) thunderstorms(conveclivestorms)whichproducesmallrunoffvolumesbutvery
highpeaks;and (3) snowmeltInthe mountainousportionof the drainagearea whichproduceslarge
runoffvolumes but relativelylowpeaks.

Betweentheconfluenceofthe RioHondowiththePecos River(rivermile566) andMcMtllanreservoir
(rivermile(484), thechannelcapacityof thePecosRiver,withoutanyoverbankflooding,is about8,500
cubk:feetpersecond. InthereachbetweenMcMillanreservoirand theconfluenceof DarkCanyonnear
Carlsbad(riverrrdle459), thechannelcapacityIsestimatedto be 50,000cubicfeetper second.From
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the confluence of Dark Canyon to Red Bluff reservoir (river mile 411), the channel capacity Is
appmximalely20,000 _ feetper second (U.S. ArmyDistrict,1964).

Large floods are reportedto have occurredon the Pecos River In 1893, 1904, 1905, 1915, 1916, 1919,
1936, 1941, and 1966 (USGS, 1986). No data are available for the 1893 event. The earliest floodfor
which discharge Information ts available occurred on October 2, 1904, following the failure of Avalon

' Dam. This flood was caused by a storm that lasted five days and covered the uppercatchments of the
Paces River, Rio Hondo, Rio Felix, and Rio Penasco. The runoffgenerated bythat stormcaused floods
throughoutthe Paces Riverbasin, and duringthe flood,the peak flowat Avalongagingstation(rivermile
466) probably exceeded 90,000 cublo feet per second. The correspondingriver stage Isnot available.
The riverstage at Red bluffduring this flood (rivermile 411) ts reported to have reached 28 feet (gage
datum ,,,2,895.64 feet MSL). Thecorrespondingdischargewas 40,400 cubic feet per second.

Another major flood on the Paces River is reported to have occurredon May 30, 1936, when the peak
flow at Artesta (river mile 504) and Lake Arthur (river mile 522) was 51,500 cubic feet per second. The
correspondingstageat Lake Arthurwas 21.77 MM (gagedatum = 3,327.07 feet). The area in the vicinity
of Carlsbad was flooded again on May 22, 1941, when the peak flow at Dam Site 3 (river mile 474)
reached 60,000 cubic feet per second with regulation by Alamogordo (Lake Sumner), McMlllan, and
Avalon reservoirs. This flood resulted from intense rainfallover the drainage area of the Pecos River
upstreamof Red Bluffreservoir, it produceda stage 0435.1 feet at Malaga.

The highest flood on record (through 1988) on the Paces River occurred on August23, 1966, when the :,

discharge and stage at Malaga were 120,000 cubic feet per second and 42,1 feet, respectively, with
regulationbythe Alamogordo,McMillan,and Avalonreservoirs, Three cross sectionsof the Pecos River
near Malaga are shownin Figure 50. The water-sudace elevations of the historic flood of August 23,
1966, are marked on these cross sections,whichwere used by the USGS to estimate the peak flowof
120,000 cubic feetper second thai passeddownthe Paces Riveron August23, 1966.

ProbableMaximumFlood(PMF) Flow

The peak flowof the Pe(oi River duringa PMF near the WIPP sis was estimatedusingthe conservative
aPlXOachsuggestedin Appendix B of the NRC RegulatoryGuide 1.59 (NRC, 1977). The WIPP site lies
just west of the 103rd meridian. The regionaltsollnasr)f PMF peaks shown on the maps of Appendix B
of the NRC Regulatory Guide extend lightly west of the 103rd meridian; however, they are
recommendedto be used for areas east of the 103rd meridian. In view of the proximityof the WIPP site
to the 103td meridian,lt isconsidered reasonableto use the extrapolatedportionsof these Isollnes. This
gives a PMF peak flowfor the Paces Rlver of 1,350,000 cubic feet per second near the WIPP sitefor a
drainagearea of 19,000 squaremiles.

In Table 13-I 04Appendix B to Regulalory Guide 1.59, the estimated PMF flow of the Pecos River at the
Los Esteros Dam (2,430 squaremiles D.A.) is shownas 352,000 cubic feet per second. The same table
indicates the PMF flow at Namogordo Dam (4,390 square miles D.A.) to be 277,000 cubic feet per
second. Bothvalues are less than 60 percent of the values estimated from the extrapolated portionsof
the lsolinemaps from Appendix B. II Is, therefore,concluded that the 1,350,000 cubicfeet per second
value obtainedfrom the extrapolated portion of the tsolinemaps for a drainage area of 19,000 square
m,esis¢onse aUvelarge.

The rating curve of the Pecos River at USGS gaging station 08408500 near Malaga, New Mexico, is
shownin Figure 49. Since thisratingcurve doel ngl extend beyonda discharge of 25,000 cubic feet per
second, iii extrapolation to the PMF peak flow of 1,350,000 cubic feet per second is not appropriate,
Therefore, the water.surface elevationce.responding to the PMF peak flowwas estimatedby the slope
area methodusing rewesenlatlve crosssectionsof the Paces Riverapplicableto the reachnear Malaga,
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To co_e theconveyancesofthe crosssectionsshowninFigure50, theUSG5dividedeachofthese
crosssectionsIntofoursubsections.Thevaluesof Manning'sn usedforeach subsectionareshownin
Table20, Basedona comparisonof thephotographsofthePecosriverbedwiththoseavailableinthe
literature(Chow,1959)forknownvaluesofn, theUSGSvaluesofTable20 areconsideredreasonable,

The averagewater-surfaceslopeof the PacesRiverat Carlsbadduringthefloodof August23, 1966,
was 0.0009§. The averagewater-surfaceslope,basedon high-watermarksnearMalagarecordedby
theUSG5 forthesameflood,is0.00123. TheenergyelopesusedbytheUSGSforitsestimatesof the
flooddischargeof August23, 1966,fortwoconsecutivereachesof 752 feetand645 feetwithbeginning
andendingcrou-se(_tionsshownIn Figure50, are0.00113and 0.00161respectively.Inviewof these
values,ii tsassumedthattheaverageenergyslopeduringthePMFon thePecosRiverwouldbe about
0.001, l.e., 5.28 feet permile. Forthethree(:rosesectionsof thePecosRivernearMalaga(Figure50),
weightedaveragevaluesofMannlng'sn arecomputedusingtheequation:

AR 2/3

n = M Ai n2/3nl

i = In I

where:

AR = totalcrosssectionalarea,tnsquarefeet= hydraulicradlusof¢rou_ion, infeet
M = numberof subsec_nsInwhicha cross-sectionisdivided,

= Areaof theith subsectionsquarefeet,
nI = Mannino'z_ coefficientapplicabletotheith subsection,and
RI = hydraulicradiusofim subseclion,infeet.

Usingthe averageof thewelgMed roughnesscoefficientscomputedpreviously(Table 20) and an
averageenergy slopeof 0.001, thewater-surfaceelevationcorrespondingto the PMF peak flowof
1,350,000cubicfeetpersecondneartheWIPP siteIsestimatedtobe 2,980 feetMSL,or420 feetbelow
thesurfacefacilityatWIPP.

2.2.6 _,_,_S_rnmaryandConclusionsofSurfaceWaterl-tydroioay

As notedearlier,the WIPP siteis approximately14 milesfromthe PecosRiver. The generalground
elevationIn tl_ vicinityof the ll_rfacefacilities(approximately3,400 feetMSL) is about500 feetabove
the riverbedandover 400 feet abovethe floodplain. As discussedinprevioussections,a probable
maximumflood(PMF)or floodsInducedby potentialdamfailureson the PecosRiveror itstributaries
cannotraisethewaterlevel600 feet_oendangertheWIPP site. Therefore,as far as the potentialfor
floodingfromthe PecosRiveris(:ofcemed,theWiPPsite iscategorizedas a "drysite."

Inthe past,the PacoeRiverhasmaintaineda reasonablystablecourseinthevicinityofthe WIPPsite
and does not exhibit any markedtendenciesto shift several miles east or west. This stabilityis
demonstratedby thenarrowwidthof alluvialdepositsalongtheriver'sfloodplainas discussedinSection
1.2.10. Therefore,becausethe horizontalandverticalseparationsbetweenthe siteand the riverare
bothlarge, anychangeintherivercourseacc_mpanledbybankerosionduringunprecedentedfuture
fioo_ couldnotaffectfacilitiesaltheells.
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The nearest watercourseto the WIPP site li Nash Draw, an irregulardepression about four miles from
the site, Its bed (aplxoximately3,150 feetMSL oloseetto the site) isabout250 feet belowthe site grade,
In view of the largo horizontaland vertloal separation between Nash Draw and the WIPP site surfaoe
faoiiitles,it is incorc,eivable thatthe PMF of Nalh Drawoouidaffect the WIPP surfacefa(:tlittes,
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7,0 GENERAL GEOLOGY

EPA representatives have raisedquestions concerningthe geology of the WIPP site, Topics discussed
at the earty.AprllEPA/DOE meeting tnalude: WIPP shaft anddrift mapping activities;Salado Formation
geology;gravtty-ddvonstructuresin theCastile; SatadoFormationpenelratlons;and the expectedImpact
of Marker Bed 138 upon repositoryperformance, A summaryoi this sectionis provided Inthe tollowIng
paragraphs,

Section 7,1 describes the mapping of ali four shafts and a little more than half of the 6,2 miles of
undergroundddfts at WIPP that have been done to characterize the geologyof the facility host rock, In
addition, 126 vertical (bothup anddown) core holes (Table 7,1-1) have been drilled and loggedIn the
undergroundat WIPP to confirmthe strattgraphlcand structuralcontinuityof the hostrockaway from the
openings,

Section 7,2 providesa detailed desarlptlonof the Satado Formationgeology, Includingdiscussionof the
stratigraphywithin the formation, lt explains that while there is considerable vertical variability tn the
Saladodue to cyclicalepisodesof sedimentationandevaporation,the formationexhibitsextremelateral
contlnu_tyacrosstheentireDelawareBasin,

Section7,3 providesa historicalperspectiveonthe understandingof the structurallydeformed "disturbed
zone" (DZ) which underlies the WIPP site tn the Castile Formation, lt concludes that of the five
processesthat may havecaused the Castiledisturbedzone, the leadinghypothesists gravityfoundering
due tothe difference Indensitybetweenhalite and anhydrite,Finally,evidence Indicatesthatpressurized
brine and gas occurrencesare confinedto anhydrite layerswithin the Castile, and the time required for
development of "disturbed zone" structures (700,000 years) is well beyond the period of regulatory
concern,

Section 7.4 details the 36 boreholeswhich penetrate the Salado Formation within the 16 square-mile
boundaryof the WIPP site, Six of thewells penetratethroughthe Salado;two have been plugged and
four are currentlyused for hydrologictesting and sampling, Thirty boreholeswere completed near the
top of the Salado for hydrologicexploration, stratlgraphtccharacterization, geotechntcal foundation
analysis, or potash assessment, Twenty of these holes have been plugged and abandoned; the,
remainingten are used for hydrologicaltestingandsarr_ttng,

Marker Bed 138, a 0.2 meter thick Salado Formationanhydrite layer located approximately 11 meters
abovethe facility horizon,is describedIn Section7.5, Althoughfracturingoccurs inthe rock surrounding
the opening, the enhanced porosityof this zone decreases with distance from the opening, lt is not
expected that MarkerBed 138 will providea pathwayfor migrationof brine or gas away fromthe facility;
confirmation of the limited disturbance of the marker bed is provided by data from geornechanical
instrumentation,

7,1 SHAFT AND DRIFT MAPPING

Extensive work has been done to characterize the stratlgraphic section at the WIPP facility, The
generalized stratigraphtccolumnhas been developedfrom Informationobtained from 126core holes and
the mapping of three shafts lrom ground level to the fab,_lltyhorizon. Mapping of the fourth shaft Is
underway, A totalof 5 anhydritelayers, 12 clay layers,and6 argillaceousunitsare present Inthe facility
horizon(Figure7.1-1).

CoreLoqqlng

A total of 126 vertical core holes have been drilled and logged in the underground drifts, in the test
rooms,and the firststoragepanel, excluding thosedrilled as partof Sandia NationalLaboratories'in situ
tests, Core holes were usuallydrilled in pairs, one hole drilled vertically into the roof and one drilled into
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the floor, At each location, core was obtained to a nominal depth of 50 feet. Table 7,1-1 presents
locationandgeologicdata fromthe 126 coreholes.

The objectivesof the verticalcore hole programare describedIn SupportingDocument3 of the "Results
of Site V_J_dattonExperiments"(DOE, 1983a), The vertical ore holeprogramwas conductedto:

1, Confirm thickness, lateral extent, mineralogy and stratlgraphlc continuity of the host rock
beyondthe limitsof excavation;

2, Confirm the continuity of structure and the absence of any unusual features within the
immediatezoneof influenceot the excavations;and

3. Obtainstrattgraphlcinformationinorderto determineextensometerdepths,

The core holeswere rotaryddUedwith compressed air or saturatedbrine to remove the cuttings, The
core was logged underground as it was removed from the core barrel or soon after drilling was
completed. The toiiowtngitems were recordedforeach log:

1, Holenumberand date drilled;

2, Locationand collarelevationof drillhole anddirectionof ddlltng(up or down);

3, Diameterof hole;

4. Beginningandcompletiondatesof drilling;

5. Type of drillandddlllngmethod;

6. Who loggedthe holeanddate logged;

7. Lengthand nun'¢)erof run; ,

8, Amountand percentageof recovery;

9, Lithologicdescdptlon,colors noted byreference to the GSA colorchad, seams and any other
relevantInlormatlon;

10. Graphic llthologicprofile;and

11. Miscellaneouspertinent informationrelated to core conditionsand observationsmade during
drH,ng.

LithoiogicDriftand ShaftMapping

Detailedgeologic mappingof the shaftsandthe undergrounddriftsand roomshave been completedand
continuesto _ done as new openingsare mined. Theobjectivesof the geologicmappingare to:

1. Confirm the lateralcontinuityof facilitystrata;

2. Confirm the absenceof disqualifyingfracturesand faults;

3. Confirm the suitabilityof the facilityhorizonstratigra_hy,lithology, and structure;

.4. Evaluate Interbeds which could have possible unacceptable Influenceon the horizon rock; and

5. Establisha baseline record of the geologic conditions,
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TABLE 7.1-1

CORE HOLE DATA

COLLAR APPROXIMATE FACILITY DEPTH/
CORE HOLE ELEVATION STATION COORDINATES PENETRATION iNSTRUMENT

NO. DIRECTION (FT-MSL) (FT) (FT) (FT) DESIGNATIGN

MB-139-1 Down 1264.1 N79, W6 N9766, E6888 100 None
MB-139-2 Down 1251.2 $410, E150 N9277, E7044 15.7 None
MB-139-3 Down 1260.5 $101, E157 N9586, E7051 16.0 None
MB-139-4 Down 1258.7 $99, W17 N9588, E6877 162 None
DO-45 Up 1285.5 N254, E147 N9941.0, E7041.3 52,4 GE-230

DO-46 Down 1276.5 N254, E147 N9941.0, E7041.3 51.5 None
DO-52 Up 1280,4 N146,W4 N9832.5, E6890.5 51.6 GE-226
DO-53 Down 1266.6 N146, W4 N9832.5, E6890.5 49.2 None
DO-201 Up 1262.2 _,S406,W19 N9280.6, E6874.9 51.7 None
DO-202 Down 1248.6 $406, W19 N9280.6, E6874.9 51,4 None

DH-207 Up 1259.8 $697, E155 N8989.7, E7049.1 53.0 GE-246
DH-208 Down 1251.6 $698. E150 N8988.8, E7044.0 49.2 None
DH-211 Up 1270.5 $1320, E163 N8366.5, E7057.1 50.0 None
DH-212 Down 1261.7 $1320, E163 N8366.5, E7057.1 52.1 None
DH-215 Up 1272.0 $1960, E153 N7727.2, E7046.9 52.0 GE-247

DH-216 Down 1262.6 $1960, E153 N7727.2, E7046.9 54,2 GE-248
DH-219 Up 1266.3 $2422, E162 N7264.9, E7056.6 51.0 None
DH-219A Up 1266.1 $2418, E162 N7268.5, E7"_56.2 11.3 None
DH-220 Down 1257.4 $2421, E162 N7265.5, E7055.9 51.8 None
DH-223 Up 1255.1 $3079, E154 N6007.2, E7048.5 52,6 GE-249

DH-224 Down 1246.6 $3079, E154 N6607.5, E7048.5 52.5 None
DH-227 Up 1247.0 $3656, E147 N6030.7, E7041.2 51.7 None
DH-228 Down 1237.8 $3656, E147 N6030.7, E7041.2 50.4 None

NOTE: Forcorrespondinggeologicdrilllogsof the abovecoreholes,seeTME 3177 (DOE, 1983a),

DO-56 UP 1296.8 N621, E0 N10311.8, E6892.3 52.1 GE-234
DO-57 Down 1288.1 N621, E0 N10311.8, E6892.4 52.1 None
DO-63 Up 1310.6 N1110, E0 N10796.0, E6891.9 52.8 GE-243
DO-64 Down 1301.5 N1110, E0 N10796.0, E6891.6 52.6 GE-221
DO-67 r'Jown 1296,8 N1265, W231.5 N10952.1, E6662.9 51.7 GE-220

DO-69 Up 1310.1 N1265, W231.5 N10952, E6662.9 51.4 GE-218
DO-77 Down 1294.6 N1270, W364.5 N10962.5, E6529.6 53.4 GE-216
DO-79 Up 1307.7 N1270, W364.5 N10962.6, E6529.5 51.8 GE-214
DO-88 Up 1305.9 N1265, W497.5 N10952.8, E6396.5 52.7 GE-212
DO-90 Down 1292,1 N1265, W497.5 N10952.8, E6396.5 53.6 GE-210

DO-91 • Down 1292.1 Nt275, W630.5 N10961.5, E6263.9 51.8 GE 209
DO-93 Up "1304.9 N1275, W630.5 N10961.1, E6263.9 52.0 GE-207
DO.203 Up 1298.2 N624, E140 N10308.6, E7041.7 52.0 GE-235
DO.204 Down 1290.5 N640, E140 N10308.5, E7041.5 51.6 None
DO-205 Up 1316.5 N1410, E0 N11095, E6892 50.7 None
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TABLE 7.1-1

CORE HOLE DATA
(CONTINUED)

COLLAR APPROXIMATE FACILITY DEPTH/
CORE HOLE ELEVATION STATION COORDINATES PENETRATION INSTRUMENT

NO. DIRECTION (FT-MSL) (FT) (FT) (FT) DESIGNATION

D0-206 Down 1308.0 N1410, EO N11095, E6892 50.6 None
D0-229 Up 1259.8 $401, E153 N9287, E7049 50,6 None

NOTE: For correspondinggeologicdrilllogsofthe abovecoreholes,seeWIPP-DOE-163 (DOE, 1983b).

DH-01 Up 1318,2 N1424, E439.5 Nl1110.9, E7335.5 50.8 None
DH-02° Down - N1424, E440 N11110.9, E7336.06 50.2 None
DH-O2A Down - N1424, E435 . 49.2 None
DH-O2B Down 1206.3 N1424, E4.42 N11110.9, E7331.29 53.0 None
DH-03 Up 1318.1 N1112, E¢44 N10799.2, E7335.4 48.8 None

DH-O3A Up 1317.4 Nl112, E450.5 N10779.2, E7341.92 49.9 None
DH.04 Down 1309.6 N1112.4, E444 N10799.2, E7335.4 45.8 None
DH-O4A* Down - N1113, E446 11.2 None
DH-O4B D_._wn 1309.7 N1112, E450.5 " N10799.70, E7341.85 51.4 None
DH-05 Up 1329.9 N1463, E972 Nl1149.6, E7865.0 51.0 None

DH-06 Down 1317.9 N1463, E972 N11149.7, E7864.9 49.75 Nonej
DH-07 Up 1326.7 N1112, E976.5 N10799.3, E7870,8 49.8 Nonel
DH-OB Down 1318.8 N1112, E976.5 N10799.4, E7870.9 38.3 None
DH-SA* Down Nl112, E975 50,7 None
DH-OSB Down 1318.0 , Nl112, E979.5 N10799.47, E7866,66 51.4 None

DH-09 Up 1324.5 N1432, E1332.5 N11108.71, E8227.11 51.1 None
DH-lO Down 1312.1 N1432, E1332.5 Nl1108.70, E8227.09 52.0 None
DH-11 Up 1320.5 N1112, E1332.5 N10799.8, E8227.3 50.9 None
DH-12 Down 1311.1 Nl112, E1332.5 N10799.4, EB227.2 51.3 None
DH-15 Up 1308.9 Nl104, E1688.5 N10793.26, E8589.96 51.0 None

DH-16 Down 1300.3 Nl104. E1688 N10792.89, E8589.39 51.0 None
DH-17 Up 1316.5 N1427, E178 Nl1114.2, E7071.8 52.0 None
DH-18 'Down 1305.1 N1429, E181 Nl1114.2, E7071.8 50.8 No_e
DH-19 Up 1314.7 Nl107, E206.5 N10794.2, E7101.7 51.6 None
DH-20 Down 1306.2 Nl109, E206 N10794;2, E7101.7 51.1 None

DH-21 Up 1331.0 N1421, E786 N11109.1, E7680.9 50.4 None
DH-22 Down 1318.8 N1421.5, E785.5 Nl1109.2, E7680.9 51.0 None
DH-23 UD 1328.0 N1112, E781 N10799.2, E7679.9 51.0 None
DH-24 Down 1319.5 N1112, E781 N10799.2, E7679.8 49.4 None
DH-24A Down 1319.5 N1112, E780 N10799.08, E7678.59 50.4 None

OH-9 Up 1310 N1433, W231.5 N11125.6, E6662.9 15.4 None
OH-11 Up 1308 N1433, W364.5 N11125.6, E6529.6 19.7 None
OH-13 Down 1298 N1433, W231.5 N11125,6, E6662.9 9.5 ',r,ione
OH-14 Down 1296 N1433, W364.5 N11125.6, E6529.6 9.7 None

"Surveyoata are not available.
lE

- NOTE: Forcorrespondinggeologicdrillk:>gsoftheabovecoreholes,seeWIPP.DOE-200 (DOE, 1984a).
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TABLE 7,1-1

CORE HOLE DATA

(CONTINUED)

COLLAR APPROXIMATE FACILITY DEPTH/
CORE HOLE ELEVATION STATION COORDINATES PENETRATION INSTRUMENT

NO. DIRECTION (FT.MSL) (FT) (FT) (FT) DESIGNATION

DH.13 Up 1311.4 N1424, E1690 Nl1112, E8585 13.8 None
DH-13A Up 1311.5 N1424.5, E1691 Nl1112,. E8586 49.0 None
DH-13B Up 1311.4 N1425, E1695 Nl1112.6, E8590.1 21.0 None
DH-14 Down 1299.5 N1425, E1695 Nl1112.6, E8590.1 4g.1 None
DH-25 Up 1318.8 N1422, E1510 Nl1109:7, E8403.8 51.8 None
DH-26 Down 1307.2 N1427, E1510 Nl1114.3, E8403.8 53,0 None

NOTE: Forcorrespondinggeologicdrill logs of the above oore holes,see WIPP-DOE-200 (DOE, 1984a).

DH-27 Up 1300.8 N1107, W682 N10793.7, E6218.4 50.5 None
DH-28 Down 1289.9 Nl107, W682 N10793.8, E6218.3 50.5 None
DH-29 Up 1298.3 N1099, wg82 N10785.4, E5932.4 50.4 None
DH-29A Up 1298.1 N1099, W987 N10786.1, E5927.3 35.0 None
DH-30 Down 1289.2 N1099, W982 N10785.5, E5932.2 50.1 None

DH-31 Up 1298.5 N1099, W1282 N10784.9, E5632.3 50.5 None
DH-31A Up 1298.5 N1099, W1280 N10784.8, E5630,5 49.2 None
DH-31B Up 1298.5 N1099, W1261 N10786.7, E5652.2 4.9 None
DH-32 Down 1289.6 N1099, W1282 N10784.9, E5632.2 50.0 None
DH-32A Down 1289.5 N1099, W1261 N10786.7, E5652.2 5.5 None

DH-33 Up 1298.6 N1099, W1582 N10786.0, E5331.1 50.5 None
DH-33A Up 1297.4 N1099, W1570 N10786.8, E5342.0 4.1 None
DH-34 Down 1289.4 N1099, W1582 N10786.5, E5331.7 51.5 None
DH-34A Down 1289.2 N10gg, W1570 N10786.8, E5341.9 3.6 None
DH-301 Up 1276.9 N150, W170 Ng830.5, E6724.5 50.75 None

DH-302 Down 1264.9 N150, W170 N9830.9, E6724.5 50.6 None
DH-303 Up 1267.2 $400, W170 N9282.3, E6726.1 51.4 None

• DH-304 Down 1254.3 $400, W170 N9282.5, E6726.1 50.5 None
DH-306 Down 1244.1 $400, E140 N9287.3, E7049.9 52.0 None
DH-306A Down 1244.0 S400, E125 N9287.9, E7034.6 8.5 None

DH-307 Up 1262.6 S400, E300 N9286.7, E7194.2 52.0 GE-263
DH-30g Up 1259.8 S700, E220 N8987.1, E7!23.0 52.3 GE-265
DH-311 Up 1264.4 Sl000, E300 N8686.3, E7194.9 52.0 GE-264
DH-313 Up 1270.6 S1300, E300 N8385.9, E7190.6 !9.6 None
DH-313A Up 1270.9 S1300, E299 N8386.6, E718g.5 50.2 None

DH-314 Down 1258.3 $1300, E300 N8386.5, E7189.5 50.75 None
DH-315 Up 1272.1 $1300, W170 N8387.3, E6725.5 50.3 None
DH-316 Down 1259.9 $1300, W170 N8387.2, E6725.3 50.1 None
DH-317 Up 1271.3 $1600, W33 N8077.4, E6875.9 50.1 None
DH-317A Up 1271.2 $1600, W30 N8077.5, E6879.5 5.0 None

DH-317B Up 1271.2 S1597, W30 N8080.3, E6881.6 51.0 None
DH-318 Down 1258.5 S1600, W30 N_077.3, E6876.1 50.0 None
DH-319 Up 1260.0 $700, E300 N_g88.1, E7191.6 51.05 None
DH-321 Up 1261.4 $400, E0 Ng792.0, E6891.8 52.0 GE-268

...,.. N(")TF_ For r_rrA_,=_:_ndino geolog_icdrill Ioasof the above core hole'..,seeWIPP-DOE-202 (DOE, 1984b).
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TABLE 7.1-1

CORE HOLE DATA
(CONTINUED)

COLLAR APPROXIMATE FACILITY DEPTH/
CORE HOLE ELEVATION STATION COORDINATES PENETRATION INSTRUMENT

NO. DIRECTION (FT-MSL) (FT) (FT) (FT) DESIGNATION

DH.35 Up 1292.4 Nl102, W1882 N10789.4, E5032.2 52.0 None
DH.36 Down 1284.8 N1102, W1882 N17089.4, E5032.2 51.5 None
DH-37 Up 1297.4 N1101, W2182 N10788.9, E4732.0 51.5 None
DH-38 Down 1287.0 Nl101, W2182 N10788.8, E4731.9 47.5 None
DH-39 Up 1296.0 Nl101, W2482 N10789.2, E4430.2 50.7 None

DH-40 Down 1286.1 Nl101, W2482 N10789.2, E4431.0 51.0 None
DH-41 Up 1295.8 Nl101, W2782 N17089.0, E4132.6 49.9 None
DH.42 Down 1285.9 Nl101, W2782 N10789.0, E4132.4 51.2 None
DH-42A Down 1285.7 Nl101, W2789 N10789.2, E4125.5 40.5 None
DH-323 Up 1261.2 S400, E55 N9291.7, E6952.5 52.5 GE-267

NOTE: For correspondinggeologicdrilllogsofthe abovecore holem,sae WIPP-DOE-213 (DOE, 1985).

DHP-401 Up 1268.0 $1950, E1320 N8737.2, E8214.9 49.3 None
DHP-402A Down 1255.8 $1950, E1320 N8737.2, E8214.9 49.9 None

NOTE: For correspondinggeologicdrilllogsof the abovecore holes,see DOENVIPP 87-017 (DOE, 1987).
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Approximately 6,2 miles of ddft have been excavatedat the facilityhorizon. Of this total, 3.3 miles have
been geologically mapped; however, the base of a marked bed, the orange marker band, has been either
mapped or surveyed in ali of the drifts to check the continuity of the lithology and the structure throughout
the facility hodzon. The attached table (Table 7.1-2) presents a llst of the drifts and rooms which have
been mapped to date.

Geologic mapping has been conducted in three of the shaftsat WIPP, A fourth shaft, the Air Intake

Shaft, is currently being ma_. j_, ¢ont_,qous IltholoEdcrecord of the shafts hasbeen compiled from the
groundsurface_othe shaft'_;._r_@,_belowthe facilitylevel.

Geologic shaft and drift rr.apl_t_0was performed in accordance with ali applicable WIPP procedures
and/orprogramplans. The area to be .mappedwas cleaned to removedustor debristhat interferedwith
visualobservationof therocksurtace. The wallswere cleanedwithbrushes,water spraybottles,orother
appropriatemethods. A verticaland horizontaldatumwas establishedfroma knownsurveybenchmark.
For drift mapping, an elevationdatum was establishedon the wall and a grid was _a_dout at ten foot
intervals. In the shafts, the _levation datum was establishedfromthe shaft collar and the horizontal
datum was laid out as a 360' grid. The geologic features were mapped in detail and recorded on
standardized, preprinted log sheets by sketchingto scale ali the visible traces formed bygeologic
features exposed at the excavationsurface and by describingthe lithology of the rock. Figure 7.1-2
showsa typicallog sheet completedforgeologicmappingof an undergrounddrift.

7.2 GEOLOGY OF THE SALADOFORMATION

This section describes the geologyof the Salado Formation around the WIPP site and in the adjacent
region of the Delaware Basin. To provide_adequatebackgroundfor the reader, general information about
the Salado and its importanceare firstconsidered. Some of the concerns and problems associated with
the Salado are better understoodff the stratigraphy and historicalcontext of the Salado are presented.
The Salado varies considerably vertically due to depositionalcycles, while the setting of the formation in
a very large, flat del:>Osltionalbasin resulted in great lateral continuity of individual beds. These cycles
and the lateral continuitywill be described in greater detail so the reader can appreciate both qualities of
vertical variability and lateral continuity. The Salado is sometimesunconciously thought of as a giant bed
of pure halite; this document should help the readers to understand that the Salado is much more
heterogeneous, consisting of halite, sulfate minerals, potassium-rich beds, and mudstone to fine
sandstone. These rocksvary vertically because they were deposited from an environment which varied
through tirr_. If we understand the ltthologi¢changes that are due to deposition, we can then highlight
the profound changes that have occurred in some areas due to dissolutionof Salado rocks and collapse
of overlying materials. More recent studies (Holt and Powers, 1988) have clarified the relationship
between depositional and dissolutionprocessesfor the Rustler Formation, and, as a consequence, the
effects of dissolution in general can be more properlyconsidered. Basic information about the Salado
will be presented here; dissolutionhasbeen considered in another section(Section 3.3).

This document summarizes information from a variety of sources. Primary sources of information and
interpretation will be cited as appropriate. Recent analysis (Holt et al., 1989) in support of the Rustler

_. geohydrology study is extensivelyusedor modified inthis document. Reglottal i_formation comes mainly
from Holt et al. (1989), Lowenstein (1982, 1988), and Jones et al. (1973)I For t__eWIPP site, much of the
information comes from shaft mapping (Holt and Powers, 1984, 1986) and un,clergroundmapping (see
Sectiorts 1.6 and 7.1).
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Back.qroundInformation

The Permian Salado Formationwas depositedover a large area of the Permian Basin in New Mexico
and west Texas (Figure 7.2-1). Lowenstetn(1988) considersthe Salado a saline giant because of its
areal extent. Over much of the area, Salado strata are readily traceable. Marker beds, consistingof
sulfate minerals (anhydrite, gypsum, and polyhalite), are continuous over large areas; the U.S.
Geological Survey (Jones et all, 1960) numbered and describedthe more prominentof these marker
beds. The Salado displays features that have been Interpreted to have formed in shallowwater In a
desiccatingbasin (Gard, 1968; Jones, 1972; Lowenstein, 1982, 1988). The middlepartof the Salado is
well knownas the majordomesticsourceof potash forfertilizersinthe U.S. Withinthe Delaware Basin,
the Salado overlies the Permian Castile Formation (Figure 7.2-2), also an evaporite deposit, and
underliesthe RustlerFormation,a mixedclastlcand evaporiteunit(Holt and Powers, 1984, 1986, 1988)
also assignedto the Permian System. The Permian age is based on fossils found within the Rustler
FormationinTexas (Donogan and DeFord,1950; Walter, 1953). Fossilshave alsobeen discoveredfrom
the basal Rustleratthe WIPP site (Holtand Powers, 1984, 1986, 1988; Lowenstein,1988), butthey have
not been studied. Radiometricages of differentminerals in the Salado are variable. Claystend to be
considerablyolder than Permian. Rb-Sr dates of clays usually range from 330 million years before
present(m.y.b.p.) to more than 400 m.y.b.p. (Bro0klnsand Lambert, 1987), probably because the clay
mineralswere at leastpartially Inheritedfromolder rocks. Potassiumminerals,such as polyhalite,yield
agesyoungerthan Permian (about210 m.y.b.p.)(Brookinset al., 1980; Registerand Brook_ns,1980).

The total Salado sectioninthe eastern partof the Delaware Basin(Figure 7.2.1) consistsof about 600
meters (2,000 feet) of evaporites. The dominant mineral is halite, estimated at 85-90 percent in the
thickestareas (Joneset al., 1973), but markerbeds are mainlysulfateminerals. The Saladois about the
same thickness at the WIPP stte in the northern Delaware Basin. The Salado can be considerably
thinner(300 meters;1,000 feet) northwestof the WIPP site,near the potashmines.

Over the western part of the Delaware Basin, however, the Salado consistsof yellowish-brown,poorly
consolidated argillaceous and siltysediment and blocks of gypsum that are commonlybright reddish-
brown. The gypsumblocksare often attributedtnfornlallyto incongruentsolutionof polyhalitebeds, as
mostpolyhalite beds are orange to reddish-brownfrom disseminatedironoxide. The blocksalso are
oftenconsideredto be from one or r:notherof the majormarker bedsof the Salado. These outcropsare
thin, and they have been studied little because they are usually considered a residue from nearly
completedissolutionof the Saha(lo.

Betweenthese extremes, the Salado may vary due to deposition,dissolution(includingsynsedimentary
dissolution), or some combination of the two. Holt and Powers (1988), following Bachman (1974),
demonstratedthat inthe Nash Draw area dissolutionremoved as muchas 55 meters(180 feet) of upper
Salado, causing collapse upward that has affected the overlyingunits, includingthe Culebra Dolomite
Member of the Rustler Formation. The hydrologiccharacter of the Culebra has been altered by this
processinthe Nash Draw area (Holt et al., 1988, 1989; see Sections3.0 and 4.0 tordetails).

Fromthe general vicinityof the Pecos Rivereastward, the subsurfaceSalado thickenstoward at, area
near the eastern margin of the Delaware Basin. Additionalsulfatemarker beds can be distinguishedin
the upperSalado inthe eastern DelawareBasin. In this area, the depositionalrecordisconsideredto be
more nearlycomplete, and thedeposttionalhistoryhas been inferredfromthese areas.

7.2.1 Salado StratiQraphy

Asdiscussedbelow, the Salado hasa quitedifferenthistoryas a namedunitfrom the adjacentevaporite
formations. The unit stratigraphyis based whollyupon subsurfa(;einlormation,as a rock dominatedby
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TABLE 7.1-2

DRIFT AND SHAFT MAPPING RECORD

DRIFT MAPPING

DRI__...._._ FRO..__..MM T._.OO DATES MAPPED

E0 N150 $50 11/17/82
w3o s15o 54oo 11/17/82
N140 E0 E140 11/1_/82
w3o s5o s1so 11J82
S90 E0 E140 11/22/82
E0 R150 N400 12/10/82-12/13/82
$400 W30 E140 12/10/82-12/13/82
E140 $400 53664 12/14/82-02/11/83
E140 $380 N240 12/17/82-01/06/83
E0 N400 N1420 02/14/83-03/11/83
N1420 E140 W627 03109/83-03/11/83
RoomD N1100 N1420 07111/84-07113/84
Room B N1100 N1420 08/17/84-08/18/84
Room A2 N1100 N1420 11/25/84
Room A3 N1100 N1420 12/03/84-12/05/84
Room A1 N1100 N1420 12/19184
Room H Acceu 01/09/85-01/10/85
Room H Pillar , 03/20185
Room H Rib 03/21/85
N1420 E154 E1702 12/10/84-12/19/84
N1100 W668 W?.,840 04/26/85-05/10/85
$1950 E530 £ 1335 08/13/86-11/04/86
E520 S1620 S1930 09/08/86-09/10/86
$1600 E310 E510 09/15/86
$1950 E310 E510 09/25/86
E660 $1620 $1930 03/10/87-03/11/87
E790 S1620 S1930 04/15/87-04/16/87
E920 S1620 S1930 05/23/88-05/24/88
E1050 $1620 S1930 05/25/88-05/26/88
El 190 $I 620 $I 930 06/I 3/88
E1320 S1620 S1930 06/13/88
S1600 E520 E1335 08/10/86-08/11/88

SHAFT MAPPING

- SHAFT DATES MAPPED

Sail Handling 3/82-5/82
Waste Handling 12/09/83-06/05/84
Exhaust 07/16/84-O1/18/85

REFERENCES
DOE, 1983a
DOE, 1985
DOE, 1987

I DOE, 1989d
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halite will notcrop outwell even In a semiarid region such as the Cadsbad area, Until drilling began in
the Delaware Basin, the rocks whk_h make up the Salado were not even known to exist, Sut'tace
terminologywas applied first, and the Salado Formationlater had to be stratlgraphlcallydifferentiated
from the Castile Formation, Virtuallyali subsequentstratlgraphtcand sedlmentologladata are derived
fromthe subsurface,eitherIn ;ninesor tromcoresand/orgeophysicallogs,

=

Several membersorbeds withinthe Saladohave beenformallyor Informallyproposedandare used with
varyingfrequency(Figure7.2-3), Kronleln(1939) namedthe MeNuttpotashzoneafterthe 76 meter(250
feet) thickintervalwith solublepotashsalts first demonstratedin the Snowden-McSweenyV. N, McNutt
No, 5 corehole, The CowdenAnhydriteMember was included in the lower Salado by Lang (1942); the .
Cowclenwas designatedby Glesey and Fulk(1941) In a well tnthe North Cowden field in EctorCounty,
Texas, In the northernDelaware Basin, a zone of halite below the Cowden has informallybeen called
the infra-Cowden, Within this salt unit, Lang (1942) designated the La Huerta SlltstoneMember for a
five-toot thick red silt that Lang felt Is commonover the Capltan reef area, =lhthe northern Delaware
Basin,a widespreadunitwas nan_d the Vac,a TristeSet,stone Member (Adams, 1944) for Vaca Trtste
Draw. The type sectionwas designated between 474 and477 meters(1,555 and 1,565 feet) depth in
the Continental King no, 1 well (sec 26, T,25S., R,32E,) in Lea County, New Mexico, Adams (1944)
reports5 meters(15 feet) of anhydriteimmediately underlyingthe Vaca Trtste, However, interpretationof
geophysicallogs from that area suggesta prominentsiitstonebed at about the same depth as the Vaca
Trtste,but there is no indicationof an anhydriteor sulfateunit beneath it(Figure 7,2-4; Holt et al,, 1989),
The logsignature provided here coincideswith laterplacement of the Vaca Trtste in other areas (e,g.
Joneset al,, 1960),

Joneset al, (1960) providegeneral geophys'lcaltogresponsesand a ¢orrespor'K:tlngIlthologiolog for the
Saladointhe potashresourcearea inthe northernDelawareBasinand onthe northwesternshelf, Jones
et al, (1960) clarifiedandestab41shedinformalmarkerbedand ore zone terminology(Figure7.2-3) that is
used here and more generally as the standard. In addition, Jones et al, (1960) comment on the
variabilityof markerbed thicknessand lithologyon the sheffnorthof the Capitan reef and Irl the northern
DelawareBasinarea.

7.2.2 VerticalVariability

The verticalsuccessionof beds in theSalado Formationhas struckmanyinvestigatorsas beingcyclical.
From Ihe originaldrillingprogram for potash exploratiOn,Schaller and Henderson (1932) described a
verticalsuccessionof clay - anhydrite, polyhalite- halitewith minorpolyhalite- halite, From furtherwork
by the U.S. GeologicalSurvey, Jones (1954, 1972) andJones and Madsen (1968)interpreted "cyclical
sedlmentati_onunits"with a sequence of clay - magnesite - anhydrite,polyhalite or glauberlte - halite -

- argillaceous halite followed at the top by mudstone interpreted as a solutionresidue on a corrosion
surface. Unpublished studies (Powers et at., 1984) of the tlthologlc data contained in Jones (1978)
indicaled statistcallysignificanlrelationshipsbetween certain lithologies,thoughthe degree of ordering
amongthe lithologiesmaystillbe very_ (Powers,1984).

More recently,Lowenstein(1988) Interpretedtwotypesof deposltionalcycleswithinthe McNuttpotash
zone of the Salado (Figure 7.2-5). Lowenstein(1988) proposes that type l cycles originated from
massive influxof marine water and that type II cycles recordedcontinental conditionsof a salt pan -
salinemuollatcornl:_x. Type t cyclesconsistof basal mudstone- sutlate (anhydriteor polyhalite), halite
- muddy halite, in succession. Varioussedimentarystructuresandtextureswithinthese rockssuggest
that the cycle I sedimentswere depositedsut:_aqueo,Jslyin a basinthatwas progressivelyshallowingdue
to evaporation. Muddy halite that caps an ideal type I cycle was deposited froma salt pan - mudflat
basin. Type II cycles consistoi repetitionsof haliteoverlain bymuddy halite, recordingwater level and
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satlnltychanges due to meteortoInflux during the desiccatedsaltpan - rnudflatenvironment, There Is no
indication of slgnlfloantsubaqueousenvironments for type II cycles, Type II cycles are thicker in total
than type I, Indicatingthatthe salt pan- saline mudflat environmentdominated the McNutt potash zone,
From the work of Jones et al, (1960) there may be as many as 46 type I cycles in the entire Salado,
corresponding to named or numbered sulfate marker beds, The upper Salado, Including the McNutt
potash zone, oontalns many type II cycles, thoughthe lower thirdof the Salado has few muddy halites
(e,g, Powers et al,, 1978) thai would indicate type II cycles, Unpublished data (Powers et al,, 1984)
analyzing the core descriptions of the upper Salado In Jones _1978) show that the upper Salado
averages at Aeast120 changes in lithologyover an average thickness of about 200 melers (700 feet),
The averagelithologyis about1 meter (4 feet) thickthroughthisInterval, The Salado varies considerably
tn lit_logy throughthe formation. The lower Salado is less vadable than the upper and middle parts of
the Salado, The facility horizon Is lo_ated in the upper part of the lower Salado, displaying a
correspondingvadabtllty, Mapping within shaftsand of cores taken from the underground(see Section
7.1) continues to verify the vertioai sequer_e of lithoiogles within and aroundthe facility horizon (e,g,,
Holtand Powers,1984, 1986),

7.2,3 _ateral Contln_uitj_

The system of marker beds (MB) designatedwithin the Salado (Jones et al., 1960) atteststo the lateral
continuityof unitswithinthe SaladoFormation, Thegreat lateralcontinuitymay be even moreimpressive
than the indicationsof cyclioity, The markerbeds systemis usedthroughoutthe basinwitho_!tsignificant
debate over identificationof individualsulfate units, Closely spaced potashdrillholes and geophysical
logs throughnumerous boreholesfor oil and gas explorationpermit Nighconfidenceinthe continuityof
individual beds over hundredsto thousands of square miles, Holt et al, (1989) examined geophysical
logs from 82 holes for hydrocarbonexplorationwithin a single township (36 square miles) and found
excellentcorrespondenceoi markerbeds withincloselyspaced holes (as manyas 17 in 1 square mile),
These logscorrelatewellwith examplesprovidedinJoneset al, (1960) tor the region,

Powers et al, (1988) and Holt et al. (1989) alsoexaminedgeophysicallog signaturesof SalacloItthoiogles
other than sulfatic marker beds. The ioflnclpalobjectiveswere to establish the degree of continuityof
other parts of the lithologicsequence and to examine the regionalextent of some unitsfor evidence of
lateral lithologychanges, Lateral c_anges in lithologydue to lateral differences in paleoenvlronments
were not obviousfrom that study, tt'_ugh in one ore zone, Jones and Madsen (1968) ldentlllecl lateral
changes in clay content that should be considered a facies change. The geophysical log studydoes
demonstrate the very considerable lateral continuityto some non.sulfate beds within the Sciatic, The
Vaca Trlste SandstoneMemberhas been identifiedfor many years, '_dams, 1944), and its lateral exten,
and continuity is furtherverified (Jones et al., 1960; Powers et ai., 1988; Holt et al., 1989). The Vaca
Triste ts continuousover an area similar to that of the suffatiomarker beds. In addition, much thinner'
siliclclast;cbeds,dominated byclay minerals,are alsotraceablecontinuouslyover large areaswithinthe
basin (Powers et al., 1988; Holt el al., 1989). By Inference, the halite and dominantly halite beds
between these sutfaticandclay beds are laterallyverycontinuousas weil.

Mappingwithintheexcavationsfor _e WIPP (see Section7.1) demonstratesthe overalllateralcontinuity
of mappingunits. Clasticunits, such as mappingunit4, have been followedthroughoutthe excavations
(DOE, 1989d). Suchunitscorrespond to someof the clay-rlchunits that navebeen traced throughmiles
on geophysicallogs,as describedabove. As partof the depositionalprocess,however,these beds can
be disrupted very locally, clownto Nanospecimenor even microscopicscale. Powers and Hassinger
(1985) int_reted clear, channel-likepodsof halite within argillaceoushalite units (Figure 7,2-6) as the
resultof syndeposttionaldissolutionof the halite, probablyby an influx of less saline water, Hundredsof
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FIQURE 7.2-3 SALADO STRATIGRAPHY
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these features have now been mappedunderground(Figure7.2-7), and they illustratehowwidespread
the processwas. Near the end ofeither type I or type II cycles (Lowenstein,1988), fresherwater can
flow over a desiccatedor nearly desiccatedsurface andcan easilydissolvesuch pits. Hovorka(1987)
reportssimilarmicrokarstfeaturesfrom the haliticunitsof the Palo Duro(Texas) Basin. At thescaleof a
handspecimen,argillaceousor muddyhaliteappearsdisrupted. The clasticsedimentis not arrangedin
well-formed beds or ;anlinae at that scale. The clastic-halite rock fabric has been disrupted bythe
repeatedprocessof halitesolutionand recrystallization(haloturbation:Smith, 1971) atthe surface(Holt
andPowers, 1988).

Insummary, beds displaygreat lateralcontinuitywithinthe evaporite sequencein the underground,in
cores, and inthe region. At hand specimen scale, however, the fabrics are disrupted by deposittonal
processeswhich includesyndepositlonaldissolution.

7.2.4 RegionalSaladd Geology

Inthe sectionson verticalvariabilityandlateralcontinuity,the backgroundwas establishedfor examining
some of the regional Salado geology,-Because the depositionalenvironment varied with time, the
verticalsequence oi lithologyvaries. The chemical constraintson evaporatingbrine resultedin broad
repetitionof lithologies,and the setof markerbedswas formed. Markerbeds have lateralcontinuityand
can be used stratigraphlcallyto correlate and establishzones of interestthat are bounded. Holt et al.
(1989) examined several intervals within the Salado in the northern Delaware Basin to establish
thicknessvariations (isopachs)of the intervalsand to compare these to changes in the orientationof
these unitsor marker beds boundingthem (structure contourmaps). Related earlier work by Adams
(1970), Anderson (1978b), Borns et al., (1983), and Borns and Shaffer (1985) and various site
characterization reports (e.g., Powers et al., 1978) include similar isopach maps, but few are as
comprehensive for the Salado and none are directed toward a particular problem that needs to be
addressed- the possible effectsof dissolutionon the upperSalado Formation(see Section3.0). A few
maps have been modifiedfromHoltet al. (1989) to illustratethe kindsof informationdevelopedandtheir
utiJity.

BroadPatterns

A seriesof isopachmapsare presentedto illustratethe broaderpatternsof upper Salado thickness.A
map showingthe wellcontrolforthese isopachmapsis presentedin Figure7.2-8. An isopachmap from
the base of Marker Bed (MB)124 to the base of the Vaca Triste SandstoneMember showsthemiddleof
the Saladoquite weil. An isopachmap fromthe top of the Vaca Tristeto the top of the Saladoprovides
the broadpatterns of thinningthat are of interestfor the Rustlergeohydroiogy. The isopachmap of the
lowerunit, incomparison,showsa larger region less affected bydissolutionand indicatesdepositional
variations in thickness as a pattern for the Salado. Maps of specific interbeds have also been
constructedto provideadditionaldetailin supportof thesebroaderpatterns.

The isopachof MB124 to baseof Vaca Triste (MB124-VT) (Figure7.2-9) showsthat the thicknessof this
intervalin the site area ranges about76-91 meters (250-300 feet) thick. This intervalthickensgenerally
to the southeast at a rate of about about 3 meters/10 kilometers(10 feet/township). In thispartof the
depocenter,inthe _'ea of T.24-26S., R.32-33E., the MB124-v'r intervalis generallyover90 meters(300
feet) thick. The northeast comerof the map area, over and behindthe Capitan reef margin, is slightly
thinner(<75 meters;<250 feet). Small areas inthe southwestpartof the map area, inthe vicinityof Big
Sinksand PhantomBanks,are significantlythinnerthan eitherthe depocenteror siteareas. This same
area is more seriouslydisruptedin higherunits, as describedinfollowingsections. Withinthe map area,
the best defined and sharpest thinning of the MB124-VT interval occurs in the southwest corner of

.: T.25S., R.32E., at the southwestend of the Paduca oil field. This thinning trend will be observed in
" stratigraphicallyh_gherintervals,andits trendandwidthwillbe muchbetterdelined.
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The intervalfromthe top of the Vaca Triste to the top of the Salado (VT-Sal) (Figure 7.2-10) indicates
that, inthe sitevicinity,the V'I".Sslrangesover about135-160 meters(450-520 feet) thick. The interval
may be startingto thin about 10 m/km (50 tr/miles)off the northwestcomer of the site, but the data are
relatively few, Ingeneral, the VT-Sal interval thickens to the southeast of the site toward a probable
depocenterin the area of T.24.26S,, R.33E. Ali in the MB124-VT interval,the rate of thickeningis ofthe
orderof 3 flY10km (10 feet/lownship), In thisprobabledepocenter,the intervalis commonlygreater than
168 meters(550 feet), As in the MB124-VT interval, this interval also isthinner inthe northeasternpart
of the map area, over and behind the Capitan reef margin. In the southwest part of the map, inthe
PhantomBanksand Big Sinksareas, the VT.Sal interval iii uf,,Jally,:90 meters (<300 feet) thick,though
there are a few exceptions. A zone of relatNeJysharpthinnC_ of thisintoWaltrends northwest-southeast
fromthe Paducaali field area (T,25S., R.32E,) throughthe Rernudt Basinarea southwest of the WiPP
site, The intervalthinsthrough thiszone at an apparentrate of about 10 m/km (50 Wmile), and is quite
differentfromthe rateof thinn_,_-eJthickeningfromthesite area towarcisthe apparentdepocenter.

Subintervalsof MB124.VT Imerval

Holt et al. (1989) illustratedtwo subintervalil(coml:)ir_adMB123-124 and topsof MB123 to base Union)
and found great similarity, As an exarr_lo, lm MB123-Unionis presentedhere(Figure 7.2.11), Muchof
the centralmap area rangesfrom 15-18 meters (50-60 feet) thick. The WIPP sitearea andan area east-
northeast of the Site are thicker (18-21+ m; 60-70+ ft), A fNqrtallarea near the Southeasternside ofthe
map area alsoexceeds 18 rne;ers(60 feet) thicknel/. A thinnerarea (<12 meters;<40 feet) dominates
the SOUthcentralmarginof map area, and it appearsmorereliablethan, thoughsimilarto, the thinning in
that area of MB123-124.

Subintervalsof V'I'.SalIr_erval

Several subintervalsof the v'r.Sal interval reveal additionaldetail aboutthe trendsthat were previously
discussed,Two subintervals(topof VT to MB109 and MB103 to top of Sal) showthe trendsoutlinedby
Hall et al. (1989) torthis interval.

The isopachfromtop of VT to base oi MB109 (VT-MB109) (Figure 7.2-12) demonstratesa thicknessat
about 49-55 meters (160-180 feet) in tne WIPP site area. There is a slight increase in thickness
immediatelysouthof the site and generallyin the southeasternpart of the map (55+ metersgenerallyto -
61. metersvery locally;180+ - 200+ feet). Norlh and northeast of the site, the VT-MB109 intervalthins
slightlyacrossthe reef margin, The isopachdata are not very systematicinthe southwesternpartof the
map area, Overall, there is nowell defined southeast-northwestthinningtrendas observed in the the
VT.Sal interval(Figure7.2-10),

An isopachmap (Figure 7.2-13) of the intervalfrom the base of MB103 to top of Salado (MB103-Sal)
SHOWSthicknessesof about 56-61 meters (175-200 teel) in the site vicinity. A few data pointsindicate
thai the intervaltsthinningimmediatelywestand northwestof the site. Asinpreviousintert0edintervals,
MB103-Sal thickens from the site vicinity to the southeast (T.24S., R32-33E.; T.25S., R33E.), where
MB103-Sal exceeds61 meters (200 ft). The southwesternend of the map area reveals a muchthinner
interval, as does part of the southeasternboundary. There is also slightthinningfrom the site to the
north and northeast across the Capitan reef margin. The zone of rapid thinningtrends northwest to
southeast,parallelingthe similarzone in MB109-103 interval, but it is displacedfurlhernortheast. AS in
other intervalsrepresentedby isopachmaps,the thinningoccursatabout 9.5 m/km(50 ft/mile).

StructureContourMapof Top of Sala0o

The top of _neSaladois configuredlikemostof the underlyingandoverlyingstrata in the eastern part of
the DelawareBasin(Holtand Powers,1988; Holt, 1988) (Figure72-14) The easternpan at the t3as_n_s
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relativelysmoothlydownwarped,and it accommodatedthe thickestSalado, To the west, however,the
Delaware Basinhas been upliftedand the Satadowas exposed,dissolved, and eroded, Throughout
muchof the westernDelawareBasin,this tiring superJrrc)oseda ratheruniformstructuredippingto the
east about 20 meters/kilometer(100 ft/mile), The centralpartof the structurecontourmap of topof the
Salacloshowsthisdip;oontoursare generallyorientednorth-southandare ratherevenlyspaced,

tn the westernpart of the map area, contoursbecome moreirregularand are more closelyspacedalong
a northwest-southeasttrend that passesjustsouthwestof the WIPP site. This zone corresponds1oa
zonewhere the isopachsof the MBIO3-Sat intervalbecomecompressedand showa sharpdecreasein
the thickness of the subinterval. These phenomena are interrelatedand are discussedin Section3,0
(Dissolution), The isopach and structurecontour maps bothalso illustrate how data become more
difficull to obtain and inlerprel in this western partof the map area where the Salado is nearer or at the
suMaceand has been modifiedby dissolution. Logsand cores are scarce in these areas, Structure
contoursof underlyingunitshave been presentedin Boas and Snarler(1985) and Anderson(1978)tor
the region, I.'tolland Powers(1988)presentedand interpretedstructurecontourmapsof severalbeOsin
the overlyingRustlerFormation,

Discussion

Isopachmapsare traditionallyvaluedbecausevariationsinthe thicknessof an individualunitcanreveal
antormationaboutthe tectono-sedimentawregimeduringdepositionof the unitandabouteventssuchas
timing,folding,or erosionbeforethe overlyingbedsare deposited. The value o! such mapsisdiminished
when solubleevaporitesare includedin isopachunits becausethe thicknessmay be greatlyreduce<Jby
dissolutionlong afteroverlyingunits are deposited. Thus,we interpretthe thicknessof variousunitsin
the uPperSaladowith greatcare. Structurecontourscan alsobealteredbythese sameprocesses. The
maps included inthis reporlstillappear to contain informationaboutsomedepositionaltrends.

e Mostof the mapped intervalsare thickestin tlm east lo southeastpartof the map area. The same haliticintervalsare also slightlythinneroverand behindthe Capltanreef marginto the north. The thickestarea
is interpreted as a depocenter because it is thickest, ii is located in about the same position as the
Rustlerclepocenter(Holtand Powers, 1988), and because these same upperSalado unitsin the WIPP
site area are slightlythinnerhutshow no evidenceof recentor continuingdissolution(HoltandPowers,
1984, 1986, 1988).

Compared to haliticunits of the Rustler,the upcmrSaladodepocenterappearsto be somewhatbroader
anti flatter, tn the northernan¢lnortheasternpart of the map area, thinnerupper Salado intervalsseem
to snowsome effectsof the boundaryof the Capstanreef, A significantarea of the Rustlerctepocenter
over the reef is eastof the mapt:)eOSalado data in this study,however,so the data to compare Capitan
effectsare notcorrcz4etetycomparable.

Upper Salado intervals show a relatively narrow (generally about 1,5-5 km: 1-3 mi) zone where the
,nterval thinsOramaticallycompared to the broaOerdepocenter. The width and rate of thinningcompare
reasonablywell to a similarzone of the Tamarisk Member of the Rustler Formation(Holt and Powers,
1988). The majordifferenceisthat coresof the Rustlerare availableand showev_ence ol a largefacies
tractof synsedimentarydissolutionwithoutcollapseof overlyingunits. CoresfromNash Draw,wherethis
zone of thonning upper Saiado occurs, show fracturing and collapse of overlying secliments,
Oemonstratingpost-Rustlerdissolution, This marginof the Ul:)perSalado appears to be dominatedby
clissolut_on.,the restof the marginsoutheastof the WIPP siteis assumed to be similar,thoughcoresare
not avadableto confirmthisassumption,
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The upperSalado dissolutionmarginfromthe WIPP siteto the southeasttrends subparallello the strike
line of the Culebra (Holt and Powers, 1988). if this margin of upperSalado salt is attacked furtherby
dissolution,the Culebra transmissivitiesshouldbe disturbed(increased)alongstriketo slightlydowndip
to the south-southeastof the site (see Section 4.0). This couldprovide a considerably dttferentand
longer pathfor fluidtransportthan is usually assumed,as inthe Final EnvironmentalImpact Statement
(FEIS) (DOE, 1980).

The thirdmajorobservationand discussionpoint isthat the Saladologsare often not interpret,_le inthe
west and southwestsectionof the map area. Where an individualgeophysicallog is interpretable, it is
generally difficultto interpretthe resultantlsopachs. This westernandsouthwesternsectionis disturbed,
at least, by dissolution,includingkarst;erosion before, during, and after deposition of the Quaternary
Gatuna Formationhas also affectedthe SaladoandRustlerinthisarea.

7.2.5 Cross-SectionData

Holt et al. (1989) constructedgeophysicallog cross-sectionsto demonstrate relationshipsamongthe
various marker beds of the upper Salado and to d_splay information that may indicate the
presence/absenceof significantfacieschanges. One of thesecross-sectionsis presentedas soniclogs
(Figure 7.2-15) with a corresponding cross-section with natural gamma signatures for the same
boreholes(Figure7.2-16). The Vaca Tristehas been chosenas an arbitrarybaseline. The upper Salado
is emphasized,as the mostsignificantchangesoccurabove MB109.

Lateralfacies changes are recognizedwhen a distinguishableand interpretablelithologicchangeoccurs
laterally'withina rockunit. Inthe upper salado, somefacieschangesdo occur, lt is clear that potassium
distributionis not uniformwithinthe Salado. Adams(1970), for example,showedthe general distribution
of mineralizationindifferentore zones, thoughhe did not characterize these as facies cha_es, Holt et
al. (1989) illustrated the lateral change in potassium distribution in sulfate marker beds based on
geophysical logs. The cross-section from Holt et al. (1989) shows mainly that units are laterally
continuousandthat facies changes are difficultto documentwithinthe Salado. There is littleto indicate
that the larger lateral thicknesschanges in the Salado are due to depositionalprocesses rather than
dissolution.This contrastswithconclusionsdrawn by Holtand Powers(1988) aboutthe significantlateral
changes in Rustler thicknessesand textures that are due mainly to depositional processes, including
significantsyndepositionaldissolution. Because modern erosion and solutionare also attackingthe
exposed and near-surfaceSalado, andbecausecoresoi this intervalincritical areas are not available,it
is not possible to demonstrate that depositional thinning occurredsimilar to the Rustler. Aspositive
evidenceof dissolutiondoes exist, rapidthinningoi the upper Saladoisfor now attributedto dissolution.

7.2.6 Summary

The Salado Format=onvaries lithologicallydue to changes in the depositionalenvironmentover time.
The beds displaya kind of cyclicitythatshows repeatedfresheningof the basin followedby evaporation,
concentration of salts, and, quite frequently, complete desiccation. Siliciclastics and sulfate beds
generallyshow markedfresheningandtransportof sedimentintothe basin. Desiccatedsurfacesor very
shallowwater levels may also be marked by increasedsiliciclastic(mud) content. Because the Salado
basinwas very flatand extensive,individualbeds were depositedcontinuouslyover very largeareas and
can now be traced in cores and geophysical logs. Mapping at the facility horizon of the WIPP also
demonstrates this kind of vertical variability and lateral continuity,though very small areas may be
disruptedby synsedimentarydissolutionand surficialexposure.

The thicker intervalsthat have been usedto produceis_.;ach mapsalso show lateral continuity,as the
thicknessesover much of the area become slightlythicker towarda general depocenter in the eastern
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and southeasternparts of these maps. In contrast,the westernedges of these maps alsoshow much
more abrupt thinning of the units. The Rustler Formationdisplays similar margins in several halite.
bearingmembers. The Rustlerhalitemarginsare Interpretednow(Holtand Powers, 1988) ;_sprincipally
clueto synsedimentary dissolutionof halite from a halite pan marginon the basis of ro(_ktextures and
sedimentary features observed tn shafts and (:ores. The Satado margin may be due to the same
process,but inthe near absenceof anycores to checktexturesin that area, the marginis moreprobably
consideredto be due to more recentdissolution. Holt and Powers(1988) directlyobservedfracturingof
upperSalado andRustler rocksdue to solutionand collapseof the upper Saladoas weil. The Salado
marginspresenttodayappearto be dominatedbydissolutionratherthandepositionalprocesses.

The Salado also lackseasily definedlateral facies changesthat could explainthe abruptthinningof the
Salado.

7.3 GRAVITY-DRIVEN STRUCTURE IN THE CASTILE

This documentdescdbesthe structuralfeatures inthe CastileFormationthat are commonlyattdbutsdto
gravity-drivendeformation. Inorder to properlypresentthissubject,the data willfirstbe presentedina
general historicaloverview, permittingthe reader to understand the sequence oi investigations. The
knownextent of deformationinthe Castile, howthese structuresare likelyto developinthe future, how
well they can be predicted, and the potential impact of these structures on the WIPP will also be
discussed. Apart from the general geological impact, the performance of the WIPP as it might be
affectedbysuch:structuresis notspecificallyassessedhere.

7.3.1 BackQroundInformation

Partsof the CastileFormationhave been knownfor a numberof yearsto be deformed. Cross-sections
of the basin geologythroughitsmarginshave shownsome evidenceof deformation. Joneset al. (1973)

e provideda map ofthe isopacheof partof the Castilewhichck)artyshowmuchthickerportionsinsomeofthe areas alongthe nortrnvestemto northernDelawareBasin,just insidethe margin of the Capltan reef.
Very little informationhad beencollated concerningdelormationwithinthe Delaware Basinuntilstudies
were initiatedof the Delaware Basinas a possiblesite forradioactivewastedisposal. Joneset al. (1973)
is probablythe clearest early presentationof this information,thoughthe dissertationbySnider (1966)
and the paperbyAndersonet al. (1972) also reflectthickersectionsinsome Castileunitsadjacentto the
reef.

In 1975, Sandia National Laboratories(SNL) dried a thirdborehole,calledERDA-6, at a site (Figure7.3-
1) that had been partially investigatedby Oak Ridge Nationa! Laboratories (ORNL) dudng 1974. Two
boreholes(AEC-7 and AEC-8)had been ddlled in 1974 by ORNL before Sandiawas assignedto carry
out the tasko! investigatingthisstte for radioactivewaste disposal underprogramsthai precededWIPP.
Formationboundaries and markerbeds inERDA-6 were structurallyhighcompared to AEC-7 and8, and
the degreeof detorrnationincreaseddownward. At about826-meter (2,711-loot) depth, ERDA-6 began
to produce pressurized brine and gas. The hole was eventually tested extensively to determine the
nature and ¢,"igtnof the brine (see Section 4.4). Beds withinthe Castile were displaced structurally
upward app_,_rentlyby hundreds of feet (Jones, 1981; Andersonand Powers, 1978), and some of tr_e
lowerunits may have actuallypiercedupperunits(Andersonand Powers, 1978). Becauseof the desire
for structurallyuncomplicatedunitsto simplify miningfor a repository, the site under investigationat

• ERDA-6 was abandonedin 1975, andIn 1975-76the currentsitewas initiallyselected and investigations
were begun (Powerset al., 1978). Aspart of the selectioncriteria,a zone about 10 kilometers(6 miles)
wide inside the Capitan reel was avoicledbecause tl included known detormed Castile and Salado
(Griswold, 1977). This is the first instance in which the site investigationswere directly influencedby
discoveryof deformationintheCastileand lower$alado.
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The present site for the WIPP was selected and initially investigatedin 1976 to determine ifthe desired
characteristicsJorthe preliminarysite selectionwere present(Griswold,1977; Powers et al., 1978).
the general criteria appeared to be met durlng this phase, hesiteand surrounding areas were
characterized much more extensively and intensively beginr_=ngin 1977. Extensive new seismic
reflectiondata were c,ollected in 1977 and 1978 that began to reveal the deformed Castile northof the
centerof the site (Figure7.3-2). Becausethe principaleffectw_s thatthe good qualityCastilereflectors
fromthe area southof the sitecenterwere "disturbed*,the area to the northwas dubbed the "disturbed
zone*, it also became known ,_s"the area of anomalous seismic rellectors" or "zone of anomalous
seismicreflectiondata." The b<:undaryof the "disturbed zone_'(DZ) was variouslyclescribedas being
trom about0.8 to 1.6 kilometers(0.5 to 1 mile) northof the centerof the site, dependingon the criteriato
define the DZ. Powers et al. (1978) generally defined 7_e_Z beginningabout 1.6 kilometers(1 mt!e)
northof the sitecenter,where the seismicreflectorcharacterwas poorto uninf:erpretableor "anomalous"
(Boms et al., 1983). About0,8 kilometer(0.5 mile) northof the sitecenter, it appeared that beds within
the Castile Formationbegan to steeoen ingradient, dipplr¢.,to the south froma higher area to the north.
The EnvironmentalEvaluationGrout.:_EEG)summ=rizedvarious map limitsto the DZ, includingthe area
where the Castile dip beginsto steepen (Neill et, .... 1983). Bornset al. (1983) includedtwo separate
areassouthof the siteas part of the DZ basedon seismiccharacter.

The firstnew ddllholewithinthe area encompassedby the PZ was WIPP.11, and itwas located abou',5
kilometers(3 miles) north of the center of the WIPP site (Figure 7,3-1). Long and Associates(1977)
examined propdetarypetroleumcompanydata in 1976, and they identifiedanomalousareas aroundthe
WIPP site, includingthe structuralanomalyat the WIPP-11 location. Seismicreflectiondata acquiredin
1977 indicatedpossible salt flowage withinthe Castile and a structure that could be similarto that at
ERDA-6 (SandiaNational LaboratoriesandU.S. GeologicalSurvey, 1979). WIPP-11 was drilledearly in
1978, demonstratingthe extensivedeformationwithinthe Castileandextendingupward intothe Salado.
WIPP-11 did notencounterany brineor gas flows.

Seismicreflectiondata acquiredin 1977 not only showeda zone of steepeneddip of the Castilenorthoi
the site center, it alsoshowed a possiblefaultoffsettingparts of the Salado and Rustler Formations.
series of five boreholes were planned to provide detailed information on the structure of the
RustlerlSaladocontact. Four I:_oreholes(WIPP 18, lg, 21, and 22) were requiredto demonstratethat
there was no detectable offset on that contact in the area interpretedfrom 1977 seismicreflectiondata
(Figure 7.3-1). Later epochs(1978 and 1979) of seismicdata inthe same area, alon_ withthe drilling,
continuedto showgenerallypoor resolutionor uninter_'etabledata inthe area of the DL: These studies
generally showed that the acousticvelocity of the uppersectionchanges laterally, complicatingfurther
me interpretationof the deeper Castile structure. Through the WIPP 18-22 drillingprogram,the upper
Salado and Rustler were oetermined to be fundamentally undisturbedover the southernmargin of the
disturbedzone where the Castile appears to dip to the south (Sandia National Laboratories and U.S.
GeologicalSu,_ey, 1979).

The upper part of the Castileabout 1.6 kilometers(1 mile) northof the WIPP site centerwas interpreted
to range from about 100 meters to as much as 120 meters (250 to 400 : ,st) (Sandia National
Laboratoriesand D'AppoloniaConsultingEngineers, 1982c) aoove the elevationot the top oi Castileat
aboutthe center of the W_, _ site. WIPP-12 was locatedapproximately1.6 kilometers(1 mile) north of
the site center to test the Q.nount the Castile was elevated (Figures7.3-1, 7.3-2). lt was drilledlate in
1978 to the top of the Castila and aetected approximately50 meters (160 feet) of structuralelevation
compared to ERDA-9 and the center of the site (Sandia National Laboratories and D'Appolonia

, ConsultingEngineers, 1982c). The amountof air_turbanceof the Salado was not consideredto be an
impedimentto undergrounddevelopment,thoughme undergroundstoragefacilitywas later reoriented
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fromthisnorthernarea to an area southof the sitecenter (see Section1.1). FromdrillingWIPP-12 and

e the WIPP 18-22 series, the southern margin of tl_e DZ was considered to be much more gentle instructure, while the seismicchara_er and WIPP-11 indicated muchn'ore severe deformationof the
Castilefurtherto the north.

Two additionalphases of seismicreflectiondata were acquired in 1978 and 1979. These data mainly
concerned the immediate site area [about ten squarekilometers(foursquare miles)]and the southern
edge of the DZ. They indicatedmuchthe same problemsand marginsassociatedwith the DZ from the
1977 data. The latestseismicdata (1979) were principallyacquiredto facilitateconstructionandSiteand
Preliminaw DesignValidation(SPDV) activities. As the project movedinto SPDV activities,the DZ was
littleinvestigateddirectlyduringtheperiodfromabout late 1979 untilrrdd.1981.

A mtcrogravitysurveyof the site area was conducted to determineifthe structurewithinthe DZ could be
partiallyresolvedby that method(Barrowset al., 1983; Barrowsand Fettl 1985). The largedifferencesin

: densityof halite and anhydritemightcause detectable differencesin the gravity field locallyif the units
were :lisplacecland/or thickenedrelativeto the surroundingareas. The mlcrogravitysurvey coveredan
area of "normal" stratigraphyfromsouthof the WIPP site centerto the area of WIPP-11 (Figure7.3-3).
As interpreted (Barrows et al., 1983), the microgravttydoes not resolve the larger scale deformation
withinthe Castile Formation. BascJ on the interpretationof probableshallowdisturbanceof the gravity
field, WIPP-14 and WIPP-34 were drilledal:_.:..,t3 kilometers(two2miles)north and about 0.8 kilometer
(0.5 mile) east of the site center (Figure7.3-1). These boreholes encounterednormalstratigraphywithin

. the Rustler and upper Salado (Sandia National Laboratories and D'Appolonia Consulting Engineers,
1982c; Sandia National Laboratories and U.S. Geological Survey, 1981) with some slightstructural
depressionmade apparent mainlyby the deformationnortheast of thisarea around ERDA-6 (Holtand
Powers, 1988). Barrows et al. (1983) attributed the gravity anomaly around WIPP-14 to decreased
density within parts of the Rustler Formation, mainly from the difference in density due to anhydrite
versusgypsuminWIPP-14. The ot,eralldifferencetnmass was attributedto karstprocessesby Barrows
et al. (1983) ratherthanto deformationof any of the unitsassociatedwith the DZ.

_ Duringthe mapping of the first shaftdrilPedat the WIPP site (the Constru_ion and Salt Handlingshaft),
MB 139 was observedto have a few trochesof relief on the basal contact and 0.6 to 0.9 meters(2 to 3
feet) of reliefonthe uppersurface. J;,=_limeket al. (1983) Interpretedthe intemai structureon thesehigh
points of MB 139 as showing a radial structure due apparently to gypsum growth textures and
subsequentcrushing,indicatinga fundamentallydepositionaloriginto the reliefratherthan any structural
disturbancerelated to the DZ. Borne(1985) conducted an investigationof additionalcores and holes
drilledthroughMB 139, as there was concern on the part of the EEG that the apparent structurewas
relat_ to the DZ. Borne(1985) alsoconcluded that the reItefwas notdue to structuraldeformation,but
insteadwas due mainlyto erosionalprocesseswhichcarved part of the relief foundon the top of the MB.
From either pointofview, the difference in relief on the upperand basal conzactsof MB 139, in such a
thinunit,were convincingevidencethata formof tectonicdeformationwas not involved.

In late 1981, WIPP-12 was deepenedto test for the possiblepresenceof brine and/or pressurizedgas
within the structure In the Castile Formation (D'Appolonla Consulting Engineers, Inc., 1982). The
probability of producingbrlne/gas from WIPP-12 was consideredreasonably low at the time because
mostknown pressurizedbdne/gaswas associatedwith muchmore deformed units than the Castile at
WIPP-12. Fracturedanhydrite in the upper Castile did begin to yieldpressurized brine and gas when
intercepted late in 1981, and WIPP-12 and ERDA-6 were further tested (see Section 4.4). Later
geophysicalwork(The Earth TechnologyCorporation,1987) suggeststhat the brine mayunderliepartof
the WiPP facility, beyond the area usually IncludedIn the DZ. Thoughthe DOE and EEG agreedthat
neither brine nor structure constituteda threat to the health and safety, the proposed underground
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facilities were reoriented south of the site center, avoiding longer haulage and the slight structure
encounteredat the facilityhorizon(see Section 1,1). As a consequenceof the deepeningandtesting of
WIPP-12, the linkbetween structureand pressurizedbrine and gas was strengthened(see also Section
4.4).

The last direct investigationof the DZ was a by-product of another investigation, DOE-2 was drilled
approximately 2 miles north of the center of the WIPP site to investigate the origin of a modest
depressionon MB 124 (Griswold,1977; Powerset al., 1978) thatwas detectedin a coreholedrilledby a
potash company. DOE-2 waswas principallya testof the hypothesisthat thedepressionwas caused by
ductileflowof halite in responseto deep dissolutionof halite bywater from the Bell Canyon Formation
(Merceret al., 1987). Halite layers in the lowerSaladowere thickerthan usual, indicatingthatpart of the
sequence hadnot been dissolved,andthe Castilewas very deformed, The Castile stratigraphywas not
normal;the secondhalitewas apparentlysqueezedout of the area duringdeformation. The stratigraphy
in DOE-2 is apparently the result of processes which caused the DZ, and is not the result of any
dissolution(Bores, 1987; Merceret al., 1987).

The preceding paragraDhsdescribe most of the direct investigationsof the disturbed zone and piace
them intheirhistoricalcontext. Inthe next few sections,more of the specificfeatures of the DZ will be
described, interpreted, and discussedto indicate the significanceof the structuresand processes of
formationforthe WIPP.

7.3.2 S.p_'lficFeaturesof the DisturbedZone

The first specific feature of the DZ is itsboundarY. In Section 7.3.1, the different concepts of the
boundarydependedon ideas of wherethe Castilebegan to changeand steependip(about one half mile
north of the site center, or where the various epochs of seismic data became unreliable to
uninterpretable. Bores et al. (1983) presentone diagram (Figure7.3-2) of the seismictime structurefor qP
the top of the Castile Formation which illustrates the variously defined boundaries as well as any
diagram. Theprincipalpart of the disturbedzone is definedby a lobatearea (Figure7.3-2) shownas an
"area of complex structure" where the seismic data are considered "ambiguous', The structurally
deformedarea clearlyincludesanarea abouthalfwaybetween boreholesWIPP-12 and ERDA-9, as well
as a largerarea to the northeast. The two-way travel time contouredon the map is a functionof depth;
as the reflectoris nearer the surface,the traveltime to the reflector andback to the surface decreases.
Thus, the areas enclosed with contoursof smaller values shouldbe structurally higher. [The top of
Castile in WIPP-12 was 50 meters (160 feet) higher than lt is in ERDA-9.] The map was not directly
converted to depth because the seismic reflectiOn and borehole geophysical logging programs

demonstrate clearlythat there are alsolateralvelocityvariationswithinthe upperpartof the rocksection,
especiallywithinthe Rustlerand DeweyLake Formations.These velocityvariationscannotbe extracted
from the travel times adequately to permit converting the travel time to depth. Nonetheless, the ma_,
demonstratesthe general best informationabout the extent of the DZ. The central and southernpart ot
the WIPP site area displays relatively uniform seismic travel time structure and nothing within the
geologicaldata contradictsthat informationto date.

The broadforms of the structureswithinthe DZ are commonlygenerallyanticlinaland synclinal(Borne,
1987), though they are not necessarily regular shapes, The best known shape for part of the DZ is
between WIPP-12 and ERDA.9, where seismicinformationand several drillholesconstrain part of the
stratigraphy, There the structure tendsto be a gently dippinglimbof an anticlinalstructure. Most of the
remainingshapes attributedto the Castilewithinthe DZ or relatedareas are based more on one drillhole
or a few drillholesthat somewhatconstrainthe structure. WIPP-11, WIPP.13, DOE-l, anti ERDA-6 are
ali examples. A generalized cross-sectionof the structure at ERDA-6 (Andersonand Powers, 1978)
showsa piercement structureand a regularshape; the piercement isbased on stratigraphicinferences,

0
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but the shape is fundamentally uncontrolledbyclosely spaced data. WIPP-11 and WIPP.12 are both
beiieved to penetrate anticlinal forms, though the structure is onty partially known from drilling and
seismicreflectiondata, DOE-2 is believedto lie in a eynclinalstructure,and contacts on variousunits
showa nestedsedesof depressionsinthe upperSalado(Bores, 1987). There are too fewdrillholesinto
the Castile to reconstructthe detailedshapesof Castilestructures.The seismicdata are notwellenough
constrainedto calculatedepths to reflectors,and mostreflectorsare too "disturbed"to interpretin this

' area. The specificshapesof individualstructuresare unlikelyto be definedinthe near future.

Anderson and Powers (1978) contoured several structures within the Delaware Basin, including
structuresat Poker Lake at leastgrosslysimilarto ERDA-6. Bornsand Shatter (1985) reexaminedthe
informationfrom PokerLake and concludedthat the actualshape ispoorlyconstrained. Outsideof the
area on the north side of the current WIPP site, the informationavailable is too sparse to define the
individualshapesof structuralfeatureson boreholedata.

lt is importantto note that, to date, noneof the structuresis demonstrablyassociatedwithcomparable
structureon the underlyingDelaware Mountain Group. Snyder (in Bornset al., 1983) does show an
upthrownblock (horst) throughWIPP-11 on the top of the Bell Canyon Formationthat is based on his
projectionof the thicknessof the lowerCastile; WIPP-11 did notpenetrate th_.c_mpiete Castilesection.
Other areas, such as the Poker Lake structures, may display some relief on the top of the Delaware
Mountain Group, but Bores and Shaffer (1985) do not attribute the relle_fto faulting. They believe the
relief existed before and during deposition of the ovedying Castile units. The underlyingunitsto the
Castile Formationare, forthe mostpart,uninvolvedin the structuresdisplayedby the Castile.

Structure contour and isopach maps of the Salado and Rustler over areas of complicated Castile
structurealso show that the overlyingunitsare successivelyless involvedinthe structure(e.g., Section
7.2; Boms and Shaffer, 1985; Boreset al., 1983; Holt and Powers, 1988). Lower unitsthat are thicker
and deformed are overlain by unitsthat are thinner and less structurallyinvolved in the deformation.
Undernormalgeologicalcircumstances,e.g., dealingwith a rocksequenceof carbonatesor siltciclastics,
the deformation would be considered to be completed by the time of deposition of the lowermost
undeformed rockunit. Here,withina muchmoreplasticset of rocks,the same geologicalreasoningis oi
less value, as the rocksmay compensate laterally for late deformationeffects and produce the same
resultsas we see here.

Borne(1983, 1987; Borne et al., 1983) has extensively examined the macroscopic to microscopic
featuresfrom cores taken withinthe structurallydeformed areas. These s;tudiesfollowearlier, broader
studiesof macroscopicfeaturesfromthe "state lineoutcrop"(Kirklandand Anderson, 1970) andERDA-6
(Andersonand Powers, 1978). KirklandandAnderson(1970) reported that smallscale foldingwithinthe
Castile outcropsis odented consistentlyalong the general north-southstrikeof beds inthe Delaware
Basin. From thisthey concludedthat thedeformationwas relatedto tilt of the basin, generallybelieved
to be Cenozoic in age (e.g., Anderson, 1978b; King, 1948; Bornset al., 1983) thoughauthorsdiffer in
opinionsof when this tookplace by tens of millions of years. Andersonand Powers (1978) used this
apparent relationship to estimate that folding at ERDA-6 took place after the ti, of the basin. Jones
(1981) estimatedthat deformationtookplace beforethe OgallalaFormationwas depositedbecausethat
unit is undeformed at the location of ERDA-6. Bachman (1980) and Madsen and Raup (1988) are
among investigatorswho interpret angular relationships between various formationsof the Ochoan
Series, beginningwiththe Castile-Saladocontact. These relationshipsrequiretiltingof the existingbeds
to the east, as the angularunconformitiesare always placedon the west sideof the basin. Tiltingof the
basin may well have occurredthroughmuchof the time when the OchoanSeries was being deposited,
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as Holt and Powers (1988) present evidence that the depocenter for the Rustler Formation was
displaced eastward from the Castile and Salado patterns and overlies part of the Capit; _ef on the
northeastside of the Delaware Basin. The Delaware Basin appears to have tiltedat variou:, l=mesfrom
the la Permianto at least the Cenozoic,and the conditionstor deformationmaywell have existedsince
the latu Permian. Directevidenceof the time of deformationhas been difficultto obtain,and tiltingof the
basin, as a condition for the deformation, appears to have occurred at times beginning in the la',
Permian. Jones (1981) argues that the structure at ERDA-6 must be in part younger than TriassIc
because Triassic rocksare alsodeformed over the deformed evaporites. I-le further believes that the
_tructuremustOeolder than k , Cenozoicbecause the Ogallala Fo,'mationover part of the structureis
undeformed and eroslonally _runcates the upp_, part of the Triassic rocks. This m=v be the most
conclusiveage relationshipdemonstratedfor any of these relatedstructures. Conventionalrelationships
withbedsoverlyingdeformed evaporites,suchas that citedby Jones(1981) forthe Ogallala,are suspect
if the deformation ends or dies out vertically within the evaporites because oi the potential for
compensatingdeformationinevaporites(e.g., Bores, 1983).

Bores (1983, 1987) reexaminedthe "state llneoutcrop"as well as the coresfrom various boreholes,and
he concluded that the stylesof deformationpresent inthese cores indicatea very complicatedhistory,
including episodes of deformation that are probably synsedlmentary. The,folding may, for example,
displaydisharrnonicor opposingstylesthat wouldnot normally be attributeclto a single epi_. te of strain
in a pervasive stressfield. II the deformationali occurredinresponse to a singleevent suc ; the tilting
of the Delaware Basin, the folds and other strain indicators should ali have a common orientation.
Isocllnatfoldingmay be very early while asymmetricfoldingis often penetrative,indicatinglater time of
origin. Fractures in more brittleunits such as the Castile anhydntesare often very highangle to vertical
and areconsidered one of the late deformationfeatures incores, These fracturesin the largeranticlinal
structuresoi the DZ are apparentlytheproximatesourceof pressurizedbrinesand gases. Borns(1985,
1987) recognizedthat tiltingof the basin,amongother possible sourcesof stress,may have occurredat
severaldifferenttimes andis not limitedto a singleCenozoicevent.

7.3.3 Hypothesesof FormationoyDeformationinCastile

Several hypotheseshave been advanced forthe formationof the Castilestructures inthe DZ and other
partsof the Delaware Basin (Boms et al., 1983). The five principalprocesseshypothesizedas causesof
the DZ are gravity foundering, dissolution, gravity sliding, gypsum dehydration, and depositional
processes (Bornset ai., 1983), Each ot these hypotheses will be brieflysummarized, thoughgravity
founcleringdue to densitydifferencesbetween haliteand anhydriteis consideredthe leadinghypothesis
(Bores,1987).

Gravity foun_;eringis based on the fact that anhydrite (about 2.9 gin/ce)is muchmore dense than halite
(about 2.15 gm/cc). When anhydritebeds ovediehaifte, there is considerablepotentialfor the anhydrite
to sinkandthe haliteto rise. This potentialexiststhroughoutmuchof the Delaware Basinin the Castile.
Mathematical andcentrifuge models of similarsystemsconfirm the potentialtor such deformationand
even suggest that the rate of deformation is a_ ",ut0.05 _,_=ntimeter/year(0.02 inctVyear) (Boms et al.,
1983). At such a rate, the DZ couldbe interrec ,odevel: over about700,000 yrs (Bornset al., 1983).
The principal difficulty with this hypothesi_ is tnat there are large areas of the Delaware Basin which
remain undeformed, though the strattgr v is similar to that withinthe DZ. The potential for gravity
founderingexistsover most of the _asin, _t only a small part actuallymanifestssuch deformation. A
specialcondition,localized higherwatercontentor an anomalousdistributiono ._'ater, hypothesizedto
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explain why deformation is localized despite the pervasive density inversion (Borns et al., 1983).
Pressurized brine and gas associated with some of these structures is at least consistent with this
explanation(see alsoSection4.4).

Halite couldpotentiallybe removedfrom the evaporitesectionbydissolutionandchange the form ofthe
evaporites. The densitystructurecouldbechangedby removingsalt near Ihe surface,causingcollapse
andfillwithsedimentthat is more densethan the removed salt (Andersonand Powers, 1978). BoreseI
al. (1983) reviewed some of the evidence that evaporites were deformed near surficial sinks and
concludedthat therewas certainlysome associationbut that the patternof deformationdid not matchthe
stlallow dissolution. If salt is dissolvedfrom the lower Salado or Castile, thenoverlying beds should
deform in response to the removalof mass. DOE-2 was drilledto test that hypothesis Recrystallized
halite has been offered as evidence of the passage _f fluids, but there appears to be no unique
relationshipbetween recrystallized halite and deformation. In addition,certain halite sections appear
muchoverthtckened,whichis clearlynot directlyclueto haliteremoval. Thesefeaturesindicate generally
thai the halite can be squeezed and will"move"laterally. The fact that the Rustlershowsno discernible
overall structural loweringover the DZ (Holt and Powers, 1988) suggeststhat dissolutionof the lower
Salado or Castile is not the originof the deformation. The one area in whichthe Rustler is structurally
affectedis around ERDA-6, and there it iswaq:_d upwardas notedby Jones(1981). Boreset al. (1983)
do not believethai the Bell Canyonhas been a sourceIgrbrinesinthe Castilebecauseof the chemistry
(Lambert,1978, 1983) andthe smallvolume.

Gravityslidingin the DelawareBasincouldbe drivenby twophysicalsituations:the general eastwarddip
and the dip off the Capltan reef and torereef into the basin. In contrast to the gravity foundering
mechanism,wheremovement isdominantlyvertical,gravitywouldresult in slidingblocksmovingmainly
laterallyas well as downsiopointhismechanism. Someof the deformationis adjacentto Ihe reef (Jones
et al., 1973), lendingsome substanceto the hypothesisthat the reef-forereefslope and facieschanges
couldcause such sliding. Some deformationis in somewhat isolatedportionsof the basin (e.g. Poker
Lake; Anderson and Powers, 1978; Borns and Shaffer, 1985), and these structures were originally
interpretedto alignalongthe strikeof the basin(Andersonand Powers, 1978). Bomsand Shaffer(1985)
concludethat the data do not uniquelysupport that interpretation,and these structuresmayor may not
supportthe concept of gravityslidingwithinthe basin. Borneet al. (1983) alsoconcluded that the timing
of the variousstructuresis an importantfactor inevaluatingthishypothesis. Asdiscus3edabove,neither
the age of the variousstructuresnor the timingof the basintilt are well constrained. If tiltingof thebasin
is an importantevent in f,.;;"mingthese structures,the vadous macro to microstructuresshould probably
beconsistentlyrelated. Asin gravityfoundering,muchcJfthe basinarea has notreactedto what appears
to be widespreadsimilarstresses. Special circumstances,such as an anomalousdistributionof water,
may be necessaryto overcomea thresholdfordeformationto occur.

In general,as temperatureand pressureincrease,gypsumdehydratesto formanhydrite andreleasefree
water. Borns et al. (1983) discuss the effects this process has in experiments in weakening the

_. anhydrite. Bomset al. (1983) s_ggest, however,that a major difficultywith thishypothesisis thatthere
shouldremainrelictsof the originalgypsumwithinthe sedimentarycolumnand these are notobserved.
Bornset ai. (1983) suggestthat mostlyanhydritewas depositedin the Castile, and, as a consequence,
the dehydrationhypothesishas little observable support. More recently, pseudomorphsaftergypsum
have been recordedin every major anhydriteof the Castile (Harwoodand Kendall, 1988, pets. comm.;
Hovorka,1988, pers. comm.;Powers, unpublisheddata; SandiaNational Laboratoriesand D'Appolonia
Consulting Engineers, 1982a). Gypsum certainly has been present in the Castile, though anhydrite
cannotbe dismissedas possiblyan importantprimarymineral. Delicatetortusof originalgypsumcrystals
are sometimespreserved and pseudomorphedbyanhydriteor halite. Each requiresvolumefor volume
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replacement, probably through dissolution and crystallizingthe replacement mineral. There are no(
observed fluid escape paths, and the gypsum may have been replaced very early inthe sedimentary
history. The additionalmajordrawback of ',_is hypothesisis that the processshouldbeprevasive,while
the deformationis localized. Special pleaaingfor an additionalfactor is necessaryin thisprocess as in
some otherhypotheses.

Peposttlonalor syndeposittonalprocess,es havebeen Invokedfor someof the deformationin the Castile
Formation. Borns et al. (1983) llst four main mechanisms that have been suggested:
penecontemporaneousfolding, resedirnentatlon,slump blocksoff reef margins,and sedimentationon
inclinedsurfaces. P,eneconternporaneousfoldingrequiresconsolidationo! the unitsOverrelativelyshort
times, Bomset al. (1983) alsocitethe lack 04observedfeaturesthat indicatethe rockswere reexposed.
Evaporite unitsinthe Mediterraneancontainresedimented material: turbidites,slumpingand mudflows
withotherclastlcsediment. Bores el al, (1983) reportthat "the unitsof the WIPP area show littlechaotic
or clastlc struc*.'_res', They also apply the same argument of Ktrkland and Anderson(1970) that the
deformedunitswouldhave to be consolk:tateObythe timeof resedtrnentatlon.

In a more recent study of cores trom the western part of the Delaware Basin, Robinson and Powers
(! 987) report a lobate unit of resedlmentedCastile anhydriteclasts overlying both the lower _nhydrite
and halite of the Castile and underlyingthe secondanhydrite, The apparently unconformablecontact
with bothanhydriteI and halite I lies acrossthe extensionof the Huapache monocllnewhich appearsto
have been stillactiveduringthe time part ofthe Castilewas deposited. Polyclastswithinsome beds of
this unitdemonstrale that the originalanhydritewas partiallyconsolidatedand that a unitof ctastswas
also at least partially consolidated to provide the polyclasts. These units were consolidated early -
betweenthe time haliteI was depositedand anhydriteII began to be deposited.

In the rest of the basin, there is no apparent interval between the end of halite and beginningof the
anhydritedeposition. The relationshipclearly indicatesthat thewestern marginwas an area of suStal
cla_ formation,deposition,and llthificationover a very shortinterval of geologictime. Hovorka (1988,
pe_. comm.) indicatesthat similarclastlcdepositsoccur in coresfrom nearer the eastern marginoi the
Delaware Basin. Snlder(1966) proposedmuchearlierthat sedimentationcaused anomalousthickness
of Castileunitsnearthe basin margin,and Billo(1986) presenteda similarconclusion. Neither reported
any texturalevidenceto supporttheirconclusions.

Clearly, Castile rock has been resedimented, but in the area where textural data are available, only
modest deformationappears to be present (Robinsonand Powers, !987). At this time, there is little to
suggestthat suchsedimentationresultedinthe aeforrnafloninthe DZ. There is also nodirect evidence
from the WIPP area that suggests slump blocks off the reef margin moved int_ the area, causing
deformation. The highinferredslopesof someof these structuresarguesstronglyagainstsedimen_ation
on inclinedsudaces(Boreset al., 1983).

The conceptthat deformationwas syndeposittonalor pen(contemporaneouswithdepositionappears to
mainly be driven by the fact that deformation decreases upward through successive :_its. Normal
geologicreasoningwouldsupportpenecontemporaneousdeformation,butdoe_._nottake Intoaccountthe
rather plastic behavior of halite, allowing flow from over high areas to move halite into low areas.
Overlyingunits,such as the ,_ustler,are made of muchless plasticmaterial and do notrespond as the
Saladodoes. Thedelormatlonjustappearsto be compensatedin overlyingunitsthroughdeposition.

Qverall, both gravity-driven mechanisms require some special additional conditions restricting
deformation to small areas though mosto! the basin appears to be eq_,allysusceptible. Dissolution
permits a more localizedeffect, but there does not appear to be an overa41lossof mass in these areas
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and the chemistryof the fluidsand hydrologyof the unitsdo not readilysupportthe concept. Mostof the
syndepositionalprocesseshave no evidenceto supportthem inthe area of the DZ. The mostfavored
hypothesisat the momentis ,qravityfoundering,with a yet undetected anomalousdistributionoi fluid
loweringthe viscosityof haPttelocallyto permitdeformation.

7.3.4 TimirKl_of Deformation

Most of the argumentsabout timingof deformationhave already been discussed, Standard geologic
argumentsabout relative timing, based on involvementof the overlyingunits, is unlikely to hold for the
evaporite units. Jones (1981) notes that upliftedand arched Triassicrocksnear the ERDA-6 borehole
are truncated by the flat-lylng, undeformed Pliocene Ogallala Formation. He interpreted this as an
indicationthat salt movementwas complete before depositionof the Ogallala. However, he does not
explain either howthe Triassicstructurerelates to the deeper DZ or how it is distinguishedfrom near-
surfacedissolutioneffects (Boreset al., 1983). Castilerocks may have been deformedduringany time
period fl'QmPermian to the present. More to the point, for some hypotheses,the general conditions
thoughtn_cessaryto deformthe Castileand Salado are stillpresent,and mechanismssuchas gravity
founderingare potentiallyactive(Boreset al., 1983).

An additionalpiece of data is welevant.Bdnes from ERDA-6 andWIPP-12 were analyzed,andthe brines
were calculatedto last have movedafterabout800,000 years ago(Lambertand Carter, 1984; Barr et al.,
1979). One set of reasonableassumptionsaboutbrinechemistryand interactionswith the rock leads to
calculated residencetimes of about25,000 to 50,000 years for these brines. This mayrelate to the last
time deformationwas activeon thisstructure,thoughit is Pot uniquelyan indicatorof deformation. The
interactionbetween rockand water may have been strictlyhydrologicallydriven, and may not require
deformationatthat time,

The secondpoint of interestis that some modellingcalculationsindicate,as stated above, that the kinds
of structuresobservedinthe DZ may requireperiodson the orderof 700,000 yearsto form. There is no
indicationwhen the structuresformedbythiscalculation, but it is relevant to timing and assessinghow
these structuresmightaffect theWIPP.

7.3.5 !mportanceto the WIPP

The structuresinterpretedfrom core retrievedfromWIPP-12 and ERDA-6 serve as possibleanalogsto
effectsof deformationon the WIPP. The DOE and EEG have analyzedthe effectsof brineand structure
at WIPP-12 and the southernportion of the site and concludedthe geologic conditionsrepresent no
threat to health and safety(see Section1.1). In addition,both boreholesencounteredbrine onlywithin
the anhydriteunits,and that is the experienceof ali other encountersoi these largerbrine inflows(see
Section4.4; Popielaket al., 1983). Anhydritesupports the fractures that provideporosityfor the brine,
and the anhydrite/haliteunitsform an effective seal, as the pressurizedbrinesand gas did not escape
upward. The principal concern for isolation would be that the deformation, and its associated
phenomenasuchas pressurizedbrineand gas, could cause breachingof the repositoryand provideor
make a pathwayforthe escape of the wasteconstituents. The periodoftime expected fordevelopment
of the structure(700,_J00years) iswell beyondperiodsof regulatoryconcern. In addition, the evidenceof
the pressurizedbrineand gasoccurrencesis that they are confinedto these Castileanhydritelayersand
do not breach the lower Salado to reach the strattgraphiclevel of the repository. There is nothingat
present to indicatethat these features will form in the time period oi concern or that they can directly
causea breachof the repository.o

7.4 SALADOPENETRATIONS

Withinthe 16 square-mileWIPP Site Boundary,36 boreholeshavebeen identifiedas penetratingintothe
Salado Formation(Figure 7.4-1; Table 7.4-1). Thirty of these boreholes terminate near the top of the
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Salado, the remainingsixboreholes were completed throughthe Salado to deeper formations. These
boreholeshave either been pluggedand abandonedor recompletedfor use as hydrologicmonitoring
wells.

The six wells that penetrate through the Salado are two explorationWells and four drilled in supportof
WIPP, Two hydrocarbon exploration wells, Clayton Williams #1 Badger Unit and Michael Grace #1
CottonBaby,were drilledwithintheWIPP Site Boundary. The locationof these wells is shownon Figure
7.4-1, and the construction information is provided in Table 7.4-1. These wells did not produce
economicalquantitiesof hydrocarbonsandwere pluggedand abandonedinaccordancewith the State o;
New Mexico plugging criteria. The four additionaldeep boreholes, WIPP.12, WIPP.13, DOE-1 and
ERDA-9, were drilledas strattgraphioholesforgeologic site charactedzatton(Figure7.4-1; Table 7.4-t).
Thesefour boreholeshavebeen recompletedand are currentlyusedfor hydrologictestingand sampling.

Most of the thirty boreholes completed near the top of the Salado Formationwere drilled in support of
WIPP. Seven oi the boreholes (designatedwith an "H"prefixon Figure 7.4.1) were drilled to justbelow
the Rustler/SaladoFormationcontact and were completedas hydrologicexplor_tionwells. These wells
were completedwith the section within the Salado Formationeither left as an open hole or, in some
cases, a cement plugwas installedto preventmixingof groundwater between the Rustlerand Salado
formations. Five boreholes were ddlledwithinthe boundary to characterizethe sitestratigraphy. Fourof
these boreholes (WIPP-18, WIPP-19, WIPP-21; and WIPP-22) were subsequently recompleted for
hydrological testing and sampling purposes and are currently in use. The remaining stratigrapnic
borehole, B-25, was ddlled as partof the geotechnlcalfoundationanalysisprogram. This boreholewas
plugged as described in Table 7.4-1, Industry potash and WIPP potash assessment boreholes
(designatedas "D', "1",or "P', respectively,on Figure 7.4-1) were drilledwithinthe siteboundary. These
boreholes were plugged with cement and abandoned, except for borehole P-15. This borehole was
pluggedas describedon Table 7.4-1 andrecomp4etedas a hydrologictestweil.

7.5 MARKERBED 138

Marker Bed 138 is an anhydrite layer within the Salado Formationthat is located above the facility
horizonin theWIPP underground. Two otherlaterally continuousanhydritebeds "re alsopresent. The

location of anhydritelayerswithinthe immediatestrata sequencearoundthefacilit' Ioc_tlonis shownin
Figure7.5-1.

The actual positionof Marker Bed 138 relative to the excavationsindifferentparts of the undergroundis
provided in the Design Validation Final Report (DOE, 1986b). In the proposed storage area, ii is
approximately 11 meters (36 feet) above the roofs oi rooms, lt consists of a light to medium grey,

• microcrystalline,partly laminated anhydritewhich contains scattered halite growths, lt typicallyis 0.2
meter (0.7 foot)thick. Clay seam 'K', whichis about 1.3 centimeters (0.5 inches)thick, is present atthe
base of the markerbed.

The two additional anhydritebeds present inthe roof at WIPP are closer to excavationsthan is Marker
Bed 138. They are notcontinuousthroughoutthe basin and therefore,are not identifiedas markerbeds,
but they are continuousacrossthe WIPP site. Foridentification,they havebeen designatedas Anhydrite
"A" and Anhydrite"B'.

Anhydrite"A"lies approximately5 meters(16 feet) abovethe roofinthe storageareas but is exposedin
the Sandia experimental area north of the storage panels, lt is about 0.2 meter (0.7 foot) thick and
consists of a light lo medium grey, light brown, and sometimes light moderate reddish orange,
microcrystalline, partly laminated anhydrite. Halite growths occur within it, and a clear, coarsely
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crystallinehalite layerup to 5 centimeters(2 inches) wide is foundwithin exposuresin the experimental
areas. A thingrey clay seam Iclenttfiedas clay seam 'H' llesat thebaseof Anhydrite"A".

Anhydrite"B" lies approximately2 meters (7 feet) abovethe storageareas, and again is exposedin the
experimental area, lt is about 0.2 meters (0.7) feet thick and consists of a light to medium grey,
microcrystalUneanhydrite. Halite growtl_ occurwithin it. A thin grey clay seam identifiedas clay seam
'G' liesat the base of Anhydrite"B'. Ardlydrlte"A" and Anhydrite"B" bothhave characteristicsthat are
similarto Marker Bed 138. Evaluationsof repositoryperformancewithrespectto brine andgas migration
in theroofof excavationsmustconsiderthese anhydritelayersas wellas MarkerBed 138.

7.5.1 Developmentof DisturbedRockZone

The disturbedrock zone is the zoneof rockthat is disturbedby excavation of openings. In general,the
disturbedrockzone is characterizedbyan increaseinrockporositythat decreaseswith distancefromthe

_ opening. At the WIPP, the disturbedzone contains discretefracturesthat developwithtime. These are
founddownto Marker Bed 139 inthe floor and up to the Anhydrite"B" inthe roof. To date, there is no
evidenceof open fracturesdevelop4ngbeyond these stratigraphicunitssurroundingopeningswithinthe
storage horizon. The fracturing has been characterized from observations made in the SPDV Test
Rooms. These test rooms,someofthe oldestexcavationsatthe WIPP, are located atthe same horizon.

Marker Bed 139 lies approximately 1.7 meters (5.5 feet) below floor level in the test rooms, lt is
approximately1.2 to 1.5 meters(4 to 5 feet) thick; MarkerBed 139 has been significantlydisturbedby
the e_cavationof these openings. This was firstobserved as fracturing of floor strata downto Marker
Bed 139, about 2-1/2 years followingexcavationof the test rooms. Fractures in some locationsinthe
test rooms are now more than 15 centimeters (6 Inches) wide. Discussion of the fracturing that
developed in the floor associatedwith Marker Bed 139 and the salt above it is provided inthe Design
ValidationFinal Report(DOE, 1986b).

O About4 years afterexcavation,fracturingdevelopedinthe roofof the test rooms. The rooffracturescanbe summarizedas follows:

1. Sub-horizontalfracturesdevelopwithinthe first 46 centimeters(18 inches)of the roof. The:al

fractures are generally closed and show little evidence of displacement. They may be
associatedwithltthologlcchanges.

2. L0w-angledfracturingdevelopsfromthe corners of the rooms. These fracturesmay be filled
withshearedmaterial.

3. Bed separationdevelopsatthe Anhydrite"B'/saltinterface.

7.5.2 Impactof AnhydriteLayerson Brineand Gas Migrat_n

MarkerBed 138 is not expectedto impactrepositoryperformancewith respectto brine andgas migration
throughthe roof strata in the same manner that Marker Bed 139 may affect performance via migration

_ beneath the floor. MarkerBed 138 le about 11 meters(36 feet) away fromthe storagerooms,whereas
. Marker Bed 139 tsonly about1.5 meters (5 feet) beneaththe excavations. Sincedisturbanceofthe rock

is a functionof distancefromexcavation,Marker Bed 139willbe moredisturbedthan MarkerBed138.

The limited disturbance of Marker Bed 136 Is confirmed by the field data from geomechantcal
instrumentationwhichhas monitoredperformanceupto 15 meters (50 feet) from the excavationsbothin
the roof and floor. Extensometers, which measure vertical rockmovements in the roof,have Indicated
small rock deformations occurring at the Marker Bed 138 level, but offer no evidence for open
separationsoccurringat the Marker Bed 138/salt interface. Inclinometers,which measure lateralrock
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movements in roof and floor boreholes,do show lateral strata shiftsat Marker Bed 138. These shifts
probably indicate that shear is occurring at the interface due to the markedly different mechanical
propertiesof the salt, anhydrite,and clay. The discontinuitiesproducedby these shills remaintightand
therefore are not likely to provide pathways for brine or gas migration. The dastance from the
excavations,the impermeabilityof the interveningsalt, and the tackof pathwaysconnectingMarker Bed
138 and the excavations are reasons to believe thai thls geologic unit will not have an impact on
performancewith respectto brineandgas migration.

i

Anhydrite"A"ts not expected to impactgas or brine migrationfor the same reasons that MarkerBed 138
willnot. However, Anhyddle"B" is muchcloserto the excavationsand has been disturbed. Inthe SPDV
test rooms, bed separation of several inches has been observed at the Anb. drite "B" layer within
boreholesand has been measuredbyextensometers. Incllnometershave also shownsignificantoffset
in strataat the Anhydrite"B'/salt interface. In addition,fracturingthat extendstowardand possiblyas far
as the Anhydrite "B" layer has be_n observed in the roof of test rooms, The fracturingcouldprovide
direct open pathways connectin9 the bed separation with the room. The pathways will be similar to
pathwaysin the floorconnectingthat o! Marker Bed 139 with the rcoms. Therefore, it is expected that
the performanceof Anhydrite"B"will besimilarto that of Marker Bed 139 with respectto brine and gas
migration.

Pathwaysfor brine and gas migrationinthe floorand in the roofare limitedto zones directly above and
belowexcavations. In the pillars,the anhydritebeds will remaincloseddue to the compressiveloading
and it is not expected that migration will occur through pillars. At the panel entrance, seals will be
installed to isolate each panel. These will prevent migration out of a panel not only through the
excavation,but alsothroughany disturbedzone aboutthe excavations. Atthoughseal designis not final,
the removalof materialfrom roofandfloormaybe required inseal areasup to Anhydrite"B"anddown to
MarkerBed 139to eliminateany openfracturesthat may have developedwithtime.

Followingdecommissioningof the repository, the salt will creep close to and heal fractures. This will
probably not occur until room closure is complete and compressivestresses buildup in the disturbed
zone.

7.6 :_A/QCFOR GEOLOGICAL INFORMATION

The informationcited in this section generally falls into three categories. These are Agency reports,
reports by WIPP prolect participants, and other reports. This latter category includes reports bY
academia, reportsby private interests,andreportspubiistled inreferencedliterature.

Quality Assurance/Quality Contro! (QAJQC) information _:'_deswith each type of report and is a direct
function of the purpose for whicht;bereportwas prepareO _eneraUy,agency reportsfrom government
agenciessuch as the U.S. Geological Survey fo_towinternalQAJQCproceduresto provide re,:"onabie
assurance that the information disseminated is accurate since, in many cases, it may be used tor
investment(resourceor construction)purposes. On the other extreme,reportspreparedby academiaor
by private parties may have little if any independent QAJQCassociated withthem since their purpose
may be one of "proofof principle"regardingthe interpretationof geologicalinformation. In thiscase, the
processof peer review and commentin the open literatureand/or in technicalmeetingsprovidessome
degreeof QAJQC.

The majority of the information used in selecting and verifying the adequacy _the WIPP site was
gathered by projectparticipants undercontrac_to the DOE. In these instances, ._ensive Q/VOC was
appliedto field work, the processof analyzingthe data, and the reporting. For the reportscited inthis



section, the three participants that have played the largest roles are Sp_,dlaNational Laboratories,
Westinghouse Electric Corporation, and InternationalTechnologyCorporation (and its predecessor,
D'AppoionlaConsultingEngineers).

Sandia NationalLaboratoriesconductsgeologicand hydrologicactivitiesin accordancewiththeir "WIPP
Quality Assurance Program Plan" (WIPP QAPP, Rev. N, 10/5/89). This QA program meets the
requirementsof NQA-1, DOE 5700.6B, DOE AL 5700.6B, Chapter 11 of the WIPP FinalSafety Analysis
Report,WPO Management Directives,SandiaNational LaboratoriesQualityPlan, and Sandia National
LaboratoriesOrganization6000 QA Policy. Recoro_documentingthe QAJQCactivityappliedto past and
ongoinggeotechnlcalactivitiesbySandia are maintainedatthe WIPP site(for the mostrecentactivities)
andinthe SandiaLibra,/in Albuquerque.

A comprehensive Westinghouse Quality Assurance Program has been developed at the WIPP site
relatedto the geologic and hydrologicactivities, The Westinghousecommitment to quality is stated in
the Final Safety Analysis Report and!8 documented In the Westinghouse Quality Program Manual,
WP 13-1. The Westinghouse program embracesthe QA standards of ANSI/ASME NQA-1 and DOE
5700.6B. Recordsand other documents relatedto the Westinghouse QA/QC program for geological,
hydrological,andenvironmentalwork are availableatthe WIPP site.

The engineeringactivities performedby InternationalTechnologyCorporation(IT) insupportof theWIPP
Project are controlledby a written Quality AssuranceProgram. This program, established in 1973,
operates in compliance with ANSItASME NQA-1 and current EPA guidance (e.g., QAMS 005-80).
Recordsrelativeto IT'sQ/VQC activityare maintainedattheircoqx)rate officein Albuquerque.
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3.0 DISSOLUTION FEATURES

This sectionprovidesa detaileddiscussicnof dissolutionprocesses,features, and rates, lt includesa
reviewof the publishedliteratureto relate featuresobse=vedin southeasternNew Mexicoto features and
processesobservedelsewhere. The followingparagraphs summarizethissectionand can serve as a
guidefor readerswishingto find moreinformationabouta specifictopicregardingdissolution.

Section3.1 reviewsthe literaturewith respectto factorscontrollingdissolution(Section3.1.1), dissolution
featuresin southeasternNew Mexico(Section3.1.2), karstformation(Section 3.1.3.1), solutionbreccia

, formation (Section 3.1.3.2), other breccia formation mechanisms (Section 3.1.3.3)_ Delaware Basin
features (Section 3,1.4), and RustlerFormationdissolutionfeatures (Section3.1.5). The conclusionof
this section,with respect to dissolutionaround the wIPP site, is that dissolution is not considered a
significantthreat to the performanceof the WIPP site. This conclusionrelatesto bothdissolutionof the
Rustler Formation,whichoverliesthe repositoryhostformation,the Salado; andthe Castile Formation,
whichunderliesthe SaladoFormation.

The presenceof brecciatedmaterialin RustlerFormationhas been themostwidelyacceptedevidenceof
dissolution after deposition. Recent evaluations of the brecciated materials in cores, shafts, and
geophysical logs suggest that the Rustier has undergone little post-depositional dissolution. This
evidencelimitsthe volumeof haliteassumedto have been dissolvedand hence decreasesestimatesof
dissolutionrate.

Potential for dissolutionupward into both the Castileand Salado Formationsfromthe underlyingBell
Canyon Formationis also evaluated. The highsalinityoi the Bell Canyon fluid and the vo!ume of fluid
present are not likelyto cause dissolutionof the Castile Formation. Similar to the Rustler Formation,
post-depositionaldissolution is now interpretedto be less, based on physicalfeatures in the Castile
Formation. These features suggestthat halite was not deposited as widely or was destroyedduring
depositionof clasticunits. The resultof this interpretationis to decrease the previouslyestimatedrates
of dissolution.

Section 3.2 describesthe dissolutionfeaturespresentin Nash Draw. These includesinkholes,caves,
domes,andpipesin andon the RustlerFormation. lt isconcludedthatthe featuresin Nash Draware the
result of dissolutionof the upper part of the Salado Formationand collapse of the overlyingunits. A
dissolutionfrontmovingfrom Nash Draw eastwardto the WIPP site has been hypothesized. Estimates
of the rate of dissolutionfront advance vary from0.1 to 0.15 meters/1000 years (0.33 to 0.5 feet/1000
years). At that rate,the dissolutionfrontof the upperSalado wouldreachthe northwesterncornerot the
WIPP site in 10.5 to 16 millionyears. This rate isbased on the assumptionthat the halitewas originally
depositedinconstantthicknessesacrossthe area, recentstudiesdemonstratethatthisassumptionis not
true, therefore thisrate is an extremelyhighupperbound on the rate of dissolution.Some investigators
havesuggestedthat the dissolutionfronthas alreadyimpingedon the northwesterncornerof the WIPP
site. However, the estimatedmaximum_mountof dissolvedmaterialfromthe Rustler-Saladocontactis
about3 meters(10 feet).

Deep seateddissolutionfeaturesare discussedin Section 3.3. These feature includekarst moundsand
= domes. Fourof these are located in the northernedge of Nash Draw. Three ofthese havebeen shown

to have formedas a resultof processesexclusivelyrelatedto the Capitan Reef aquifer,whichunderlies
them. This type of dissolutioncouldnot occurat the WIPP site because the Capitan Reef aquifer is 11
kilometers(7 miles)away from the boundaryof the WIPP site. The fourth dome is interpretedto be a
structuralfeature,unrelatedto dissolution.

!
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Section 3.4 describes other dissolution features in southeastern New Mexico.These are the Big Sinks,
located within the Balmorhea-Loving Trough, and San Simon Swale. Both of these features are the
result of collapse following dissolution, but neither of them appear to have potential to create any
significanteffects onthe WIPP.

Section3.5 examinesthat impact of climatic changeon dissolutionpatternsand rates, lt concludesthat
increase in rainfall is the only factor in predicted climate change that could increase the removal of
soluble parts of the surficial and near-surface evaporites. There is no specific information on the
absoluteamounts bywhichrainfallmay have changed inthe Pleistocene,however,rainfallamountsand
patterns are expected to be similar in scope to those that occurred during the Pleistocene. Since
dissolutionat the WIPP siteduringthe Pleistocenehad a negligibleeffect, it is expectedthat a returnto
wetterclimaticconditionswouldhavethe same, negligibleeffect.

The occurrenceof bdne pocketsin,Salado Formationis describedin Section3.6. They occurin relatively
small (< 1 cubic meter, <100 gallons), isolatedpocketsalongbeading planes. These are described in
greaterdetailin Section4.0.

3.1 REVIEW OF DISSOLUTION

This sectionis a reviewof literatureof boththe general phenomenonof evaporitedissolutionand specific
features and hypothesesof dissolutionin southeasternNew Mexico. The objectiveoi this sectionis to
summarizecurrentknowledgeof evaporite dissolution,Becausethe literaturehas been reviewed in Holt
and Powers (1988) and in part in Holt et al. (1989), text fromthese sourceswill be used extensivelyor
modifiedas appropriate.Specificfeaturesinthe area of the WIPP site willbe discussedin later sections;
somereaders maywishto reviewonly that portion. Inthis firstpartof the section,a broad rangeof ideas
will be presented, andconceptssuchas deep-seated dissolutionwill be reviewed. A generalanalysis of
more speculativeaspects,suchas the effectsthat mightbe expectedfromclimaticchange, ispresented.

In general, dissolution is not considered a significant threat to isolation of waste at the WIPP site.
Several estimates of the rates of dissolution (e.g., Bachman et al., 1973; Jones et al., 1973) would
indicate periods of millionsof years before the Salado at the WIPP site would be affected. Anderson
(1978) and Anderson and Kirkland(1980) proposed that solutionfrom the Delaware MountainGroup
upwardthroughthe Castileand Salado Formationscould jeopardizethe site I:}ecausespecificlocations
wouldnot be predictable. An analysisof thisproposedmechanismbyWood et al. (1982) indicatessmall
potential for dissolutionof the Castile and SalaOobyfluidfromthe Delaware MountainGroup Lambert
(1983) concurred because the chemistryof the water in tfle Delaware Mountain Group, as wull as the
volume of fluid, are inconsist, _ with dissolution of the Castile. Units below the Castile have high
salinitiesand littlepresentpotenuaJfor dissolution.

Above the Salado evaporitesand withinthe Rustler Formation,dissolutionhas occurred, but its extent
within the Rustler Formation has been greatly overestimated. This is because most units whose
configuration was formerly attributed to dissolution are now interpreted to be due to depositional
processes (Holt and Powers, 1988). The relatively low estimates of dissolutionrate_ by Jones et al.
(1973) are based on removalof halite from rocksnow interpretedto be where halite w, notpreserved
audng deposition.

3.1.1 Introduction

From the time bedded salt was initially recommended (NAS, 1957) as the preferred rocktype for the
disposal oi radioactive waste, part of the concern in selecting specific sites has been the role of
dissolution. Thick sectionsof evaporites,includinghalite, inbasnnsaround the world clea:_vattestto the
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fact that dissolutionhas not hada significantimpact. No halite sectioncouldlong remain in the presence
of circulatingfresh,or even moderatelysaline,fluidinany quantity. Nevertheless,some basins that have
evaporite rocks, such as the Delaware Basin, include areas in which outcropsand/or beds at depth
contain no halite or appear to have greatlyreduced sections of halite comparedto other parts of the
basin. These areas are frequently interpreted,with or without additionalcriteria, as the result of the
dissolutionof halite or other solubleevaporitesfrom the section. The Delaware Basin continuesto be
examined for evidence of dissolution and the processes, rates, and ages of such dissolution. The
discussionand search for evidencecontinuespartlybecauseopinionshavevaried as to the effects such
dissolutionmighthave on the long-termisolationof radioactivewaste in the Waste Isolation Pilot Plant
(WIPP).

Evaporitesare generallyconsideredto dissolvewhen the factors of source,solution,pathway,and si'nk
are present (Johnson, 1981). That is, a soluble material needs to be present, a fluid capable of
dissolvingthe solublerocksexists,a pathwayfor movementis provided,anda sinkis available to permit
continuingdrainage from the area of solution. Lambert (1983) used slightlydifferent terminology tor
these factors, using five terms (trigger, path, continuity, source, and sink) to be more explicit about
initiatingevents(trigger), lateralor verticalextent of solublerock (continuity),and the nature of the fluid
(source). In a recent studyof the Rustler Formation, Holt and Powers (1988) recognized that more
fundamentalquestions,however,oven'odethe discussionoi thesefactors:

• What is the real extentof dissolutioninthe RustlerFormation?

• What is the timingof dissolutioninthe RustlerFormation?

• What are the criteriacan be used to distinguishbetween depositionalvariation, modernor
continuingdissolution,andancientdissolution?

Mostpreviousinvestigatorsconservativelyestimatedthe extent andeffectsof dissolution,assumingthe
maximumpossible halite removal. In a diflerent approach, Holt and Powers (1988) examined the
evidenceaboutdepositionof halite and interpretedlarge areas of RustlerFormationrocksto have had
halite removedbefore the overlying sedimentswere deposited. This evidence changes the previous
assumptionsmade aboutthe extent,timing,and natureof the dissolutionproducts.

The featuresgenerallyattributedto dissolutioninsoutheasternNew Mexicoare observableat the various
scales:

• Mapable at scalesfrom1:100,000to 1:250,000
• On borehole geophysicallogs
• In hand specimenwithoutmagnification
• Microscopicexaminationof mineralsand rockfragments.

At ali scales, the same factors are critical. The difference in scale is due to the relative volume of
material dissolved and whether the soluteswere transported out of the system (at whatever scale of
observation). For example, a large relative volume may be removed at a microscopicscale without
necessarily affecting operations or isolationof waste on the scale of a repository. Although these
microscopicdiageneticalterationsto the sedimentare important ininterpretingthe geologichistory,the
major focus o1this discussion oi dissolutionphenomena and processes is on scales that are nearer
repositorysize.

3.1.2 DissolutioninSoutheasternNew Mexico

This sectionis a summaryof the studyofdissolutioninthe DelawareBasin,and it indicatesthe rangeof
studiesthat bear on the problem. Recentdetailed studiesof the rocksand theirsettings are weighted
heavilyin the discussionover some oi the earlier work which concentratedalmost exclusively on the
variation in thickness of units. The features of several zones previously attributed exclusiveiy to
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dissolutionare reinterpretedas deposltionalphenomena,albeitwithsynsedlmentarydissolutionfor some
areas. The extent of dissolution is more realistically estimated if both depositional patterns and
dissolutionfeatures are considered. More importantly,lt is necessary to use descriptive,non-genetic
terminology to describe the sedimentary features pres¢ '_ intile rocks. The descriptive terminology
should always be applicable,even thoughgenetic lnterprecationsof thosefeatures may change as our
under_:andtngof evaporttesynsedlmentaryprocessesgrows. This sectionwill emphasize studieswith
thisperspectiveoversome of the earlierwork.

. Early workers IncludeLee (1925), who discussedsolutionand fill relatedto the Pecos River valley and
gypsum terrains. Maley and Hufflngton (1953) describedstratigraphicrelationshipsof evaporite beds
near and underthe Pecos River valley, andthey ascribedthinned beds andthe observablestratigraphic
relationshipsto dissolution.Olive (1957) describedsurlicialtrougl'tson a surfaceof Castle gypsumin the
Yeso Hills/GypsumPlainarea; he concludedtnatsubsidencehad occurredas a resultoi dissolutionof
gypsum. More recently,AndersOnand severat co*workers(Anderson, 1978, 1981, 1982; Andersonet
al., 1972, 1978) discusseddata andintemreted dissolutionof the Castileand SaladoFormations. Thes_
authorsgenerallyconcludedthat about5Cpercent of thehalitein the DelawareBasinhas been dissolved
and that a major part dissolved in the late Tertiary. Bachman (1974, 1976, 1980 _81, 1984, 1985)
extends the period of possible dissolution, mainly for the Rustler and Salado F :ations, back to
Triassic, and possibly Permian, time. Robinson and Powers (1987) examined ,....=geddissolui:-_.n
residuesfrom the lowerCastileFormationinthe westem DelawareBasin andconcludedthat these roc_,s
are resedirnentedclastso! the Castile. This hypothesiswouldlimit both the deposttionalextent of lower
Castilehaliteand the extent of dissolutionin thisunit. Lambert (1983) extensivelyreviewedthe data and
hypothesesc_nceming the existence,processes,and ratesof dissolutionfor evaporitesof the northern
DelawareBasin and has modifieddissolutionhypothesespreviouslypresentedby Anderson(197B). Holt
and Powers (1984, 1986b, 1988) concluded that the Rustlerwas less extensivelydissolved than had
previouslybeen interpreted,based on the hypothesis mat some zones that have been interpreted as
dissolutionresiduesare deposittonalfeatures in the RustlerFon'nationat the WIPP site. Sares and Wells
(1987) present some of the detailsof dissolutionassociatedwith developmentof karst in evaporitesof
the GypsumRains.

In additionto the data and hypothesesconcerningthe evaporite rocksof southeasternNew Mexico, the
literaturehas alsobeen examinedfor relateddiscussions.Some of the opposingviewpointsand some of
the assumptionsand/or background informationand implicationsfor southeastern New Mexico will be
stated as they may not always be explicitor familiar to some readers. Some detailsare not reviewed
here, as that hasfrequentlybeen done (e.g., Anderson,1978, 1981, 1982; Andersonet al., 1972, 1978;
Anderson and Klrkland,1980; Bachman, 1974, 1976, 1980, 1981, 1984; Bachmanet at., 197: Lambert,
1983; Powers et al., 1978), emphasizingthe suitabilityof the northern Delaware Basinor the WIPP site
for the disposalof radioactivewaste. Several authors(e.g., Anderson, 1982; Bachman,1984; Lambert,
1983) have reviewed various hypotheses to account for some of the features in southeastern New
Mexico.

This review beginswith the features and characteristicsfrom a numberof studiesin the literatureand
summarizesthe evidenceand processeshypothesizedto accountfor them. There are processeswhich
occur at or near the sudace (karst) and processesthat are hypothesizedto occurat some depth within
the sedimentary rOCKS('deep" dissolutionor stratabounddissolutionresultingin solutionbreccias). In
addition,there are featuresattributedto "early" and "late"stages. Early may 'nean synsedimentary(eg.,
Powers and Hassinger, 1985), or it may mean that the dissolution is geologicallyold and there is no
evidence of dissolutionsince that time. Late usuallymeans that dissolutionhas occurredduring the
Quaternary or may be active. Neither of these terms has necessarilybeen used consistentlywith depth
of process,so that near..surface('shallow') anddeep are also useclas modifiersto describethe relative
positionof the sedimentswhen dissolutiontookplace.
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O 3.1.3 DissolutionLiteratureReview
Withinthe followingsections,dissolutionfeatures or processesare groupedaccordingto the locationof
the solutionprocess: (a) karst, ifthe dissolutionoccurredat or nearthe surface, or (b) solutionbreccia
beds,ifdissolutionoccurredat sufficientOepth(undefined)to resultinbr_cciationofthe units.

3.1.3.1 Kars._...tt

This discussion o! karst is extracted from the extensive summary in Holt and Powers (1988). TPie''_
literatureon near-surfacedissolutionor karsttsvery extensivefor carbonates. Excellentreviewsof karst
and their hydrologic systc;mshave been provided by Herak and Stringfield (1972), Boeglie (1980),
Sweeting(1972), Jennings(1971), and in DilarnarterandCsaUany,eds.('1977).

Evaporiterocksdissolvingat and nearthe surfaceby karstprocessesare not commonlydescribedin the
literature, partly because sulfatesand halite, especially, are more soluble and do not crop out weil.
Amongthe reportsof researchon karst inevaporitesinthe southeasternNew Mexicoarea are thoseby
Sares and Wells (1987); Bachman et al. (1973); and Bachman (1974, 1976, 1980, 1981, 1984, 1985,
1987a, 1987b). The processesbywhichkarst is formed inevaporitesare differentfromcarbonatekarst,
becausethe dissolutionand corrosionof evaporitesaredominantlyphysicalprocessesin contrastto the
chemical activity where meteoricwater combines with carbon dioxide to form acid which dissolves
carbonate (Bachman, 1985; Pfeiffer and Hahn, 1972). Thoughthe processesby whichkarst is formed
mightbe differentiated,mostof the resultinglandformsa_ near sur'lacefeaturesare describedby the
same terminology.

Twoevapo_e karstfeatures,karstmoundsandkarstdomesfrom southeasternNew Mexico,havebeen
named and described by Bachman (1980). Karst moundsare slightlyelevated topographicfeatures
consistingof brecciatedmaterialattributedto solution-collapseand subsequenterosionof lessresistant
surroundingrocks. Karst domes are also slightlyelevated topographicfeatures, apparentlydomal in
structure,and attributedto solutionof surroundingevaporitesat shallowdepthsand subsidenceof these
areas to leave the domal features. Some karst domes may be resistant to shallow solutiondue to a
collapsed core from earlierdissolution.Breccia pipes,brecciachimneys,and transformationalbreccias
are extreme examplesof this,fromdeep-seated eadierdissolutionand collapsethat havebeen reported
from southeastern New Mexico (e.g., Elliot, 1976; Anderson, 1978; Bachman, 1987a, 1987b) and
elsewhere(e.g., Landes,1945; Bowlesand Braddock,1963; Wenrich,1985).

Sares and Wells (1987) reporttheirworkon the karstof theGypsumPlainof southeasternNew Mexico.
Amongthe features formedare dolines, collapse sinkholes,caves, and erosional surfaces, whilethe
drainagesystem has been significantlyaffected bykarstprocesses. Fromthe same generalarea, Olive
(1957) examined large linearvalleys which he termed solution-subsidencetroughs. Bachman (1974,
1976, 1980) also reportsdolines and collapse features in the Pecos River valley, some oi which are
attributable to evaporite karst. Nash Draw is considered by Bachman (1974) to be due to solution,
erosion,and subsidencefromevaporitekarstprocesses.

Modem or active karstterrainsare mainly investigatedfortheirhydrologicalpatternsand may exhibitlew
important features by which to interpret ancient karst systems lrom the breccias and related rocks,
including residues, that are the preserved record. Several studies of interpreted ancient karst in
carbonatesare importantsummaries. Unitsfrom two separateareas, the Madison Limestoneor Group
of Wyoming and Montana and the MississippiValley-type (MVT) lead.zinc deposits of Missouriand
surroundingareas, reveal important features that are partially attributedto surficial and near-surface
processes.
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Roberts (1966) describes both paleokarst features and solution brecciabeds from the Madison Group of
south-central Montana. The oaleokarst and solution breccia beds have some features in common:
unstratified deposits, mainly carbonate fragments with some chert in a matrix thai weathers reddish or
yellowish gray, and mostly angular to subangular fragmer_ts. The clay mineralogy is different, mainly
kaolinite in karst deposits and illite in solution breccias. Roberts (1966) reports that karst is not
stratigraphlcally controlled, exhibiting poorly defined upper and lower surfaces, cavities that widen
upward, and more matrix. He also inferred that the karst developed in the late MIssi;slpplan, prior to the
cleposition of the Amsden Formation of late Mississippian (Chesterian) to Pennsylvanian age. He
separated the karst in process and time from the solution breccia beds.

Sando (1974) examined the Madison Limestone of north-centi'al Wyomtng, and he attributed several
features to paleokarst. Enlarged joints, filled by red clasttcs,are fractures enlarged by meteoric water
percolating down from the surface. Large cavities, with angular blocks of carbonate and clastic fill, occur
at the top of the Madison and extend as much as 30 meters _90 feet) below the surface of the Madison.
Sando (1974) interprets these cavities as sinkholes. Caves are also common in this part of the Madison.
Sando (1974) differentiates pre-Amsden caves, filled with red clastics, from open cavlttes which may be
Tertiary or Holocene in age. The older caves lack flowstones and dripstones, and are interpreted to have
occurred below the va(lose zone during the time of exposure in the late Mlssissippian. Breccbazones
that are strattgraphlcally limited and have a clastic matrix were also reported by Sando (1974). He
interprets these forms as another phase of the same process that formed caves, sinkholes, and enlarged
joints during the Mlssissipplan. In thts respe=, Sando (1974) differs from the interpretation by Roberts
(1966) of breccia beds caused by solutk:)nat depth (see below).

The Carrara Formation and overlying Bonanza King Limestone in southern Nevada display angular
breccia blocks, varying in size, that are grossly stratiform. Gtlletl (1983) proposes this breccia unit as a
"healed" early Tertiary age cave and rejects the hypothesis of collapse due to evaporite dissolution.
Gillett follows Middleton (1961), Roberts (1966), and Vaughn (1978) (see below) in expecting a planar
basal contact and strongly stratiform body to form from evaporite dissolution. No direct evidence of
evaporites was found and Gillett (1983) cites work by Palmer and Halley (1979) suggesting open-shelf,
unrestricted rnadne environments.

Bretz (1950) describes features called circle deposits from Missouri. He attributes these to collapsed
caves. Bretz also reports filled caveswhich "are so obviously solution caves that there never have been

, other interpretationsof their origin".

3.1.3.2 SolutionBrecciaBeds

Several teatures, including solution breccia beds or rough equivalents and transformational brecclas or
breccta pipes, have been described by a variety of authors, most of whom have attributed the
phenomena to dissolution of a bed, especially evaportte rock, at some depth under saturated (phreatJc)
conditions. The descriptions of these features yield some comparisons with the apparently karst-related
phenomena. The Madison Group and MVT deposits are important areas displaying these features.

Landes et al. (1945) describe the Mackinac Breccia, a brecctated equivalent to several Silurian to
Devonian age formations of northern southern Michigan. Landes divides the breccia into three types:
megabreccia, intra-formational breccia, and trans-formational breccia. Me_abreccia consists oi very
large inclined blocks with random orientations. Stages of brecciatlon range from "let-down" to severely
shattered and disturbed. Intra-formational breccia occurs in layers surrounded by non-brecclated rock.
Landes always associates intra-lormational breccias with megaOreccias. Stages range from extensive
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fissuring to complete brecciation, Trans-formationalbrecctas cut through several stratigraDhic units,
occurringas verticalbodiesto several hundredfeet inwidth. Landes estimatesthe vertical thickness to
be as muchas 500 meters (1,500 feet), Fragmentsare nearly ali very angular. Some trans-formational
brecclasare well-indurated,formingprominentstacksor other featuresdue In higher resistanceto recent
erosion than the surroundingrocks, More commonly,these brecclas are porousand non-indurated to
partiallyinduratedand do not standoutas aneroslon-resistantrock.

Landes el ai, (1945) conclude that brecclatton occurred before the overlying Devonian Dundee
Limestonewas deposited, Landes interpretsthe Mackinac Breccia to have formed from collapse of
ovedylng unitswhen salt was dissolvedfromthe Sallna Groupas the 8allna was exposed during early
Devonian around the margin of the basin, Brines created by the solution may be the source oi the
central basin salts of the lower Devonian Detroit River Formation, The surface was eroded and
smoothed, and the Dundee Limestonewas deposited unconformablyover the Mackinac Breccia and
relatedformations, Recenterosionhas re-exposedthesebreccias,

The MississippianBoone Formationof the area aroundthe Kansas-Oklahomabordernear Missouri is a
dominantlycarbonate unitthat hosts lead and zinc deposits and displays solution/subsidencefeatures
(McKnight and Fi;_cher,1970), Slump pipes are brecctated, irregularlycylindrical masses 30 to 100
meters(100 to 300 feet) in diameterwith a verticaldisplacementof several tens of feet along bounding
verticalfaults, Slump brecctasare chert nodulesto fragmentsof rockin a clay residuumin the Boone
Formation, Later Mississippianunits overlying the Boone have slump breccias with large limestone
blocksand angularfragmentsina residualmaterial, McKntghtand Fischer(1970) interthat these slump
brecciasare basal pans of slumppipes,

Ohle (1985) reviewedbrecciatypesand probablebreccia-produclngprocessesfor a variety oi districtsin
North America hostingMVT Pb-Zn and related deposits. The brecciabodies are considered by Ohle
(1985) to comprise two broad types: strata,bound (or mantes) and breccia columns or chimneys (or
breccia bodies transecttng strata boundaries), With some exceptions, the breccias are attributed
principallyto gravlty-lnducedcollapse assoctaled with solution. Most of the solution and collapse is
ascribedto passageof hotfluids relatedto ore deposition,thoughsome has been consideredtrue karst,
The brecclas may consistof very large to very small, angular clasts that tend to be equidimensional
rather than slab-like blocks associatedwithcave fillings. Ohle (1985) considerschemical brecclation
(Sawklns, 1969; Ohle, 1985) or tectonicforces may have produced smaller breccia fragments within
these MV'Tdeposits.

Ohte (1985) alsobriefly mentionsbrecciasof minorextentprobablycaused by sedimentaryprocessesor
syndeposltional slides. Snyder and Odell (1958), as reviewed below, consider some oi the breccia
bodiesto be syndopositionalslides.

Rogers and Davis (1977) reviewed lhe geologyoi Ihe Buick mine, a Pb-Zn mine along Ihe Viburnum
Trend oi southeastMissouriIormed in carbonate breccias. They considerthe settingconsistent with a
carbonate-evaporitemargin, and theybelieve the evaporitesdissolved,causingcollapse and brecciation.
Beales and Hardy(1977) havesummarizedthe indirectevidenceforevaporiles in the ViburnumTrend el
southeastern Missouri. They conclude lhat liny gypsum crystals, includingswallowtailtw=ns, in
imperviousbrecclas directly indicate the lormer, more general presence oi evaporites. The problem el
"occull" evaporiteswas also discussedby Schrelber and Schreiber (1977) in a study of Mediterranean
Messinianevaporitesand modem solarsaltworks.

Middleton (1961) alsodescribes brecciaswithinthe MissionCanyonFormationof the Madison Group in
Montana. He reports that the Iragmentsare variable in size (microscopicto 3 meters; 10 feet) and very
angular to slightly rounded on edges. Limestone is the common lithology, but clasts are sometimes
polymictic, Brecciasoi former brecciasindicate multipleepisodes, Fragmentsoi different strata may be
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mixed, thougha crudestratigraphymay be preserved, Mlddleton(1961) statesthat "the lower boundary
oi almost every breccia is well defined," thoughthe brecciasdo not have the same extent upward, He
describeswell the upwardtransitions:

"A gradual transition may take piace upwards from a breccia consisting of mixed, rotated
fragmentsintoone in which there is demonstrablylittle movementof the fragmentsand the rock
has been brecctatedin place."

Middleton suggeststhat brecclationoccurred before the Amsden Formation was deposited, but he is
careful to pointout he did not have evidenceto supportor refutethishypothesis. Finally,as the overlying
unitsare not extensivelybrecclated, Middleton(1961) believesthat "a thick brecciausually indicates an
originalzone of thininterbedsor Intertamlnationsof limestoneand anhydrite'.

Roberts (1966) also found that solutionbreccia beds in the Mission Canyon Formationhave a sharp,
well-deflned, and laterally continuous lower boundary, He reported, asdid Middleton (1961) and
Severson (1952), a verticalprogressionof brecciafabricsfrom smallheterogenousunsortedfragments
upward to slightly fractured and displaced roof rocks, Some wells in the area show anhydrite that is
consideredstratigraphlcallyinthe same positionasthe solution-brecclas. Roberts(1966) considers this
solutionat depthto haveoccurredduringor alter the Laramideorogeny,

Evaporitesfrom the WillistonBasinandsurroundingareas are interpretedby Parker(1967) to have been
partially dissolved. Beds overlying the evaporites are thickened by additional sedimentation to
compensate for the salt removal and indicate the time of removal. Parker (1967) interprets these
changes of thicknessandlateral lossof halite ma=nlyon the basis of geophysicallogs, Also fromNorth
Dakota (Fq/bergfield),salt was removedfrom Permian rocksresultingin completecompensationbythe
end of the Jurassic (Swift Formation),thoughelsewherein the area, Parker (1967) cites Anderson and
Klrldand(1966) to indicatethat collapsemay affectJurassicand Cretaceousrocks, In the Outlookfield in
Montana, Parker (1967) shows that solution of the Lower Devonian Prairie Formation is completely
compensatedby sedimentationduringthe late Devonian.

Stanton (1966) reviewedfeatures and processes related to dissolutionof the Upper Devonian Leduc
Formation from the South Sturgeon Lake field, Alberta, and concluded that the features were
indistinguishablefrom the MissionCanyonsolutionbreccias and the MackinacBreccia. Stanton (1966)
reports successive stages of primary evaporite, breccia composed of evaporlte matrix with floating
dolomiteclasts,andevaporite-freebreccia, Clastsmay be fractured,brecciatedand displaced, Stanton
listsfourfeaturesheconsidersimportant:

1, Angular,unsorted,unbeddedclasts;brokenfragmentsdisplacedwithinbreccia,

2. Clastsoftenfloatin anhydritematrix,

3. Complete sequence:breccia with clasts floatingin anhydrite--> breccia with more closely
packedclastsand anhydritematrix--> brecciawithoutanhydrite,

4. Fracturesare rare beneathbreccia;brecciagradesupwardintohighlyfracturedrock,

Stanton(1966) consideredfourprocessesinthedevelopmentof the Leducbreccias:

a, Solutionbrecciationcausingsettlingof evapo:' _, plasticdeformation,concentrationof line
clastsup againstclastsurlaces,
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b, Change in volumeas gypsum--> anhydrite;lowerstrengthtromwater In the rock,

c. , Simultaneousclastsandevaporlte "deposition';nobeddingor rounding,

d, Selectivereplacementof carbonateby anhydriteto explainanhydritematrix,

EHthese mechanisms,Stanton(1966) considerssolutionbrecclatlonto accountforali featuresobserved,
He also concludes that the solution brecciatlon is probably commonat very shallow depths and that
"gradual subsidence, brecctation, small-scale solution precipitation, and evaporlte llowage occur
simultaneouslywith the evaporitesolution,"

Gorrell andAlderman(1968) reviewevidencethat the DevonianPrairieFormationof the Elk PointGroup
evaporitesin Saskatchewanwas dissolvedbeginningas early as late Devonian, Salt springs in the area
are considered evidence that salt solutionis continuing, Localcollapse features in the Elk Point Group
(DeMille et al,, 1964; Chrtstensen, 1971; Gendzwlll and Hajnal, 1971) are similar to breccia pipes
reported for southeastern New Mexico (Snyder and Gard, 1982; Bachman, 1987a; Davies, 1983),
Compensating thicknesses of overlying units may be used to infer ages of solution and, in some
circumstances,differentiatesolutionfrom tectonicor depositionalfeatures. GorrellandAlderman(1968)
distinguishdepositionalfromdissolutionedges on the basis ofthe configurationof the underlyingunits
versus dip on the salt units (Figure3,1-1), Sharp changes inhalite with reversal of dip are associated
with dissolution, The underlyingunits change little, Consistent dip directions and changes tn dip of
undertyingunitsare associatedwithdeposttionalchanges.

Gustavson et al, (1980) recognizesalt dissolution In the Palo Duro Basin, Texas, based on: (1) high
solute loads, especially chlorides, in streams; (2) salt sequences that abruptly disappear between
relativelycloselyspacedwells,as well as abruptthinningof stratlgraphtcsequencesaway fromsaltunils;
(3) zones withabrupt saltthinningthatalso truncate faciestracts;(4) cores Ihatshow poorlyconsolidated
to unconsolidatedred-brownmudoverlyingsalt beds;and(5) folds,collapsechimneys,brecciablankets,
and sinkholeson Permianoutcrops,

A playa, Lake McConnell, overlies an area where about 50 meters (165 feet) ol salt appears to have
been removed. Gustavson et al. ('1980) questionif =herelationshipsare clear in indicatingcause and
eltect between lake and salt dissolution, Other playas do not show any evidence of salt dissolutionin
underlyingformations. ModerncollapseinHall Countyisattributedto salt dissolution,

Collapsechimneysindifferentareas of the Texas panhandlerangein probableage fromlate Cretaceous
to as late as Quaternary. Boundariesare nearly verticalwith slickensides, Beddingmay be vertical,and
brecctasmay be cementedor uncemented. The brecciachimneysare locatedover areas identifiedas
activelyI:)eingdisso_vedor of possiblepaleodissotut_onoi salt (C-,_stavsonet al., 1980),

Dissolutionis c°nsidered also to have caused fracturingof Permian mudstonesand fillingof fractures
withgypsum, Goldsleinand Collins(1984) describein somedetailthe fault andfracturesetsinoutcrops
of Permianformationsoverlyingareas believedto haveundergoneor be subjectto salldissolution.

Gustavson (1986) has re-examined evidence of salt deposition and dissolution in the vicinityof the
Canadian River valley to test the hypothesis that the river developed in response to solution and
collapse, Asevidenceof dissolutionof evaporites,Gustavsonet al. (1980) citethe folk)wing:
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a, "Abrupt" lateral tossof subjacent salt associated with "structuralcollapse"of overlying units
(emphasisadded);

b, Brecctated zones, fractures with stlckensldes, extension fractures filled with gypsum,
Insolubleresiduesof softmudstone,anhydrite,or dolomite overlyingsatt;

¢. Folds, breccia-filled chimneys, andsysiems of gypsum-filledfractures In Permian outcrops
along the CanadianRiver Valley;

d. Sodium chloridebdnes In somewells abovesalt;and

e. HighchlorideInthe CanadianRiver,

Gustavsonconcludesthere 'is strongevidencethat Permian salts formerlyextendedfarther to the north,
northeast,and northwestbeneath the valleyof the Canadian River," Gustavson(1986) concludes also
that a few salt units show lateral facies changes, generally without change in thickness or structural
compliCations.He infersthat dissolutionmay be as earlyas Miocene,

Residues or breccias are reportedby Smith (1972) as textural evidence of more extensive or "mature"
near surfacedissolutionof the Upper Magnesian Limestoneof England. Bedsof the Upper Magnesian
Limestone have variously collapsed or foundered as a consequence of dissolutionct the underlying
anhydritebeds, The originalanhydriteis estimatedat 30 to 60 meters (100 to 200 feet) thickbased on
the insolublecontentof the equivalentanhydrite. The degree of brecciationis highlyvariable, and clasts
may vary from angular to subangular, Smith (1972) attributes the brecclatlon to "a number of rapid
collapsesseparatedby a longperiod of relativestability." In addition,broaderscale founderingoi strata
is interpretedby Smith (1972) to be the resultof gentle and slow sagging,and the process is considered
to cause only slightbrecciatton. Alongwiththis gentle foundering,the Upper Magnesian Limestonein
the area displays"a gentlewarping(notfoundtnbeds underlyingtheevaporites)into innumerabledomes
anclbasinsof up to 10 metres(slc)amplitudeand 25 to 200 metres(sic)diameter,"

3,1.3.3 OtherBrecciaSources

The Bonneterre Dolomite of Late Cambrian age ts a Pb-Zn ore-bearing unit in southeast Missouri
interpretedby Snyder and Odell (1958) to includebrecclasof approximatelysyndeposltlonalorigin, The
brecctaslie laterallyadjacent to carbonatebars or banks andpossible reel deposits, Snyder and Odell
(1958) report that fragments are angular and there Is little evidence of abrasion, The brecctas are
interbeddedwlth undisturbedbeds. Snyder and Odell (1958) believe the breccia bodies moved and
formed duringeady diagenesisand Ilthificatton. A bed on the marginof a carbonatewas sublected to
increasedslope by greater compactionof the basinfacies, A glide plane formsin me,re indurated units
as the unconsolidatedmaterial near the sunace-water interlace higher on the slop begins to move,
More Ilthifledbeds are brecciated, and dta9 folds and thrust faults are created by the slumpingmass.
The glide planesand different brecclatlonstyleswithinthe brecciamasses have been used by Snyder
and Odell (1958) to separate breccia masses intodistinctevents, An individualmass, encounteredin a
core, for example, wouldreveal angularfragmentswithin a matrix, ltis possible the undisturbedunits
wouldalso be properlyinterpreted, Butthe interpretationreachedby Snyder andOdell (1958) wouldnot
havebeen reachedwithoutthe extensivethree-dimensionaldata availablewithinthe Pb-Zn mines,

31.4 DelawareBasin Features

Andersonet al. (1972), in a nowclassicpaper on the laminated CastileFormationof the DelawareBasin,
discussed the relationships between beds of anhydrite breccia and laterally equivatent halite units,
Earlier,Anderson and Ktrkland(1966) and Kirkland and Anderson (1970) reported that short, sP,lected
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thin Intervals of lamlnated couplets from a few cores across the basln showed high correlation
coefficients (r ,,,0,99), They concluded that lhere Is a near one-to-one correspondence of laminae
couplets across the basin, as well as of larger units, nodular zones, and other features, and that lateral
facies changes did not occur, Aroundthe westernmarginof the basin, Andersonel al, (1972) reported ,,
breccia beds In positions stratigraphlcally equivalent to halite units in the central part of the basin,
Andersonet al, (1972) recordedsome detailsof the arrangementsof brecclasInthese beds:

"Beds of laminatedanhydflte as thinas one foot thickwithin halite beds morethan 50 ft (15,2 m)
thick are also present as unbrecclated layers within correlative breccia units, involve
approximatelythe same number of laminae, and maintaintheir identityand remainundisturbed
within overlyingand underlyingbreccia beds despite the removal of salt, The presenceoi thin
anhydflte bedswithin halite members can also be inferred from sonic logs,and these beds can
be correlatedwith brecciazones inthe Universityof New Mexico-Phillipsno, 1 core...."

"The brecciagenerallyconsistsof rectangular-shaped,subangularfragmentsof singlelaminaeor
groupsof laminaeembedded in a matrixof anhydrite,,, The tragments, generally lessthan one
cm in length, occurinvariousorientations, but mostoccur withstratification,lt visible, and long
dimension near the horizontal. Many oi the fragments appear to have been only slightly
dlsptaced,"

"In some of the blanket breccia beds lt is difficult to correlate the upper contact because of
solutioncollapse that resulted in a collapse-type breccta,..conslstlngof larger, more angular
fragments than the blanketsolutionbreccia,and withlittle matrix. Good examples of collapse-
type breccia havebeen observed at the topof the Halite II Member (sic) and inthe upper part of
the AnhydriteIV Member (slc) aboveblanketsolutionbreccia,",

Alongthe eastern marginof the Delaware Basin, Andersonet al, (1972) report the relationshipswithin
haliteof the Union-Unlverstty'37" core:

"The WinklerCountycore, however,revealed that thin anhydritebeds of only a few decimeters
thick withinmoremassivehaliteunitsmaintainedtheirpositionand characterafter halitesolution,
This fact (slc), and the observation that I_lngleanhydrite laminae, once separated by several
centimetersof halite,were sometimeslittledisturbedupon solution,showedthat the withdrawal
of halitewas a yew gentle process,"

Anderson el at. (1972) consider dissolution most likelyto have taken place after Saladotime. Both in
Anderson et al. (1972) and Anderson et al, (1978), geophysical logs were used in conjunctionwith core
to conclude that dissolutioncaused thickhaliteto thin laterallybrecciabeds, lt was concludedthat each
of the halite unitsis representedbya brecciabed.

Anderson et al, (1978) used genetic rather than descriptive terms to recognize two different types of
breccias within the breccia beds: dissolution brecctas and collapse breccias. Within "dissolution"
brecclas, Anderson el al, (1978) describe texturessimilarto those described above, having fragments
orientedgenerallyparallelto bedding in unitsabove and below, In addition,they also report that some
fragments"arequite small (lessthan 0,5 cm), rounded, and suspended in randomorientationswithin a
matrix that comprises more than half the volume of material." The matrix is an impure anhydrite.
Anderson el al, (1978) reportthat the "dissolution"breccias may be as much as a few tens of feet
(several meters) thick and "areapproximatelyproportionalto the thicknessesoi correlative salt beds."
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These authorse_ttmatethat the ratiosof breccia to salt thicknessIs about ,03 to .05 within the examples
available to them, "Collapse"breccias are angular fragments ofar_ vdrtte often overlying the
"dissolution"brecclas, "The angularfragmentsare fittedtogether In a tight Jt_terlocklngpatternwith little
or no fine-gralnedanhydritematrix, The fragmentsrangein size froma few millimetersto blocks of more
than 30 om, with a definitetendency for fragmentsof similarsize to be foundtogether," These authors
descdbe thistype of brecciaas forming"at apparentlyrandompositionsinoverlyinganhydrite beds" as a
consequenceof dissolutionchambers collapsingresultingin"adiminishingchain reactionabove,"

In additionto the features of the breccia beds, Ancl_,.,'sonet al, (1972, 1978) consider that solutionand
subsldenoe/c01tapsecaused, or is related tc, the Big Sinks dissolutionarea, troughs with Gatuna ,_,c_e
sedimentsat the surface (Maley and Huffington,1953), andbreccia pipes,castlles (Ktrklandand Evans,
1976; Andersonand Ktrkland,1980) andother collapse structures(Vine, 1960, 1963; Bachman, 1987a0
1987b).

Andersonetal,(1978),aswellasAnderson(1978),attrlbutedlssolutlonaroundthemarginsolthebasin
toprobableeffectsofcontactwlththeCapltanreef,Andersonetal,(1978)aresomewhat vagueaboul
thegeneralprocessofdlssolutlon,referrlngtoan advancingfrontInthesubsurface,probablypreceded
bycavernsand tunnelsattheleadlngedge developingan unevenfront.They alsoattrlbulepartofthe
dlssoluflontobrecclaplpesand othercollapsestructures.Anderson(1978)and AndersonandKirkland
(1980)describedmore specificrolesforIntrusionofwaterfromtheunderlyingDelawareMountainGroup
throughfractures,resultingIncollapsestructuresorbrecclaplpes.Andersonelal,(1978)suggestsome
blocksand fragmentsmay have moved laterallyIntovoldsbetweenseparatedhorizontallaminaeof
anhydrite,and thatfluidsorslurriesmay havehelpedmove brecclatedrock,

More recently,Robinsonand Powers(1987)reporta fan-shaped"breccia"unitIntheCastilenearthe
westernmarginoftheDelawareBasinasa gravlty-drlvenclastlcdeposit.Multlplecoresfroma relatively
smallarearevealbeddinginclastunlts,gradedclasts,clastsInan anhydritematrixorcement,and
Intermittentnormallaminatedbedsslmllarlothosedescribedby Andersonetal.(1972)0Robinsonand
Powers(1987) interpretthis unitas a Permian-agegravity-drivenclastlc unit, not as a dissolution breccia,
The clastic unit is tn the stratigraphic position of halite I and the equivalent "dissolution" breccias
interpretedby Andersonet al. (1978). These interpretationsare in conflict,thoughthey are not mutually
exclusive.

In many publications (e.g., Jones et al., 1973), the Rustler and upper Salado have been described as
having undergonedissolution,resultingin complicatedsurflcialfeatures. However, specific features of
the breccia beds or residueshave not generallybeen presented until recently (Holt and Powers, 1988).
Basicdata reports for WIPP boreholes variously descdbe material attributed to "dissolutionresidue".
Lambert (1983) relates several features to dissolutionor hydration in the vicinity of Nash Draw; he
Indicatesthat geophysicallogsignaturesinthe area of Nash Draw may be guidesto unitsthat have been
partiallydissolved.

Core from the Permian in CulbersonCounty,Texas, is describedby Eager (1983) as exhibiting breccia
withinparts of the Rustlerand Salado Formations,but no detailsare givenof the natureof the brecciaor
extent. Natural gamma ray and neutron logs accompanying the lithologic log do not indicate any
signaturesdiagnosticof the breccia,and Eager (1983) did not report any difficulties fn reconstructingthe
stratigraphicsequencewithinthecores.
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3.1.5 DissolutionFeaturesIn The RusllerFormationInThe VicinityOf The WIPP

Several authors (e.g., Bachman, 1984) have reviewed surficial features, especially in Nash Draw,
i,'_dicatingdissolutionwithin the Rustler or upper Salado Formationsin the vicinityof the WiPP site.
Within some reports of the geology of WIPP boreholes (e.g. Jones, 1981), various lithoiogiesand/or
features have been reported as dissolutionresidues, breccias,cavesor voids,or cave fillings. Each of
those reports of features or inferences regarding dissolutionwill not be reviewed. Holt and Powers
(1£,88)re-examined and redescribedthe core fromthe Rustlerfrom each WIPP boreholeand reported
manyfeaturesof sedimentologicalsignificance.Withinthissection are reportedfJaturesfrom the WIPP
boreholesthat are interpretedas due to dissolution. Holt and Powers (1984, 1986a, 1987, 1988) noted
thatthey didnot observefeatureswithinshaftsand manycoresthat they interpretedas dissolution.

3.1.5.1 Brecciation

The most conclusive and pervasive evidence of dissolutionhaving affected a lithified Rustler is the
presence of brecciated, mixed lithologies. Holt and Powers (1988) observed such breccias in the
followingboreholes:

WIPP.13, WIPP-25, WIPP-26, WIPP-27, WIPP-28, WIPP-29, WIPP-30, WIPP-32, WIPP-33,
H-11.

Theextent of brecciationvaries fromborehole to borehole, but in each case is known to include more
than a small or or isolated zone within the borehole. These breccias are similar to those described
previouslyfrom the MissionCanyon,forexample, in that clastsare generallyquite angular, thoughthey
may vary in size. These brecciasin somecoresdisplaythe upwarddecreasingextentof brecciationalso
describedfrom the MissionCanyon(e.g. Middleton, 1961) and other evaporite solutionzones. Asthe
various boreholes were differentially affected by dissolution of the upper Salado. A conspicuous
exception is apparent in WIPP-13, where the brecciation noted throughthe Tamarisk Member is not
necessarilyrelatedto removalof upper Salado halite. The upper Tamariskanhydrite (A3) is extended
considerably in thickness over the normal thickness of this unit. Changes in dip and
fracturing/brecciationnoted in thisunitaccountfor thisthicknesschange,and it is only marginallyaltered
bygypsification.

AdjacentboreholesWIPP-29 and WIPP-32 showtwo importanteffectsrelatedto dissoluton. Withinthe
lowerunnamedmember,WIPP-32, inparticular,displaysbrecciatedsmearedclast texturesin zonesthat
laterallyhave halite (Holt and Powers, 1988). Much of the lowerunnamed member in thisborehole is
brecciated,but breccia is superimposedon the smearer:,clast texture. This reveals thai the natitein the
lower member was dissolved essentially syndepos_tionally,while the brecciated texture is post-
lithification. The brecciated textureis clearlyconsistentwith late removalof salt from the Salado which
affectedmuchof the overlyingunits(the upper portionsof the Rustlerhave been removedby erosion).
Thetexturesin WIPP-29 are similar,but seem muchreduced. Thoughthismay partiallybe due to locally
varyingprocessesof dissolution,Holtand Powers(1988) attributedmostof thevariationto the difference
in core diameter between the two boreholes, lt was easier to detect and interpret the textures in the
largerWIPP-32 core.

The amount of brecciation appears to be about 1 to 2 times the amountof halite dissolved (Holt and
Powers, 1988). For each 0.3 meter (1 foot)of Salado halite removed,0.3 to 0.6 meter (1 to 2 feet) of the
overlyingRustlerwas brecciated. Lowerlimitsonthis apparentrelationshipare not known. Forexample,
P=_rker(1967) providesdata on the thicknessof removed salt, but the logs do noi reveal the extent oi
brecciationarcsthe removalmayhavebeen early enoughnot to havecausedbreccias.



There existswithinone WIPP shaft, and possiblywithin some core material, rare and isolated slightly
brecciatedareas. These areas, as in the Culebra inthe exhaust shaft (Holt and Powers, 1986a), r,Jve
throughgoing stratificationunderlying and overlying rh._,3recciated area. There is no justificationtor
interpretingthese as evidenceof broaderdis: _lution,altl-._.ughinthe case of the Culebra, extremely local
solutionof carbonatemay have caused sucha leature(Holt and Powers, 1988).

As described by McKnight and Fischer (1970), incompetent beds between stronger units can be
brecciated by tectonic events. They described plucking of blocks from an overlying chert by a less
coml:>etentcarbonate. Withinthe Rustler,it is quitepossiblethat somebreccia, local in extent could be
attributed to this mechanism as the contrastincompetence is largefor severalbeds. As Mca'"_ghtand
Fischer(1970) point out, the movement on adjacentbeds may be very littleto produc_ these leatures.
From shaft mapping, slickensides and minordeformation may be consistent with a small amount oi
lateral movement taken up by incompetent beds. Though it seems likely that some breccia (or
deformation)may be formed in such a manner, nonehas been uniquely attributedto the process (Holt
and Powers, 1988). lt may only be possible to do sowhere '.heaffected unitsare exposed alongdrifts,
as inthe MississippiValley-typelead-zincdepositsexamined by McKnightand Fischer(1970).

3.1.5.2 Caves and Cave Fillinqs

The only knowncavernous porosity encounteredin drilling the Rustler near the site was in WIPP-33
(Sandia National Laboratories and U.S. Geological Survey, 1980). There, drilling, logs and downhole
televisionscanningOernonstratedfluid-filled(at the time of drilling)cavernousporositywithinthe Magenta
of undetermined lateral dimensions. Bachman (1980) attributes th=sporosity to dissolution along the
marginof Nash Draw. II is clear that cavernousporosityalso is prominentwithin Nasn Draw as part of
karst-formingprocesses(Bacnrnan,1980, 1985).

Ferrall and Gibbons (1980) attribute the laminatedclaystonesfound abovethe Culebra in WIPP-19 to
fillingof cavemo; s porosity. This claystone,ooserved closelyin the WIPP shafts, is considered to be
partially algal in ,._iginand is believed to be ubiauitous(Holt and Powers, 1988). The lack of a lower
Tamariskanhydritecleady led Ferrall and Gibbons g80) to consider that dissolutionhad destroyedthat
bed, and that a bedded claystone must therefo _ have formed in cavernous porosity during this
dissolutionevent. Holt and Powers(1988) demonstratedthe del:x>sitionaloriginof the claystone,whichis
present even below the lower Tamarisk anhydrite. The anhydrite at WIPP-19 was eroded
syndepositionallyandthe eroded area wasfilledwith smeared intraclasts,Cave fillingsfoundelsewhere
sometimes exhibitbedded clastics, but the morecommon characteristicattrilr:._tedto cave fillingsis the
piledto floatingslablikecollapseblockspiled oneon anotheror floating in a matrix. More imporl_ntly,on
a broader scale, caves and cave fillingsare likelyto show an uppercontact that is well defined and ar
irregulartowerboundary. None of the featuresdescribed in Holtand Powers(1988) r.3pear likelyto be a
cave filling.

3.1.5.3 F...rracture._____ss

Much of the Rustler and the overlyingDewey Lake is extensively fractured, with many of the fractures
filledwith fibrousgypsum. These fracturesare dissimilarto fracturingassociatedwith solutioncollapse
(e.g..Middleton,1961). Solutioncollapse brecctasverticallydecrease ctast separationto give way to a
series of fraclures, hairline fractures and cracks, 3nalthen undisturbed beds. Within WIPP cores and
shafts, fracture.¢are commonly, but not exclusively, horizontal. They occur in intervals that are not
continuous,and the intervals persist throughthe DeweyLake. There is nogeneral relationshipof WIPP
fracturing to dissolutionat the site area, thoughspecific areas of Rustler and/or Salado dissolution n_ar
the site (see also Section 4) have apparently generated additional fracturing in the Culebra Dolomite

Member of the Rustler. O

=
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Snyder (1985) interprets the Rustler in sharp contrast to Holt and Powers (1988). Snyder (1985)
interpretsthe thicknessdifferencesin halite-bearingmembers of the Rustleras due to loss of halite by
post-Permiandissolution.Snyder (1985) interpretsincreasedthicknessof sulfatesas the consequence
of the volume increasewhen anhydriteis convened togypsum. Later discussionsof the dissolutionfront
at the WIPP sitewillhighlightthiscontrastinginterpretation.

3.1.6 Discussionof LiteratureReview

The literaturereveals severalcommon pointsand areas. Various authorsclearlydifferentiatebetween
those solutionevents that occur from the surtace downward,either at or near the surface, and those
events which took place after some amount of burial and which begin at the soluble bed. These
concepts have been paralleledby the discussionof dissolutionin southeasternNew Mexico,where a
dichotomyhas beefi constructedbetween"deepdissolution"and near-surface(generallyrelatedto karst
processes)dissolution, lt is not possible to assignspecificdepthsto these phenomena,for the various
authorsappear to have different,sometimesunspecified,criteria for deep and near-surlace. However,
the two end membersof a probablegeneralcontinuumcan bedifferentiatedas follows:

Surficial to near-surtaceprocessesshowclear and relativelydirect connectionto meteoric water
sources from the surface downward, withsolublematerialdissolvingas meteoricwater passes
through.

• "Deep dissolution" shows an indirect connection to meteoric water with dissolution initially
generallyconfined stratigraphicallyand not immediatelyaffecting the superjacentrocksexceptby
brittledeformationas a consequencemass lossfrom the affectedbed.

These two kinds of processes, inthe reviewedliterature, resultin grosslydifferentfeatures as they are
preserved in the geological record. Near-surface, karst-related processes will result in a sequence of
brecciatedmaterialwith sharp boundariesat the upper surface(Figure3.1-2a) as depositioncoverskarst
and ends the process. The lower extent of dissolutionmay be controlled at a water table or at some
chemical boundary, but, unless the dissolutionproceedsto a very mature stage, the lowerboundary is
likely to be poorly defined andirregular. By dissolvinga bed buried to somedepth, a lowerboundarywill
usually be muchsharper, defined by an insolubleor much less solubleunderlying rock, The breccia is
likelyto be morecontinuouslaterally,and brecciationwillpropagateupwardto a variabledistance(Figure
3.1-2b) in responseto the removal of soluble rock. The upward boundary willgenerally, inthis process,
be more diffuse and undefinable, unless so much material is removed that fracturing propagates
uniformlyto the sudace, lt shouldstillbe expected, however,that the brecciation, as describedwell by
Middleton (1961) and others, will decrease upward as the fractures become hairline cracks lo
microcracksand may disappear.

The time of dissolutioncan be well-defined in some cases, lt is clear lhal there are rocks in which
dissolutionhasoccurred,but inwhichthe processhas longceased to operate. Landes el al. (1945) and
Parker (1967) provide twodifferingkindsof evidenceof dissolution episodes fromthe geologicpast The
criteria bywhich these authors decided the issue are that deposits overlying a surface that had been
brecciated were unaffected and that compensation in the form of deposition had taken piace by a
particular point in geologic time. Present day geomorphic and seclimentologicadjustments may not
easily be interpreted to determine if dissolutionis contributingto the adjustmentor not. lt may be in a
developmental stage or have been completed without a unique stage being assignable. Gustavson
(1986) and other authors describing the Palo Duro Basinhave compiledcriteria they believe indicate
continuing dissolution. Among these criteria, local subsidence and water carrying a large chloride
contentare the clearest,mosteasilyacceptedevidenceof continuingdissolution.
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A particular problem not commonly addressed yet, is assessing the effects and extent of early or
synsedimentary dissolution. Among the papers surveyed, lew consider e; 'y or synsedimentary
dissolutionof evaporites. Of these, Powers and Hassinger (1985) relatesynse_imentarydissolutionin
one horizonfromthe Salado as exposedin workingsat the WIPP site. Hovorka (1983a, 1983b, 1983c,
1987) providesevidence of synsedimentary dissolutionof halite to produce disturbed textures within
parts of the San Andres Formation of the Palo Duro Basin. Holt and Powers (1988) relate textural
featuresand beddingin coresand shaftsto synsedimentaryremovalof halitefrom rather largetractsof
Rustlerfacies. This directlyconflictswithimplied andstated opinionsthat these dissolutionresiduesare
muchmore recent. Of the papersknown to considerdissolutionof these most soluble of rocks, only
these present significant evidence of synsedimentary dissolution (other papers consider mainly
microscopicevidence of very minorremoval;e.g., Schreiberand Schreiber, 1977). Lowenstein(1988)
proposesthat earlydiagenesiscementsand plugshaliteunitsbeforethe sedimentis burieddeeperthan
several meters (a few tens of feet). Knownearly dissolutionfeatures are observationaflyrelated to the
sedimentationsurface,consistentwiththeproposalby Lowenstein(1988).

The extent of dissolutionhas been assessedlargely by extrapolationfrom areaswith evaporitesto areas
withouteval:>odtesor with a decreased section. Parker (1967) presents an early example based nearly
exclusivelyon geophysicallog interpretations.This approach,supplementedby some core information,
was alsoused by Andersonet al. (1972, 1978) and byotherauthorsattemptingto understandthe extent
and nature of dissolution in the Delaware Basin. This practice is usually iustified on the basis that
underlying and overlying units are laterally extensive from areas with salt to areas without salt; it is
believedthat lateral facieschangeswithinsalt beds didnot occurover shortdistanceseither. Gustavson
(1986), Andersonet al. (1972, 1978), andParker (1967) clearlyfollowthis lineof reasoning. Andersonet
al. (1972) utilized the correlationof limitedsequencesof anhydrite/carbonatecoupletswithinthe Castile
to bolstertheir belief that sulfaticand chloridebeds extended virtuallyfrom sideto side of tl_eDelaware
Basin. This providesa conservative,upper limitto the extent of saltdissolutionwithinthe basin, lt is also
clear, however,that withinsalt pan environments(Lowensteinand Hardie, 1985) lateral facies changes
may occur over rather short distances,enhanced by the depositionalchanges that bringclasticsto the
margins and remove soluble materials. In addition, as water evaporates _:_m basins, the brine is
restrictedto well-definedareas, again resultingin lateralfacieschanges over s_=ortdistances. Withinthe
Rustler Formation(Holt and Powers, 1988), and in the San Andres (Hovorka,1983b, 1987), significant
changes in environmentsand/or relativese_ !_vel may occurrapidly,coveringan area with a carbonate
from much higher and fresher water. These units may extend laterally far beyond the extent of a
previoussaline pan, and they shouldnot be considereddirect evidenceof the extent of the mostsaline
facies (Holt and Powers, 1988). As in some previoustypes of evidence, the extent of evaporiteswill
haveto be evaluated basinbybasinand case bycase.

The rate at which evaporites dissolveis not easy to evaluate. The criteria and examples providedby
Parker (1967) may be as clear as any. In the Williston Basin, sedimentary units which adjust to
dissolutionhave lower and upper boundswell defined ingeologictime. The adjustmentwithinpartsof
the Frybergfield of North Dakotaclearlytookpiace duringthe latestJurassic,boundedbythe deposition
of the Swift Formation. Approximately30 meters (100 feet) of compensatingsedimentswere deposited
within a few millionyears. Within the Delaware Basin, differentauthorshave attributed d=ssolutionto
widely varying lengths of time as far back as Permian. Significantamountsof evaporites have been
considereddissolvedeven as eady as the time of the end of Castiledeposition(Andersonet al., 1972:
Bachman,1974, 1976, 1980; Joneset al., 1973). In contrast,Anderson(1978, 1982) and Andersonand
Kirkland(1980) attributemost dissolutionto Cenozoic or later Cenozoictime. The specificinformation
and basisfor estimatingratesof dissolutk:)nat Nash Draw and nearthe WIPP site willbe coveredin later
sections(3.2, 3.3, 3.4).
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The formswhichthe dissolutionresidues take are oftenconsidered rate-dependent. Evaporlte solution
and subsidence/collapsecreate brecciaand brecclation, However,severalauthors(e.g., Andersonel al.,
1972) Interpretdissolutionto occursograduallyundersomecircumstancesthat thin, laminatedanhydrite
beds withinhalitebedsmay be undisturbedwhile largevolumesandpercentages of halite are removed.
At the same time breccias are formed aroundthe undisturbedthin anhydrite beds. This hypothesis
seems internally inconsistent;even ff lt does occur, it willtake place very gradually, itwouldbe very slow
even inrelationto the lifetimeof a repository.

lt is appropriate to comment on the scale of events and processes that may be said to Involve the
dissolutionof rockmaterials, Withinthe sedimentarysequence, severaltypes of processes,sometimes
given vadous names, may Involvesmallor large amountsof dissolvedrockswith transportdistancesof
solutesrangingfrom micronsto kilometers. Pressuresolutionfromgrain-graincontactand the creation
or destructionof porosityis near one end of this scale. Hardly any sedimentary rockis free from the
minute effects of diagenesis, including for somethe effects of weathering immediately following
deposition. These well-known,if impedectlyunderstood,phenomenaare not reviewedhere, though their
effectsare seen in the Rustler(Holtand Powers,1988) and the Salado,

There is an Important distinction in timing for the processes normally attributed to dissolution. In
publishedstudiesof dissolutionof the Rustlerand otherevaporitesin the DelawareBasin,dissolutionis a
term usedfor processesoccurringlong after thedepositionof the affectedunits. The term isused in the
same sense here. The Rustler, however, displaysvery early, synsedtmentarysolutionof evaporites,
occurringbeforeburialandlithification. Inthat sense,depositionincludesthe early removalot evaporites
from some of the same unitsinterpretedby othersas dissolutionresidueswhere saltwas removed long
after burialand Itthification,Synsedimentarydissolutionis distinguishedfrom late-stagedissolutionin this
section by callingii earlyor synsedlmentarydissolution. Suchsynsedimentaryfeatures andprocesses
clearlyare associatedwiththe sedimentaryhistoryof the units, differentiatingthem as wellbecausethey
may be eliminatedfromthecalculationsof theconsequencesof dissolutionaffectingthe WIPP at some
futuretime.

The general featuresthat are most widelyacceptedas evidenceof later dissolutionatdepth are angular
brecciasthat have propagatedupward but withdiminishingstrain. These have lowerboundsthat locally
are well defined. Early synsedlmentarydissolutionor dissolutionbefore subsequentburial reveals an
upper boundary that !s strattform. These relationships have been applied to the physical features
apparent in cores, shafts, and geophysical logs from the Rustler Formation in the most recent
interpretationto suggestthat the Rustler has undergonelittle post-depositional dissolution. Additional
features in the Castile Formationalso suggest that halite was not deposited as widely as originally
thoughtor was destroyedduringdeposition oi sulfateclasticunits. These studies are more limiting on
the overallvolumeof halitepreviouslyconsideredto be dissolvedfromthese lormation,and they provide
more marginover the already conservativeestimatesof ratesof dissolulion. The Salado has not been
similarly studied, and the limits to halite are taken as principallydue to dissolutionin the absence of
positiveinformationindicatingotherwise.

3.2 NASH DRAW FEATURES

Bachman (e.g., 1980, 1981, 1984, 1985, 1987b) hasworked extensively inNash Draw and its vicinity
(Figure 3.2-1). He has describedthe solution-relatedfeatures and interpretedthe likely effects at the
WIPP site. Other reports on aspects of Nash Draw geology in¢'ludeVine (1963), Jones et al. (1973),
Snyder(1985), and Holt andPowers, (1988). Lambert (1983) reviewed dissolutionprocessesingeneral

=
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for the Delaware Basin and included some analysis of the Nash Draw features and mode of origin,
These are the principal sources about dlssolutlon-related leatures, though many olher reports include
relateddata,

Nash Draw is mainly underlain by various units of the Rustler formation, Around the edges of Nash
Draw, the Dewey Lake and the Gatuna Formations form most of Ltvlngston and Quahada Ridges, The
solution features in Nash Draw are developed malnly tn and on the Rustler, but the underlying upper
Salado has also been partially dissolved, with collapse leatures propagating upward to disrupt the
Rustler,

The math surficial solutlon features In Nash Draw are sinkholes and caves (Bachman, 1985). These are
developed in sulfate beds of the Tamarisk and Forty-niner Members of the Rustler Formation and some
are clearly active, Depressionsand closed contours on topographic maps may mark former sinkholes,
Bachman (1980, 1985) reportssurftcialgypsite along the eastern side of Nash Draw that he interprets as
spring deposits. Bachman (1980) relates the gypslte to a sudlctal sink, about 1,5 mi east of Livingston
Ridge, that was drilled (WlPP-33). WIPP-33 shows cavernous porosity in the upper Rustler, Bachman
(1980) proposes that sulfate was dissolved in the upper Rustler, was transported to springs just west oi
Livingston Ridge, and then was deposited on the surface. Around the edges oi Nash Draw, where
younger roci s are exposed, dipping and brecciated beds show that collapse is more recent and has
affectedthese areas duringor sincethe Pleistocene.

In Nash Draw, there are also karst domes (see Bachman, 1980 and the review in Section 3,1.3,1).
WIPP-29 was drilledto investigatea karstdome, revealingthat the upperSalado was partially dissolved
and the Rustlerbrecctatedas a consequence, At the north endof Nasll Draw, two breccia pipes (domal
structuresat the surfacewith a cylindricalcore that has collapsedto the depthof the Capitan reef) occur
(Snyderand Gard, 1982), but theyare only partiallyrelatedto the processesthat formed Nash Draw (see
Section3.3). The upper Salado has also been significantlydissolvedto create Nash Draw. Bachman
(1980) believes Nash Draw developedby solutionand erosion,followingthe processdescribedby Lee
(1925), The processof dissolvingtheupper Salado (and Rustler)fromthe upper part downwardas well
as laterally has also been called "subrosion"(e.g. Jones et al,, 1973). The upper part of the Salado is
generally believed to be dissolving from the top downward as some torm ot dissolution wedge or
"dissolutionfront"migrates laterallyfrom Nash Draw to the easttowardor perhapsover pad of the WIPP
site. The Nash Draw area has been extensively drilled for potash exploration, and U.S. Geological
Survey geologists have drawn upon this restricted data base for much of their interpretation of the
processes(Jones et al. 1973; Snyder, 1985). These data in Nash Draw and along the LivingstonRidge
area have also been interpretedto suggest rates of dissolutionand rates of advance of the "dissolution
front" toward or over the WIPP site.

There are some separate lines of evidence that have been used to construct estimates of the rate of
dissolution in and around Nash Draw. Jones et al. (1973) discuss geological reasoning about rates,
while Bachman et al. (1973) include calculations of rates based on solutes delivered to the Pecos River
from this area. Lines of evidence come both from the surface and subsurface, and the assumptions that
affect these estimates are not always explicit. To estimate the amount of dissolution that has occurred,
the original volume of rock must be estimated, lt Is seldom stated, but invariably implicitly assumed, that
the strata of the Salado (and also the Rustler) were deposited continuously and with little or no change in
thickness across the northern Delaware Basin. If an interval Is 30 meters (100 feet) thick in the thicker
parts of the formation in the eastern part of the basin, then it Is assumed to have been 30 meters (100
feet) thick In the Nash Draw area. This may be a reasonable assumption for the upper Salado (see
Section 7.2), the,._ghdirect textural data have not been developed to examine alternatives. The Rustler
Formation has been re-examined (Holt and Powers, 1988), and significant lateral changes in thicknessoi
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several membersis interpretedto be dueto depositionand synsedimentarydissolutionrather than more
recent dissolution, Evidence from mapping in shafts and textures in cores were important in this
interpretation,Other recent interpretationsof the Rustler(e,g, Snyder, 1985) depend almost exclusively
on thicknessdifferencesand changes in lithologybased on geophysicallog interpretations,Dissolution

' will be estimatedto occur at a conservativelylarge rate li unitsare assumed to have no originallateral
change in thicknessor mineralogy, No investigatorto date has assumedthat the thicknessoi any unit
was greater in the Nash Draw to WIPP site area than in thicker parts of the Delaware Basin. The rates
may be unrealistic,however,and Holt el al, (1989)(see also Section 7,2) reexaminedupperSaladodata
to try to place more realistic limits on the deposltlonal thicknesses of certain intervals of the upper
Salado.

Bachman et al. (1973) estimated that salt was removed from the upper Salado at a rate oi about 0,1
meter/1,000 years (0.5 foot/1,000 years), This estimatewas providedby Swenson(in Bachman et al,
1973) by calculatingthe salt dischargeintothe Pecos Riverand attributingit to dissolutionover an area
includingNash Draw, Bachman el al, (1973) alsocalculateda lateral rate of advance of the "dissolution
front"based on the assumptionthat the Salado Formationextended west to the Capitanreel at the end
of the Ogallala, Bachman (1980) considersthis to be a conservative overestimateof the rate, as he
points out the evidence for earlier opportunitiesand episodes of dissolution from Permian through
Ogallata deposition. Bachman (1974) foundthat the upper Salado near the center of Nash Draw was
about 100 meters(330 feet) thinnerthan the same section at LivingstonRidge. The groundsurtace in
Nash Draw at this location is only about 55 meters (180 feet) below the projected surface between
Livingstonand QuahadaRidges (Figure3.2-2). Bachmanattributedthe 55 meter (180 foot)differenceto
dissolutionsince the Mescalerocaliche began to form, at that time estimatedto be about 600,000 years
ago, By this means, Bachman (1974) obtained the estimated average verticaldissolutionrate of 0,1
meter/1000 years (.33 foot/1000 years). Bachman (1974, 1980) has pointed out that the rockshave
apparently been subject to dissolution many times in their history, providing additional times for
dissolutionof the remaining46 meters (150 feel) missingin the section. Joneset al. (1973) providedan
estimateoi the time requiredto dissolveto the MB128-133 intervalover an area whichincludesthe WiPP
site (Figure3.2-3). The reasoning behindthe estimatesis not explicit,but it appearsto be a combination
of lateral and verticalrates providedin Bachmanet al. (1973) and Bachman (1974), The time for the
"subrosionedge" to reachan area is accordingto the lateral rate, and the time to dissolvethe thickness
of salt is given bythe vertical rate of dissolution. Joneset al, (1973) translate the rates=anddistances
into the period of time requiredto reachand dissolveto that depth. They providedthese estimatesto
help siteselectionand explorationprogramsfor theprojectwhichprecededthe WIPP.

Some investigatorssuggestthat the dissolutionfronthas alreadyimpinged on portionsof the WIPP site,
Beauheim (1987) presenteda map (Figure 3.2-4) which Combinesdata and interpretationsof the areas
where halite is absent in the Rustler members and the apparent edge of attack by dissolutionon the
Salado. The Salado interpretationis based partly on restricteddata from potashdrillinghe_dinfiles by
the U.S. Geok:>gicalSurvey,and cannotbe directlyreviewedhere. A slightlydifferentinterpretationof the
upperSaladohasbeen presentedin Section7,2, andthe data are open forinspection.

The point at whichthe Salado begins to abnormallythin is in the vlcinilyof the northwestcorner of the
WIPP site. An isopachmap of the intervalbetweenMB103 andthe top of Salado(Figure 7.2-13) shows
that the Saladoisgenerallythinningfroma depocentersoutheastof the siteto thicknessesof al)out55 to
58 meters(180-190 feet) at the WIPP site, In the nortl'P.,vestcorner, some values are about 52 meters
(170 feet), Slightlyto the westof the site boundary,thicknessesdecrease sharplyto valueslessthan 46
meters(150 feet) thick, These abruptchangesinthicknessare aroundLivingstonRidgeand the edge of
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Nash Draw, Some cores of the Rustler reveal brecclated textures, Indicating halite was apparently
removed after these rocks Ilthtlted, The rocks are Interpreted to be at least partly cllssolvedfrom the
upper Salado, in contrast to the interpretatlon of the margin of halite In the Rustler by Holt and Powers
(1988) but consistentwith the interpretationby Snyder (1985)0

7qe data available for the northwest comer of the WIPP site are equivocal, If dissolution has removed
some upper Salado halite from this area, the thlckness removed appears to be no more than about 3
meters (10 feet).

',,

These are the antecedents to the present discussionabout dissolution at Nash Draw and in the vicinity of
the WIPP stte. The principal changes over the Intervening tt, ._have been the modest increase in the
number of boreholes available to assess tna thickness of the, _per Salado and Rustler Formations and
tna Rustler study which concluded that much of the Rustler did not retain salt through deposition. Thus
the estimates of dlssolutlon, which are already considered conservative overestimates, are apparently
even more conservative overestimates. Ali of these estimates are orders of magnitude beyond the
period of regulatory concern.

The main alternative viewpoint has been provided by Anderson (1978, 1981, 1982), as reviewed
extensively in the introduction (Section 3.1) anti also by Lambert (19831, Anderson (1978, 1981,1982)
proposed that about 50 percent of the halite in the combined evaporit_ action has been dissolved since
late Cenozoic. Anderson (1978) recognized difficulties in projecting rates of dissolution, as differing
climatic conditionsmay Increase or decrease the short-term (geologically) rates. The trnpltclt assumption
in these calculatlons isthat the Castile, Salaclo, and Rustler Formations were deposited uniformly across
the basin and survived until late Cenozoic. Both of these assumptions appear wrong for at least the
Castile and Rustler (e.g Bachman, 1980; Robinson and Powers, 1987; Holt and Powers, 1988), and the
estimates again are conservative. Lambert (1983) extensively reviewed Anderson's (1978) proposals
and concluded that the main mechanism hypothesized to remove salt was not sufficient for the scale of
solution proposed.

3.3 DEEP-SEATED DISSOLUTION

The concepts of "deep" dissolution were reviewed in the Introduction (Section 3.1). Within the Delaware
Basin, "deep" dissolution usually means dissolution caused by water from the Bell Canyon Formation,
underlying the Castile, or dissolution which may be taking place well within the body of evaporites from
fluids which migrated downdip through the evaporite section. Anderson (1978) and Anderson and
Klrkland (1980) and Davies (1983) proposed that water from the Bell Canyon could migrate through
fractures in the lower Castile lo dissolve halite in the evaporlte section. This process would mainly
produce localized dissolution with thinning evaporites and local depresslons. Brecciated chimney-like
topographic features, often called "sastiles," were considered examples oi this process, as were a
number of features Bachman (1980) later described as karst mounds and karst domes (see Section 3.1)
produced by near-sudace dissolution. In the northern Delaware Basin, the only known examples oi
deep-seated dissolution are the breccia pipes described originally by Vine (1960, 1963) and more
recently by Snyder and Gard (1982). Four domal structures at the north end of Nash Draw were
extensively investigatedduring early stages of the WIPP studiesbecause there was concern these types
of structures might occur at or near the site and permtt radionuclides to escape the site. Two of the
domal structures were drilled and tested. Snyder and Card (1982) conclude trial the structures are
generally cylindrical and propagated upward through the evaporite section after collapse of solution
cavities in the underlying rockswhich include the Capltan reef, The surface expression is domat because
later dissolution tn the Rustler or upper Salado lowered the topography around the more structurally
resistant breccia in the pipe (Bachman, 1980, 1987a). No similar structure has been round elsewhere in
the northern Delaware Basin. The last drillhola to investigate a structure proposed as an example of
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deep dissolution (Davies, 1983) was DOE-2 (Figure 3,3-1), The structuraldepression on Salado rnarker
beds was underlain bythicker Salado units and the Castile is missinga bed of halite at that location,
Bores (1987) and Merger (1987) attribute the oonllguratlonto struoturaldeformation(see Seotlon 7,3),
notdissolution.

Deep dissolutiontsprobablyeffective Inthe southernpartof the Delaware Basin, In CulbersonCounty,
Texas, Smith (1978) hypothesizesthat hydrocarbons,at least, fromthe Bell Canyon migrated upward
intothe Castile Formationand were utilized bybacteda lo producenative sulfurdeposits, Faults Inthe
area are believedto be the pathway, Wateror brinecouldalsomovethroughsucha system,

,Atthis time, there no real evidenceto suggestthatdeep-seateddissolutionfromthe Bell Canyonis likely
to ocour under the WIPP site. A furtherfaator is that the brinesin the formation have littlepotentialfor
dissolvingfurther halite (see also Lambert, 1983), There are some suggestedfault patterns in the Bell
Canyon in the vicinityof the WIPP site (Boms et al., 1983), but notone has been demonstratedto exist
or to be related to loss of salt In the section, Brine density flows were hypothesized to drive deep
dissolution(Anderson,1978; Anderson and Kirkland,1980), but thismechanismappears inadequate to
dissolvethe volumeot saltallegedlyremoved(Woodet al., 1982; Lambert,1983).

3,4 LOCAL AND REG,IONAL FEATURES

Some of the local to regional features have already been discussedin other sections. Nash Draw and
the Rustler-Saladodissolutionfrontwas discussedin Section 3.2, Breccia pipes,as examplesoi deep-
seated dissolution,were described briefly in Section 3.3. The principal remainingknowndissolution
features are the Big Sinksarea about 32 kilometers (20 miles)southo! the WIPP site and San Simon
Swale and Sink about 32 kilometers (20 miles) east of the WIPP site (Figure 3,2-1), Many other
Individualteatures havebeen proposedas evidenceof dissolution,but most are very localizedand have
been treated in different documents(e.g. Lambert, 1983; Bornset al,, 1983; Holt and Powers, 1988:
Lappln, 1988).

BigSinks is interpretedas a karst area (Bachman,1985). The area has been littleinvestigated. Holt et
al. (1989) suggest that the upper Salado is being attacked along a zone throughthe Big Sinks area,
Collapseassociatedwith solutionmay be providingthe permeabilitylo create karst features, Big Sinks
are mainlyof interestin howthey relateto thishypothesis,

San Simon Swale and San Simon Sink have been suggested as subsidence features related to
dissolution(Anderson, 1978) and as a breccia pipe (Bachman, !980). The low point in the Sink was
drilled (Sandia National Laboratoriesand Universityoi New Mexico, 1979), and the underlying rocks
appear partially collapsed. San Simon Sink area may stillbe active, as there is historic evidence of
faulttngand subsidence. San Simon Sink andSwale are of general interestIn interpretingthe geologic
historyof the area, but they do notappear to have any significantdirect effectson the WIPP duringany'
periodof regulatoryconcern,

Lambert (1983) and Bachman(1984) reviewinformationon the Balmorhea-LovingTrough (Figure 3.4-I)
located southof the WIPP site and trending north-southacrossthe state llne with Texas. Bing Sinks
partiallyovedles this trough. More than 300 meters (I ,000 feet) of sedimentsof uncertainage fill this
trough. Maley and Hufflngton(1953) attributed the thicknessol fill to solutionol the undedylnghalite,
The fill inthis troughrepresentsa possiblefuturepath forgroundwatermigrationifthe Rustlerflowpathis
alteredmore towardthe southandsoutheast fromthe sitedue to solutionol the upperSalado salt (Holt
et al., 1989).
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3.5 IMPACT OF CLIMATECHANGE IN DISSOLUTION

Over the pedod of regulatory concern, there is only one part of climatic change that would appear to have
any chance of affecting waste isolation: increased rainfall. Other climatic changes, such as a change in
temperature, or even a return to glaciation, would have no effects during thi_ period. The rocks are
relatively thermally massive, and the geothermal gradient overwhelming,to produce effects below a few
tens of meters from surface temperature changes. Glaciation is unlikely to reach these latitudes and
elevations,as there is no evidence whatsoever of glaciation in the WIPP site area during the Pleistocene.
A drier climate than Dresently exists would increase eolian activity, but there is no potential for wind
erosion to remove a significant amount of the cover over the repository. Along with increased raintall,
some additional changes in rainfall chemistry might occur that would increase or decrease the rate of
dissolution.

lt is most reasonable to expect that the climatic changes which occurred during the Pleistocene
encompass the expectable ranges of rainfall that might occur during the next 10,000 years. This is
approximately the period since the Wisconsinan pluvial, and rainfall has probably generally decreased in
southeastern New Mexico during that time. The geologic record for the Pleistocene and Recent in
southeastern New Mexico is modest, and it does not ahNaysyield details that can be interpreted in terms
of rainfall. Of the geologic record over that time, some bounds on the probable ranges of rainfall can be
suggested on the basis of the sedimentologic record of fcheGatuna Formation and the preserved
Mescalerocaliche.

The Gatuna Formation was described and interpreted by Bachman (1980) to help reconstruct the
geologic history of the Pecos valley. Holt et al. (1989) have extensively described the Gatuna from
Gatuna Canyonarea to PierceCanyon. The Gatuna wasprincipallydepositedfrom fluvialenvironments,
but there are also debrisflow depositsand gypsumdepositsthat can bothbe indicatorsof semi-arid to
arid climates. To counter these environmentalindicators,channelsare often filled with conglomerates
that includeclasts apparentlytransportedabout 160 kilometers(100 miles),which is the distanceof the
nearest knownsource. These depositscertainly indicaterelativelyhighvelocity flows inthe channels,
but are not uniquely indicatorsof very wet climates. 'Thus,the recordfrom the Gatuna Formation is
mixed and not very diagnostic of any particular climatic conditions. Gypsum growth textures indicate that
the soil profiles were not generally flushed with meteoric water. Carbonate soil horizons are lacking, but
these can also be due to limited exposure at the surface. The lack of well-developed soil profiles in
general is consistent with short exposure times, as these deposits were very clearly exposed to
weathering processes.

The best indicator of the climatic conditions is the Mescalero caliche. In general, these carbonate soil
profilesdevelop in warm semiadd climatic conditions. If there is too little rain, carbonate is not mobilized
in the vadose zone and reprecipitated to form the structures of a caliche. If there is too much rain, the
carbonate will begin to dissolve,and it will be totally destroyed if climatic conditions become wet over too
long a period of time. Between these extremes, caliche may be partially dissolved and be relithified
during briefer wet climatic conditions. The Mescalero caliche has been partially brecciated and
recemented,recordingat least one interludeof wetterclimaticconditions.

The ;imitsto rainfall that form and preserve caliche are not very precise. Under modern conditions,
calicheappearto be stablewithinthe rangeof about 10to 66 centimeters(4 to 26 inches) of rainfall per
year. Lessrainfallmaypermit eolianactivityto destroyitand morerainfallwilldissolveit. The Mescalero
wouldappear to attest to initial conditionswithin that range, a limitedperiod of greater rainfall, and a
consequent period, lasting to the present, of rainfall within the stability range of caliche. As the
Mescalero caliche is reported to be about 500,000 years old on the basis of uranium disequilibrium
techniques(Bachman, 1980), these would appear to be the general conditionsduring the latter part of
thn Plni._tn¢._.n_.
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The Bednosoil ovedlesmuchof the Mescalerocalicheinthe site area. In addition,stabilizedduneswith
.. clay-richlower zones are present. Caliche has locally been dissolved,usually surroundingpresent or

formerrootzones ot plants suchas thecreoeote bushwhereconditionsare more acidic. Thesedeposits
and featuresare generallyconsistentwith the idea thatthe _mate has not becomemuchwetter than the
callche stabilityrange for a'signlflcantperiod of time since the Bedrid soil began to formon top of the
caliche.

Duringthe Wisconsinan,the localarea was apparentlywet enoughthat San Simon Sink had a standing
body of water. Above the present floor of the sink, calcareous sediments include a microflora and
mtcrofaunathat areaquatic (Sandia NationalLaboratoriesand Universityof New Mexico, 1979). These
sedimentsare greater than 20,000 years oldby radiocarbondating. These deposits probably indicate
welter conditions that presentlyoccur, but there is also the possibilitythat subsudace drainage has
increased,causingthe sinkto remaincityor verytemporarilyflooded.

Geochemical studies of the groundwater and rocks around the WIPP site have not yielded direct
information about the amount of rainfall during the Pleistocene and Recent climates. One piece of
informationis consistentwithincreasedWisconslnan ralrffall,but does not uniquely indicateit. Lambert
(1987) reportsthatthe interpretableradiocarbonageson fluidsfrom the Rustlerand DeweyLake indicate
that some of the fluidswere isolatedfrom atmosphericradiocarbonat least 12,000 to 16,000 years ago.
Lambert (1987) concludes that the clustered ages may represent some type of recharge event. This
period of time is, in general, consideredto be wetter in NorthAmerica,and the data are consistentwith
increasedprecipitation.

Bachman(1980, 1985) has interpretedgypsitedepositsin Nash Drawas representingspringdepositsin
a karsl terrain. He also suggeststhat these depositsare notbeingadded lo by spring activity,andthat
the system existed dudng a wetter climatethan currentlyexists inthe area. A somewhat contradictory
date of about 25,000 years hasbeen placedon thesedepositson the basis of uraniumdisequilibriumof
the gypsite (Bachman, 1980). Bones within the gypslte yield a much older date from uranium
disequilibrium,andthe differenceshave not been reconciled.

Van Devender (1980) studiedpackratmiddensnorthwestof Cartsbadand founda juniper.oakcommunily
represented about 10,000 years ago where desert scrubcommunities now exist. The change in flora
indicatesa wetterclimateat thal timethan is nowpresent.

Since the time the Mescalero calichebegan to form about500,000 years ago, there would appearto be
at least two wetter I_rlods. The firstwetter period interruptedcaliche formationsomewhat,but did not
totally destroy it. During somewhatdrier period later, the callchewas recemented. In addition,there
appears to be clear evidence from the pack rat middens of a wetter climate about 10,000 years ago.
That wetter periodmightbe extendedbackto about20,000 to 25,000 years ii the gypsiteandSan Simon
Sink represent wetter climate. There are no data in the interval. These are also consistentwith the
apparent recharge episode indicatedby the clusterof radk)carbondates (Lambert, 1987). More than
300,000 years are not knownto be directlyrepresented inthe rockrecord between the gypsiteand San
SimonSink andthe mucholderBerinosoil.

Inferences on the basis of lack of evidence are always exceedingly weak. The interval between the
gypsiteandthe Berino sobmustnot be representedbycSmaticextremes,as the general NorthAmerican
climatic regimeduring thisperiod is moderately wellknown. Excessive rainfallwould most likelyhave
destroyed the Berino and Mescalero or produceda very deep soil profile. The climate probablytended
mbre toward the arid range because the soil profile does not seem to have been active during this
intervalor the uraniumdisequilibriumwouldindicatemore recentages. In addition, the soilprofileis not
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very deep, and this is consistent with more arid conditions and little infiltration. Infiltration did not
generally penetrate the Mescalero callche, or it should represent ages similar to the Bet: ,o. Overall,
climatic conditionsat the WIPP area do not appearto have greatly exceeded the stability ot the caliche
for long periodsof time as lt has not been deeply burieclenough to escape that attack.

Certainly an increase in rainfall and rechargewill increasethe removal of soluble parts of the surficialand
near-surface evaporites. There is nospecificinformationon the absolute amounts by which rainfall may
have changed over the last 10,000 years or longer. The dilemma is most easily resolved by examining
the general ev,dence low'rates of dissolution. As a consequence, the time period incorporates climatic
changes of the type and magnitude that could reasonably be expected during the next 10,000 years.
Extrapolating these dissolution effects indicates the WIPP site will not be significantly affected during
such a period of time. The amount of dissolutionthat has occurred over several hundred thousand years
can be compressed into the next 10,000 years without threat to the WIPP. Though it is not possible to
predict the actual climatic changes nor the amount of recharge and dissolution, the bounds of dissolution
that can be expected are very acceptable.

The flow characteristicsof the Culebra and other units overlying soluble units may, however, be affected
by dissolution.

3.6 BRINE POCKETS IN THE SALADO FORMATION

Griswold (1977) and Mercer (1987) have reported and summarized the available information about gas
and the few discrete brine "pockets" in the Salado of the northern Delaware Basin. In studies for the
WIPP, brine usually occurs in relatively small amounts along bedding discontinuities and sulfate units
such as MB 139. The largest known brine "pocket" encountered in the Salado in a potash mine
exceeded about 375 m3 (100,000 gallons) of brine. The average brine "pocket" is reported by Griswold
(1977) to be from about 0.04 to 0.4 cubic meters (10 to 100 gallons). No bdne pockets of this size have
been encountered while mining underground ai the WIPP. Griswold (1977) thought that the brine
pockets are more concentrated in the McNutt potash zone and are less likely to be encountered in the
zones selected for the facility horizon. II is not clear that brine "pockets" encountered in the Salado
Formation have any relationshsp to deformation as is suggested for pressurized brines in the Castile
Formation.

Additional information about Salado hydrology and testing, as well as the pressurized brines in the
Castile Formationcan be found in Section4.0.
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4.0 GROUND WATER HYDROLOGY

This sectionprovides additionaldetail and clartfk:ationof the hydrogeotogyin the vk::lnityof the WIPP,
The WIPP site is located in the northern part of the Delaware Basin, which ts filledwith approximately
73,000 meters (24,000 feet)of Phanerozoicsedimentaw rocks (Hills, 1984)0 At the WiPP site,the upper
12,000 meters (4,000 feet) of sedimentaryrocks containevaporites (Powers,et al,, 1978) (Figure4,0.1),
The nearestmajoracluHerts the CapltanReef, which Is locatedabout 16 kilometers(10 miles)from WiPP
site (Figure4°0-2), The water.bearingzones withinthe rockswhk:hunderlie,host, and ovedtethe WIPP
repositoryhave lowpermeabllitlesand storatlvitlas,are generallyconfined,have high salinltles,and long
ground water residence times, As partof WIPP,site characterization activities, each of the major water-
bearing zones has been characterized, Several ongoingstudiescontinueto supplement data and refine
the understandingof the hydrogeoiogicsystem.

The followingparagraphsprovidea summaryof theinformationpresented inthissection,

Section 4.1 describesthe Bell CanyonFormation,which isthe first water-bearlngunitbelowthe evaporlte
sequence in which the WIPP is located, The hydrologyof the Bell Canyon Formation is considered
important inthe performance of the WIPP for two reasons: (1) it is potentially a source of water that
could cause dissolutionof the salt in the overlying evaporite sequence, and (2) it could be a sourceoi
water in performance assessment scenario of human intrusion where a borehole penetrates the
repositoryand the Bell Canyon. '

With respect to the dissolution issue, it is concluded that the mechanisms by whichdissolutioncould
occur are not active at the WIPP site, Dissolutionis discussed in greater detail in Section 3,0. With
respect to the borehole penetrationscenario, it is concluded that a downwardflow would be established
as water in an uncased boreholebecame denserdueto saturationwith salt from the Salado and Castile
formations. In thiscase, water from the Bell Canyon would not provide a continuoussupplyof water to
the surface.

The BellCanyon Formationconsistsof five informalmembers. The distributionof hydrologicproperties
within the Bell Canyon has been attributedto the distributionof sandstone, which were deposited in
channel environments. The channel sandstoneshave relativelyhighporosity (20-28 percent) and high
permeability (14-90 millldarcles). The intervening siltstoneand limestoneunitshave lowerporosity(10-
20 percent) and lower permeability (0,1 mtllldarcy), No Bell Canyon channel sandstones have been
identifiedunderthe WIPP site.

Section 4,2 describes the Castile Formation, which is made up oi layers of anhydrite/carbonate and
halite. No regional hydraulic gradient exists within the Castile and the transmlssivity is log low to
measure. There are isolated pressurized brine reservoirs within the Castile Formation. The brine
reservoirs occur exclusively over localized folded and fractured sections oi the Castile Formation, A
portion of a brine reservoirmay underlie the northernportion of the WiPP site, as described in Section
1.1.

The hydrologyof the Salado Formation is described in Section 4,3. Like the Castile Formation, the
Salado Formationconsistsof layersof anhydrite,halite,and clay (Section 7.2 has a detaileddescription
of Salado Formation geology). No regional hydraulic gradient exists within the Salado Formation,
However, a local hydraulicgradient does exist adjacentto the undergroundportion of the WIPP facility,
Excavationof the facilityset up a distinctgradient, the resuNof which Is the occurrenceof brine seeps in
the facility. The permeabilityoi the Salado Formation to liquid is 0.01 to 25 mlcrodarcies and to gas is
0,001 to 0.01 microdarcies. There have been occurrencesof pressurized gas in boreholes and in the
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facilityexcavation, These occurrencesare probablythe resultof gas exsolvlngout of brine tnexcavated
areas,

Two marker beds bound the repositoryhorizon, MB 139 is below the repositoryand has transmisslvlty
on the order of 10-0 square meters/second. MB 138 is above the repository horizon; although no
hydrologic testing has been conducted, due to its location lt is not expected to affect repository
performance, Bothmarker bedsare describedingreaterdetailIn Section7,5.

The Rustler Formation is the first water-bearlng unit above the Salado Formation; lt is described in
Section 4,4, lt consistsof five members, two of which (the Culebra Dolomiteand the Magenta Dolomite)
are producing aquifers. A detailed description of earth member tnGludingfurther classificationof the
stratigraphyand hydrostratlgraphyis providedin Subsections4,4,1 through4,4.5,

In the area surroundingthe WIPP site, the distributionof hydrologicproperties of each memberof the
RustlerFormationappears to followthe same general pattern .- flowtowards the west to southwestand
increase in transmisslvity from east to west. This is Interpreted to be the effect of unloading and
dissolution,bothof whichtend to increase the fracturingof the rock. East and across mostof the WIPP
site, unloading is the primarycause of fracturing. As overburdendecreases to the west, the fracturing
increases, Within zones at the ncrthem and southernmarginsof the WIPP site,dissolutionof the Rustler
increases the degree of fracturing. West and southof the WIPP site, tn Nash Draw, shallowdissolution
of the Salado Formation has caused more extensive fracturing of the Rustler Formation; hence the
pattemof increasingtransmtssivityfrom eastto west,

The Culebra Dolomite Member has a slightlydifferent flow pattern, towardthe south, and a conceptual
hydrogeologicalmodel Is presented in Section 4,4,2.4 to explain the Cutebra hydrologic,geochemical,
and geologic data. This model concludes that the hydrologicconditions withinthe Culebra are a relicof
the Pleistocenehydrologicsystem,

The lowestmember of the RustlerFormatbn is the Unnamed LowerMember. Estimatesof transrnissivity
of this member are 10̀ .3to 10-5 squarefeet/day inthe east and increasestowardthe west up to 5 square
feet/day InNash Draw. Overlying the Unnamed Lower member Is the Culebra Dolomite,
Transmlsstvittesof the Culebra vary over sixorders of magnitude from0.004 squarefeet/day in the east
to 103 square feet per day to the west In Nash Draw. Estimates of ground water travel time for
undisturbedCulebra flowfrom above the waste emplacementpanels to the southernWIPP siteboundary
range from 5,100 to 13,000 years.

The Tamarisk Member overlies the Culebra. lt consists of mudstone and anhydrite, and the
transmissivity is _oolow to measure in most locations, Hydrologictesting in one borehole yielded an
estimate of < 10-0 squarefeet/day. The Magenta Dolomiteovedtesthe Tamarisk Member. Flowin this
unit is west to southwest and transmissivtties increase from east (< 0.1 square feet/day) to west (375
squarefeet per day). The uppermostmember of the RustlerFormationis the Forty Nlner. lt consistsof
anhydrite/gypsum intedayeredwith siltstone/mudstone/claystone.Flow is to the southwest to west and
transmtssivitleshavebeen estimatedat 10-2 to 10-3 squarefeet/day and may be higher towardthe west,
tn Nash Draw.

Sections 4.5 and 4.6 describ_ the formations overlyingthe Rustler Formation. These are the Dewey
Lake Red Beds and the Santa Rosa Formation;neither of these formationsare considered important to
the performance of the WIPP. At the WIPP site, the Dewey Lake is moist and south of the site several
stockwells extract water from the Dewey Lake. The Santa Rosa Formation is rechargedby precipitation
along the eastern marginof the WIPP site, and probablydischargesdownward intothe Dewey Lake Red
Beds.
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4.1 BELL CANYON FORMATION

The Bell CanyonFormationis the uppermost formationin the Delaware MountainGroup (Figure 4.0-1).
The Bell Canyon is subdividedintofive informalmembers: the Hays sandstone,Olds sandstone,Ford
shale, Ramsey sandstone,and Lamar limestone(Figure4.1.1). Individual lenticularsandstoneunitsare
separated laterallyby stratigraphicallyequivalentsiltstonesand shales. The Bell Canyon is considered
importantto the WIPP site characterizationfor two reasons. First,the Bell Canyonhas been suggested
by some authors (e.g., Anderson,1978a, 1981; Davies, 1983a) to be a sourcefor fluidscausinglocalor
point source dissolutionwithin the evaporites of the ovedylngCastile Formation. Second, in evaluating
human intrusion scenarios, the fluid flow directions within the Bell Canyon and the vertical Ilow
relationships between the Bell Canyon and overlying units are important. For repository breach
scenarios, the Bell Canyon is importantas it is the firstregionallycontinuouswater-bearingzone below
the WIPP repositoryhorizon(Lappin,1988).

4.1.1 General Hydrology

The most significant hydrologicunits withinthe Bell Canyonare the channel sandstones. Their porosity
is intergranular and ranges from 20 to 28 percent, while their permeabllitles range from 14 to 90
millidarcies (Berg, 1979). The siltstones and shaley siltstones have porosities rangingfrom 10 to 20
percent and permeabilitiesless than 0.1 rrdllidarcy(Mercer, 1983). Tests conductedduringWIPP site
charactedzationactivitiesSiX,,Nedthe hydraulicconductivitlasof BellCanyonsandstones,siltstones,and
shales to range from 2 x 10-7 to 7 x 10"12 meters/second(m/s) (Mercer, 1983). Mercer (1983) reports
these values to be consistentwith the range of permeability values reported for the Bell Canyon by
variousoilcompanies.

Within the Bell Canyon, the shallowestsignificant hydrologicunit is the Ramsey sandstone,a channel
sand deposit. II is ovedatn by the Lamar limestone, which acts as a confining layer. The Ramsey
consl_lS of laterally and vertically interlayered sandstones, siltstones, and shales deposited as deep-
b_in channelsand relateddeposits (Lapptn, 1988). The mostporousand permeable lithologiesare the
channel sand_lone unitswhich trend roughlynortheast/southwestthroughthe basin (Figure4.1-2).

The Hays Sandstone is the most permeable andtransmissiveunitwithinthe Bell Canyonnear the WIPP
site based on hydrologictesting in two other WIPP wells (Cabin Baby-1 and DOE-2) (Beauheim et al.,
1983; Beauheim, 1986). The Hays sandstone is the deepest of the live intormal members of the Bell
Canyon. Bell Canyon permeabilities were reported by Beauheim et al. (1983) to be 1.7 to 6 x 10-4
millldarcles at Cabin Baby.1 and by Beauheim (1986) to be 2.4 to 8.4 x 10"<_millidarciesat DC)E-2.
Transmissivity values for Cabin Baby-1 and DOE-2 ranged from 6.0 x 10-7 to 5.7 x 10"11 m2/s

(Beauheim et al., 1983; Beauheim, 1986). Wood et al. (1982) estimate that the transmiss!vitiesinthe
Bell Canyon sandstones range from 1.0 x 10-6 to 2.8 x 10-6 m2/s with a maximumvalue o_1.7 x 10 -5
m2/s. This range is roughlyan order O4magnitudegreater_,t_anthe transmissivityin the Hays sandstone
at Cabin Baby.1 and DOE-2 and more than two ordersof magnitude greater than the transmissivitiesof
the Ok:Isand Ramsey members in the same boreholes. This comparison suggeststhat Cabin Baby-1
and DOE-2 do not intersectchannelsandstonesinthe Ramseymember.

A narrow channel sandstone 20 to 40 feet thickoccursin the Ramsey member alongthe eastern margin
of the WIPP site area (Davies, 1983a; Figure4.1-2). As no channelsandstonesare inthis intervalbased
on testing at Cabin Baby-l, which is alon§ the projected trend of the channel, the channel is not
continuoustowardthe southwest. Allhoughthis does not precludethe occurrenceof a Ramsey channel
sandstone acrossthe WIPP site area, it indicatesthat any channel sandstonethat is presentis probably
narrow,similarto the channel sandstone along the easternpartof the WIPP site (Figure4.1-2).
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Mercer (1983) updatedthe equivalentfreshwater potentiometricsurface map of Hiss (1976) to include
data from WIPP boreholes (Figure 4.1-3). The potentiometric contoursgenerally follow the regional
structural trend. Flow direction, interpreted from the potentiometric contour lines, is a general
northeasternflow acrossthe WIPP site area (Figure 4.1-3). Rechargeto the Bell Canyon occursalong
the western marginof the DelawareBasin. The salinityof groundwater withinthe BellCanyon increases
from fresh to very saline (300,000 rng/ITDS) from the rechargearea to the structuraltroughof the basin
(Grauten, 1965; McNeal, 1965), indicatingabundantrock-waterinteraction. The hydraulicconductivityof
the Bell Canyon is several orders of magnitude less thanthe Capitan aquifer;therefore, littledischarge
from the Bell Canyon intothe Capitanaquiferis unlikelyalongthe northeasternpart of the basin (Mercer,
1983).

4.1.2 DissolutionPotential

Some authors (e.g., Anderson,1978a; Davies, 1983a) have suggestedthat the BellCanyon is capableof
providingundersaturated groundwater for local or point-sourcedissolutionwithin the overlyingCastile
evaporites. The mechanism proposed involves: 1)recharge of halite-unsaturated fluids to the Bell
Canyonfrom the Capltan limestone;2) anupward hydraulicgradientcausingmovement of the fluldsinto
the haliteof the CastileFormation,presumablyalongfractures;3) halitedissolutionwithin the Castile;4)
subsidence and disruptionof the Castile and overlyingSalado Formations;5) gravity-drivendownward
flow of halite saturated fluids back into the Bell Canyon along fractures; and 6) removal of the brines
throughthe Bell Canyon. This mechanismrelieson a density-drivenconvectivegroundwater system.

Wood et al. (1982) examinedthe potential for Bell Canyon fluids_odissolveCastile evaporites andthe
impact of this process on the WIPP repository. On the basis of numeflcal modeling,Wood et al. (1982)
concluded that denslty-drivenconvective processesmay only be significantadjacent to the CapitanReef
aquiler and that the general salt removalpotentialby diffusionwould advance a dissolutionfrontby 0.3
centimeter (0.1 inch) in 10,000 years. An order of magnitude increase in flow rate would increase the
dissolutionpotential to 0.4 centimeter (0.1 inch) in 10,000 years (Wood et al., 1982). In a worstcase
scenario,Wood et al. (1982) calculatedthat the theoreticalmaximumcavity radiuswould be 7 meters(23
feet) over a fracture and I meter (3 feet) above a circularporous zone in a period of 10,000 years. In
addition,Lambert (1983) concluded that the Bell Canyon has no modern hydraulic connectionwith a
sourceof hallte-unsaturated fluidsor any effective path for the brines to discharge from the Delaware
Basin. Lambert (1983) interprets long residence times for the fluids and concludes that the fluid
compositionreflects extensiverock-waterinteraction,evolvingisotopic,ally andgeochemically awayfrom
compositionsrepresentativeof meteoricrecharge.

The potential for vertical flow from the Bell Canyon upward into fluid=bearingzones in the Rustler is
importantIn evaluating a human intrusionscenario, via borehole. At the time the Final Environmental
Impact Statement (FEIS) was released (DOE, 1980), minimal hydrologiccharacterization o! the Bell
Canyon had been performed for the WIPP project. The early data indicated that the flow between the
Rustler and Bell Canyon would be upward if the two were ever connected, based on conversion of
measured potentiometriclevelsto equivalentfresh water levels. Mercer (1983) concluded,on the basis
of additional testing, that flow between the two unitswould be downward. A more recent evaluation of
the Bell Canyon by Beauheim (I 986) showed that the hydraulichead relationshipat DOE-2 is conducive
to upward vertical flow from the Bell Canyon to the Culebra in a cased borehole. In an uncased
borehole, the Bell Canyon fluids, whichare undersaturated withrespect to halite, would encounter and
dissolve halite from the Salado Formation, thus increasing the fluid density. When this process is
considered,the increase in fluiddensitywouldtend to lowerthe Bell Canyon hydraulichead, resultingin
downwardflowfrom the Culebra intothe BellCanyon(Lappin,1988).
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4.2 CASTILE FO.RMATION

The CastileFormationdirectlyundedlesthe Salado Formation(Figure4.0-1). ltis an aquitard that forms
a hydrologicbarrierbetweenthe BellCanyonFormationand the SaladoFormation.

4.2.1 General Hydrology

The Castile Formationconsistsof thickunitsof laminated anhydrite/carbonateand halite. The thickness
of the Castile nearthe WiPP site is approximately400 meters (1,200 feet) (Lappln, 1988). In the vicinity
of the WiPP site, it is subdividedintofive informal members: anhydriteI, halite I, anhydrite II, halite II,
and anhydriteIII (Figure4.2-1). The Castile has lowpermeabilitlesandusuallyonly minute quantitiesof
in s_u fluid, characteristic of evaporites. Regional hydraulic gradients do not exist within the Castile
across the Delaware Basin (Lappin, 1988), although localized zones of brine and gas under high
pressurehave been encounteredby several drlllholes intersuctingstructuralfeatures (fracturedareas)
within the Castile. The hydraulk_propertiesof undisturbedCastileanhydrite and halite have not been
determined because the transmissivity is too low to measure with current tust methods. Hydraulic
properties have been estimated from fractured anhydrite brine reservoirs duringtesting of WIPP site
characterizationboreholes,ERDA-6 andWIPP-12 (Poplelakel al., 1983).

Hydraulic connection and circulation of ground water undersaturated with respect to halite yield
dissolutionand subsequent structural collapse within evaporites (Holt and Powers, 1988). These
conditions occur along the western and southern margins of the Delaware Basin, where the Castile
outcropsor is very close to the sudace. However,the Castiledoes not show evidenceof regionaldeep
seated dissolution and collapse in the central and northern parts of the Delaware Basin; therefore,
unsaturatedgroundwater does notcirculateinthe Castile.

Deep-seated point source dissolution of Castile evaporites has been proposed by several authors
includingAnderson(1978, 1981) and Davies (1983). The proposedmechanism (previouslydiscussedin
Section 4.1.2) relies upon the presence of a hydraulicgradient/density-drivenconvectioncell between
Bell Canyon groundwater undersaturatedwith respect to hali',eand Castile evaporites (Lappin, 1988).
Wood et al. (1982) and Lambert (1983), however,demonstratedthatthe Bell Canyonhydrologicsystem
does not supportsuch a mechanism. Additionally,no open fracturesfromthe Castile to the Bell Canyon
havebeen observedin core.

4.2.2 CastileBdne Occurrences

Pressurized brine and gas occur in Castile anhydrite that is fractured andassociated with deformed
zones. Andersonand Powers (1978) report on deformationof parts of the Castile from several areas
within the Delaware Basin buried no more than about 1,200 meters (4,000 feet) deep at present
(Figure 4.2-2). Bornset al. (1983) and Boresand Shaffer (1985) examined deformationin the Castile
nearthe WIPP siteand in largerareas of the basin. Boms and Shafler(1985) concludedthat the Castile
structuresnear the WIPP site and thosedescribedby Anderson and Powers (1978) were due to gravity-
drivensaltflowage/deformation.

Isolated zones of pressurized brine have been encountered in the Castile at several hydrocarbon
explorationand two WIPP (ERDA-6 and WIPP.12) drillholes (Lappin, 1988). The brine is pressurized
andcapable of dischargingat the surfaceunderartesianconditions (Popielaket al., 1983).

As part of WIPP site characterization activities, two brine reservoirs, at ERDA-6 and WIPP-12, were
studied by Popielak et al. (1983). They concluded that the fluidsoriginatedfromancient seawater with
no fluid contributionsfrom present meteoricwaters, based upon analysis of major and minor element
concentrationsin the brines. The gas and brine chemistries are distinctlydifferentfor each reservoir,
indicatingan isolatedand distinctlyseparate originfor each reservoirwith no regional interconnection,
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The brines are saturated, or nearly so, with respect to halite and have little or no halite dissolution
potential. The reservoirsoccurinfracturedanhydrltes. Structuraldeformation,specificallythe creationof
salt-anticlines,fracturedthe brittleanhydriteand created reservoirsfor brine (Figure4.2-3). Most of the
brine is storedin low-permeabilitymtcrofractureswithonlyabout 5 percentof the totalbrine inlarge open
fractures. The volumes of the ERDA-6 and WIPP.12 brine reservoirs are estimated to be 75,000 and
2,000,000 cubic meters (630,000 and 17,000,000 barrels), respectively, Hydraulicgradientswithinthe
reservoirsare higherthan other regionalgroundwater systems,and have been maintainedfor at least a

, millionyears.

Lambert and Carter (1984) provide a different interpretationof the origin of the fluidson the b_._isof
uranlum-disequilibrium methods. They concluded that the brines were not derived from Permian
seawater, but were instead the result of the isolation of waters transmitted to the Castile from the
adjacent Capttan Reef throughan intermittentor episodic hydrologicconnection, Lambert and Carter
i1984) concludethat the isolationtimesfor the Castilebrines at ERDA-6 and WIPP-12 are 360,000 and
880,000 years.

Recent geophysicalstudies relyingon time domain eleczromagnettc(TDEM) methodssuggest that a
portion of the WIPP-12 brine reservoir may underlie the northern and northeastern most waste
emplacementpanels (Figure4.2-4; Earth Technology,1987).

4.3 SALADO FORMATION

The Salado Formationis informallydividedintothree members: an unnamed uppermember, a middle
member, locallydesignatedthe McNutt potashzone, and an unnamed lowermember (Figure4.3-1). The
middleand upperSalado are alsosubdividedon a muchfinerscale basedon laterallyconsistentbeds of
halite, anhydrite,and polyhalitewith varyingamountsof otherpotassium-bearingminerals. About85-90
percentof the Salado is halite(Jones et al., 1973). Beds of anhydriteand polyhalitealternate withthicker
beds of halite throughoutthe Salado Formation. Unlike the Castile, the Salado is not confined to the
Delaware Basin and extendswell beyond the Capitanreef onto the NorthwesternShelf and the Central
Basin Platform. The Salado has been erosionallyremoved and dissolvedby circulatingground waters
along the west and south sides of the Delaware Basin, leaving a horseshoe-shapedrim of brecciated
insolublematerial.

4.3.1 General HydroloQy

Due to the hydraulicpropertiesof the salt and interbeddedsulfates, the Salado isconsidered a regional
aquitard and within most of the Delaware Basin, the Salado acts as a regional barrier to fluid flow
(Lappin, 1988). Regional hydraulic gradients within Salado halites and Interbeds have never been
established. Unlikethe Castile Formation,pressurizedbrine flows of significantsize have never been
encountered during the hydrologictesting of the Salado (Lappin, 1988), although a slow build-up of
pressure has been observed duringthe hydrologictesting of some boreholes (Mercer, 1987). Mercer
(1987) reports a maximum pressure of 3.3 MPa at WIPP-12 and suggests that the pressures are
supportedby a very smallvolumeof brine.

Permeabilities of the Salado range from 0.01 to 25 microdarcies, estimated from hydrologictest data,
although they may be lower because the permeability estimates are constrained by the current test
methods. The most reliable hydrologic data for the Salado results in a permeability value of 0.3
microdarcies,based on t_sts done at DOE-2. In additionto test method limitations,Salado hydrologic
test data collected from the surface may not represent that of intact halite, as each of the zones tested
contaiPsone or more interbedsand hole "aging"may artificiallyincreasepermeability(Mercer, 1987).
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Pressurizedgas hasbeen encounteredwithintheSaladoin surfaceboreholes,localmines,andWIPP"
excavations(Lappin,1988). Mercer(1987)reportsa targegasflowatAEC-8,a surfacedrillhole,of 6 x
10° cubicmeters(2 x 10/ cubicfeet) withno apparentdepletionof thegas reservoir. This inflow
occurredroughlyoneyearafteroriginaldrilling,i:_rsssurizedgashasbeenencounteredinseveralof the
potashminesintheDelawareBasinandalsotnWIPPexcavations.Theoriginofthisgashasnotbeen
firmlyestablished.DealandCase (1987) reporttheoccurrenceof gasexsolvingfromSaladoBrines
collectedintheWIPPunderground.Pressurizedgas hasonlybeenencounteredindisturbedSalado
(e.g., surfaceboreholesandundergroundexcavations);the gasoccurrencesmaybe attributableto
exsolutionof gasesdissolvedintoSaladobrinesduringfluidpressurereliefarounddisturbancessuchas
boreholesandexcavations.

WherehaliteunsaturatedgroundwatershaveactivelycircMlatedthroughtheSalado,dissolutionand
collapsehaveresulted(Holtet al., 1989). Onthebasisofgeophysicallogs,Holtetal. (1989)evaluated
the extent of SaladodissolutionIn the vicinityof the WIPP site (Figure 4.3-2). AlthoughSalado
dissolutionis currentlyactive in Nash Draw and areas adjacentto the Pecos River, mostof the
dissolutionOfSaladomaterialseastof thePecosRiverdevelopedduringtheCenozoicinresponseto
hydraulicgradientsassociatedwiththeAncestralPecosRiver(Holtet al., 1989). Asnowater-bearing
zoneswithintheSaladodisplaya regionalgradient,stratabounddissolutionisnota viabledissolution
mechanismfor theSalado(Holtet al., 1989). Saladodissolutionis inresponseto hydraulicgradients
controlledbysurfacegroundw_terregimes,notregionalconfinedgroundwatersystems(Holtet al.,
1989).

4.3.1 Near-FacllltyHydrolo(]y

The SaladoFormationaroundthe WIPPexcavationsIs hydrologicallyactiveinresponseto pressure
gradientsgeneratedbyexcavation.BrlneInflowintotheUndergrounddriftsand shaftshas beenwell
documented(e.g., Deal andCase, 1987;Holt andPowers,1986, 1989). Brinehasbeen observed
accumulatinginboreholes,as weepson thesurfacesof excavations,andweepingfromanhydriteand
polyhaliteInterbedsinthe air Intakeshaft (DealandCase, 1987; Holtand Powers,1989). In most
boreholes,fluidinflowratesvaryfroma fewhundredthstoa fewtenthsof a literperday(DealandCase,
1987). Brineinfk_wintoboreholesusuallyis minimalfollowingthe Initialdrilling,increasestoa maximum,
andthenslowlydecreaseswithtime(Dealand Case,1987). Downholesgenerallyaccumulatemore
brine(Deal and Case, 1987). Stratlgraphicvariationsinbrineinflowhavebeenreportedby Dealand
Case(1987).

Bredehoeft(1988)suggestedthattheSaladoshouldbeconsidereda saturatedmedia.Stratigraphicand
lateralvariabilitywithinthesaltIs highand currentlyprecludesanydirectinterpretationof thedegreeof
saturationintheSalado. If free-phasegasispresentinthe far-field,the Saladocannotbeconsidereda
trulysaturate_media(Lapptn,1988).

Initialpermeabilitytestingshowsthatfar-field[beyond2 meters(6 feet)]permeabilltiesareverylow,less
thanonemicrodarcy,on thebasisof gaspermeabilitytesting (Stormontet al., 1987). Petersonet al.
(1987) reportedthe resulPsof shut-in,long-termbrineflowtests inhalite8 meters(24 feet) fromthe
excavationandinMB139. _ meters(27 feet)fromtheexcavation.Assumingcompletesaturation,the
far-fieldpermeabilitlesof thehaliteand MB 139are0.001and0.01 microdarcy,respectively(Petersonet
al., 1987). Theal_arentsteady-statepore-pressureswere8.3 MPa forthehaliteand10.8MPaforMB
139 (Petersonet al., 1987). WhereSaledobrinepressurescanbe measured,calculatedheadsindicate
potentialfor flowupwardintothe Rustler(Lappin,1988). Stratlgraphiceffectsandthe influenceof

effectivefracturingonpermeabilityinthefar-fieldhavenotbeenaddressed(Lap_!n,1988).

Generally, permeabilityincreasesaroundthe facilitywithin2 meters(6 fee_)dueto fracturingand
possiblymatrixdilation(Lappin,1988a). Fracturesdevelopparallelto theexcavation,whilelowangle
fracturesforminthecornersof the rooms(DOE, 1988a,Revised1990). Somehighanglefractures
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develop in MB 139 (DOE, 1988a, Revised 1990). The fracture development process is lime and
excavationgeometrydependent(Lapptn,1988).

The brines which inflowintothe WIPP facilityare notdedvedfrom fluidinclusions,but insteadare grain-
boundary fluids with residence times of at least several millionyears (Stein and Krumhansl, 1986).
Geophysical measurements suggest a far-field brine contentof halite to be around two weightpercent
and a near-field bdne contentof approximatelyone weightpement (Reifer, 1987; Hudson,1987).

4.3.2 Marker Bed 139

MB 139 consists of varying amountsof polyhalite, anhydrite,and halite, lt is a regionallypersistentunit
withinthe Saledo. Inthe vicinityof the WIPP facility,it is roughly1 meter (3 feet) thickand lies 1 meter (3
feet) below the facilityhorizon. Investigationo4MB 139 was promptedbythe concernthat the undulatory
surface of the marker bed developed in response to some late-stage stress which might affect the
integrity of the WIPP facility (Lappin, 1988). Studies conducted by Jarolimek et al. (1983) and B0rns
(1985) conclude thai the undulationshad a depositional origin.

Boms (1985) observed subhorizontalfracturespartiallyto whollyfilled with halite in MB 139 (Figure4.3-
3). Borrm(1985) suggested thatthese fractures formedinresponseto unloadingor, less likely,structural
deformation in the Castile Formation. These pre-existing fractures provide planes of weakness which
reactivate in response to near-field stresse_tgenerated by the WIPP excavation. Separations along
these fractures in the floors of WIPP rooms and drifts may be quite large (several centimeters).
Hydrologictesting of MB 139 inone area of the WIPP facilitysuggestedthat separate fracturesystems
exist within the marker bed and yielded transmtsslvityvalues of 1.0 x 10.6 to 2.2 x 10.6 m2/s (Crawley,
1989). Further hydrologictestingii planned.

4.4 RUSTLER FORMATION

The Rustler Formation is the uppermost of three Ochoan evaporite-bearingformations in the Delaware
Basin. The Rustler has been the subjectof extensive characterizationactivitiessince 1972 as itcontains
the most transmissive hydrologicunitsoverlyingthe WIPP facility horizon (as summarized in Powers et
al., 1978; Lappin, 1988). The Rustler has a variable lithology consisting of lnterbedded sulfates,
carbonates, elastics,and halite. The Rustler Formationis subdividedinto four formal members andone
informal member (Figure 4.4-1; Vine, 1963). Within the Rustler, five hydrologic units have been
identified: the unnamed Iower-member/Salado contact area, the Culebra Dolomite Member, the
Tamarisk Member claystone (M-3 of Holt and Powers, 1988), the Magenta Dolomite Member, and the
Forty-Niner Member claystone (M-4 of Holt and Powers, 1988) (Figure 4.4.1). Of the five h;,_mlogic
units, the Culebra is the most transmissive and regionally important unit and has been the focus of
Rustlerhydrologicstudies.

The Rustler varies in thicknessfromtens of feet, where exposed and subjected to solutionanderosion,
to nearly 170 meters (560 feet), in the norlheastem part of the Delaware Basin (Figure 4.4-2) (Holtand
Powers, 1988). The western marginof the Rustier has been removed by erosion. The Rustler cropsout
along the Pecos River Valley,withinNash Draw, and in an arcuatepatternnear the southwesternedge oi
the Delaware Basin. Where the Rustler outcropsor is in the shallowsubsurface, it has been extensively
altered by near-surface ground water systems and karat processes(Holt et al., 1989). Karst processes
do not affect the Rustler acrossthe WIPP site area, although evidence of Rustler karst is abundant in
Nash Draw and along its margins(Bachman, 1987"o;Holt el al., 1989). Rustlerkarst processesrelatedto
Nash Draw occursas fareast as WIPP-33 (Bachman, 1987"o).
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i

4.4.1 Unnamed Lower Member Hydrolo_

The unnamed lower member of the Rustler consists of interbedded siltstone, sandstone, halite, and
anhydrite. Holt and Powers (1988) subdivided the unnamed lower member into several lithostratigraphic
units (Figure 4.4-1). In ascending order, they are: a sulfate unit, bioturbated clastic interval, transitional
sandstone, mudstone/halite 1 (M-I/H-I), anhydrite 1, and mudstone/halite 2 (M-2/H-2). Holt et al. (1989)
recognize two confining beds and two water-producing units within the unnamed lower member.

The sulfate unit at the base of the Rustler is deposittonallymore related lo the Salado Formation than the
Rustler Formation and is underlain by halite and halite-bearing clastic rocks (Holt and Powers, 1988). lt
has been included within the Rustler, as ii is a regionally persistent stratigraphic marker (Holt and
Powers, 1988). Holt et al. (1989) considered this the lowermost confining bed within the Rustler,
although this hydrologic role is mostly due to the presence of low permeability halite in the Salado.
Where dissolution has affected the upper Salado, this stratigraphic unit Is hydrologically compromised
and the lower confining bed for water-bearing unit 1 ts the top of Intact Salado halite (Holt el al., 1989).

Water-producing unit 1 (WPU-1) of Holt et al. (1989) consists of the bloturbated clastic interval, the
transitional sandstone, and includes the M-l/H-1 interval when halite is not present. WPU-1 is confined
by confining bed 2. The bloturbated elastic interval isthe principal water-bearing zone within WPU-1. lt
consists of bioturbated and interbedded siltstoneand sandstone (Holt et al., 1989). The clastio material
within this zone is argillaceous and cemented with halite (Holt and Powers, 1988; Holt el al., 1989). The
transitional sandstone is also cemented with halite and locally sulfate (Holt and Powers, 1988). The M-
1/H-1 interval contains bedded and argillaceous halite with some halitic elastic rocks. Porosity and
permeability in undisrupted sections of these units is caused by dissolution of halite cements, which
creates secondary intergranular pore space(Holt et al., 1989). Dissolution of halite from the upper part
of the Salaclocauses structural collapse of and upward sloping through overlying units (Holt et al., 1989).
Fracture porosity around displaced blocks of collapsed material is developed and the thickness of the
water-bearing zone is increased to include the interval hydraulically connected by fractures (Holt et al.,
1989). Once collapse occurs, the evaporite cements within the collapsed blocks are more readily
accessible to undersaturated circulating ground water (Holt el al., 1989). Hydrologic testing of WPU-1,
where collapse has followed the dissolution of Salado halite, is difficult at best as the borehole may only
effectively intersect a few fractures and the permeability between collapse blocks may be limited by clay
skins developed on the marginsof blocks during the collapse process(Holt et al., 1989).

Holt el al. (1989) summarize the transmissivity values for WPU-1 contained in Mercer (1983) and
Beauheim (1987a). Holt et al. (1989) suggest that the transmissivity values from those locations where
Salado dissolutionandcollapseof overlyingstratahas occurredmay notbe representativeof the entire
WPU-1 intervalthicknessat the tested locations. These data are presentedin Figure4.4-3 and generally
showa transmissivityincrease inthe directionof Nash Draw.

Few measurements have been made of the stabilizedwater level or fluidpressureof WPU-1. Stabilized
water-levels and minimumwater-level elevationsare presented in Figure 4.4-4. Although freshwater
head calculationsare somewhat limitedclueto the qualityof specificgravitymeasurements, estimated
freshwater head values are probably accurate to within 3 meters (10 feet) (Holt et al., 1989). The
freshwaterheads inthosewellscompletedwithinthe collapse materialassociatedwith Salado dissolution
do not appear to be significantlydifferent than the hydraulicheads in wells completed in intact Rustler
siltstone, indicating probable good lateral hydraulic connection (Holt el al., 1989). The heads are
consistentwith Mercer's (1983) interpretationthat flowthroughthe Iow-transmissivitysectionsof WPU-1
is generally westerly or southwesterlyacross the WIPP site towards the sink represented by the high
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transmissivities in Nash Draw, while the flow within Nash Draw is generally southwesterly towards
Malaga Bendon the PecosRiver.

• Holt et al. (1989) dividedWPU.1 intothree distincthydrogeologiczones (Figure4.4-5). The firstzone is
characterized by lowpermeabilitles,no Salado dissolution,and intergranularporosityand permeability.
The hydraulic properties of WPU-1 in zone 1 are related to the dissolution of halite cements, and
permeabilitygenerallydecreases towardthe east acrossthe WIPP site area. W_thinZone 2, WPU-1 is
characterizedby permeabilitieshigherthan Zone 1, Saladodissolutionwithvaryingamountsof collapse,
and intergranularporositycoupledwith fractureporosity proportionalto the amount of collapse. Partial
confiningconditions existwithin zone 2, and the zone is not actively tied to the surface ground water
regime as varying amountsof overburdenisolatesWPU-1. Zone 3 is actively recharged bythe surface
ground water system and is confinedto portions of Nash Draw. Limited overburdenis present and the
zone may locally be partlyconfined. Dissolution and collapse are extensive, and evaporite cements
withincollapse blocksare mostlydissolved, lt is expected that the hydraulicpropertiesof WPU-1 have
great lateral and verticalvariabilitydue to the complex natureof collapseand brecciatlon. Part of zone 2
and ali of zone 3 can be consideredwithinLang (1938) bdne aquifer. Modem flowwithinzones 1 and 2
isgenerallywest towardthetransmissivitysinkin Nash Draw, whileflowin zone 3 is southwestalongthe
axis of Nash Draw towardMalaga Bend (Holtet al., 1989).

Confiningbed 2 consistsof the transitionalsandstone,where no dissolutionof evaporite cements has
occurred;the M-1/H.1 interval,where halite is present as cements and interbeds;and anhydrite1 (Holt et
al., 1989). This confiningunit is most effective across the WIPP site area where no dissolution has
affected the Salado (Figure 4.3-2; Holt et al., 1989). Anhydrite 1 contains halite across much of the
WIPP area and displayssome fractures(Holt and Powers, 1988). Within Nash Draw and otherareas of
extensive dissolutionof Salado evaporites,the halite w_thinA-1 and additionalfracturingdue to collapse
may cause A-1 to be hydraulicallybreached, allowingvertical leakageto 0ccur betweenwater-producing
units 1 and 2.

Mudstone/halite 2 (M-2/H-2) is considered to be part of water-producingunit 2, whichalso includes the
Culebra DolomiteMember,acrossthe WIPP site area (Holtet al., 1989). East of the WIPP site,M-2/H-2
contains halite and is considered to be part of confiningbed 2 (Holt et al., 1989). M-2/H.2 consistsof
in|erbedded sulfaticmudstoneand siltstoneacrossand west of the WIPP area (Holt and Powers, 1988).
lt is probably in direct hydrauliccommunication with the Culebra and acts as a sourceof leakage to the
Culebra during hydrologictests where the hydraulic head of the Culebra is lowered (Holt et al., 1989).
Furtherdiscussionof thisunitis includedinSection 4.4.2.1, Culebra Hydrology.

4.4.2 Culebra DolomiteMember

The Culebra Dolomite Memberof the RustlerFormationisthe most transmissivehydrologicunit overlying
the WiPP facility horizon, lt is considered to be the most important groundwater transportpathway for
radionuclidesthat mayescape from the WIPP repositoryto the accessibleenvironment. In the vicinityof
the WIPP, the Culebra is finelycwstaUine, locallyargillaceousand arenaceous,vuggy dolomiteroughly8
meters (25 feet) thick (Holt and Powers, 1988). lt is the lowermostof two regionallypersistentdolomite
units within the Rustler. The Culebra has been the subject of extensive hydrologictesting which is
summarizedby IVlercer(1983) and Lappin(1988). Variousgeochemicalstudiesof Culebragroundwater
have been performed (e.g., Siegel et al., 1989; Holt et al., 1989), and the Culebra geology has been
extensivelycharacterized (e.g., Holt and Powers, 1988; Holtet al., 1989).
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4.4,2.1 C,ulebraH,F:lmlo_

e The Culebra and Mo2/H-2 (the uppermost mudstone/halite bearing unit within the unnamed lowermember) collectivelymake up Water-ProducingUnit 2 (WPU.2) of Holt et al, (1989), although M-2/H-2
doesserve to confine the Culebra (Figure4.4-1). The Culebrais the mosthydraulicallysignificantportion
of WPU-2. M-2/H-2 providessome leakage intothe Culebra duringpumping tests (Beauheim, 1987a)
and is therefore considered part of WPU-2 (Holt et al., 1989). WPU-2 is confinedby anhydritesin the
unnamedlowermemberand the Tamadsk Member, A-2 and A-3of Holt et al. (1989). Within Nash Draw
and adjacent to Nash Draw, evaporite dissolution may have decreased the effectiveness of the
anhydrltesas confiningbeds.

In most WIPP wells completed to the Culebra, water levels in 60 wells at 41 drilling-pad locations
currently(;.¢once were completedto the Culebra havebeen measuredon a regular basis sincethewells
were constructed (Holt et al., 1989), Culebra water levels at and around the WIPP site have been
affected, however, by continuousdrainage intoone or more WIPP shafts since the constructionof the
exploratoryshaft (now the construction and salt handling shaft) inJate 1981, as well as by numerous
pumpingtestsandwater-qualitysamplingexercisesconducted since1980 (Lappin,1988).

LaVenue et al. (1988) performeda thorough reviewof Culebra water-level data, borehole-fluiddensity
data and WIPP-related hydraulicstrosseF;,and derivedestimatesof the undisturbedfreshwaterheadsat
31 welll_. These estimates are showncontouredon Figure 4.4-6. Flowdirectionspresented by Crawley
(1988) and in Lappin(1988) indicatea general southerlyflowdirectionacross the WIPP site area (Figure
4.4-6). Davies (1989) and Crawley(1988) suggest that flowdirectionssouthof the WIPP site may have
a largereasterly, down-dipcomponentthan is predictedconsideringonly freshwaterhea(_s.

Thetransmlssivityof the Culebra acrossthe WIPP region varies by six ordersof magnitude(Figure4.4-
7). These variations have been attributed to varying degrees of fracturing within the Culebra. In the
vicinity of the WIPP, the Culebra has been tested in41 locations,includingthe combinedtestingof the
WIPP project and Project Gnome (Holt et al., 1989). The highesttransmissivlty value reported for the
Culebra is 1,25 x 10_ ftCldayat WIPP-26 withinNesh Draw._The lowestvalue reported is <0.004 ft2/day
at P-18. Wttem Culebra transmlssivltiss are less than 1 ft21clay,the Culebra behaves as _ngle.porosity
mediumduring;_rr_ng and slugtests (Holt et al., 1989). Where transmissivltiss are between 1 and at
least 100 rP/day, the Culebrabehaves as a doubie-per0sitymedium, with a matrix and fracture porosity
set(Holt et al., 1989). Where the Cuisbra transmlssivltyexceeds100 It¢/clay,doubie-perositybehavioris
less apparent (Holt et al., 1989). LaVenue et al. (1988) calculatedCulebra transmissivitiesacrossthe
WIPP site area based uponsteady-Mate calibration against an estimate of the pre-shaftdistributionof
fresh-water equivalent heads. A contour map of these transmissivitles is presented in Figure 4.4-7,
Aside from the apparent increase of transmissivltytoward Nash Draw, several other relationshipsare
important. Transmissivitiesare relatively highin a wide region southof the WIPP site and east of Nash
Draw. A high transmissivity"finger"penetratesthe southern borderof the WIPP site. Finally, a zone of
highertransmissivityoccursnorthof, but does notpenetrate,the WiPP site area.

4.4.2.2 CulebraGround water Chemistry

The geochemical conditionof Culebra ground watersacrossthe WIPP site regionis extremely variable.
The total dissolved solids (TDS) withinthe Culebra groundwater increases from less than 5,000 mg/I
southwestof the WIPP site to greaterthan 200,000 mg/I northeastof the WIPP site (Figure4.4-8) (Holtet
al., 1989; Siegel et al., 1989).

Culebrawater has been typed bySiegel et al. (1989) and Holt et al. (1989) on the basisof majorelement
concentration (Figure 4.4-9). On the basis of different sample sets and slightlydifferent criteria, both
Siegel at al. (1989) and Holtet al. (1989) reportfour coinciding"typeareas"of Culebrawater (Figure4,4-
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4.4-9). The easternmosttype area of Siegel et al. (1989) and Holt et al. (1989) (Zone A andType Area 1,
respectively) is characterized by highly saline NaCI-rich brines rich in Mg and Ca. Culebra water from
Zone B of Siegel et al. (1989) and Type Area 2 of Holt et al. (1989) is relativelyfresh, with calciumand
sulfate as the dominate solutes. NaCI dominated water of variable compositionsoccupy Zone C and
Type Area 3, withthe salinityof thiswater increasingto the east (Siegel et al., 1989; Holt et al., 1989).
Holt et al. (1989) suggestthat mixingof the highlysaline NaCI brinesin Type Area 2 withthe sulfate-rich
water in Type Area I may havegenerated the Type Area 3 water. Located in the western halfof Nash
Draw, anomalouslyhighsalinitiesandpotassiumcontentscharacledze Zone D andType Area 4 ground
water (Siegel et al., 1989; Holt et al., 1989). The water in Zone D and Type Area 4 are dominated by
effluentfrompotash refiningoperations(Siegelet al., 1989; Holt et al., 1989).

Ramey (1985) noted that modem flow directionswithinthe Culebra do not appear consistentwith the
modernsalinitydistribution.When con;,._redwith fluidflowdirections,the distributionof TDS withinthe
Culebragenerallydecreases inthe directionof flow,which isnot a typicalsteady-stateTDS/groundwater
flow relationship. Isotopic evidence (Lambert and Harvey, 1987), as well as modern Culebra
transmissivityand head distribution,precludemodem verticalr_charge to the Culebra (Lappin,1988), so
modern vertical recharge to the Culebra cannot account for the modern flow/salinity distribution
relationship. One possible mechanism consistentwith the modern flow direction/salinitydistribution
involvespaleofluidflow to the northeast during past rechargefollowed bymodem system drainingand
dischargeto the south(Lambert and I-i_rvey,1987; Holt el al., 1989). This relationshipis consistentwith
Lambert and Harvey's (1987) interpretationof a transient,rather thansteady-state,hydrologicsettingfor
the WIPP area withno activerechargeto the Culebra.

Saturation indices for several evaporlte minerals in Culebra groundwater were calculatedby Holt et al.
(1989), usingthe mineral equilibriumcomputer code EQ3NR (Wolery, 1983) with a Pitzer equation to
calculateactivitycoefficientsfor water with an ionicstrengthgreaterthan 1.0 molal. The saturationindex
of a particularmineral equalszero at saturation,whilepositiveor negativevaluesindicatethat theground
water is above saturation or below saturation, respectively. The saturation indices for gypsum within
Culebra ground water are contoured in Figure 4.4-10 (Holt et al., 1989). Ali of the water is
undersaturatedwith respectto gypsum,althoughthe degree of undersaturationvaries (Holtet al., 1989).
Those values between ±0.1 can be consideredsaturated(Holt et al., 1989). The contourmap ol gypsum
saturationindices in Figure 4.4-10 showsthat the Culebra watersare progressivelymore undersaturated
with respect to gypsumfromeast to west, and a zone of less saturated waterspenetratesthe WIPP area
from the south. The overall trend is similar to the transmissivitydistribution in the Culebra, with the
degree of undersaturationincreasingwithtransmissivlty(Holt et al., 1989).

4.4.2.3 Culebra Hydrogeo!ogy

The Culebra consists of argillaceous and arenaceous dolomite and roughly 8 meters (25 feet)thick
acrossthe WIPP site area (Holt and Powers, 1988). The majorityof the permeabilitywithintheCunebra
is along fractures, and transmiP,sivity appears to be related to degree of fracturing (Holt et al., 1989),
although open ariel sulfate-filled vugs and fractures are locally abundant (Holt and Powers, 1988).
Althoughpresent throughoutthe Culebra section, the large vugsare principallyconcentratedinthe lower
portion of the Culebra (Holt and Powers, 1989). Holt et al. (1989) evaluated the hydrogeologyof the
Culebra and examined the Culebra for depositional and post-depositional controls on its hydrologic
character. The followingis a summaryof theirefforts.

The Culebra was deposited in a really extensive carbonate-richlagoonalenvironmentfollowinga rapid
marinetransgressionover a salt pan/saline mudflatenvironment (Holt and Powers, 1988). As the water-
depth was stableover mostof the WIPP area, the Culebra was uniformlydepositedwith slightincreases
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in thickness in those areaJ;where dissolutionof the underlyingsaltparVsalinemudflatevaporites was
occurring (Holt and Powers, 1988). The lagoonal environment was persistent for ali of Culebra
depositionwith only episodic shoalingcontributingminoramountsof lateral and vertical variability,so
lateral and vertical tnterfingertng of facies did not affect the hydrologic properties of the Culebra.
Slumping of Culebra sedimentsoccurredin responseto compactionof algal laminae, dewatering, and
dissolutionwithinand compactionof theunderlyingsediments. This deformationprovideda verticalto
subverticalfabricfor laterfracturereactivation.

The majority of the Culebra sedimentwas of uniform size, fine-grained carbonate mud, which upon
lithlftcatlonproducedfinelycrystallinedolomiteof lowpermeability.Poorlysorted,often veryfine-grained,
dolomtttc and possibly organic-rich sediment was interbedded with and locally interspersed by
bioturbationand sedimentslumpingthroughoutthe fine-grainedcarbonatemud. This materialprovideda
pathway of higher permeabilityfor circulatingwaters containingsolutes for syndeposittonalgrowth of
displacive sulfate,both anhydriteand gypsum, withinthe soft Culebra sediment. Sulfate nodulesand

• Crystalsgrew more often withinthis poorly sorted material than the uniformly sized carbonate mud.
Followingand dudngthedevelopmentof displacivesulfatenodulesand crystals, most of the tnterparticle
porositywithinthispoorlysorted materialwas filledwithsulfatecement. Dudngeady diagenesis,much if
not all, of the gypsuminthe Culebrawas replacedby anhydrite.

Post-depositional alteration enhanced the hydraulic properties of the Culebra by the dissolution of
dtagenetic pore-fillingmaterials and the creation of new fracture porosity, Many of these processes
occurred synchronously.

e Sulfate pore filling materials are common with the Culebra in the vicinity of the WIPP site. Sulfate(usually gypsum) occursas cements, passive void.fillings,nodules, and incrementalfracture.fillings.
These suffatepore-fillingmaterials generallybecome lesscommon withinthe Culebra fromeast to west
as they have been subject to dissolution. A clear pattem of alteration progressivelyoccurswithinthe
Culebra fromeast to west. Anhydritevugsand crystalsare replacedby gypsum,andgypsumoccursas
incrementalfracturefillingswithinthe Culebradolomite. Furtherwest, ali sulfateconsistsof gypsum,and
gypsum fracture-fillings,cements, and vug-fillingsare partlyto completelydissolved. Continuingwest,

o gypsum is almost totallyremoved, and many of the rugs and vug complexesare collapsed, increasing
local fractureporosity. Inthe westernmostpartof the region,no gypsumoccurs. The areal distributionof
thisrelationship|s best showninFigure4.4-11, a contourmap of the percentageof naturalfracturesfilled
with gypsum. This map, when compared with a contour map of Culebra transmtssivity values
(Figure 4.4-7), showsa clear inverse relationshipbetween the presence of gypsum pore-fillings and
transmissivity.

The majorityof effectiveporositywithinthe Culebra is related to fractures, and the transmissivityvalues
at variouslocationscan be consideredas an indicatorof degree of fracturing. This allowsthe degree of
fracturingto be comparedwithothergeologicinformationon a regionalscale. Significantfracturing,with
respect to fracture flow,withinthe Culebra occurredin response to _qterationsof localstress-fields in
response to differential unloading, dissolution of evaporites from above or below the Culebra, and
dissolutionof large vug-fillingsor fillingswithinzones of rugs in the Cutebra. Stress-fieldsassociated
withregionalorlocal tectonicactivitydo notcause significantfracturingwithinthe Culebra.

Detailed systematicanalysisof fracturingwithinCulebra cores has yielded littleinformationconcerning
the degree of fracturingat the cored location dueto variablecore recoveryand zones of poor recovery.
Culebra descriptionsfrom three shafts atthe WIPP show that the majorityof the fracturesat the WIPP
site are subverticaland occurwithina very vuggyzone near the base of the Culebra (Holt and Powers,
1984, 1986, 1989). These fracturesusuallyextendfromvugto vug (Holtand Powers, 1989). This zone
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can be recognizedwithinCulebracoresas a zone of pooror norecovery. Horizontalfractures,parallelto
bedding planes, occur throughoutthe Culebra in core and the WIPP shafts (Holt and Powers, 1984,
1986, 1988). High-angle subverticalfracturesare commonlyintersectedin core near the upperpart of
the Culebra and may be vertically persistent for several feet. As these nearly vertical fractures are
common, the densityof these fracturesmustbe relativelyhigh,at least locally.

Much of the fracturingwithinthe Culebra in the vicinityof the WIPP site can be attributedto unloading.
An tsopachmap of the Culebraoverburdenis presentedin Figure 4.4-12. lt showsa general decreaseof
overburdenfrom east to west,with theoverburdennorthand southof the WIPP siteslightly lessthan that
across the WIPP site. Culebra transmissivity (Figure 4.4.7) is generally higher where there is less
overburden. As the transmissivitycontoursdo not correlate preciselywith the amount of overburden
present, other mechanismsmustcontribute to the variationsof transmisslvltyand degree of fracturingin
the Culebra acrossthe WIPP area.

Aside from unloading, the mostsignificantcontrolon fracturingwithin the Culebra is the dissolutionof
evaporitesfrom strata above and belowthe Culebra._ Dissolutionof evaporites causes collapseof the
overlyingstrata and stress relief of the underlyingstrata. Bothcollapse and stress relief can cause or
enhance the fracturingwithina brittleunit such as the Culebra. Holt et al. (1989)evaluate the extent of
dissolutionfrom the Saladoand Rustleron *.hebasis of core, shaft,and geophysicallogdata. The results
are shownon Figure 4.4-13. Saladodissolutionaffectsthe area southand west of the WIPP site, while
Rustlerdissolution is concentratedalongthe depositional marginsof halite withinthe Rustler.

The zone of Salado dissolutionoccupiesthe area in and around Nash Draw and a region southof the
WIPP site. The dissolutionoccursat the uppermosthalite withinthe Salado. Salado dissolutionparallels
the courseof the Ancestral Pecos Riverand itsmajortributaries,likeNash Draw. Salado dissolutionwas
hydrologicallyddven by the groundwater systemassociatedwiththe AncestralPecos River and its major
tributaries. This system was most active during the Cenozoic, although dissolution of Salado halite
continuesto occurwithinNash Draw. Culebracore fromthe areas where Salado dissolutionoccursoften i
showsevidenceof fracturingdue to downwardcollapse. Transmissivityvalues fromthese areas are high

'm,"

and reflectincreasedfracturingdue to settlinginresponse to collapse.

Where Saladodissolution occurscloseto ahalite depositionalmarginwithinthe Rustler,the potentialfor
dissolutionof halite withinthe Rustleris high. This increasedRustler dissolutionpotential is because
collapseassociatedwith Salado dissolutiontendsto increasethe verticalhydraulic connectionbetween
Rustler water-bearing zones and the Rustler interval containinghalite. One such zone penetrates the
southernpart of the WIPP site. Featuresattributableto dissolutionof halite and attendant collapseare
found within the interval M-3/H-3 (Holt and Powers, 1988). This zone, although not well defined,
corresponds with the highlytransmissivezone within the Culebra inthe southernpart of the WIPP site.
As dissolutionhas not occurredbelow the Culebra at this location,fracturingwas increased in response
to stress-relieffollowingdissolution.

A potential zone of Rustler dissolution is located at the northwest corner of the WIPP site. Holt and
Powers (1988) observedcollapse featureswithinthe M-3/H-3 intervalat WIPP-13. The collapsefeatures
at WIPP-13 may be due to late-stage dissolutionof a thin outlyingM-3/H-3 halite pan with little or no
direct connection to the main M-3/H-3 halite pan (east of the WIPP site). This zone correspondswith
highCulebratransmissivityvalues.

The easternmostzone of potentialdissolutionwithinthe upperRustlerliesalongthe depositionalmargin
of the H-3 and H-4 and representsthe area in which the halitedisappearsfrom the M-3/H-3 andM-4/H-4
intervals. Eastof the zone halite is present,whilewest of the zone halite does not occur. In the vicinity
of the WIPP site, halitewithinthe M-3/H-3 and M-4/H-4 intervalsdid not survivedepositionandwas not
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present after the deposition of the overlying anhydrites (Holt and Powers, 1988). As no evidence of
dissolutionhas been foundwithinthis zone, this zone of potentialdissolutionrepresents Ihe location
where dissolutionwouldbe foundif itwere present. Althoughlimited,data from hydrologictestingnear
thiszone of potentialdissolutiondo not si;ow the hightransmisslvltyvaluesexpectedfrom an area where
dissolutionhas occurred.

Most of the deep-seated dissolutionof Rustler and Salado evaporites in the vicinityof the WIPP site
occurredin response to the hydrologic regime of the Ancestral Pecos River. Outcrops of Ancestral
Pecos Rivergravels indicatethat the Cenozoicstreamlevelwas at least650 feet higherthanthe present
Pecos Riverand over200 feet higher than the equivalentfreshwaterhead withinthe Culebrae_st of the
WIPP site, where the lowest measured transmlssivtties are found. The Ancestral Pecos hydrologic
system was more than capable of providing recharge to the Rustler and underlying Salado. The
dissolution pattern within the Salado and Rustler near the WIPP site originated in response to this
hydrologicsystem. Dissolutionprogrr.dednorthwardfromthe AncestralPecos system.

The modernPecos River is not hydrologicallycapable of providingrecharge to the Rustler or Salad_
Formationsso the developmentoi this dissolutionpatternis not continuing.FlowdirectionswithinNash
Draw are to the southtowardthe modem Pecos River(Mercer, 1983), and it is suspectedthatflowwithin
the Rustler/Saladoresiduumin the regionof Salado dissolutionsouthof the WIPP site is to the southor
southeast. Modem dissolutionof Salado halite is occurringwithinNash Drawand, possibly,continuingin
the regionof Salado dissolution southof the WIPP site in responseto modernrecharge in and around
Nash Draw. Northwardprogradationof Salado dissolutioncannotcontinuewithout recharge fromthe
south.

The primarycontrolson Culebra transmissivityvariations are unloading,Salado halite dissolution,and
Rustler halite dissolution. The areal distributionof these controls is depicted in Figure4.4-14. East of
and acrossmostoi the WiPP site area, unloadingis the primarycause offracturing withinthe Culebra.
Asoverburdendecreases to the west, the amountof fracturesincrease. Within zones which penetrate
the northern and southern margins of the WIPP site, Rustler dissolution increases the degree of
fracturingwithin the Culebra. Minor amount_oi collapse and stress-reliefdue to Rustler dissolution
enhance the fracturing locally. West and south of the WIPP site, Salado dissolution caused more
extensivefracturingwithinthe Culebraand is the dominantcause of fracturing. Unloadingcauses some
fractures and thedegree of fracturing is related to the amount of unloading. Fracturinctgenerated by
Saladodissolutionstronglyoverprintsfracturingoi differentorigin.

4.4.2.4 CulebraConceptualHydrooeok:xztcalModel

Holt et al. (1989) synthesized hydrologic, geochemical, and geologic data into a+conceptual
hydrogeologlcalmodelof the Culebra. The followingdiscussionis a summaryof theirmodel.

The presenthydrologicconditionswithinthe Culebra are a relicof a previoushydrologicsystem. Modern
flow directionsare not consistent withthe distributionof solutes withinCulebra ground water (Ramey,
1985), andthe Culebra is notactivelybeingrechargedacross the WIPP sitearea (Lambertand Harvey,
1987). Isotope studies of the Culebra ground water near the WIPP site indicate that the water is
intrinsicallyold (Lambert, 1987; Lambert and Carter, 1987). Culebra transmisslvityvaries sixorders oi
magnitude across the WIPP site area (Mercer and Orr, 1979). This variationcan b_ attributed to the
interactionof several processesincludingunloading, Saladodissolution,and localizeddissolutionwithin
the Rustier. These processes,particularlydissolutionof S' adoandpossibly Rustlerhalite,were driven
by the hydrologic regime of the Cenozoic Ancestral Pecos River. As dissolution and unloading
progressed,the higher Rustlertransmissivitiesshiftedto the north andeast.
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In summaw, groundwater from the Ancestral Pecos River hydrologicsystemaccessed, dissolved,and
recharged the Permian evaporites near the WIPP site. Flow through the evaporite section was
dominantly northand east across the WIPP sitearea. Surface runoff increased, and westerly.draining
tributariesprogressivelyremovedoverburden from the evaporite section, includingthe Culebra. Strain
associated with differential unloading providedpathways for ground water into existing gypsum-filled
fracture networksand generated new fractures. Along the marginsof the river, dissolutionof Salado
haliteand subsequentcollapse of the overlyingrocksgenerated additionalfracturesand permeabilityin
the Culebra. Where halitewas dissolvedfrom the Rustler,fractureswere more abundantand contributed
to a higher transmtsslvlty. As the regionalbase-level dropped, flow directionsin the Culebra reversed
and the system began to drain back out toward its original recharge areas, Although permeability
continuesto developwithinthe Culebra, because Culebra groundwater is nearlyali undersaturatedwith
respect to gypsum, it is not likelythat the hydrologicsystem willchange rapidlyacross the WIPP area
withouta significantincreasein regionalbase-level.

Six hydrogeologic zones are present wlthinthe Culebra in the vicinity of the WIPP site. Table 4.4-1
summarizes thecharacteristicsof each zone. The zones were delineated on the basis of transmissivity,
amount of overburden,degree of hydraulicconfinement, presence or absence of gypsum pore.filllngs,
and dissolutionof underlyingSalado halite. The distributionof these zones inthe vicinityof the W_PP
site is shown inFigure 4.4.15, ar¢l they are conceptuallypresentedin cross-section form in Figure4.4-
18. These zones prograded east in response to progressiveunloadingand dissolutiondriven by the
Ancestral Pecos hydrologicsystem. The hydrologicconditionswhichallowedthisprocessto occurin the
Cenozoic are no longeractive.

4.4.3 TamariskMember

The Tamadsk Memberof the RustlerFormation(Figure4.4.1) consistsof a mudstone(M-3/H-3), laterally
equivalent to halite, sandwichedbetween two anhyddtes (A-2 and A-3) (Holt and Powers, 1988). The
anhydriteunits act as confiningbeds (ConfiningBeds 3 and 4 of Holt et al., 1989), while the mudstone
[Water Producing Unit 3 (WPU-3) of Holt et al., 1989] is the least productive of the Rustler water-
producingunits. Halite (H-3) is laterallyequivalentto the mudstoneand becomes the dominantrocktype
inthisstratigraphicpositionalongthe central and southernportionsof the eastern boundaryof the WIPP
site and farther east (Holtand Powers, 1988).

Less is known al:_tqtthe hydraulic properties of the Tamarisk than about those of the other Rustler
members. No hydraulic tests of the Tamarisk anhydrites (A-2 and A-3) have ever been performed
becauseof apparent_0wtransmissivity(Holt et al., 1989). Hydraulictests of the Tamariskclaystonehave
been attemptedat onlyfour locations: H-363 (1984 unpublishedfield notes), DOE-2 (Beauheim, 1986),
H-14 (Beauheim, 1'987a), and H..16 (Beauhetrr:..1987a). Drillstem ahd/or pulse tests failed at ali four
locations,as thetrar_smtssivitieswere apparentlytoo low to measure over a period of several days (Holt
et al., 1989). Based on the interpretationof similartests performed successfullyon the unnamed lower
member at H-16, Beauhelm (1987a) concludedthat the transmissivityof the Tamariskclaystone is likely
10-7 square meters/_ay (10-o squarefooUday)or less. The transmisstvityof the Tamarisk claystone
might be expectfJd to be f',Featerwest of the WIPP site in Nash Draw where dissolution of the upper
Salado and Rustlerhas occurred,but no directmeasurements have been made in this area (Holt et al.,
1989). The transmls_tvittesof theTamarisk anhyddtesin Nash Draw have probablybeen increasedby
dissolutionand substance.induced fracturing(Holtel al., 1989).

No measurementsof the undisturbed hydraulichead withinthe Tamariskclaystonehave ever been made
(Holt et _1., 1989). The same low transmisstvity that prevented successful hydraulic testing of the
Tamarisk at H-3b3, DOE.2, H-14, and H-16 also prevented measurements of hydraulic heads at those
locations(Holt et al., 1989). Fluidpressureshave been measuredwithin the Tamarisk intervalof H-16
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since August 1987 (Stensrudet al., 1988a, 1988b), but pressure stabilizationwas not achieved before
the pressurebeganrespondingto the constructionof the nearbyair intakeshaft.

The Tamariskclaysloneconsistsof mostlymudstoneand claystonewith minoramountsof siltstone(Holt
and Powers, 1988). Gypsumoccurs as fibrousfracturefillings,nodules,anddlsplacivecrystals (Holtand
Powers, 1988). The nodules and dtsplacivecrystalsof gypsum are primary and attest to the lack of

_ circulatingground waters since the Permian (Holtet al., 1989). The fibrousfracture-fillinggypsum may
have developed withoutan external sourceof fluid as the dewateringof the clays withinthe unit could
provide sufficientfluid for the relocationof sulfate (Holt et al., 1989). Holt and Powers (1988) report
collapse of A-3 in core from boreholes H-11 and H-3 and attributethis collapseto dissolutionof small
amounts of halite from this interval. This suggests at least a temporary vertical hydraulicconnection
between the M-3/H-3 interval and other water-bearingunits inthe Rustler(Holt et ai., 1989). The timing
and nature of thispossible connectioncannotbe determinedwiththe limiteddata available (Holt et al.,
1989).

4.4.4 Magenta DolomiteMember

The Magenta Dolomite Member of the Rustler Formationis the uppermost of two regionallypersistent
dolomite units withinthe Rustler (Figure 4.4-I). Holt et al. (1989) include the Magenta within their
hydrostratlgraphicsubdivision of the Rustler as Water Producing Unit 4 (WPU-4). The Magenta is
confinedby A-3 and A-4 of Holt and Powers (1988) whichare equivalentto ConfiningBeds 4 and 5 of
Holt et al. (1989). The Magenta is a fine-grained,gypsiferous,arenaceous dolomite(Holt and Powers,
19es).

Hydraulic teSts have been performedon the Magenta dolomiteat 16 locations(Mercer, 1983; Beauheim,
1986, 1987a). Thetransmlsslvltyvaluesobtainedfrom these tests are shownon Figure4.4-17. Most of
the transmlsslvlty values are less than or equal to 0.1 ft2/day. Higher values of transmissivity, 0.3 and
1.0 ft2/day, are found at H-6a and H-9a, respectively. The two highest values of Magenta transmissivity,
375 and53 ft2/day, are foundin Nash Draw at WIPP-25 and WIPP-27, respectively,where dissolutionof
the upperSaladohas caused collapseand fracturingof the overlyingRustler.

Between 1979 and 1981, stabilized water levels were measured in 13 wells completed to the Magenta
(Richey, 1987b). Figure 4.4-18 shows the elevations of these stabilized water levels, along with
estimated freshwater-head elevations calculatedusing borehole-fluid-denslty (or specific-gravity)data
presented in Mercer et al. (1981), DenneW and Mercer (1982), Mercer (1983), Lambert and Robinson
(1984), Richey (1986, 1987a). The contours of the freshwater heads indicate a southwesterly flow
direction within the Magenta in the northern portion of Nash Draw, and a generally westward flow
directiontowardNash Draw over the restof the region. Includedon Figure 4.4-18 are freshwater heads
estimated frompressuremeasurements made at DOE-2, H-14, and H-16. The pressure measurements
at DOE-2 and H-14 were reported by Beauheim (1986, 1987a) to represent upper bounds on the

- stabilized formation pressures, while the pressure measurement at H-16 reflects drainage from the
Magenta intothe nearby WIPP shaftssince 1981 (Beauhaim, 1987a). With these caveats, the estimated
freshwater heads at DOE-2, H-14, and H-16 are inqualitative agreement withthe pattern of freshwater
headsderived fromthe water-leveldata (Holtet al., 1989).

The Magenta was originallydepositedas clasticgypsumandcarbonate grainsand is characterizedby its
well developed stratification (Holt and Powers, 1988). Upon shallow burial, the gypsum clastic
component was at least partly replaced by anhydriteand sulfate cements developed between clastic
grains, probably as overgrowthson existing sulfate (Holt and Powers, 1988). The anhydrite has since
been replaced by gypsum, and most of the clastictexturewithinthe sulfate componentof the Magenta
has been erased (Holt and Powers, 1988). Porositywithin the Magenta is primarily intergranularand
formed by the dissolution of gypsum (Holt et al., 1989). In those areas which originally contained
abundant clasticgypsum, small open vuge have developed (Holt et al., 1989). Fractureporosity is less
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common andthe fracturesare often filledwith gypsum(Holtet al., 1989), Disruptionand fracturingfrom
unloadingand dissolutionhave apparently been less effective in tile Magenta than the Culebra (Holt et
al., 1989).

,

4.4.5 Forty-Niner Member i

The Forty-Niner Member of the Rustler Formation (Figure 4.4-1) is composed of two anhydrite and/or
gypsumunits (A-.4and A-5 of Holt and Powers, 1988) separatedby;;,siltstone,mudstone,and claystor"_
interbed (M-4). The anhyddte/gypsumunitsact as confiningbeds (ConfiningBeds 5 and 6 of Holt et ai.,
1989), while the claystoneis a water-producingunit (Water ProducingUnit 5 of Holt et al., 1989). Halite
(H-4) is stratigraphtcallyequivalentto M-4 east of the WIPP site(Figure4.4-1).

The claystone water-producingunit (M-4) of the Forty-niner has been hydraulicallytested at only four
locations: DOE-2 (Beauheim, 1986), H-3d (Holt et al., 1989), H-14 (Beauheim, 1987a)., and H-16
(Beauheim, 1987a). Transmlssivitlesreported for the claystoneare 2.5 x 10-3 to 1.1 x 10.2 ft2/day at
DOE-2, 3.0 x 10-2 to 7.1 x 10.2 ft2/day at H-14, and 5.0 x 10--3 to 5.6x 19-3 ft2/day at H-16 (Holt et al.,
1989). As is the case with the other Rustler members, the transmissivityof the Forty-ninerclaystone
might be assumed to be higher west of the WIPP site in Nash Draw as a result of subsidence and
fracturing,but no direct measurements have been made in that area (Holt el aa., 1989). Where the H-4
halite unit is foundwith the M-4 claystone east of the WIPP site, the transmissivityof the claystone is
probablylessthan wherethe haliteis absent (Holtet al., 1989).

The transmissivitiesof the anhydrltesare vep/low and not measurable(Holt et al., 1989). Where present
in Nash Draw, the Forty-Niner anhydritesmay have very hightransmisslvitiesas a result of dissolution
and subsidence-inducedfracturing(Holtel al., 1989).

Measurements of the hydraulichead of the Forty-ninerclaystone have been made at wells H-3d, H-14,
H-16, and DOE-2. Beauheim(1987a) summarizes these observationsand presentsestimatesof static
fluid pressures at the midpoint of the claystone. The measurement from DOE-2 had the greatest
uncertainty. Re-examinationof the originaldata from DOE-2 (Beauheim, 1986) indicatesthat a "static"
pressure 12 psi lowerthan that reported by Beauheim (1987a) probably providesa more accurateupper
bound on the hydraulic head in the Forty-ninermember at that location. Figure 4.4-19 showsthe static
fluid-pressure estimates for the Forty-niner claystone at H-3d, H-14, H-16, and DOE-2 converted to
freshwater heads. Firmconclusionscannotbe drawnfrom sofew data, but the data are not inconsistent
with an assumption of southwesterly to westerly flow towards Nash Draw (Holt et al., 1989). The
relatively low head at H-16 may, as suggested by Beauheim (1987a), be related more to localized
drainage into the WIPP shaftsthanto the undisturbedregionalhead distribution.

The M-4 unit (WPU-5) consists of siltstone, claystone, and locally some sandstone (Holt and Powers,
1988). These clastic materials are cemented with halite (Holt and Powers, 1988; Holt et al., 1989).
PorositywithinM-4 is principallyintergranular,resultingfrom the dissolutionof halitecements(Holt et al.,
1989).

4.4.6 Summary of Hydraulic-HeadRelationships

The hydraulic-head distributionsshownfor the unnamed lower member/upper Salado, Magenta, and
Forty-niner claystone in Figures 4.4-4, 4.4-18 and 4.4-19 ali indicate westerly to southwesterly
components to the ground water flow in those units. In contrast, flow within the more transmissive
Culebra appears to be largely southerly (Figure 4.4-6). These data are consistent with the
paleorecharge/modemdischargehypothesisof Lambert and Harvey (1987).

Vertical gradients withinthe Rustler reflect a rechargedischargecycle and are consistentwith Lambert
and Harvey's (1987) hypothesisof late-Pleistocene rechargeand current discharge (Holt el al., 1989).
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Figure 4.4-20 is a vertical east-west cross-sectk_nthroughthe center of the WIPP site, showlngthe'
directionsof the vertical hydraulicgradientsbetwe,enmembersof the Rustler. Where no dissolutionof
eitherupper Salado or unnamedlowermember haliitehas occurred,from aboutthe west-centralportion
of the WIPP site to the east, hydraulic gradients ilrom the unnamed member and Magenta Indicate

. potentialfluidflowfrom bothabove and belowintoth_ Culebra(Holtet al., 1989). The Culebra,beingthe
mosttransmissivepartof the Rustlerinthisvicinity,cttratnsInternally(i.e., towardsNash Draw)fasterthan
the other water- producingunits,and probablyalso,acts as a drain on the overall system (Holt et al.,
1989). The gradients toward the Culebra do not Imll)ly,however, that significantamountsof vertical
leakagebetween unitsare occurring(Holtet al., 1989)), Rather,thn preservationof highhydraulicheads
In the low-permeabilityMagenta and unnamed ment_er demonstratethe effectivenessof the confining
beds separatingthem from the Culebra (Holt et al., 1989). Davies (!989) reached similarconclusions
based on numericalsimulationsof varioushypotheticaDscenariosinvolvingdrainageof high headsin the
Rustler.

The western portion of the wiPP site appears to be a transition region in which vertical hydraulic
gradientschange (Holt et al., 1989). In the regionwestof the WIPP site,where dissolutionof the upper
Saladohas occurred,the Magenta head decreases untiltheunit dewaters,and gradientsare downward
from the Culebra to the unnamed member/upper Salado (Holt et al., 1989). The increases in the
transmtssivitlesof the unnamedmember/upperSalado, C,olebra,and Magenta caused bythe dissolution
west of the WIPP site appear to allow increased internal,dr;_lnagefromeach of the members to thewest
and southwest (Holt el al., 1989). The combinationof die,solutionof the upper Salado and associated
Rustlersubsidencemay also havefracturedthe Rustler¢o_nflnlngbeds, allowingincreasedflowbetween
Rustlermembers(Holtet al., 1989).

Vertical hydraulic gradientsbetween the Magenta and Forty-niner claystoneare upward inthe central
portion of the WIPP site, based on measurements made in tloles DOE-2, H-3d, H.14, and H-16 (Holt et
al., 1989). The two water-producingunitsare separatedby an effectiveconfiningbed (A.4) inthisregion,
whichItkelypreventssignificantleakage(Holt et al., 1989). "I'Veoriginof the head differencebetweenthe
Magenta and Forty-ninerclaystoneis unclear,but the relativeheads serve to prevent overlyingunitsfrom
recharging the Magenta at the present time (Holt el al., 1.989). No data are available to evaluate
hydraulicgradientsbetween the Magenta and Forty-ninerclay/stonein the region surroundingthe WIPP
site, such as at the J. C. Mills Ranch to the south, where portions of the Dewey Lake Red Beds are
saturated(Mercer, 1983).

Boththe hydraulicgradientswithinand between the Individualwater-produclngunitsof the Rustler are
consistentwith Lambert and Harvey's (1987) hypothesisthat the Rustlerflow systemsare notat steady-
state, but are Instead drainingfollowinga late-Pleistocenerecharge event (Holt et al., 1989). The most
transmissive unit, the Culebra, has drained faster than the other units, leaving it relatively
underpressurized at and east of the WIPP site (Holt et al., 1989). The other Rustler units exhibit
hydraulicgradients towardsthe drainageregion representedby Nash Draw (Holt et al., 1989). West of
the WIPP site, where dissolutionof the upper Salado has caused Rustler subsidence and fracturing,
hydrauliccommunicationbetweenali of the Rustlermembers is likely(Holtet al., 1989).

4.4.7 ConceptualHydrogeologlcalModelof the Rustler

Holt et al. (1989) proposedthe followingconceptualmodel for the development of the hydrologiczones
within the Rustler. In the WIPP region, the hydrogeologic conditions in the Rustler developed
concurrently with the Ancestral Pecos hydrologic regime. The erosional pattern generated by the
Ancestral Pecos River and its tributarieswas superimposedover the existingerosional surface. This
erosionbroughtthe evaporitesof the Rustlerand Salado closeto the surface allowingrechargefrom the
AncestralPecos and meteoricwatersto dissolvethe evaporites. Groundwater circulationandevaporite

$
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dissolutionwere most active in those areas adjacent to the Ancestral Pecos River and its tributaries,
Collapseenhancedtransmlssivitywithinthe Rustler,

Major tributariesto the Ancestral Pecos Riverwere also the site of dissolutionof evaporites as erosion
and later dissolutionpreferentially exposed the Rustler and Salado to circulatingground water. Local
collapsefeaturesoccurred alongthese drainages,and later, these featurescoalesced into karstvalleys,
The hydrologicregime withinthe evaporite section aroundeach of these tributarieswas dominated by
these karst processes. Nash Draw is the closest such tributary. During the Cenozoic, it acted as a
recharge and, as the climatic conditions varied with time, a possible discharge point for fluidsmoving
withinthe Rustler.

Ancestral Pecos River deposits can be considered a record of paleohydraulic head levels, These
depositsinthe vicinityof the WIPP are higherthan the modem head levelswithinany of the Rustlerunits
when the effect of subsidence due to dissolution is removed. This relationship suggests that the
Ancestral Pecos River and its tributaries within karst valleys were capable of recharging Rustler
hydrologicunitsduringthe Cenozoic.

The hydrologic systems within the Rustler across the site area were mostly passive as no active
dischargepoint existed. Additionalrecharge to the low permeabilitypartsof the Rustleracrossthe WIPP
area onlyoccurredwhen new porositywas generated. New porositydevelopedin responseto fracturing
caused by unloading and dissolutionof evaporite cements, fracture fillings,and sedimentary features.
The Rustler hydrologicunitswere mostactive near the Ancestral Pecos River and tributary hydrologic
system,where dissolutionand collapseof underlyingand ovedytngevaporitebeds enhancedthe porosity
and permeability within the Rustler. Passive conditionsexisted further away from the recharge areas,
where conditions withinthe Rustler remainedat or near steady-stateand dischargewas not possibleor
very slow. The hydrologicconditions inthe area between those clearly active and passive hydrologic
zones varied with permeability,porosity,rechargerates, and discharge ratesdecreasing away from the
active zones. The active hydrologiczones encroacheduponthe passivehydrologiczones as unloading,
erosion,and dissolutionmigrated laterallyfrom recharge areas. Variationsinclimate, the locationof the
Ancestral Pecos River and tributary channels, and local geologic conditions controlled the rate of
advancementand the locationsof the active zones. This variabilitycaused the hydraulichead potentials
within the Rustler hydrologicunits to vary such that floWdirectionreversals were possible. Paleoflow
reversals would allow the removal of dissolved evaporite minerals from those passive areas of the
Rustier and an increase in transmissivityand potential for furtherdischarge. As modern transmtssivtty
variationswithin the hydrologicunits reflectthe extent of active Cenozoic zones, paleoflow directions
within active Cenozoic hydrologic zones must have been parallel to the modern transmissivity
distribution. Although it was certainly variable, the principal direction of flow has not been precisely
identified.

The hydrologic units within the Rustler across the WIPP site are not being recharged and the flow
directions indicatethat Rustler hydrologicunitsare now draining. Therefore,modern transmissivitlesof
these unitsare interpreted to reflect the maximumencroachmentof Cenozoic active areas into passive
areas. The modern transmissivities within Rustler hydrologic units in the vicinity of the WIPP site
generallydecrease away from Nash Draw, a probableCenozoic rechargearea. Modern transmissivities
appear to increase where Cenozoic dissolutionandcollapse occurredwithinthe Rustler and Salado. In
those hydrologicunitssubject to fracturingduring unloading(principallythe Culebra, WPU-2), modern
lransmlssivitygenerally is related to the amount of overburdenremoved byerosion. This is true in the
highlytransmissivezone southof the WiPP siteand east of Nash Draw. Modern transmissivitiesmay be
lower than predicted by the preceding relationshipsin those areas where late-stage secondary pore
fillingsare present. At the present time, only one such location has been tentatively identified in the
Rustler. lt occurswithinthe Culebra DolomiteMember (WPU-2) west of the WIPP site.
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4.4.8 SEIS Modeltncjof Culebra

Numerical modeling of a hypothetical human breach scenario was performed by Sandia National
Laboratoriesfor the SEIS, and the resultsare summarizedby Lapptnet al. (1989). The scenarioinvolves
the breach of the repositoryby a drillholewhich penetrates a hypothetical pressurizedbrine reservoir
beneath the repository. With time, the boreholeplugdegradesand brine-reservolrfluidsmigrateup the
borehole and interact with the waste in the repository. The degree of interactionwith the waste was
varied for different model cases. These fluids were assumed to continue migrating up the borehole,
wherethey are released intothe Culebra DolomiteMember of the Rustler Formationand are transported
to a hypotheticalstock-wellat the edge of the WIPP site area. Estimatesof groundwater travel.timesfor
undisturbedCulebra flowfrom above the wasteemplacement panelsto the southernboundary of the site
range from5,100 to 13,000 years.

4.5 DEWEY LAKE RED BEDS

The Dewey Lake Red Bedsare the uppermostof the four Ochoanformations (Figure4.0-1). The Dewey
Lake consistsalmost entirely of mudstone, claystone, slitstone,and interbeddedsandstone, With the
exception of the upper portion, the Dewey Lake is characterized by locally abundant gypsum-filled
fractures. The majorityof the fracturesare filledwithfibrousgypsum,althoughgranulargypsumfracture
fillings do occur in the upper portion of the Dewey Lake. The upper portion of the Dewey Lake is
cemented with carbonateand is moistwithinthe air intakeshaft at the WIPP (Holt and Powers, 1989).
Fractures in thiszone are unfilledor filled with carbonate, and carbonate-filledfractures becomemore
abundantdownward(Holtand Powers, 1989). An abruptchangeof cement type was notedby Holt and
Powers (1989) from carbonateto a muchharder, unidentifiedmaterial. Coincidentwith the change in
cement, fracturesbecame filledwith fibrousgypsumand the Dewey Lakewas no longer moist(Holt and
Powers, 1989). Moisturehasbeen encountered withinthe DeweyLake at severalof the WIPP drillholes,
and several stockwells southof the WIPP site are possiblycompleted In the upperDeweyLake (Mercer,
1983).

) 4.6 SANTA ROSA FORMATION

The Santa Rosa Formation fspart of the Late Triassic DockumGroup (Figure 4.0-I). The Santa Rosa
occursas an erosionalwedgethatpinchesout west and south of the WIPP site(Powers,et al., 1978). At
the WIPP site, the Santa Rosa is 8 meters (25 feet) thlck (Holt and Powers, 1989). The Santa Rosa
consistsof calcareousinterbeddedsandstone,slltstone,and claystone, lt is moderatelywell induratedto
soft. lt is not a hydrologically slgnlficant unit in the vicinity oi the WIPP site (Mercer, 1983). lt is
recharged byprecipitation along the eastern marginof the WIPP site, and thisrechargeprobablymoves
downwardintothe DeweyLakeRed Beds(Mercer, 1983).
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APPENDIX Dll 1
TYPICAL CARBON SORPTION BED EFFICIENCY 2

Purpo,se 3

To determine design concentrations for VOCs and establish the amount of carbon necessary for 4
VOC adsorption as well as bed exchange frequency. 5

Modelinq Requirements 6

This model is designed to theoretically allow no migration of five targeted VOCs past the carbon 7

bed adsorption system. The target VOCs are: 8

1. Trichloroethane 9

2. Tdchloroethylene 10
3. Carbon Tetrachloride 11
4. Freon 113 12

5. Methylene Chloride 13

Ali calculations done @ STP 14

MethodoloQy 15

The methodology used is as follows: 16

1. Establish target VOC percent contribution to headspace gas by waste type (Table 1) 17
2. Calculate average target VOC composition in headspace gas (Table 2) 18

3. Calculate partial pressure of each of the five target VOCs 19
4. Calculate carbon efficiencies from Calgon-BPL. isotherms (Figures Dl1-1 through 2o

Dll-5) 21
5. Determine total VOC loading 22

4. Calculate carbon required 23

Assumptions 24

-_ 1. Manifold system is pressure balanced and the average pressure is 14.7 psia. 25

2. Total gas release rate is 5 moles/drum/year. 26

3. Six drums will be placed in each bin. 27

,-_)..P_, r,.,^
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1 4. There are 116 bins with waste per room.

2 5, Ali gases are ideal (22.4 _/mole@ STP).

3 6. System volume and temperature remainconstant, therefore compound partial pressure
4 is a function of percent total compound contribution to overall ambient pressure
5 (atmospheric) of 14.7 psia.

6 VOC Partial Pressure Calculation: Fraction of Total Contribution of a Given VOC Compound x
7 STP at Average Atmospheric Pressure

8 % of Total Contribution
9 Compound Partial Pressure = of a given VOC compounci (Table 2)

10 (14,7 psia)
11 100

12 .2103
13 1,1,1,Trichloroethane = (14.7) = 0.031 psi
14 100

15 .0069
16 Trichloroethylene = (14.7) = 0.0010 psi
17 100

18 .0182
19 Carbon Tetrachloride = (14.7) = 0,0027 psi
2o 100

21 .0158
22 Methylene Chloride = (14.7) = 0.0023 psi
23 100

24 .0443
25 Freon 113 = (14.7) = 0.0065 psi
26 1O0

27 The calculated partial pressures for each compound were plotted on sorption i,,._thermsthat were
28 specific to each VOC. The isotherms are plots of VOC partial pressure versus the specific
29 sorption capacity, by weight, of the activated carbon for the particular VOC at vadous equilibrium
3o temperatures. The sorption capacity is represented as an efficiency of grams of sorbed VOC per
31 gram of activated carbon. The sorption efficiency values are shown below (see attached
32 isotherms in Figures D11-1 through D11-5).
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For additional information, contact the
Activated Carbon Division, C=loon Corporalion,
Ca_on Center, Box 1346, Pit.burgh, PA 15230,

j_ Pkone: (412) 923.2345,
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• 1,1,1,Trichloroethane 64% 1
• Trichloroethylene 33% 2
• Methylene Chloride 77% 3
• Freon 113 52% 4
• Carbon Tetrachlonde 40% 5

The capacity factor is calculated to determine the number of grams of carbon required to sorb 6
1 gram of a particular VOC. The formula for calculation of the capacity factor is shown on 7
Table 3, along with capacity factor values. The total carbon requirements for sorbing 100 percent 8
of ali five target VOCs per bin per year is also shown in Table 2. The total carbon requirements 9
value of 23.70 grams of carbon/bin/year is the sum of the individual carbon requirement for each 10
of the five target compounds. 11

The calculated carbon requirements for sorbing ali VOCs for ali of the bins in each room is: 12

(Total Carbon/bin/year)(116 bins) = Total carbort/room/year 13

(21.36g/bin/year)(116 bins) = 2,478 grams/roomtyear 14

As has been previously stated in the VOC Monitoring Plan, Calgon recommends a 100 percent 15
overdesign criteria, therefore: 16

=_

(2,478) + 2,478 = 4,956 grams/carborVroorn/year 17

WIPP Project personnel are designing for an additional 140 percent overdesign specification 18
which yields a carbcn bed capacity of approximately 12 Kg/room/year. This value 19
(12 Kg/room/year) represents a 4.80 overdesign factor based on the calculated total requirement. 2o
The system design will be more than 95 percent efficient. 21

PTB-17"7A.D11 D11-3 3:92
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VOCMONITORINGPLANFORBIN-R,O.,,OMTESTS_ .. ,, iNTRODUCTION

1.0 INTRODUCTION

The DOE's plan for monitoringVOCs emitted from the WIPP during the test phase
is describedin this document.

The monitoringprogramis designedto demonstratethat therewill be no migration
of hazardouschemicals fromthe WIPP in concentrationsexceedinghealth-based
criteria. The monitoringplan includesan overview of the WIPP test program,
a description of waste sources, the monitoring design, and justificationof
the design. The plan also includes a description of sampling and analysis
procedures,QA objectives,and reportingactivities.

1.1 BACKGROUg4D

The WIPP facilityis constructedin a massivesalt bed formation,with its design
characterizedas a "room and pillar' arrangement,allowingcontainerizedsolid
or solidifiedwaste to be placed in the excavatior.s.Waste, equipment, and
personnelenter the underground throughdesignated shafts.

Initially,waste will be placed undergroundonly for the purposeof conducting
tests to determinemore preciselythe impactsof the waste on the long-termper-
formanceof the repository. During the test phase, the gas generationrate and
changes in the gas compositionin bins will be examined,as wiil simulationof
the interactionsbetween the waste and the surr(._ndingsalt. The results of
these and other tests will determinewhat additionalmeasures,if any, are needed
to meet the long-termperformanceobjectivesof the facility. These objectives
are derived from 40 CFR Parts 191 and Z68 and are directed at permanently
isolatingthe waste from the biosphere.

The WIPP No-MigrationVariancePetition (DOE, 19gOa) is intendedto fulfillthe
requirementsof 40 CFR 268.6,which allowsthe disposalof wastesprohibitedfrom
land disposal only if a demonstrationcan be made that, to a reasonabledegree
of certainty, there will be no migration of hazardous constituentsfrom the
disposal unit for as long as the wastes remain hazardous. To verify continued
compliancewith this requirement,a monitoringprogrammust be implementedwhich
is capable of detectinggaseous releases of hazardousconstituentsbeyond the
unit boundaryat the earliest practicabletime.

This monitoring plan describes the sampling and analysisprogram that will be
impi_::mentedduring the initialtest phase and is aimed at quantifyingVOC emis-
sions in air that may potentiallyenter the exhaust shaft. Other media are not
consideredviable contaminanttransportpathwaysduring the test phase and will
not be specificallymonitoredunder this program.

This conclusionis based on the followingfactors. The low annualprecipitation
in'the region and the lack of any significantsurfacewater drainage features
within the vicinityof the WIPP site precludethe need for surfacewater moni-
toring. Surroundingsoils will not be impactedby releases,because all wa.te
handling activities will occur within the Waste Handling Building and under-
ground; further, air emissionswill be filtered to remove particulates,which
eliminates the potential for their deposition upon the soil. With regard to
groundwater,the salt of the Salado Formation, in which the excavations are
located, is highly impermeable,contains virtuallyno circulatingfluids, and
is itselfsituatedbetweentwo confiningformations. Thus, no mechanismexists
for wastes to mlgrate via groundwater,and monitoringwould be infeasible, lt
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shouldbe noted,however,that the DOE has and will continueto conductother
environmentalmonitoringat and aroundthe WIPP site.

Thisplanaddressesthefollowinginformationrequirements,setforthby the EPA
in both the finalNo-MigrationDetermination(EPA,1990)and the associated
noticeof proposeddecision:

a. Rationaleforthe designof the monitoringprogram,basedon:

- Mobilityand persistenceof hazardousconstituentsmanagedat
the unit

- Possiblemigrationpathwaysfrom the unit, both during the
activelifeof the facilityand throughthe postclosurephase

- Operationsat the unit

- Strengthof engineeredand naturalmaterialcomponentsof the
unitand any weakpointsin the unitdesign

- Optimumlocationof themonitoringstationstodetectanymigra-
tionof hazardousconstituentsatthe earliestpracticabletime

b. Descriptionsof specificelementsof themonltorlngprogram,including:

- The typeofmonltoringconducted
- The locationof the monitoringstations
- Themonitoringinterval
- The specifichazardousconstituentsmonitored
- The implementationschedulefor themonitoringprogram
- The equipmentusedat the monitoringstations
- Samplingand analyticaltechniquesemployed
- Datarecording/reportingprocedures

The resultsof the experimentsconductedduringthe testphasewillbe used,in
part,to refinethemonitoringprogramsthatwillbe establishedfortheplanned
operational phase, during which full-scale waste emplacementactivities will oc-
cur; Environmentalmonitoring currently anticipated during both the operational
and postclosure phase is described in Volume1 of the petition (DOE,1990a).

Z.Z TESTpROGRAM

The W[PPproject wasauthorized by Congressto provide a research anddevelopment
facility to demonstrate the safe disposal of radioactive wastes resulting from
national defense activities and programs. To meet this objective, the WIPP
facility initially will serve as an experimental pilot plant, and tests will
be performedduring this phaseto collect, interpret, and refine data necessary
for the performance assessmentrequired for radioactive waste disposal by the
EPAin 40 CFRPart 191. The data will also be evaluated to determine if any
additional measuresare necessary to ensure that no migration of hazardouscon-
stttuents will occur beyondthe unit boundary. The test program.is described
in DOE/WIPP89-011, Waste Isolation Pilot Plan Test Phase Plan: Performance
Assessment.

During the test phase, all waste emplaced in the repository will be readily
retrievable. If .the results of evaluations indicate that the WIPPfacility is

1-2
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not the appropriatelocation for the permanentisolationof these wastes,they
can be retrievedwith minimalrisk. The DOE has submittedplan_ to the EPA that
describe the requirementsfor retrieval of waste from the unUergroundand the
activitiesthat will be undertakenduring the test program (SectionB.O of the
Addendum to the petition provides a summary of the es_ program). The WIPP
facilitywill enter full-scaleoperationsupon successfulcompletionof the test
phase, the EPA and NMEID approval,and demonstrationof compliancewith 40 CFR
191 and other regulatoryrequirements.

Bin-scaletestswill be performedunderground. The bln-scaletests are designed
to provideinformationconcerninggas production,gas composition,andgas deple-
tion rates from actualCH TRU wastes. Some of the CH TRU waste may be mixedwith
salt, backfill,brine,and backfilladditivesto simulateconditionsto which the
waste wall be exposedwithin the repositoryduring the operationalphase and/or
in the long term. The waste used will be representativeof the generalCH TRU
waste inventory. All CH TRU waste can be divided ante Courgroups base_ on gas-
generationpotential: new|y generatedhigh organic,retrievablystorea ("old")
high organic, luw organic, and processed sludges. The low organic w_ste and
processedsludgescan be either newly generatedor old waste.

The waste will be tested under a variety of conditions,includingaerobicand
anaerobicenvironmentsthat simulatepotentialscenarioconditionsanticipated
duringtheoperationaland postoperationalphases. The interactionsof the waste
with various compositionsof brines will be examined, as well as waste inter-
actionswith salt, backfill additivesthat absorb gases, and steel. Finally,
experimentswall be conductedto provideinformationaboutthe productionof gas
bywastes in variousmodes (includingsaturation,compaction,bacterialactions,
and degradationproduct contamination).

The WIPP bin-scaletests involvetestingof repackagedCH TRU waste in specially
designed,transportablesealedbins after _ seriesof detailedcharacterization
and examinationsteps. The bin is ametal box with samplingports and instrumen-
tation. Each bin accommodatesthe e(luivalentof'fourto six 55-gallondrums of
CH TRU waste. Each bin will be prepared and filled at the generatorfacility
with CH TRU waste mixed with backfilland/orsalt. The test bin will fit within
a TRUPACT-II SWB for transportationto the WIPP.

All test bins will have a carefully sealed internal environmentthat will be
accessedby gas saml)llngports, pressuregauges,and controlsystems,as well as
temperaturemonitors. So_ bins will also have ports for brine injectionand
sampling. Additionaldetailis providedinMolecke (1990)andMolecke and Lappin
(1991).

At the conclusion of the test phase, the DOEwill decide whether, based upon a
performance assessment, the WIPP facility has complied with 40 CFR Part 191,
Subpart B. If there is a determinationof compliance,the DOE will initiate
full,scaleoperationswith EPA and EID approval. If there is a determinationof
noncompliance,a numberof alternatlveswill be considered,includingengineered
modificationsto the facilityor the waste itself. Full-scaledisposal ol)era-
tions will not commence until compliancewith all regulatory requirementsis
demonstrated.

1.3 OBOECTIVESOF THE VO.CMONITOR!N6 PLAN

VOCs could potentiallybe released From waste containers located in the WIPP
undergroundduring the test phase of the project. This plan describeshow VOCs

I-3

., ,



VOCHONITORIN_PLANFORBIN-ROUMrESTS !NTP,O_

willbemonitoredtodemonstratethattheconcentrationsof emissionsattheWIPP
unitboundarywillnotexceedhealth-basedcriteria.Thisplanis responsiveto
requirementsof 40 CFR;!68.6andaddresseswastemanagementactivitiesduringthe
WIPPtestphaseonly. Priorto the initiationof theWIPPoperationalphase,a
secondplan wiIl be developed.

I-4
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2.0 WASTE"DESCRIPTIONS

The wastes proposedto be emplacedin the WIPP are describedin both Section3,0
and AppendixB (WasteAnalysisPlan) of DOE/WIPP89-003, No-MigrationVariance
Petition;they are alsodescribedin Section2.0 of the Addendumto the petition.
Approximately60 percentof the waste proposedto be emplacedin the WIPP during
the entirelifetimeof the facilityis classifiedas mixed waste, which consists
of waste that contains both radioactiveand RCRA-regulatedhazardouschemical
components.

Generatorknowledgeof the wastesand the proc "sesb_,which they are generated,
in additionto availableanalyticaldata (Cle,,,entsand Kudera, 1985), indicate
that the VOCs most commonlypresent in the wastes are:

• I,l,l-Trichloroethane
• Carbon tetrachloride
• I,1,Z-Trichloro-I,Z,2'trifluoroethane
• Methylenechloride
• Trichloroethyl_ne

ZJ1 SOURCESOF VOCEMISSIONS

During the test phase, VOCs potentiallymay be emitted from several sources,
includingtest bins. Other ac:ivltiesnot relatedto waste managementmay also
lead to VOC emissions.

iP.J.Qi.Test bins will be emplacedin the WIPP undergroundduring the test phase
in Rooms I and 2 of Panel I (Figure2-I).

Each bin will be equippedwith a one-waypressure-reliefvalve which will allow
the escape of gases when bins become pressurized. Thus, each bin represents
a potential source for the release of VOCs to the atmosphere in the WIPP
underground.

Any emissionsof gases fromtest bins will be controlledby a speciallydesigned
manifold ducting system which will direct emitted gases from the bins to the
samplingsystem. Gases in the ductingsystemwill be directed througha carbon
sorption systemdesigned to remove VOCs from the gas stream prior to discharge
to the undergroundatmosphere. The manifoldwill dischargegases from a single
point (for each room) into the panel accessway. " design characteristicsof
the bin-roomductingsystemand the carbon sorptioz _ are given in Engineering
Design SpecificationD-0077 (Westlnghous_,19gl).

Other Sources. The bin manifold system will include a carbon sorption system
designed to mitigatethe releaseof VOCs from the manifoldinto the underground
atmosphere. The sorptionsystemwill be periodicallyreplaced;any used carbon
sorptionbeds will be capped and emplacedin the derivedwaste storagearea. In
addition,the samplingand analysesof bins will generate some wa:tes, such a_
potentiallycontaminated_quipmentandprotectiveclothing. Thesematerial_#,_L%
be drummed and emplaced in the derivedwaste storage area. _,,_u_"

Z-1
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Nonwaste-relatedsourcesof _'OCsincludebackgroundconcentrationsfound in the
ambientair drawn intothe underground. Also,lubricants,solvents,paints,and
other ma'_rials not relatedto wastes are used in the ktlPPundergroundand _;ay
also donate VOCs to the repositoryatmosphere. An additionalpotentialsource
is the exhaustemissionsfrom the operationof diesel-powereaequipment,such as
forkliftsand haul trucks, in the WIPP underground.

2.2 MIGRATIONPATHWAY

The only athway for migration of hazardousconstituentsto the unit boundary
during the test _haseis via airborne transport. Any volatiles_'eleasedfrom
waste sources _ the undergroundwould become entrainedin the u_ _rgroundair
ventilationflow. The undergroundventilationair exits theundergroundthrough
the exhaust shaft (Figure2-I). The unit boundaryof concern for this pathway
is the upper,host ex:entof the Salado Formationin the exhaust shaft. For moni-
toring purposes, the top of the exhaust shaft will be considered the facility
unit boundary.

" 2-3
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3.0 MONITORINGDESIGN

The detaileddesign featuresof the VOC monitoringprogramare presentedin this
section. The monitoringprogramuses commerciallyavailablesamplingand anal-
ysis techniquesto measureVOC concentrations. The bin-roommonitoringsystem
(VOC-10)uses a specially-designedsampling system. All other monitoringsta-
tionsuse standardVO_ canistersamplingequipment. The purposesof thisprogram
are"

• To demonstrate that there is no migration of specific VOC target
compounds above any health-basedcriteria in the ventilationexhaust
airstream

• To providedata for validationof the proposedmonitoringmethod

3.1 S_PL,ING LOCAT]ONS

VOC sampleswill be collectedat multiple locationsat the facilityto measure
concentrationsat both the point of potentialreleasein the underground _d at
the point of emission into the atmosphere. The most intensive samplin_will
occur near the bin-scaleexperimentalareas. Samplinglocations are shown in
Figure2-1. AdOitionaldetail for each location is presentedbelow.

3.1.1 B._: Seale VOCsamp!i n,

The bin-scaletests will be performedin the Panel I rooms. The bins in each
room will be vented to a common gas manifold system,equippedwith both a HEPA
filter and a carbon sorptionsystemto remove radioactiveparticulatesand VOCs
from the gas dischargestream. A discussionof the sorptionsystem is provided
in Section5.1. VOC sampleswill be taken at the downstream side of the gas
discharge systems, downstream of the HEPA filters and the sorption system
(StationsVOC-lO and VOC-II). Since two bin experimentalrooms are proposed
during the test program,sampleswill be collectedfrom the gas dischargesystem
in each room. A conceptualdiagram of this samplingconfigurationis shown in
Figure3-I. A detailed schematicof the VOC monitoring system is shown in
Figure3-Z. More det&il on the bin-scaletests can be found in Molecke (1990).

3.1.2 Panel Intake pnd Outlet Smplinq

One sampler (Station VOC-8) will be deployed in the Panel I ventilation air
intake passageway, and an additional VOCsampler (Station VOC-9) will be deployed
in the air outlet passageway. Ali airflow to Panel I will be in one direction
only. The downstream station (Station VOC-.9) will monitor VOCemissions poten-
tially released from any leaks in the bin ducting systems, gases released from
the manifold system in the test rooms, and concentrations of VOCs entering
Panel I. The difference in the VOCconcentrations, Stations VOC-8 and 9, will
represent the amount of VOCemitted from the Panel I area.

3.1.3 Unit Boundary and Backqround Samp!inq
z

Two additional sampling stations will be deployed. One sampler (Station VOC-l)
will be deployed at existing "StationA,' which has been establishednear the
top of the exhaust shaft as part of th_ r_dieactivep_rticulatemonitoringpro-
grammingplace at the facility. This VOC samplerwill be integratedinto the

. existingsamplingsystemto measuredetectablelevelsof the VOC targetcompounds
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FIGURE 3-2. Detailed Schematic Diagram of the Bin-Room VOC Monitoring System
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in the exhaustairstream, The locationof this station is shown in Figure 2-I,
For the purposes of this monitoringprogram, this stationrepresents the unit
boundary,since it is not possibleto monitor at the top of the Salado Formation
in the exhaust shaft°

AnotherVOC sampling system (StationVOC-2) will be deployed at the air intake
shaft as depicted in Figure Z-1. The purpose of this system will be to measure
detectablequantitiesof the targetcompoundsin the ambientair drawn i',tothe
undergroundfacility.

3.2 ANALYTE$TQ.BE MONITORED

Concentrationsof five target VOC compoundswill be routinelyquantified. They
are: carbon tetrachloride;methy)ene chloride; trichloroethylene;1,1,1-tri-
chloroethane;and 1,1,2-trichloro-1,2,2-trifluoroethane.Other compoundsmay
also be present in the wastes; the analyticalmethod selectedwill allow semi-
quantitativeevaluationof thesecompounds. If other compoundsare detectedon
a regularbasis at concentrationsgreaterthan one ppm, they will be added to the
list of target compoundsfor routinequantitation.

3.3 SANPLINQMETHOOANOSCHEDULE

The method selected for sampling and analysi_ is EPA CompendiumMethod T0-14
(EPA, 1988a) using 6-1iter canisters. SU_WLA"passivated stainless-steelcan-
isterswill be used to collectan integratedsampleat all locationsexceptwhere
grab sampleswill be obtained. Generally,the s_olers will be operated in the
pressurizedmode. In this mode, air is pumped into an initiallyevacuatedcan-
ister by the sampler,which regulatesthe rate and durationof the sampling. At
the end of each samplingperiod,the canisterswill be pressurizedto about two
atmospheres.

VOC samplingwill commenceapproximately30 days prior to the beginningof the
bin-scaletests at stationVOC-I in the exhaustshaft. Sampleswill De collected
on a frequencyat each locationas shown in Table 3-I. Not all samplerswill be
operatedon the same schedule,nor will sampling begin at each locationat the
same time. Initial sampleswill be taken at the Panel I a)r intake (Station
VOC-B),Pane] I air outlet (StationVOC-g), the exhaustshaft (StationVOC-I),
and the air intakeshaft (StationVOC-2)prior to the receiptof waste, Sampling
at the bin gas dischargesystems (_tationVOC-lO and StationVOC-II)will begin
prior to emplacementof bins within a room.

3.3.1 ProvJslon_ _or Smp,lln_ Frequency Red_ctton

When data from samplinge.'entsat a particularsamplinglocationindlcatelittle
variationover a designated t_me period, sampling frequencywill be reduced.
These reductionswill follow the strategyoutlinedbelow and i;_Table 3-2.

Daily sampling for all stationswith the exceptionof the air intake shaft and
the exhaust shaft must be performedfor a minimum of 30 days after initiation
of a test phase system. If the RSD for any targeted compound is greaterthan
25 percent, or if the RSD for any compound identified(quartified)in a GC/MS
librarysearch is greater than 35 percent, then no reduction in sampling fre-
quencywill occur for the next 15 days. After 15 days, the 30-day test will be
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Table 3-1

Sampling Schedule

Sampling Stalion Sampling Sampling
Locauon Number Frequency") Duration/Type

ii ,. ,

Bin Gas Discharge VOC- I0, VOC-11 Daily 24-hr/lntegrate.d
Sysmms _,

Panel 1 Air Intake VOC-8 Daily 24-br/Integrated

Panel I Air Outlet VOC-9 Daily 24--br/Integrated

ExhaustShaft VOC-I Weekly 24--hr/Inmgrateci

AirIntakeShaft VOC-2 Weeldy 24-hr/Inttgrated

<t)Frequenciessubjecttochangebasedonmonitoringresults.
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performedagain,starting15 days later thanthe previous evaluation. The pass/
fail criteria (RSDof 25 percentand 35 percent,as above)will be appliedagain.
If the data failthe criteria,the systemwill continueto be evaluatedusingthe
same algorithm. If the data pass the criteria,the samp]ing frequencywill be
reduced to one sampleper week. At no time wil] the sampling Frequencybe re-
duced to less than one sample per week for any sampling station. Also, in no
event shall the monitoringfrequencybe reducedto less than 20 percent of the
minimum time required for the consumDtionof the total working capacityof the
carbon sorptionsystem (see Section5.1).

Sampling frequenciesmay be increasedas weil. Increasesin frequencyrequire
approvalof the VOC projectmanagementstaff only. These increaseswill follow
the strategy outlined below and in Table 3-2. Increasesin samplingfrequency
will be motivatedby large excursionsfrom previousdata values. These excur-
sions Can be in the formol transientexcursionsor be indlcativeof trends In
either case, the requirementwall be an RSD of greater than 75 percent for the
targetedcompoundsor greaterthan 100 percentfor the compoundsidentiFiedand
quantifiedduringGC/MS librarysearchingfunctions. If the data evaluatedover
each contiguousfour-monthperiod fail the criteria(greaterthan 75 percentand
greater than 100 percent, as listed above),then the sampling frequencymay be
increasedto once per day.

Sampling frequencymay also be increasedif the conditions in Panel I change,
such as the additionof new bins to the test rooms.

3.4 SAIqPL_N_,LYSE_

The analysis systemthat will be used with the canister samples is GC/MS oper-
ating in the SC,_Nmode. Initially,detailedanalysisand definitivequantitation
will be obtainedfor .hefive targetVOC compounds: carbontetrachloride;methy-
lene chloride; trichloroethylene;1,1,l-trichloroethane;and 1,1,2-trichloro-
1,2.2-trifluoroethane. As part of the routine GC/MS/SCAN analyses For all
canistersamples,semi-quantitativeresultswillbe reportedfor all identifiable
VOC compounds. Additionalcompoundswill be added to the targetlist if they are
detected at average concentrationsgreater than one ppm over any four-month
period.

J

3.5 MIGRATIONCALCULATIONAT THE UNITBOUNDARY

The resultsof the GC/MS/3CANanalyseswill be combinedwith exhaustventilation
flowrate dlt=, and :he gis flow rates in the bin gas dischargesystemsto cal-
culate-ne equivalentconcentrationsof the targetcompoundspassingthe facility
unit boundary. As describedin Section3.3.2.3.6of WP 02-9, WIPP Final Safety
AnalysisReport,the CMS at the facilityis designedto continuouslymonitorthe
undergroundexhaust airflowrate.

The equation for these calculationsis the same for all compounds. For a given
set of analyticalresults,the caIculate_concentrationof compound "in at the
unit boundary is: ,_W

Xui" ( Z X_ Qb) . QE
b-1

m
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, , Table 3-2

Criteria for Determining Sampling Frequency Changes

Frequencyof
Cri_ria Action Verification

Target LibrarySearch
Com_urM_l_ Comr_unds

RSD>75% RSD>I00% lncreasesamplingfrequency Verify daily if sampling is
one,level, wherepossible daily; verify weekly if

sampling is weekly.

75% > RSD > 25% 100%> RSD > 35• No reductionorincreasein Verificationby increaseand
sampling frequency decrease checks.

RSD<25% RSD<35% ReducesamplingfrequencyVerifyevery 15 days if
onelevel,wherepossible samplingis daily;verify

everysixweeksif samplingis
,weekly,
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where:

Xu(_- Calculatedconcentrationat the unit boundary for VOC i _g/m3),

X_ " Measured concentrationfrom bin gas dischargesystem b forVOC i
(.ug/m')

Q, • Measured gas flow rate from the bin dischargesystem b (m3/min.)

QE " Measured ventilationexhaust flow rate (m3/min.)

This equationwill be used to calculatethe resultsfor each daily sample col-
lected from the bin gas dischargesystems. The determinationof migration at
the unit boundaryand the EPA reportingrequirementsare discussedin detail in
Section 9.4.4 of WP 12-7, VOC MonitoringQualityAssurance'Program Plan.
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4.0 MONITORINGDESIGNJUSTIFICATION

The previoussectionspresenta plan for conductingair monitoringto quantify
VOC concentrationsrelated to the bin-scale test activities at WIPP. This
sectionpresentsthe rationaleand justificationfor the selecteddesign.

4.1 S_P_IN6 LOCATIONS

The proposed sampling locations were selected based on a number of operational
and analyticalconsiderations. Operationally,there are a number of different
potentialsourcesof releasefor VOCs: bins, supportoperations,and the intake
air into the undergroundfacility. In addition,due to the ventilationrequire-
ments of the undergroundfacility,any VOCsthat are releasedfromthe waste bins
may be difficultto detectwith currentcommerciallyavailableanalyticaltech-
niques. The primary analyticalconsiderationfor this plan is the detection
limit achievablewith currenttechnologyas discussedbelow.

4.1.1 Detection Limits
i

According to data providedby the EPA, the current health-basedstandard for
carbon tetrachloride,one of the five target compounds, is 0.03 pg/m_ (to one
significantfigure). Values for the other c:mpoundsare: methylenechloride,
0.3pg/m _,and trichloroethylene,0.3pg/m_. The EPA has not specifiedsimilar
low values for the other target compounds(l,l,l-trichloroethane(10,000pg/m_)
and l,l,2-trichloro-l,2,2-trifluoroethane(30,000pcj/m_).At presentthere are
no commerciallyavailablesamplingand analysismethods that allow for quanti-
tation of multiple VOC compounds at such low levels. Since the health-based
standardsapply at the unit boundary,it would be desirableto measurethe con-
centrationsof these compounds at this point. However, it is unlikely that
detectablequantitiesof the targetcompoundscontributedby the waste and above
backgroundcan be quantifiedat this samplingpoint.

4,1.2 P_nel I Air Outlet (station voc-gs

Initially,all of the waste will be storedundergroundin Panel I. Air leakage
from bin rooms I and 2 and the exhaustfrom the bin gas dischargesystemswill
all exit intothe exhaustdrift. A samplingstationhas been establishedin the
exhaust drift from Panel I to determineif delectablequantitiesof VOCs above
backgroundcan be found at this point and to verify measurementsmade further
upstream. Initially,this samplerwill be operatedon a daily basis.

4.1.3 Sin GasOtscharqk Systems {Stations V0C-]0 an#V0C-ll)

Because it is anticipatedthat concentrationsof VOCs above backgroundwill not
be detected in the Panel I air outlet, sampleswill be collected at the next
upstreampointof potentialrelease,the bin gas dischargesystems. The bin gas
dischargesystemsare equippedwith carbonsorptionsystemsdesignedto mitige_
any releasesfrom the experimentalbins. Initially,sampleswill be cgl(t)mIL't_L'ed
daily from each system,startingprior to the day that any bins are<_(_)lllcledto
the systems. The purposeof the samplingat this point is tKi)illw_h_ratethat
no migrationof VOCs occurs,not to characterizeand quan((L(_WOCreleasesfrom

the bins. The bin-scaletest plan (Molecke,199PL(_!_)_gned to do this.

The bin gas dischargesystem is the point of maximumpotentialconcentrationfor
gas released from the bins (after sorption)and representsthe point with the

4-I
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greatest likelihood of detecting the'target compounds if they are present in
the dischargesfrom the bin ducting system. Becausetwo bin experimentalT'ooms
are proposed during the test program, sampleswill be collected from the gas
dischargesystemprior to waste emplacementineach room. If eitherof the dis-
charge systemswere to leak, any potentialdischargeswould be detected by the
samplerdirectly downstreamin the Panel I air outlet drift (StationVOC-g).

4.1.4 Exhaust Sh_ft (s1;_;ion VOC,I) "

The EPA has directed that samplingbe performedat tho facilityunit boundaryto
confirmsamplingperformedin the underground. From a practicalstandpoint,it
would be difficultto take mir samplesin the exhaustshaft BS0 feet belowground
level, at the unit boundary. Consequently,sampleswill be taken at the top of
the exhaust shaft (StationVOC-I). All ventilationair is exhausted at this
point, and VOC concentrationsin tlleexhaustair at the surfaceare expectedto
be the same as those at the unit boundary (B50 feet down this shaft). Weekly
sampleswill be taken at Station VOC-I.

4.1.5 Background Interferences

Sources of the target VOCcompoundsmay not be restrtci:ed to the wastes emplaced
at WIPP. For example, 1,1,1-trichloroethan_ is a constituent of somecleaners/
lubricants. Also, methylene chloride is found in somepaint strippers. Various
other sources of VOCsexist in any facility. Consequently, measurements ::,f tar-
get VOCcompoundsin the ventilation air may include a ce,ttribution from sources
other than the emplaced wastes. These sources may be located either within the
facility (above or below ground) or beyond the facility boundaries.

4'1.6 Air Irlt;ake Shaft (Station VOC.Z)

The WIPP is located in the general vicinity of potash mining and processing
facilities and otl and gas wellso Ambient air may contain some or all of the
target compoundsor other interfering compounds. In addition, the air intake
shaft is located immediately adjacent to a parking lot. Automobile emissions
include a variety of VOCs.

As part of this monitoring program, it will be important to determine any contri-
bution of YOCs to the samples within the venti' atton airstream from aboveground
sources. To thts end, a suq)ler will be established in the vicinity of the air
intake shaft (Station VOC-2) to quantify detectable levels of VOCsin the intake
air. Weekly samples will be taken at this location for a period of time (up to
a year). If no detectable quantities of target VOCs are found, sampltng at the
site may be eliminated.

0 _x4.1.7 Panel 1 Ai]" _tak_ (S__OC_q_.:_l

To quantify detectable levels of VOCs entering Panel 1, another samplerwill
be establishedin the air intake drift to Panel I. This sampler a'Isowill be
operated on a daily basis. Results from this monitoring station will allbw
detectablebzc.<groundquantitiesof target VOCs in the ventilationair entering
panel to be distinguishedfrom any targetVOCs emanatingfrom the emplacedwaste.

4.2 ANALYTE_TQ BE MONITOR_

Based on process knowledge and p-evious analytical data (Clements and Kuoera,
1985), the VOCs that are expecl.edto occur in the waste most commonly are:

4-2
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carbon tetrachloride;methylene chloride; trichloroethylene;i,1,l-trlchloro-
ethane;and 1,1,2-trichloro-1,2,Z-trifluoethane.Concentrations of these
compoundsin all of the samplescollectedwill be quantified. Other compounds
may also be present in the wastes. These may be identifiedas part of the bin
and experiments. As part of the analyticalevaluations,the presenceof other
compoundswill be investigated. The laboratoryperformingGC/MS/SCANanalyses
for thisprogramhave implementedSOPs thatwill providepositiveidentification
of the following compounds if detected during the forward spectral library
search as discussed in Section4.4: perchloroethylene,chloroform,bromoform,
dichloroethane,dichloroethylene,toluene, and chlorobenzene.

4.3 SAMPLIN6 METHODAND_SCHEDULES

4.3.1 $_mDI!}_QMethQd

Given the need to be able to accuratelyidentifyand quantifynot only the five
target compoundsbut also other VOCs in the bin rooms, ambient air, and venti-
lation air, a flexible sampling method is required that is not specific to
particularcompounds. Anotherconsiderationis the desire to use commercially
availableEPA-approvedor recommendedmethodsthat are presentlyin use.

The two methods evaluatedwere the use of solid adsorbents (e.g., charcoal,
Tenax)and canistersampling. Canistersamplingprovidesseveraladvantagesover
the solid adsorbents: ability to collect all VOCs nonpreferentlally;grab-
sampling capability;convenient integrationof samples over a specific time
period (e.g., 24 hours) at adequate flowrates; eliminationof the concernof
compoundbreakthrough(eliminatingthe need for multiple samples);and ease of
sample storage and shipping. In addition,this method permits collectionof
sufficientsample volumeto assessmeasurementprecisionand to permit analysis
of samplesby severalanalyticalsystems,as required. The method also facili-
tates multipledilutionsand analysesto define the relativeorder of magnitude
of the concentrationsin m gas sample.

EPA CompendiumMethodTO-14 samplingtechniqueuses6-1iterpassivatedstainless
steel canistersto collectintegratedor grab samples. This methodwill be used
to collect all samples. The sampleswill be analyzedusing a GC/MS/SCAN.,

The field samplingsystemswill be operated in the pressurizedmode. In this
mode, air is drawn throughthe samplingsystemwith a pump. The air is pumped
into an evacuatedSUMMA passivatedcanisterby the sampler,which regulatesthe
rate and duration of sampling.

The passivationprocessformsa pure chrome-nickeloxideon the interiorsurfaces
of the canisters. This type of containerhas been used many times in the past
and has demonstratedsample storagestabilityfor the target compoundsselected
for this monitoringprogram (EPA, 1988a).

Du6ing the analysis,the VOCs in the air sample are separated by gas chroma-
tographyand measuredby mass spectroscopy,ltwill requiresomeexperimentation
to ciefinethe analyticalconditionsappropriateforquantitation,sincethe range

. of measuredconcentrationsmay be very broad. This samplingsystemlends itself
well to this type of process,since a large Sample is collected. The limitsof

" detectionfor the method are less than one ppbv, so extremelylow concentrations
can be defined. On the other hand, the samplecan be dilutedmany times if high
concentrationsare encountered.

4-3

/_'_ITDt"_I I _'1-_ t'"t"_ DV

%';.................................................... iii ii111=_Lt.....



VOCMONITORINGPI.aN FQRBIN-ROOMTESTS........ MONITQRJNEDE$.IGNOUSTIFICAT]_O_

Hethod TO-14 is an EPA-recognized sampling procedure for VOCsampling and specia-
tion, The method can provide 24-hour integrated sampling (or grab samples) and
detection limits appropriatefor a broad range of concentrations. Laboratory
analyses can be expanded to include other compounds if analytl li results
indicatea ne_ to quantify additionalcompounds. The sampling system can be
operated unattendedbut requiresdetailedoperator training.

4.3.2 Schedules

Initiation of the monitoring program will occur approvtmately 30 days prior to
receiptof the first waste at WIPP. This will allow a shakedown"of the enti,e
system and an opportunityto characterizebackgroundconcentrations. Sampler's
will be deployed as discussedbelow.

4.3.3 ExhaustShaft (StationVOC-I)arid Air Intak;_Shaft (StationVOC-(t)

The samplers at the exhaust shaft (Station VOC-l) and the air intake shaft
(Station VOC-2) will be installed and operational at the beginning of the
prog,-am. Samples will be collected on a wee_,lybasis to ,erify the results
of the undergroundmonitoring and to quantify abovegroundconcentrationsof
contaminants.

4.3.4 Panel 1 Intak_ a_d Outle.t (Stations VOC-8 and VOC-9)
e

The sampler ai the Panel 1 intake (Station VOC-8) and outlet (Station VOC-9)
will be installed and operational at the beginr;ing of the program. Daily samples
collected at these locations will allow any unfores_,en problems associated with
monitoring in the salt-laden underground environment to be identified and ad-
dressed. Data fromthese two stationswil also allowquantificationof existing
VOC backgroundlevels.

4.3.5 Bi_1Gas ptscharge Systems (Stations voc-lO and Voc-II)

Sampling of bin emissions from any of the gas discharge systems will begin after
empiacement of bin_ within one of the rooms. The waste generation sites will
perform an analyses of the waste prior to shipment to WIPP. The WID will not
perform analyses until waste shipments are in the underground. At that t_me
stations VOC-lO and 11 will be activated.

4.4 SAMPLEANALYSES

The analytical strategy for Method T0-14 involves using a GC coupled to a GC
detector. The proposed analysis system for the canister sampling involves the
use of a specific detector system, GC/MS/SCAN. Sine _ the five target compounds
have been specified, the sensitivity of the analysis system can approach that of
the multidetector GC, while providing positive compoundtdentifi_::atlon. This
system can also resolve CDCuttng peaks.

For this study, each _ample will be analyzed with GC/MS/SCANto quantify the five
target compounds. _,, addition, the SCANopt.ion coupled with a spectral library
search wtll allow other significant peaks to be evaluated in a semi-quantitative
manner. _;ny significant peaks will be evaluated further and can be included
as part oT the routine quantification, it" necessary. For the purpose of this
evaluation, significant peaks will be _efined as chromatographic peaks of com-
pounds identifi'_din samplesduring l_rary search routines at a frequencyof
at least ten percent of the samplescollected. The samplesmust also have an
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i

averageconcentrationgreaterthan one ppmvduringany four-monthperiod,andnot
be primary or secondaryalcohols.

A commerciallaboratoryhas beenselectedfor the analyticaleffort,and detailed
analyticalSOPsand QAPjPshave been prepared. As the samplingand analysissys-
tems and SOPs were developed, the recommendationsand requirementsin Method
TO-14 were folIowed.

In addition_detailed canister and sampling systemcleaning and certification
SOPs and QAPPs were prepared. These procedureswill be consistentwith the
recommendationsand requirementsdetailedin Method T0-14.

4.5 Unit Boundary'ConcentrationCalculation_

As discussedin Section 3.5, VOC concentrationsin the exhaust shaft will be
calculatedbased on VOC measurementsfrom the bin room gas discharge systems.
There are no commerciallyavailablesamplingand analysismethodsfor measuring

, all of the targetVOCs in the facilityexhaustairstreamat the levels required
to confirmcompliancewith the health-basedcriteriasuggestedby EPA. Since
monitorin.oin the exhaustshaft cannotbe used for the compliancedetermination,
t is more appropriateto sample at the points of potentialVOC release (the
bin-manifoldsystems). The analyticalresultscan thenbe combinedwithmeasured
flow rates and mine ventilationrates to calculateequivalentconcentrationsat
the unit boundary. An equationfor thiscalculationis presentedin Section3.5.
Examplecalculationfor threeof thecompoundsfor which EPA has providedhealth-
basedconcentrationvalues,carbontetrachloride(0.03/_g/m_),methylenechloride

, (0.3 #g/m_),and trichloroethylene(0.3#g/m_)--arepresentedbelow to demon-

the of this method.
strate application

For the purposesof these calculations,it is assumedthat there is no carbon
sorption controldevice installedand that there are two bin rooms containing
waste. Further,it is assumed that an approximatelyequivalentmass of VOCs is
released from each location. The concentrationvalues shown below are simply
assumedvaluesand may not actuallybe me(,suredas partof the experiment. Lower
concentrationsare expected. Inputs to the exampleequation are as follows'

• Bin gas dischargeflow volume: 670 liters/bin/year- .140 m_/day.

670 liters/bin/yearx 76 bins . 365 days/year- 139.5 liters/day
- .140 m_/day

The actual volumewill be measuredand recordedusing a caliL)ratedmass-
flow _neterand strip chart recorOer.

• Assumedconcentrationof VOCs in the bin gas dischargesystem for eac..__bh
bin room (two total)"

: Carbon tetrachloride" 1,850,000pg/m_
Methylenechloride' 470,000#g/m3

_ Trichloroetnylene" 699,000#g/m3

Assumedconcentrationsare for the purposeof example calcul_tiono_ly

- _ and are taken from Table 5-I.
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• Mine ventilationrate: 425,OOOftS/m_n,- 17.332,000m3/day. The actual
ventilationrate is monitoredand will be obtained for each sampleaay.

The resultingconcentrationsare"

Exhaust shaft concentrationof carbon tetrachloride(pg/m_) =

[(1,850,000/yg/m3 x .140ms) x 2] + 17,332,O00ms - 0.0299 /yg/m_

Exhaust shaft concentr_,tionof methylenechloride (/_j/m3) =
[(470,000pg/m_ x .140n:_) x 2] _-17,332,000ms m 0.0076pg/m_.

The concentrationcalculationfor tr:-hloroethyleneis identical to that for
methyleriechloride.

This exampledemonstratest;_atsourceconcentrationswell above analyticalaetec-
tion limits would result in concentrationsin the exhaust shaft less than the
health-basedcriteriaprovided by the EPA.

v

=
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5.0 SAMPLINGANDANALYSISPROCEDURES

5.1 SAMPLIN6EOUIPHENT

The sampling equipment that will be used during the study includes: 6-1iter
stainless steel canisters, VOCcanister samplers, and modified VOSTtubes. A
discussion of each of these items is presented below. The justification for the
design of the carbon sorption bed is also presented.

5.1.1 SUMMA®Canister_

Six-liter, stainlesssteel canisterswith SUMMA"passivated interiorsurfaces
will be used to collectand store all ambientair and gas samplesfor VOC anal-
ysescollectedas part of the monitoringprocesses. These canistersmust undergo
rigorouscleaning and certificationprocedures,both prior to their use as re-
quiredby CompendiumMethodTO-14. A SOP describingthis processin detailhas
beenpreparedby the analyticallaboratory. CompendiumMethodT0-14 was used as
a guidance document in the preparationof this SOP.

5,1.2 VOCCanister Samplers

A conceptual diagram of a VOCsample collection unit is provided in Figure 5-1.
'

Initially,13 VOC s_mplingsystemshave been purchased,with the provisionfor
• additionalsystems if required. Two systemswill be dedicatedto bin testing

(StationsVOC-10 and VOC-II),one for monitoringat the Panel I intake (Station
VOC-8),one for the Panel I exhaust (StationVoc-g), one at the exhaust shaft
(StationVOC-I),one at the air intakeshaft (StationVOC-2),and the last seven
will be utilizedas back-upsystems. Each samplingsystemincludesa gas sample
collectionunit and sufficientcollection canistersso that any delays due to
labor_t_Tyturnaround time and canister cleaning and certificationwill not
result in canister shortages.

The system consistsof a sample pump, flow-controlledsample inlet line, mass
flow sensor,vacuum/pressuregauge, electronictimer,inlet purge vent, and two
samplingports. Knowledgeof sampler flow rates and duration of samplingwill
allowcalculationof samplevolume. The set point flow rate will be verifiedon
a daily basis by monitoringthe mass flow sensor. Prior to use and at periodic
intervals,the sample collectionunits includinginlet line will be tested arid
certifiedto demonstratethat they are free of contamination. Verificationof
cleanlinesswill be initiatedprior to their use. UHP humidifiedzero air will
be pumped throughthe samplingunit and collectedin previouslycertifiedcan-
isters. Prior to the initiationof sampling,an SOP describing in detail the
cleaning and certification(certificationwill include pressure testing and
targetcompound recoveryevaluation)procedurefor samplerswill be prepared.

5.1.3 Carbon Sorption Media

The currentdesign of the VOC air monitoringsystem for the bin rooms include_
a carbon sorptionsystemto ensure no migrationof hazardousconstituentsbeyond
the unit boundaryabove health-basedlimits.

A sampling system for the carbon bed sorption unit utilized in the bin-scale
monitoringsystemshas been installed(see Figure3-2). The purposeof the
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FIGURE 5-I. ConceptualDiagram of VOC SamplingSystem Configuration
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carbon sorption samplingsystem is to allow experimentaldeterminationof the
carbon bed efficiencyand lifetimeas relatedto the waste being tested. Gases
emitted from bins generallywill be directed through the manifold to the main
carbon sorptionsystemduring routinecanistersampling. The conceptualdesign
of the carbon sorptionsystem is providedin Figures3-I and 3-2.

The capacityof the main carbon sorptionunit has been determinedthroughcalcu-
lationof the total mass of targetVOCs expectedto be emittedannuallyfromthe
experimentalbins during the test phase at WIPP. The validity of this calcu-
lation is to be confirmedby use of the carbon bed samplingloop (modifiedVOST
tubes) includedin the system design.

The samplingloop will includethree modifiedVOST tubes. These tubeswill be
used and analyzed in a manner based on a modificationof the EPA Test Method
0030, as describedin SW-846. The VOST tubeswill be looselypacked (26 Ibs/ft_)
with approximatelyeight grams of 6x16 mesh calgon type BPL granularcarbon or
equivalent,the identicalcarbon to be packed in the main sorptionunit. The
sorption systemhas beenconfiguredso thatflowmay be directedthroughthe main
carbonunit or throughthe samplingloop. During operationof the system,flow
will be directed throughthe sampling loop for a specifiedtest period. The
durationof the test periodwill be specifiedbased on the quantityof carbon in
the tube and the quantityof gas anticipatedto flow throughthe loopduring the
test. At the end of the test, flow will be redirectedthrough the main unit.
The three VOST tubes will then be removedfrom the system and sent to the labo-
ratory for analysesof the quantityof VOCs sorbedonto the carbon within each
tube.

The analyticaldata from VOST tube samplingexperiments,coupledwith the system
mass flow data during the test period,will providea basis for estimatingthe
lifetimeof the carbon in the main sorptio:kunit. Once the analyticaldata are
receivedand evaluated,this test will be repeated,probably at a modifiedtest
duration. This iterativeproces_will continueuntil the lifetimeof the main

' unit can be predicted.

The calculatedlife of each carbon-f'_lledVOST tube is approximately12.8hours
at the anticipatedfullgas dischargerate (139.5liters/day). Three VOST tubes
in serieswould give an estimatedtime of 38.4 hours before breakthrough.This
anticipatedtube life will be used to design the initialsamplingexperimental
program. The samplingsystemis constructedin a parallelflow path to the main
carbon unit (Figure3-I). Valvingwill allow manual switchingfrom the main
sampleflow path to the samplingloopwithoutinterruptionto the overallsystem
operation.

5.1.4 Carboll}orDtlon Bed t)esiq_Specification}

The maximum quantitiesof VOCs measured in the headspace of waste drums and
potentiallyreleasedfromthe binswas usedto design the capacityof the carbon
sorption system. The concentrationsof the five target compoundsmeasured in
headspaceof the drums (Clementsand Kudera,1985) are summarizedin Table 5-I.
These ciatarepresentthe only headspacegas compositiondata available.

The presentdeslgrlof the bin-scaletests calls for 76 bins in a room. Eight of
these bins will be empty and used as controlsfor the gas generationexperiments
(Molecke,IggO). The carbon sorptionsystem for each room, which was based on
an earliertest plan,was designedto containa,y r=el:o_=_vf VOC: from !!6 b ns
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Table 5- I

Average Concentration of Selected Hydrocarbons in the
Hsadspace of TRU Waste Drums

,',,, ,_, / , , Avenge Concentration

Hy.dr_..rbon ........ _,_/..,'Ii.;_..: (gramsperliter)

Carbontetrachloride' ""- " /''''''/''". '.' 1.85x 10-3

' Methylenechloride 0.47x 10.3

Trichloroethylene , 6.99x _04

l,l,l-Trichlorocthane 13.2x I03

l,l,2-Tdchloro-l,2,2-_fluoroed_ane 1.22x 10.3

Source: Clements and Kudera,1985

5-4
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A gas generation rate of five moles per drum per year was used to estimate the
maximumpotential release. Based on experimental data and the fact that the
processes that may generate gas (i.e., radiolysis, microbial degradation, and
corrosion) will compete for available water and oxygen; this rate is considered
a credible maximumrate. The majority of the gas will consist of hydrogen,
methane, carbon dioxide, and nitrogen.

Assuming this rate of gas generation, a total of 670 liters of gas per bin per
year potentially may be released, To estimate a quantity of VOCsthat may be
present within this 670 liters of gas, it is assumedthat the average concen-
trations of VOCsfound in drums from the Rocky Flats Plant (Clements and Kudera,

, 1985) are continuously present.

lt shouldbe noted that the rateof volatilizationof VOCs and the concentrations
of VOCs presentin the headspaceof bins over time cannotbe estimatedfrom the
rate of generationof hydrogenor othergases. Duringthe bin-scaletests,head-
space gas sampleswill be collectedto determinethe concentrationsof VOCs that
are present in the bins over time (Molecke,1990).

The total grams of each of the five target VOCs in the headspaceof the bins
(Table 5-2) were calculatedusing the followingequation:

Average headspace _ 116 biln,_; _70_l!ter) q VO_
Gas concentration (oa x x .... _room bin-year room-year

W (425,000 ft3/min.) or 1.73 x 10' m3/day. The estimated maximumconcentration of
VOCs at the unit boundary assuming a complete failureof the carbon sorption
system is provided in Table 5-3.

The total activatedcarbon requirementswere calculatedfrom the partial pres-
sures of each of the five targetVOCs, monitoringsystem air flow velocity,VOC
loading,and the carbon efficienciesfrom Calgon-BPLisotherms. Based on this
evaluation,the calculatedactivatedcarbonrequirementto achievea VOC sorption
efficiencyof greaterthan 95 percentwas 24.98 grams of carbon per bin per year.
The followingcalculationwas used to define the total carbon requirementsfor
each room per year:

(24.98 g carbon/bin/yr)(I16 bln/room) - 2898 g carbon/roomyr for 100
percentover design criteria (calgonrecommendation)

(2898g) (1.0) + 2898 g -5796 g carbon/room/yr.

The specificdesign for the carbonsorption systemuses 12 kg of carbon/room/yr
for an additionalfactorof two conservatismin the design. The design using 12

q kg of carbon/room/yrrepresentsan overdesignof 400 percentfor an experimental
design having 116 test bins.

The following informationon the activatedcarbon was used to determine the
volumeof the carbon sorptionunit"

• 26 Ibs/ft_
- i ! ® 6 x 16 mesh

• Calgon type BPL
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Table 5-2

Total Quantity of Volatile OrganicCompounds
Availabi_ i'or Release f,_'omthe Bin-Scale Experiments

To_

Chemical ' (g_'arnstroom/year)
.. 1. i III II lm, -- ,,..

Carbon tetrachloride 144

1,I, 1-Trickloroettmne 1,026

Methylenecldodde 37

1,!,2-Tdcldoro-1,2,2-trifluoroethane 95

Tricldoroethylene 54

Total 1356
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Table 5-3

• ', Maximum Daily Concentration of Volatile Organic
. . Compounds st the Unit Boundary

Assuming No Carbon Sorption System

Concentration
Chemical O_g/m_)

i,, _ -- -- .-- -- --- i1 ,

Carbont_u'achJorid¢ 0.023

I,I,l-Tdchloroethane 0.162

Methyler¢chloride . 0.006

I,!,2-Trichloro-[,2,2-trifluoroethane 0.0!5

Tdchloi_thylene 0.009
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26 Ib/ft= .... > 416.48 kg/m3

(IZ kq carbon_)= 0.02B8m= = 28,813.00,,:_= 28.81 liters
(4i6.48kg/m=) (size of sorptionunit)

All spent carbon material fv'omthe VOC sorption system will eit),erbe stored
undergrou_Igor be regeneratedor reactivatedby a process that inim_zesthe
releaseof organics to the atmosphereor is disposed of in full compliar,e with
federaland state regulations. If the carbon is regeneratedor reactivated,a
;;ignedcertificationdemonstratingcompli,ce with these reauirementswill be
maintainedin the facilityoperatingrecorciand will be availablefor reviewby
EPA.

5.2 SAMPLECOLLECTION.PROC..EDURE$

Sample collectionproceduresare described in the followingsections.

5.Z._ Bln ManifoldSawlinq

Gas will be directedfromthe binsthroughstainlesssteelriser tubingct;_ected
to a common manifold. The manifold system is a pressure-balancedsystem,main-
tained at atmospheric pressure, consisting of a positive pressure inert gas
supply and a canister sampler. An air-actuatedball valve is controlledby a
PLC,which will open the valve to allow the inertgas to fill the manifoldin the
event of an underpressurizedsystem. The effluentline is fittedwith a sampler
controlledby the PLC that operates and samples in the event of an overpres-
surized system. In this way, bin room pressure and manifold pressure can be
maintainedat approximatelythe same level, and no large pressure gradientwill
exist across the system (Figure3-2). As an added precaution, prior to the
installationof the bins, the system has undergonea stati, pressure test at
20 psig.

After pressure testing is successfullycompletedand prior to the installation
of the bins, a 24-hourcompositesamplewill be co]]ectedto determinebackground
levels in the manifoldsystem. Th_s samplewill be collectedclown-flowfromthe
carbon bed filtration unit.

The VOC canister samplerwill sample the manifoldgas on a scheduleprogrammed
into a PLC. The PLC will direct the sample puml:to turn on at ._frequencyof
once every 30 minutes and run for one minute. The unit will sample at a flow
rate of 250 millilitersper minute for the Z4-hour sample period, This will
yield a final sample volume of approximately 12 liters. Flow rates may be
modified as necessaryto meet the data .iualityobjectives.

Twenty-four-hourcompositesampleswill be taken on adailybasis. This sampling
processwall continue until sufficientdata are availableto determineaverage
VOC concentrations. When averageconcentrationsare known, sampling frequency
may be reduced. Any large excursionsfrom averagerates will, however, require
a subsequent increase in samplingfrequency (see Section3.3.1).

Samplers are now dedicated to sampling the entire flow stream. A system flow
meter, up-flowof the samplingstationand down-flowof _he carbon sorptionunit,
will recordtotal systemflow rates. As the samplerflo_ rate becomesknown,the
percentage ;f the entire flow monitoredwill be known as weil. Analyticalre-
sults and system flowmeasureme{;tswill allow the calculationof the total target
VOCs in the effluent.

6-8
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Flow controllerson the samplingequipmentwill be checkeddaily by monitoring
with an in-linemass flowmeter dedicatedto the sampler, Thesemeters are ini-
tiallyfactory-calibratedand specifya typicalaccuracyof betterthan4 percent
full scale. Additionally,the bin mass flow meters and the system mass flow
meter will be calibratedusing a NISTprimaryflow standardon a quarterlybasis,
either by the manufactureror by the on-siteWIPP CalibrationLaboratory. The
WIPP CalibrationLaboratorycurrentlyperformsroutinecalibrationof mass flow
meters. Existing SOPs will be revised to address the specific calibration
requiremnts of the VOC monitoringequipment....

Duplicatefield sampleswill be taken at a frequencyof ten percent. Original
and duplicatesampleswill be taken concurrently(seeSection6.1), This design
will requirethe doublingof the samplingfrequencyfor the duplicatesampling
period (every 15 minutes).

5.2.2 Shaft, and Panel S_oling

Samples taken at the Panel I intake and outlet (StationsVOC-8 and VOC-g) can
potentially represent transient environments;therefore, 24-hour integrated
sampleswill be collected. Prior to the installationof any waste in the Panel,
backgroundsampleswill becollected and characterized.Samplestakenat the Air
Intakeand exhaustshaftsmay representtransientenvironmentsas weil, and 24-
hour compositesampleswall be collectedat these two locationsto characterize
the backgroundconcentrations. Due to the potentialfor airborne particulate
contaminationat the Panel ! intake and outlet and the exhaustshaft sampling
stations,the collectionof backgroundsamplesat these locationscan be utilized
as a "shakedown"test_for samplerperformance. The resultsof these tests may
requiremodificationsto the filtrationcapabilitiesof the samplers

- Initially,Panel I samples (StationsVOC-8 and VOC-g)will be taken daily,with
the potentialfor samplingreductionto weekly based or,analyticalresults(see
Section3.3). Air Intakeshaft (StationVOC-Z)and exhaustshaft (StationVOC-I)
sampleswill :::_.taken on a weekly basis.

Samplestaken at the exhaustshaft and panel locationsshouldrepresentthe same
matrix type, that is, elevated levels of salt aerosols. To verify the matrix
similarity, duplicate sampleswill initiallybe collected from the panel and
sH_ft sampling station (StationVOC-8, -9, -I, and-2) at a frequencyof ten
p_rcent(seeSection6.1). The duplicatesamplingat these locationswill con-
tinue _ntil at least three duplicatedata sets are reported for each sampling
station. The duplicate sampling at these stations may be eliminated if the
duplicateprecisionvalues for the samplesdiffer b/ no more than ten percent.
If compoundscannot be identifiedin the samples collectedat these stations,
making calculationsof precisionunattainable,the duplicatesamplingat these
stationswall be eliminated.

5.2.3 Method Relat,,!v_A_curacyS_plinq

Method relattve accuracy will be evaluated by spiking canister samples wtt_ _
knownvolume of a gaseous standard. As a first step in this process, client
duplicate samples of the matrix gas (i.e., mine dir or gas from th e I_l_'k_lTifold)
will be collected in standard sample canisters through the sami__stem. The
samplingdurationfor these sampleswill be approximatelyZ_k_i_Ye]_wsTM, and approxi-
mately 11 liters of matrix gas will be collected i___'of the two sample
canisters. V,""
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The secondstepwillbe to connectthegaseousstandardcylinderto thesampling
systemandpurgetheentireflowpathwith thegaseousstandardto removeallof
thematrixmir, Thegaseousstandardwillbe injectedintotheinletof thesam-

llngsystem. Only the gaseousstandardwillbe injected.No matrixalr wille introducedwith the standard.

The thirdstepwillbe to spike_iutofth_duplicatecanisterswithone literof
the gaseousstandard.The s_J_pllngsystemwill be usedto add thisadditional
volumeto the canisteroesignatedas thematrixspikesample. The fi_alsample
vol _ of thematrixspikewillbe approximately12 liters.The finalvolumeof
the uupllcatesamplewill be approximatelyII liters.

Afterremovingthematrixspikeandmatrixduplicatesamplesfromthe samplers,
the fourthstepof the processwill be to disconnectthe gaseousstandardfrom
the inletto the samplingsystemandto purgethe sy_emrwitheithermatrixgas
or zeroair. Thispurgecyclewillr_moveallof the gaseousstandardfromthe
samplingsystem, r_nally,boththe matrixspikeand the matrixsamplewill be
sentto the laborerry for analysis.

Thegaseousstandardmay be preparedbytheanalyticallaboratory,obtainedfrom
the EPA, or purchasedfrom a conwnerclalsupplier. The standardwill contal_
knownconcentratlonsofthe _'vetargetcompoundsin a pressurizedcylinder.The
concentrationof the targe ,mpoundsin the cylinderwill be ewluated before
use andon a regularbasist,._reafter.Usinga standardsamplecanister,,_ Inl-
tialsampleof thegaseousstandarOwill be obtaineddirectlyfromthecylinder
and analyzedby the laboratory.Sampleswill be collectedfromeach cylinder
priorto use andon a semiannualbasisthereafter.

Thisprocedurewillbeconductedon a rotationalbasisateachs nollnglocation.
Methodrelativeaccuracywill be trackedat each locationth:Jughthe use of
controlcharts. Thematrixspikeandconcurrentmatrixduplicatewill be col-
lectedand analyzedon a frequencyof tenpercent.Afterdata are receivedfor
tenmethodrelatlveaccuracysamplesateachsamplinglocation,accuracywindows
andoutliercriteriawill be determined.Additionalinformationis providedin
WP 12-7. Data_ualltyobjectivesforthemeasurementofmethodrelativeaccuracy
are presentedin Section6.

5.2.4 YOSTTube Samplt)_

Accurate VOCconcentrations andbin orr-gas flow rates andfrequencies are pre-
sently unknown. ;or the_- reasons, car _n bedabsorF.ion efficiency and lifetime
mustbedetermined experl_mnta_ly. The ,roposeddesign of the bin-scale sampling
manifol_ provides for a carbon bed sampling looo (Figure 3-2). By changing th_
gas flo; direction to the sampling loop, VOCsoff-gassinq from the bins maybe
trapped in staged, carbon-filled VOSTtubes and ana}yzed in the laboratory by
thermal desorption GC/MS. These tub s maybe changedout _nd analyzed period;-
cally without any interruption to the effluent monitoring effort. A separate SOP
for "arbonsorptionsamplingwill be completedafterthe nalizationof the
manilolddesignspecifications.

Aftercarbonbedlifetimehasbeendetermined,a_itionalVOSTtubesamplingwill
not be necessar,unlessthereis an increasein gas flowratesor the quantity
of VOCs determ_ed throughcanistersamp"ng, _ wastes from new sources/
processesare aQdedto the experiments.
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5.3

Field sampling data sheets will be used to documentthe conditions under which
eachsampleis collected. Thesedata sheets havebeendevelopedspecifically for
this study The individuals assigned to collect the _peciftc sampleswill berequired to fill in all of the appropriate sample do_a and to maintain this
record in field notebooks. The programsupervisor will review these forms on a
weekly basis.

All sampleswill be maintained and shipped at ambient temperatures. Completed
sampleswall be shippedin individualshippingcontainersbiweekly, Priorto
leavingtheunitboundary,allsamplecontainers/tubesmustundergoradiological
screening. The resultsof the screeningmust be submttej to the receiving
laboratorypriorto or withthe samples.

AdditionalQA requirementsfor samplemanagementcontainedin WP-13will be
followedas appropriate.Chain-of-custodyproceduresrequiredby WP-13willbe
followedclosely,and additionalrequirementsimposedby the laboratoryfor
sampleanalysiswill be includedas necessary.

Individualscollectingsampleswillbe responsibleforthe initiationofcustody
procedures.The chainof custodywall includedocumentationas to thecanister
certification,locationof samplingevent,time,dite,anddurationof sampling.
Sampleswillbe collectedin accordancewith writtensamplingSOPs;deviations
froma SOPwillbe considereda variance.Variancesmustbe preapprovedby the
projectmanagerand recordedin the projectfiles. Unintentionaldeviations,
samplermalfunctions,and otherproblemsare nonconformances.Nonconfonnances
mustbe documentedandrecordedintheprojectfiles.Allfieldlogs/datasheets
mustbe incorporatedintoWIPP'sdocumentcontrolprocess.

Moredetaileddocumentationof samplemanagementis presentedin WP 12-7.

5.4 $_ANPLER_L_IAINT_ E

Routine sampler maintenancewill be the responsibility of the samplingpersonnel.
Thismaintenancewill includebut not be limitedto replacementof damagedor
malfunctioningparts,filterchanges,leaktesting,andminorcleaning.Major
cleaningandsamplercleanlinesscertificationwillbe theresponsibilityof the
contractedlaboratory.Additionally,completespareunitswillbe maintainedon
the slteto minlmizedowntimedue to samplermalfunction.A sparepartsinven-
torywill bemaintainedat thesiteas weil. A samplerpreventativemaintenance
schedulewillbedevelopedandincludedintheQAPP. At a minimum,samplerswill
be certifiedfor cleanlinesson a quarterlybasis,afterany partsthat are
includedin the sampleflow path are replaced,or any time analyticalresults
indicatepotentialcontamination.All samplecanisterswillbe certifiedprior
to each usage.

5.5 ANALYTICALPROCEI)!,JRES

Analytical procedures used in the analysis of VOCsamples from canisters are
basedon reconmendmtionin CompendiumMethodT0-14. Analysis of carbon sorption
mediawillbe performedusinga modificationtotheanalyticalprocedureforthe
analysisof VOSTtubes(EPA,1986). AnalyticalSOPswill be in placepriorto
the analysisof any samples.

5-II
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5.5.1 Analysis of samDle.sfromSUMMA°Cap.ist_e__s

As canisters wtl] be pressurized during the sampling procedure, ,laboratory
pressurization will not be necessary for analyses. Hressures ot_canisters will
be verified whenthey are rec red, however, to confirm that _ossesdid not take
p]ace during shipping and storage.

_y._] S_stemR_au_em_nts

The analytical system will const_;t of three m_jor components: the sample
introduction system, analyte separation system, and the analyte detector system.

• SampleIntroduction Systemfor Canisters: TI_,_sample introduction sys-
temwill include a themostated unit (oven) t_ allow canisters (samples
and standards) to be evacuated at a constant temperature. It will
incluoe a Naiion" drying tube to removemo_ture from the gas strea,,.
Oneor more :ryogenic traps may be used to focus and desorb trapped
material. Transfer ltnes within the introduction unit must be heated
so that volatile compound_are not actively absorbed. Valves and
solenoids should be heateo and be of a low dead volume type. The
introduction system will h_ve an in-line mass flow controller. The
introductionunit wlll be capab"_ of introducinginternalstandards
directlyintothe sampleflowpetn.

• Somemodifications' may have to be madeto the introduction system if
relatively large amountsof salt aerosols are present in the samples.
Problems of this type wtll be investigated during the analysis of
backgroundsamples.

Analyte Separation: Analyte separation will be achieved by gas chroma-
tography. TheGCwill be capable of subambienttemperature programming.
Thecapillary columnusedwill be a 30 meter x 0.53 millimeter I.D., J&W
DB-624with a 3-micron film thickness, or equivalent.

• DetectionSystem: Analytedetectionwill be accomplishedby full
scanningquadruplemass spectrometry.The mass spectrometermust be
capableof scanningfrom40-260m/z in one secondor less,be fitted
witha gasjet separator,a data systemcapableof storingallrawdata,
and a computeralgorithmfor anmlytequantitationand forwardlibrary
searching.All rawand processedGC/MSdatamust be storedon magnetic
tapeor dlsk and kept for the durationof thisproject.

__tanc!_rclpre_ar_atlon

Primarystandardswill be preparedfor the fivetargetcompoundsas wellas the
internalstandards.Secondaryst_(id_rdswill be preparedfromdilutlonof the
primarystandards.Analytesthatar_ gasesat STPwillbe preparedin a static
gasdilutionbottle, or analytesthatare liquidsor solidsat STP,a mixture
will be made and loadeddlrect",intoa standardpreparationcylinder. These
standardswill be checkedageing:EPA auditcylindersto verifythe accuracyof
theirconcentrations.

_-12
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Calibra¢iQn procedures

Prior to the analysis of a standard curve, the GC/MSsystm mustundergoa mass
calibration check. This check is performed by injecting 50 ng of BFBdirectly
onto the capillary column. The requirements (criteria) for relative ion abun-
dances, listed in Table 5-4, must be met before analyses may proceed. BFB
requirements mustbe met for each 12 hours ofoperation.

Quantitative standards for the five target analytes, to be determined in the
canisters, will be analyzed at five concentration levels. These.levels should
define the linear range of the instrument for these five compounds;however, if
somenonlinearityexists,concentrationmay be determinedthroughcurvefiLLing
or physicalplottingof data. One standardconcentrationlevelshouldbe at or
neara concentrationcorrespondingto thedetectionlimitforthemthod. Rela-
tiveresponsefactorswillbegeneratedforeachtargetcompound.Theseresponse
factorsmust meet the requirementslistedin the QA objectivessection. As
discussedabove,if low concentrationstandardsdo not meet the linearity
requirement,then a curve-fittingroutinemay be used. The methodused for
quantificationof thedata mustbe reportedwith the analyticalresults.

Ltbr.ary S_arches

In every sampleanalyzed, a forward search of the NIST library of massspectra
must be performed for all chromatographicpeaksgreater than ten percent of the
nearest internal standard.

. _ p_ataReoorttna

Sample target analyte concentrations wtll be quantified using the mid-range
calibration standards and will be reported in ppbv. Other samolecontaminants
identifiedby NISTlibrarysearcheswillbe reportedas tentativelyidentified
compounds,and concentrationcalculationswillbe basedon responsefactorsof
the nearestinternalstandard. The relativeresponsefactorusedfor quanti-
tatlonaswellas copiesof spectra,withthelibrarysearchresults(purityand
fit),willbe submittedwiththeresults.A tablelistingtherunsequencewith
thecorrespondinginternalstandardareacountsmustbe reportedwiththeanalyt-
icalresults. A narrativedescribinganyproblemswith sampleanalysismustOe
included.Any nonconformancesmust be includedwiththe reportingof thedata.

5.5.2 Analysis of VOSTTubes /_
The objective of the analysis of the VOSTtubes is not to determine the nature
of thewastestream,althoughlibrarysearchingmay aid int;lisfunction,but to
determinethe effectivelifetimeof the carbonbed absorbent.As over-design
criteriawere appliedto the carbonbed absorbent,extremelyaccuratequanti-
tativeresultsarenot required.Forthisreason,theanalyticaleffortandthe
levelof qualitycontrolwill be somewhatlowerthan the levelthatis applied
to the emissionsmonitoringprogram.

SamplePreoaratlon
z

VOSTtubesdo not requireany specialsamplepreparation.
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Table 5-4

ion ._x;Ionco Odmda

Mass Ion Abundance Criteria

50 15 to 40_ of mass 95

75 30 ta 60_ of mass95

95 _ Peak, 100_ RelativeAb_ndan_

96 5 to 9_ of mass 95

173 <2% of mass 174

174 > 50% of mass 95

175 5 to 9% of mass 174

176 >95_ but < 101'_ of nmss 174

177 5 to 9_ of mass 176

.I,_. f'-_
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Analytical Sy.stemRQauirements

• S_le Introduction System for VOSTTubes: The sample introduction
system for the VOSTtubes will consist of a thermal desorption oven,
heated transfer lines, and mixed sorbent focusing trap; it will be
capableof introducinginternalstandardsdirectlyintothe flowpath.
All valvingshouldbe heatedand be of a lowdead volumetype.

• AnalyteSeparation:Analyteseparationwillbe achievedby gas chromo-
tagraphy.TheGCwillbe capableof subambienttemperatureprogramming.
The capillarycolumnusedwill be a 30 m x 0.53 mm I.D.,J&W DB-624,
with a 3-_ filmthickness,or equivalent.

• DetectionSystem: Analytedetectionwill be accomplishedby full-
scanningquadruplemass spectrometry.The mass spectrometermust be
capableof scanningfrom 40-260m/z in one secondor less,be fitted
witha gas jet separator,m datasystemcapableof storingallrawdata,
and a computeralgorithmfor analytequantitatlonand forwardlibrary
searching.

CalIbratlonProcedures

Priorto theanalysisoYfa standardcurve,the GC/MSsystemmustundergoa mass
calibrationcheck. Thischeckis performedby injecting50 ng of BFBdirectly
ontothe capillarycolumn. The requirements(criteria)for relativeionabun-
dances,listedin Table 5-4, must be met beforeanalysesmay proceed. BFB
requirementsmust be u_t foreach IZ hoursof operation.

Threeliquidinstrumentcalibrationstandardswill be usedfor the analysisof
VOST tubes. Thermaldesorptionefflciencleswill be determinedonce for all
compoundson the EPA ContractLaboratoryProgram,TargetCompoundList for
VolatileOrganicCompounds(EPA,1988b)andFreon-ll3.Afterthisdetermination
is complete,standardcurveswillbe preparedby a directinjectiontechnique.
Relativeresponsefactorswill be generatedbasedon the totalnanogramsof
analyteand internalstandardinjected.

LlbrarvSearches

In everysampleanalyzed,a forwardsearchof the NISTlibraryof massspectra
willbe performedfor all chromatographicpeaksgreaterthan20 percentof the
nearestinternalstandard.

DJLlblReoortInq

Sampletargetanalyteconcentrationswill be quantifiedusingthe mid-range
calibrationstandardand will be rel)ortedas totalnanograms. Other sample
contaminantsdeterminedby NISTlibrarysearcheswillbereportedas tentatively
identifiedcompoundsand concentrationcalculL_lonswillbe basedon a response
factorfor the nearestinternalstandard.Copiesof spectra,with the library
searchresults(purityand fit),will be submittedwith the results. A table
listingthe run sequencewith the correspondinginternalstandardarea counts
must be reportedwith the analyticalresults.A narrativedescribing_ny prob-
lemswithsampleanalysismustbe included.Anynonconformancesmustbe included
withthe reportingof the data.
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5.6 LABORATORYSELECTION

Heasures shill be taken, in accordance with the current Westinghouse Waste
Isclatton Dtvision (WID) procure.mnt policies and procedures, to ensure that pro-
cured servtces conform to specified requirements. These measures will generally
tnclude one or more of the following: evaluation of the supplier's capability
to provide servtces lnacco'rdince with requirements, including a history of pro-
vidtng similar services; evaluation of objective evidence of conformance, such
as submittals; and examination of delivered services.

5.7 LABORATORYPROCEDURES

The contracted laboratory is required to develop and prepare the following SOPs:

• Canister cleaning and certification procedures
• Sampler cleaning and certlfj)catlonprocedures
• Analysis of VOCsfrom SLIMHA-canisters
• ,,malysis of carbon tubes by themal desorption GC/MS
• Project-specific data verification procedures.

The contracted laboratory is also required to develop and prepare QAPJP for
cleaning and certification of samplers and for laboratory analysis of canister
and VOST tube samples. The laboratory will also be required to review and
approve WP 12-7.
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_ 6.0 QUALITYASSU_CE 0_ECTIVES

Many qumltty objectives for the VOCmonitoring plan have been addressed in
Sections 4.0 and 5.0. For example, samplecollection procedures are discussed,
including justification of sampling location selection. Additional topics
include discussions of sampling program operations, preparation of sampling
equipment and samplecontainers, redundancy in sampling equipment and sample
container's (including canister certification), z general sample management/. "
ontrol schem, and the selecttGn of analytical procedures. More detailed
descriptions of these functions, as well as additional quality-related objec-
tives, are addressed in WP12-7. This QAPPhas beenprepared in accordancewith
the Interim Guide'linesandSpecifications for Preparing Quality AssuranceProject
Plans (EPA, 1983) and the criteria listed in Table 6-1. This section addresses
the methodsto be used to evaluate the componentsof the memsuremntsystemand
how this evaluation will be used to establish data quality objectives. In
addition, project activities will be performed in conformancewith quality
assurance requirements described in WF12-7.

6.1 OAOBOECTIYESFORTHEMEASUREMENTOFPRECISION.ACCURACY.SENSITIVITY.ANl)
COMPLETENESS

• Precision: For the duration of this Project, precision will be defined
andevaluatedby theRPDbetweenfield,as wellms laboratoryduplicate
staples.

-B
RPD- [ (AA+B)/2] x 100

+' where:

A - Original sample result
S -Duplicmte sample result.

• _Lf,£,JJ.£];_:Analytical accuracywill be defined andevaluated through the
use of analytical standards. Becauserecovery standards cannot reliably
be added to the sampling stream, overall systemaccuracy mustbe based
on analyticalinstrument performance evaluationcriteriaand sampler
accuracy.Thiswillincludeperfomznceverificationcriteriafordaily
qumntitmtlonstmndmrdevaluation,internalstmndardmremevaluation,and
the percentrelativeaccuracyms definedinMethodTO-14. Thesecri-
terimwillconstitutethe verlflcmtionof accuracyfor thequantltmtlve
effort. Evmluztlonof standardion abundmncecriteriaforBFBwillbe
usedto evaluatethe accuracyof the znmlytlczlsystemin the determi-
nationof targetedanzlytes,as well as the evaluationof unknown
contaminants(qualitativeaccuracy).

• _@Jl,ti.t]_J_t_:Sensitivitywill be definedby the Limitof Quzntitatlon
(LOQ).The LO0representsthelowestanalyticalvaluethatcanreliably
be quantifled.

• Comoletene$):Completenesswill be definedms the percentageof the
ratioof the numberof validsampleresultsreceivedversusthe total
requested.Completenessmay be affected,for exmmple,by sampleloss
or destructionduringshippingand laboratorysamplehmndlingerrors.
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Table 6-1

_tta Qualtty Objectives for Accuracy, Precision, Sensitivity.' and
Completeness for the VOCMonitoring Program

Relative "
Accuracy Precision Sensidvity Completeness

Compound (Percent) (RPD) (ppbv) (Percent)

Carbon¢elrtchJoride -+-I0 .. 15 0.5 >90

Methylenec_onde + 10 15 0.5 > 90

Tricldorcechyieue + I0 15 0.3 > 90

l,l,l-Trichlovoedmne __+lO 15 0.5 > 90

I,I,l-Trichloro-1,2,2-
_fluoroethane _.+I0 15 0.5 > 90

data qualityobjectives have been V+.scribedfor thisprogramby EPA andare formallypresentedin
theFinalNo-MigrationDetermination(F_A,1990).

6-2



'_ VOCRONITORIM PUUqFORIlIN-ROONTESTS OLMLITYASSURANCEOEI_ECTIVE_

S.I.1 Evaluation of Laboratory Precision
t

Laboratory duplicates will be used for the evaluation of laboratory precision.
Typical values of laboratory precision are listed in Table 6-1. These values
will be appropriate for the evaluation of samples wtth little or no matrix
effects. Due to the potentially high level of salt-type aerosols in the WIPP
underground environment, analytical precision may be qutte different. Laboratory
duplicate values will be tracked through the use of control charts, specific to
a type of sampling area (e.g., bin-scale). After 20 laboratory duplicate data
points have been collected, control values will be established for each sampling
area type. These control values will be reevaluated after every ten additional
laboratory duplicate analyses. Laboratory duplicates wtll be analyzed at a
frequency of ten percent. Precision windows and outlier criteria will be
addressed in WP1Z-7.

6.1.2 _yaluatton of Ft_ld Precision

Duplicate fteld samples wtil be taken at a frequency of ten percent for all moni-
toring "locations. Field duplicate values will be tracked through the use of
control charts specific to the type of sampltng area. After 20 field duplicate
datapotnts have been collected, control values will be established for that type
of sampling area. Control values will be reevaluated after every ten field
duplicate analyses. The difference between the laboratory duplicate and the
field duplicate results represents the precision of the sampling event. Preci-
sion windows and outlier criteria will be addressed tn the OAPP. Data quality
objectives for the measuremnt of duplicate field suq}le precision are presented
in Table 6-1.

6.1.3 Evaluation of Laboratory Accuracy

Ouantttative analytical accuracy will be evaluated through performance criteria
based on relative response factors generated during instrument calibration and
recovery of compoundsfrom audit cylinders. The criteria for the intttal cali-
bration (5-point calibration) is that any single relative response factor for a
particular target compoundcan dtffer by no more than 25 percent from the average
of the five. After the successful completion of the S-potnt calibration, it is
sufficient to analyze only a mtdpotnt standard for every 12 hours of operation.
The midpoint standard must pass the Z5 percent difference acceptance crtteria
before sp@le analysts my begin. Internal standard areas wt11 be monitored as
a verification of stable instrument performance. In the absence of any unusual
interferences, areas should not change by more than Z5 percent over a 12-_our
period. Deviations larger than 25 percent are an indication of a potential
instrument malfunction. If the tnternal standard areas in a sample change by
more than 25 percent, the sample must be reanalyzed. If the Z5 percent criterion
is not achieved during the reanalysis, the instrument must undergo a performance
check and the mtdpotnt standard reanalyzed to verify proper operation.

6.1.4 Evaluatt on of Method Accuracy

Percent relative accuracy (as defined in Method T0-14) wall be evaluated by
sampling standard mtxtures from a cylinder containing knownconcentrations of the
target compoundsthrough the sampltng system and into a standard sample canister

e (mtrtx spike). This procedure wtll be conducted on a rotational basis, so thatthe measurement of percent relative accuracy will reflect all of the sampling
stations. An EPAaudit cylinder is not available that contains the five project-
spectftc target compounds. Laboratory-prepared audit cylinders may be used.
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Theseauditcylinderswillbe verifiedagainstthe EPA auditcylinders(group5
andgroup3) andmay notbe preparedwiththe samestandardsusedtomanufacture
calibrationsolutions.Verificationmust be documentedand the originalsub-
mittedto the projectfile. Alternatively,cylindersmay be obtainedfrom a
commercialsupplier.Percentrelativeaccuracyis expressedas:

Methodrelmtiveaccuracywillbedeterminedforeachtargetco=F,nd basedonthe
relativedifferencebetweenthe concentrationof the target_ompoundin the
gaseousstandardcylinderandtheconcentrationof thetargetcompoundrecovered
from the mmtrixspikesample. The comput_tlonof th,jconcentratiorrecovered
fromthe samplerwill be adjustedfor the mctumlbmckgroundconcentrationmea-
suredin thematrixduplicatesamplemt thetimethematrixspikewascollected.
The samplevolumesof matrixair andgaseousstandardalsomustbe consioeredin
the calculation.Methodrelativeaccuracyis calculatedas follows:

A - Cs -IC_, I00Cs

Ct rCr(Vs+Vmi.-(Cd* Vm)lm VS - -

where, . '

A - Relatlveaccuracy,percent

Cs = Concentrationof the targetVOC,Inthe gaseousstandard_ppb

Cr = Concentrationof the targetVOC recoveredfromthematrixspike,ppb

Cd = Concentrationof the targetVOC recoveredfromthematrixduplicate,
ppb

Ct = Calculatedtrueconcentrationof the targetVOC in the matrixspike,
ppb

Vm = Samplevolurm of matrixgas collect_d,liters

Vs = SuKolevolumeof the gaseousstandardcollected,liters.

To correctforpotentialeffectsfrommatrixor backgroun:concentrationsof the
targetco_ounds,matrixduplicatesampleswill be collectedconcurrentlywith
the collectlonof a matrixspikesample.

Percentrelativeaccuracywill be trackedthroughthe use of controlcharts.
Afterdata are receivedfor ten ac _racysamples,accuracywindowsand outlier
criteriawall be determined. Thesecontrolvalueswall be reevaluatedafter
everyten additionalaccuracysampleanalyses.Gasfromstandardcylinaerswill
be sampledthroughthesystemsat a frequencyof ten percent.Additionalinfor-
mationis providedin WP 12-7. Data qualityobjectivesfor themeasurementof
percentrelativeaccuracyare presentedin Table6-I.

6.1.5 Evaluationof Ouallta)!veAccuracy

Qualltati_eaccuracywill be evaluatedby the relativeion abundancecriteria
establishedforBFB. Foreach 12 hoursof sampleanalysis,a 50 ng injectionof
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i
i

BFBmust be medef and the requirements listed Jn Table 6-1 must be met before the
instrument may be used to analyze samples.

6.1.6 Evmluatton 91' Sqnstttvtty

Typical values for sensitivity (LO0) are listed in Table 6-1. These values are
based on the evaluation of samples wtth little or no matrtx effects. There is
the potential at the exhaust shaft and background locations in the drift for
sang,ling and analytical interferences, due to airborne salt in the form of an
aerosol. The sampling manifold for the bin-scale test is sufficiently protected
from the underground environment, and this type of Interference should not occur
during the bin-scale tests. Prior to the initiation of bin, exhaust shaft,
and Panel 1 Intake/outlet testtng, tt will be necessary to determine if these
atrborne aerosols will affect method sensitivity. Pmrttally ftlled standard
cylinders of known concentrmtton wtll be dtluted wtth t metered volume from a
bin-scale monitoring system, a locatton nemr the Prone1| outlet, and from the
exhaust shaft. These cylinders will be analyzed to detemtne tf target con-
centrmtton can be achteved tn the presence of the aerosol. Salt aerosol tmpact
on method sensitivity wtll be reevalumted annumlly.

6. ]. 7 _letenq_s

The expected completeness for thts project ts greater than 90 percent. Data
c_letenesm will be tracked and wtll be evaluated after every ten qualtty
control analyses.

6.2 SAMPLEHANOLIN6ANDCUSTODYPROCEDURES

Smple packaging, Shipping, and custody procedures are addressed tn the QAPP(see
Sectton 5.3).

6.3 CALIBRATIONPROCEDURESANDFREOUENC_'

Calibration procedures and frequencies for analytical instrumentation are listed
tn Sectton 5.5. Whensmplers are in operation, flow _rates wtll be verified On
a. datly basis.

6.4 ANALYTICALPROCEDURE_

Analytical procedures are outltned tn Section 5.5.

6.5 DATAREDUCTION.VALIDATION. ANDREPQRTING

Data reduction and validation are addressed tn the WP12-7. A brtef description
of data reporting ts gtven in Sectton 5.5; more detail on data reporting is
provtded in WP12-7.

A dedicated log book wt11 be maintained by the operators. Thts log will contain
documentation of all pertinent data for the smoltng. Sample collection condi-
tions, maintenance, and calibration activities wt11 be tncluded tn this log.
Additional data collected by other groups at WIPP, such as temperature, pressure,
etc., wtll also be obtained to document the smpllng conditions, as necessary.

Data validation procedures will be specified tn the monitoring program QAproto-
cols. As a mtnimum_all field data forms and the sampling log book wtll be
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checkedfor completenessand otherrelevantinformation.Samplecustodyand
analysisrecordswillbe routinelyreviewedby the laboratorysupervisor.

Dataw'llbe reportedto theEPAannuallywithin60daysof theendof thecalen-
dar )_,_r.Data summarieswill includedailyresultsfor each samplefor the
targetcompoundsaswell as overallstatisticalsummaries.Graphicalsummaries
w_ll be Inc)ud_dto aid in the evaluationof trends.

Inaddition,inaccordancewiththerequirementsof40 CFR268.6(e)(f)(2),if :he
data i _icateaveragetargetVOCconcentrations_nthe exhaustshaft,_boveEPA-
speci !criteriaduringany three-monthperioo,the DOE will notifythe EPA
withir,_endays.

6.6 PERFOI_qANCEANDSYSTEMAUDITS

Systemauditswill initiallyaddressstart-upfunctionsfor each phaseof the
project, These auditswill consistof on-siteevaluationof materialsand
equipment,reviewof canisterrandsamplercertification,reviewof labohatory
qualificationand history,andmay, at the requestcf the contractingofficer,
includean on-siteaudltof the laboratoryfacilities.The functionof the
systemaudit is to verifythat the requirementsfor projectinitiation,as
discussedin this MonitoringPlanand the QAPP,have beenmet. Systemaudits
will be performedprior to the initiationof the monitoringprogramand
semiannually thereafter.

Performanceauditswill be accomplishedthroughtne evaluationof analytical
qualitycontroldata in the form of con+rolchartsand reportsby performing
periodicsiteauditsthroughoutthedura_snof theprojectandthe introduction
of auditcylinders(laboratoryblinds)into the analyticalsamplingstream.
Controlchartsforprec:sionandpercentrelativeaccuracyaremaintainedforthe
durationof theproject. Petformalnceauditswill alsoincludea t)imonthIysur-
veillance/reviewof alldataassociated_'ithcanisterand s_mvlercertification,_
a semiannualDr_,iect-soecifictechnicalauditof fiel,_ooerations,andan annual
laboratorypfirformanceau(!l).Fieldlogs,notebooks,and data sheetswill be
reviewedweekly. Blind-auditcylinderswill be introducedat a frequencyof I
in everyI00 samples(initiallythiswill be abouttwicea month). Details
concerningscheduling,personnel,anddata qualityevaluationare addressedin
WP 12-7.

6.7 PREVENTATIVEI_AINTENANCE

A brief description of sampler maintenance is described in Section 5.4.
Maintenanceof analytical equipmentwill be addressed in the analytical SOPs.

6.8 CORRECTIVEACT]ONS

Corrective actions maybe responsesto variances or nonconfomances. A variance
is an intentional modification to an established protocol or procedure. A
variancemay includetechnicalmodificationsto field/laboratoryprocedures,a
change in administrativedetails (for example,a change in personnelor a
specifiedreportingformat),or may constitutea changein the scopeof work.
Nonconformancesare unintentionalerrorsthat can resultfromfaultyor broken
equipmentor operationalerrors. In thecaseof a _ariance,correctiveactions
must be reviewedand approvedby projectmanagumentpersonnelincludingappro-
priategovernmentagencies.Correctionsto nonconformancesmay be initiateclin
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the fieldor lab0rmtory.Documentationof variances/nonconfonaancesand the
associatedcorrectiveactionsmust be integratedintothe projectfile.

6.g OUALITYASSURANCEFI;[PORTSTOMANAGEMENT

As part of the qualityassurancefunction,m semiannualQA reportwill be sub-
mittedto projectmanagement.This reportwlllincludesemiannualcontrolcharts
forrelativepercentaccuracy,field/analyticalprecisionandcompleteness,sys-
tem auditresults,and identificationof QA problemsandrecommendedsolutions.
Individual(s)responsibleforthis functionwill be identifiedin theWP 12-7.
All monitoringdatawill be kepton fileat the WIPP site.
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APPENDIX D13 1

CHEMICAL COMPATIBILITY ANALYSIS 2

OF WASTE FORMS AND CONTAINER MATERIALS s

Ali informationfor the chemical lists and compatibilitystudy is maintainedin data bases on a 4

personal computer. The chemicalsreportedby the generatorsites are classifiedinto reaction 5
groupsas defined by the U.S. EnvironmentalProtectionAgency (EPA) document,A Methodfor 6

Determiningthe Compatibilityof HazardousWastes (EPA, 1980). The chemicallistsare printed 7
directlyfrom the TRUPACT-II data bases usinga print program. 8

A data base program was developed to evaluate the chemical compatibilityof the waste. 9
Potentialincompatibilitiesare thosedefined inthe EPAdocument(Hatayamaet al., 1980), which 10
identifiescombinationsof chemicalgroupsthat are incompatible. Ali suchcombinationshave 11
been entered into a refere.._ data base to be usedin assessingthe chemicalcompatibilityof a 12
given list of chemicals. The logicof the program used in evaluatingthe chem,calcompatibility 13
by contentcode is describedin detail below. 14

As an initial step,_he programindexes the entire data base accordingto contentcodes. The 15
programthen locatesthe first reactiongroupwithinthe firstcontentcode and picksthe highest 16
concentrationof any chemical in that group. The group is then paired withevery othergroupin 17
the data base to check for incompatibility. If a potentialincompatibilityis found,it J=printedout 18
along with the correspondingcontent codes. After finding ali potentialincompatibilitiesfor that 19

content code, the programmoves on to the nextcontent codeuntilali contentcodes have been 2o
processed. 21

To ensureaccuracy,the referencedatabasewas printedandcheckedagainstthe EPA document 22
for chemicalcompatibility,and the TRUPACT-II data base was pdntecland checked againstthe 23

original submittal forms from the generatorsites. The listof potentialchemicalincompatibilities24
reported by the program was hand checked usingthe EPA documentas a referenceto assure 25
proper functioningof the program. Ali potentialchemical incompatibilitieswere the_ evaluated 26

on a case-by-case basis to identifywhich, if any, of the reactionscould occur, giventhe nature 27
of the waste and the chemical constituents. 28

Content codes are classifiedas "incompatible"if the potential exists for any of the following 29
reactions: 3o

• corrosion 31

• explosion 32
• heat generation 33
• gas generation(flammable gases) 34

Appendix D13
PTB-177A.13 D13.-1 3/92



WIPP RCRAP,._rtPermitApplication
DOE/WIPP91-005
Revision1

1 • pressure build-up(nonflammablegases)
2 • toxicby-productgeneration

3 Each generator and storagesite has produceda comprehensivelistof ali possiblechemicals
4 present in its waste. The chemicalcomponents found in each waste generation processare
5 determined by examinationof the processtechnology,bychemicalanalysis,or by processflow
6 analysis. Underthissystem,ali chemical inputsintothe systemare accountedfor, even though
7 ali of these componentsmay not be a part of the waste. For example, generatorsites might
8 includeboth acids and bases in their lists,even thoughthe two groups have been neutralized
9 priorto placementin a wastecontainer. In additionto thechemicalcomponentsreportedbythe

10 generator the followingcomponentswere added to the data base for each content code in
11 dominant (>10 weight%) quantities:

12 Group 23 Metals, other Elementa! and Alloys as Sheets, Rods, Etc.
13 Low Carbon Steel

14 Group 101 CombustibleMaterials
15 Polyethylene

16 LOWcarbon steel and polyethylenewere added to evaluate chemical compatibilitybetweenthe
17 waste materials and the container materials.

18 The components that exhibit toxicity charactedsUcsdefined under 40 CFR §261.24 were also
19 added to the chemical list in trace (<1 weight percent) quantities:

20 Group 3 Acids,Organic
21 2,4-D
22 2,4,5-TP (Silvex)

23 Group 7 Amines, Aliphatic and AromaUc
24 Pyridine

25 Group 16 Hydrocarbons,Aromatic
26 Benzene

27 Group 17 Halogenated Organics
28 Endrin
29 Lindane
30 Methoxyclor
31 Toxaphene
32 2,4-D
33 Carbon Tetrachloride
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Chlordane 1

Chlorobenzene 2
Chloroform 3
1,4-Dichloronenzene 4
1,2-Dichloroethane 5
1,1-Dichloroethylene 6
Heptachlor 7
Hexachlorobenzene 8
Hexachlorobutadiene 9
Hexachloroethane 10

Pentachlorophenol 11
Tetrachloroethylene 12
Trichloroethylene 13
2,4,5-Trichlomphenol 14
2,4,6-T richlomphenol 15
Vinyl Chloride 16

Group 19 Ketones 17
MFK 18

Group 27 Nitro Compounds 19
1,1-Dinitotoluene 2o
Nitrobenzene 21

Group 31 Phenolsand Creosols 22
O-creosol 23
M-creosol 24
P-creosol 25
Creosol 26_

Pentachlorophenol 27
2,4,5-Tdchlorophenol ' 28
2,4,6-Trichlorophenol 29

Group 103 PolyrnedzableCompounds 30
Vinyl Chloride 31

The chemical concentrationlevels are reported as either Trace (T)(<1% by weight), Minor 32
(M)(1-10%), or Dominant(D)(>10%). The listis dividedintogroupsbased on chemicalproperties
and stnJcture(e.g., acids, caustics,metals,etc.). If incompatiblegroupsare combined,thepossi.- _,
bility exists for the reactionslisted above. For example, a reactionbetween Group 1 (Acids, 95
Mineral,Non-oxidizing)andGroup10 (Caustics)couldresultinheat generation. Incompatibilities96
have been defined within each content code. 37
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1 Possible chemical Incompatibilities between compounds present in trace quantities (<1 percent
2 by weight) and compounds present in concentrations >_1 percent by wetght (i.e., D x T, D x T1,
3 D x T2, D xT3, MxT, M xT1, M x T2, or M x T3) are included in this report. However,
4 interactions between compounds present In trace quantities (<1 percent by weight) and

5 compounds present In concentrations >_1 percent by weight do not pose an Incompatibility
6 problem for the.following reasons:

7 • The trace chemicals reported by the sites are in (._oncentrationswell below the trace
8 limitof 1 weight perceP.t. Samplingprogramsshow that the concentrationlevels of
9 these compoundsare significantlylower than the upper limitof 1 percent.

lO • The trace chemicals are usually dispersed in the waste, which further dilutes
11 concentrationsof these materials.

i

12 • Trace chemicals that might be incompatible with major and domirlant
13 materials/chemicalswould have reactedduring the waste treatment processprior to
14 placementin waste containers.

15 • Because of restrictionsimposedby the Environmental ProtectionAgency (EPA) on

16 reporting (',_fhazardouswastes, some chemicalsare listedin trace quantitieseven if
17 they have _dreadyreacted. Hazardouswaste regulationsas promulgatedby the EPA
18 (EPA, 1988) (knownas themixturerule)requirethat a mixtureof any solidwaste and
19 a hazardouswaste listedin40 CFR Part 261, SubpartD, be considereda hazardous
2o waste subject to RCRA regulations. However, Subpart D does not list minimum
21 concentrationsfor these listedwastes,with the resultthat any suchmixturesmust be
22 considered hazardouswasteeven if the Subpart D constituentIsat or below detection
23 limits.

24 • The waste is either solidifiedand immobilized(solidifiedmaterials)or present in bulk
25 formas a solid(solidmaterials). Inalmostali cases, any possiblereactionstake place
26 beforethe waste is generated in its final torm.

27 • Total trace chemicals within a payload container are limitedto less than 5 weight
28 percent.

29 Alipotentialincompatibilitiesbetween trace,minor,anddominantcompoundshavebeen analyzed
3o on a case-by-case basis for each contentcode at the Rocky Fiats Plant and Idaho National
31 EngineeringLaboratory. Some chemicalslistedas being present inthe wastehave reacted prior
32 to placementin a wastecontainer. For example,a site listinga caustic(Group 10) and an acid
33 (Group 1) in its waste has only the neutralizedproductpresent in an immobilizedform. Further
34 reactions of this type do not occur once the waste is generated in its finalform. An additional
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constraint on the chemicals and materialsthat can be presentwithin each content code is their 1
gas generationpotentialdue to radiolysis. 2

Unresolvedincompatibilitiesbetween trace and minor,trace anddominant,minoranddominant, 3
minorand minor,or dominantanddominantwaste constituentswere identifiedandsegregated. 4
These wastes cannot be transporteduntil the incompatabllitiesare resolved (NuPac, 1989). 5
Chemicalincompatibilitiesdo notexist incontentcodes listedinTRUCON (DOE, 1989). Thishas 6
been ensuredbya knowledgeof theprocessesgeneratingthewastes, limitedchemicalana}yses, 7
and the chemical compatibilityanalysis. The followingtable presentsthe chemicalcompatibility 8
analysisfor the differentcontentcodesat the Rocky Flats Plantand Idaho National Engineering 9
Laboratory. Low carbonsteel (Group23) andpolyethylene(Group 101) In dominantquantities lO
were added to each contentcodeto accountfor the drum,bin, or standard waste box and the 11
rigidpolyethyleneliner. 12

The chemicalcompatibilityanalysiswas performedusinga data base managementsystem. The 13
EPA method(Hatayama et al., 1980) was utilizedto analyzethe chemicalcompatibilityof each 14
contentcode. These wastecontainercompatibilitycodesare listedfor each wastecontentcode 15
in Table D9-1, after whichis a listingof compatibilitycodeanalysis explanations. 16
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PTB-177A. 13 D13-5 3/92



1 WIPP RCRA Pa,,1B PermitApplication
2 DOE/WIPP 91-005
3 Revision1

4 TABLE D13-1
5 SUMMARY OF POTENTIAL INCOMPATIBILITIES
6 FOR WASTE FORMS AND CONTAINER MATERIAL

7 Rocky Flats Plant

8 Content Potential Chemical Concentration Reaction ExplanaUon
9 Code Compatibility ReacUon of Reactants # Code * Code Number

10 RF 11lA Halogenated Organics x Metals T x D H F 19
11 and other elemental and alloys
12 as sheets, rods, etc. (17x 23)

13 Metals and other elemental and alloys D x T P H 28c
14 such as sheets, rods, etc. x
15 Polymedzable Compounds (23 x 103)

16 Metal and Compounds, Toxic x T x D S 33
17 Water (24 x 106)

18 RF 111B Halogenated Organics x Metals T x D H F 19
19 and other elemental and alloys
20 as sheets, rods, etc. (17 x 23)

021 Metals and other elemental and alloys D x T P H 28c
22 such as sheets, rods, etc. x
23 Polymerizable Compounds (23 x 103)

24 Metal and Compounds, Toxic x T x D S 33
25 Water (24 x 106)

26 RF 11?_A Organic Acids x Alcohols and T x M H P 11
27 Glycols (3 x 4)

28 Amines, Aliphatic and Aromatic x T x D H GT 12b
29 Halogenated Organics (7 x 17)

30 Halogenated Organics x Metals D x D H F 25
31 and other elemental and alloys
32 as sheets, rods, etc. (17 x 23)

33 Metals and other elemental and alloys D x T P H 28(:
34 such as sheets, rods, etc. x
35 Polymedzable Compounds (23 x 103)

n,,__

" ReactionCode:H = heatgeneration,S = solubllizatlonoftoxicsubstances,F = fire,GF = flammablegasgeneration,
G = non-flammablegas generation,GT = toxicgas generation,P. violentpolymerization,E= explosive.

# Concentrationof Reactants:T = Trace(<1% by wt.),T1 = Trace(<0.1%),T2 = Trace (lowppmrange),T3 = Trace
(<1 ppmrange),M = Minor(1-10%),andD = Dominant(>I(P/,,).
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TABLE 013-1
SUMMARYOF POTENTIALINCOMPATIBILITIES

FORWASTEFORMSAND CONI"AINERMATERIALS
(CONTINUED)

RockyFlats Plant

Content Potentla! Chemical Concentration Reaction Explanation
Code Compatibility Reaction of Reactants # Code * Code Number

RF 112B Organic Acids x Alcohols and T x M H P 11 1
Glycols (3 x 4) 2

Amines, Aliphatic and Aromatic x T x D H GT 12b 3
Halogenated Organics (7 x 17) 4

Halogenated Organics x Metals D x D H F 25 5
and other elemental and alloys 6
as sheets, rods, etc. (17 x 23) 7

Metals and other elemental and alloys D x T P H 28c 8 ,
such as sheets, rods, etc. x 9
Polymerizable Compounds (23 x 103) 10

RF 113A Halogenated Organics x Metals and T x D H F 21 11
other elemental and alloys as sheets, 12
rods, etc. (17 x 23) 13

Metals and other elemental and alloys D x T P H 28c 14
such as sheets, rods, etc. x 15
Polymedzable Compot 1hds(23 x 103) 16

RF 113B Halogenated Organics x Metals and T x D H F 21 17
other elemental and alloys as sheets, 18
rods, etc. (17 x 23) 19

Metals and other elemental and alloys D x T P H 28c 20
such as sheets, rods, etc. x 21
Polymedzable Compounds (23 x 103) 22

RF 114A Halogenatsd Organics x Metals T x D H F 19 23
and other elementad and alloys 24
as sheets, rods, etc. (17 x 23) 25

" ReactionCode:H. heatgeneration,S - solubilizationofto)dcsubstances,F - fire,GF = flammablegas generat_n"
G = non-flammablegasgeneration,GT = toxicgasgeneration,P = violentpolymerization,E - explosive.

# Concentrationof Roactants:T = Trace (<1% by wt.),T1 , Trace (<0.1%),T2 = Tmoe (lowppmrange),3"3= Trace
(<1 pprnrange),M = Minor(1-10"/o),andD = Dominant(>10%).
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WIPP RCRA Part B PermitApplication
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TABLE D13-1
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS
(CONTINUED)

Rocky Flats Plant

Content Potential Chemical Concentration ReacUon Explanation
Code Compatibility Reaction of Reactants # Code * Code Number

J

Metals and other elemental and alloys D x T P H 28c 1
such as sheets, rods, etc. x 2
Polymerizable Compounds (23 x 103) 3

RF 114B Halogenated Organics x Metals T x D H F 19 4
and other elemental and alloys 5
as sheets, rods, etc. (17 x 23) 6

Metals and other elemental and alloys D x T P H 28c 7
such as sheets, rods, etc. x 8
Polymerizable Compounds (23 x 103) 9

RF 115A Halogenated Organics x Metals and T x D H F 21 10
other elemental and alloys as sheets, 11
rods, etc. (17 x 23) 12

Metals and other elemental and alloys D x T P H 28c 13
such as sheets, rods, etc. x 14
Polymerizable Compounds (23 x 103) 15

RF 115B Halogenated Organics x Metals and T x D H F 21 16
other elemental and alloys as sheets, 17
rods, etc. (17 x 23) 18

Metals and other elemental and alloys D x T P H 28c 19
such as sheets, rods, etc. x 20
Polymerizable Compounds (23 x 103) 21

RF 116A Halogenated Organics x Metals T x D H F 20 22
and other elemental and alloys 23
as sheets, rods, etc. ('i 7 x 23) 24

* ReactionCode:H = heatgeneration,S = solubilizationoftoxicsubstances,F = fire,GF = flammablegasgeneration,
G = non-flammablegas generation,GT = toxicgasgeneration,P = violentpolymerization,E ,=explosive.

# Concentrationof Reactants:T = Trace(<1% bywt.),T1 = Trace (<0.1%),T2 = Trace (lowppmrange),T3 = Trace
(<1 pprnrange),M = Minor(1-10%), andD = Dominant(>10%).
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TABLE D13-1
SUMMARYOF POTENTIALINCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS

(CONTINUED)

Rocky Fiats Plant

Content Potential Chemical Concentration Reaction _xplanatlon

Cod_.__ee Compatibility Reactlo!i_l,. of Reactants # Code * Code Number

t,

Metals and other elemental and alloys D x T P H 28c 1
such as sheets, rods, etc. x 2
Polymerizable Compounds (23 x 103) 3

RF 116B Halogenated Organics x Metals T x D H F 20 4
and other elemental and alloys 5
as sheets, rods, etc. (17 x 23) 6

Metals and other elemental and alloys D x T P H 28c 7
such as sheets, rods, etc. x 8
Polymedzable Compounds (23 x 103) 9

RF 117A Adds, Organic x Metals and Metal T x D S 12 10
Compounds, Toxic (3 x 24) 11

Amines, Aliphatic and Aromatic x T x D S 12c 12
Metals and Metal Compounds, Toxic 13
(7 x 241 14

Halogenated Organics x Metals T x D H F 21 15
and other elemental and alloys 16
as sheets, rods, etc. (17 x 23) 17

Metals and other elemental and alloys D x T P H 28c 18
such as sheets, rods, etc. x 19
Polymedzable Compounds (23 x 103) 20

/

Metal and Compounds, Toxic x D x T P H 32a 21
Polymedzable Compounds (24 x 103) 22

• ReactionCode:H = heatgeneration,S = solubllizattonof toxicsubstances,F = fire,GF = flammablegasgeneration,-=

G = non-flammablegas generation,GT = toxicgas generation,P = violentpolymerization,E = explosive.

# Concentrationof Reactants:T = Trace(<1% bywt.),T1 = Trace(<0.1%),T2 = Trace (lowppmrange),T3 = Trace
(<1 ppmrange),M = Minor(1,1(P/.),andD = Dominant(>10%).
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TABLE D13-1
SUMMARYOF POTENTIALINCOMPATIBILITIES

FORWASTEFORMSAND CONTAINERMATERIALS
(CONTINUED)

RockyFlats Plant

Content Potential Chemical Concentration ReacUon Explanation
Code C0mpaUbillty Reaction of Reactants # Code * Code Number

RF 117B Adds, Organic x Metals and T x D S 12 1
Compounds, Toxic (3 x 24) 2

Amines, Aliphatic and Aromatic x T x D S 12c 3
Metals and Metal Compounds, Toxic 4
(7 x 24) 5

Halogenated Organics x Metals T x D H F 21 6
and other elemental and alloys 7
as sheets, rods, etc. (17 x 23) 8

Metals and other elemental and alloys D x T P H 28c 9
such as sheets, rods, etc. x 10
Polymedzable Compounds (23 x 103) 11

Metal and Compounds, Toxic x D x T P H 32a 12
Polymedzable Compounds (24 x 103) 13

RF 118A Organic Acids x Metal and Compounds, T x D S 12 14
Toxic (3 x 24) 15

Amines, Aliphatic and Aromatic x T x D S 12c 16
Metals and Metal Compounds, Toxic 17
(7 x 24) 18

Halogenated Organics x Metals T x D H F 22 19
other elemental and alloys 20

as sheets, rods, etc. (17 x 23) 21

Metals and other elemental and alloys D x T P H 28c 22
such as sheets, rods, etc. x 23
Polymerizable Compounds (23 x 103) 24

" ReactionCode:H = heatgeneration,S =solubtltzattonoitoxicsubstances,F = fire,GF = flammablegasgeneration,
G = non.flammablegas generation,GT = toxicgas generation,P = violentpolymedzation,E = explosive.

# C0r_entmtlonof Reactants:T = Trace(<1% bywt.), T1 = Trace (<0.1%),T2 = Trace (lowppmrange),T3 = Trace
(<1 ppmrange),M = Minor(1-10%),andD = Dominant(>10"/.).
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WIPP RCRA Part B PermitApplication
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TABLE D13-1
SUMMARYOF POTENTIALINCOMPATIBILITIES

FORWASTEFORMSANDCONTAINERMATERIALS
(CONTINUED)

RockyFlatsPlant

Content Potential Chemical Concentration Reaction Explanation
Code Compatibility Reaction of Reactante #. Code * . Code Number

Metal and Compounds, Toxic x D x T P H 32a 1
Pelymerizable Compour_ls (24 x 103) 2

RF 118B Organic Acids x Metal and Compounds, T x D S 12 3
Toxic (3 x 24) 4

Amines, Aliphatic and Aromatic x T x D S 12c 5
Metals and Metal Compounds, Toxic 6
(7 x 24) 7

Halogenated Organics x Metals T x I_ H F 22 8
and other elemental and alloys 9
as sheets, rods, etc. (17 x 23) 10

Metals and other elemental and alloys D x T P H 28c 11
such as sheets, rods, etc. x 12
Polymedzable Compounds (23 x 103) 13

Metal and Compounds, Toxic x D x T P H 32a 14
Polymerizable' Compounds (24 x 103) 15

RF 119A Halogenated Organics x Metals T x D H F 21 16
and other elemental and alloys 17
as sheets, rods, etc. (17 x 23) 18

Metals and other elemental and alloys D x T ' P H 28c 19
such as sheets, rods, etc. x 20
Polymedzable Compounds (23 x 103) . 21

" ReactionCode:H = heatgeneration,S = solublllzationoftoxicsubstances,F = fire,GF = flammablegasgeneration,
G = non-flammablegasgeneration,GT = toxicgas ge.neration,P = violentpolymerization,E = explosive.

e # Concentrationof Reactants:T = Trace(<1% bywt.), T1 = Trace (<0.1%),T2 = Trace(lowppmrange),T3 = Trace(<1 ppmrange),M = Minor(1-10%),andD = Dominant(>10°/,,).
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TABLE D13-1
SUMMARYOF POTENTIALINCOMPATIBILITIES

FORWASTEFORMSAND CONTAINERMATERIALS r

(CONTINUED) ,

Rocky Flats Plant

Content Potential Chemical Concentration ReacUon ExplanaUon

Code C0mpatlblllty Reaction of Reactants # Code * Code Number

RF 119B Halogenated Organicsx Metals T x D H F 21 1
and other elemental and alloys 2
as sheets, rods, etc. (17 x 23) 3

Metals and other elemental and alloys D x T P H 28c 4
such as sheets, rods, etc. x 5
Polymedzable Compounds (23 x 103) ' 6

RF 121A Halogenated Organics x Metals T x D H F 23 7
and other elemental and alloys 8
as sheets, rods, etc, (17 x 23) 9

Metals and other elemental and alloys D x T P H 28(: 10
such as Sheets, rods, etc. x 11
Polymedzable Compounds (23 x 103) 12

RF 121B Halogenated Organics x Metals T x D H F 23 13
and other elemental and alloys 14
as sheets, rods, etc. (17 x 23) 15

Metals and other elemental and alloys D x T P H 28c 16
such as sheets, rods, etc. x 17
Polymedzable Compounds (23 x 103) 18

RF 122A Halogenated Orga_'_tcsx Metals T x L, H F 24 19
and other elemental and alloys 20

as sheets, rods, ere,,(17 x 23) 21 t,

Metals and other el0m_nt._Jand alloys D x T P H 28c 22
such as sheets, rods, _.c, x 23
Potymedzable Comp0ur_._s(23 x 103) 24

" R=aationCo_=: H = heatganeratJon,S = solublllzationoftoxicsubstances,F = fire,GF = flammablegasgeneration,
G .- non-flammablegas generation,GT = toxt¢gas generation,P = violentpolymerization,E = explosive.

# Concentxationof Reactants:T ,, Trace(<1%by wt.),T1 = Trace(<0.1%), T2 = Trace (lowppmrange),T3 = Trace
(<1 pprnrange), M = Minor(1-10%), and D = Dominant(>10%).
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WIPP RCRA Part B Permit Application
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TABLE D13-1
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS _
(CGNTINUED)

Rocky Flats Plant

Content Potential Chemical Concentration Reactl(_n Explanation

Code C omPatlb!.l.lty Reaction of Reactants # Code * Code Number

RF 122B Halogenated Organics x Metals T x D H F 24 1
and other elemental and alloys 2
as sheets, rods, etc. (17 x 23) 3

Metals and other elemental and alloys D x T P H 28c 4
such as sheets, rods, etc. x 5
Polymedzable Compounds (23 x 103) 6

RF 123A Organic Acids x Metal and Compounds, T x D S 12 7
Toxic (3 x 24) S

Amines, Aliphatic and Aromatic × T x D S 12c 9
Metals and Metal Compounds, Toxic 10
(7 x 24) 11

Halogenated Organics x Metals and T x D H F 21 12
other elemental and alloys as sheets, 13
rods, etc. (17 x 23) 14

Metals and other elemental and alloys D x T P H 28c 15
such as sheets, rods, etc. x 16
Polymedzable Compounds (23 x 103) 17

Metal and Compounds, Toxic x D x T P H 32a 18
Polymedzable Compounds (24 x 103) 19

RF 123B Organic Acids x Metal and Compounds, T x D S 12 20
Toxic (3 x 24) 21

Amines, Aliphatic and Aromatic x T x D S 12c 22
Metals and Metal Compounds, Toxic 23
(7 x 24) 24

" ReactionCode:H = heatgeneration,S = solubtlizationoftoxicsubstances,F = fire,GF = flammablegasgeneration,
G ==non-flammablegasgeneration,GT = toxicgasgeneration,P = violentpolymerization,E = exptostve

# Cor_entrationof Reactants:T = Trace (<1% bywt.),T1 = Trace(<0.1%),T2 = Trace (lowppmrange),T3 = Trace
(<1 ppm range),M = Minor(1-10%), and D = Dominant(>10%).
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" TABLE D13-1
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS

(CONTINUED)

Rocky Flats Plant

Content Potential Chemical Concentration Reaction Explanation
Code __Compatibility Reaction of Reactants # Code * Code Number

Halogenated Organics x Metals and T x D H F 21 1
other elemental and _loys as sheets, 2
rods, etc. (17 x 23) 3

Metals and other elemental and alloys D x T P H 28c 4
such as sheets, rods, etc. x 5
Polymerizable Compounds (23 x 103) 6

Metal and Compounds, Toxic x D x T P H 32a 7
Polymerizable Compounds (24 x 103) 8

RF 124A Organic Acids x Caustics (3 x 10) T x M H 1lb 9

Caustics x Halogenated Organics M x T HGF 13 10
(10 X 17) 11

Caustics x Ketones (10 x 19) M x T H 13a 12

Caustics x Metals and other M x D HGF 14 13

elemental and alloys as sheets, 14
rods, etc. (10 x 23) 15

Caustics x Metal and M x T1 S 16 16

Compounds, Toxic (10 x 24) 17

Caustics x Nitro Compounds M x T E 16b 18
(10 x 27) 19

Caustics x Polymerizable Compounds M x T P H 16c 20
(10 x 103) 21

Caustics x Water Reactive M x M Not Valid 17 22
Substances (10 x 107) 23

" ReactionCode:H = heatger_ration,S = solubilizationoftoxicsubstances,F = fire,GF = flammablegasgeneration,
G = non-flammablegas generation,GT = toxicgasgeneration,P = violentpolymerization,E = explosive.

# Concentrationof Reactants:T = Trace(<1% bywt.),T1 = Trace(<0.1%),T2 = Trace (low ppmrange),T3 = Trace
(<1 ppmrange),M = Minor(1-10%),and D = Dominant(>10%).
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TABLE D13-1
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS
(CONTINUED)

Rocky Fiats Plant

Content PotentialChemical Concentration Reaction Explanation
Code C_..0mPatlbllltyReaction of Reactanto# Code* CodeNumber

Halogenated Organics x Metals and T x D H F 21 1
other elemental and alloys as sheets, 2
rods, etc. (17 x 23) 3

Halogenated Organics x Water Reactive T x M Potentially 28 4
Substancos (17 x 107) Reacti',_,e 5

Ketones x Water Reactive Substances T x M Potentially 28b 6
(19 x 107) Reactive 7

Metals and other elemental and alloys D x T P H 28c 8
such as sheets, rods, etc. x 9
Polymerizable Compounds (23 x 103) 10

Metals and other elemental and D x M Potentially 31 11
alloys as sheets, rods, etc. x Reactive 12
Water Reactive Substances (23 x 107) 13

Metal and Compounds, Toxic x T1 x M Potentially 35 14
Water Reactive Substances (24 x 107) Reactive 15

Nitro Compounds x Water Reactive T x M Potentially 36a 16
Substances (27 x 107) Reactive 17

Phenols and Creosols x Water Reactive T x M Potentially 36c 18
Substances (31 x 107) Reactive 19

Combustible and Flammable Materials D x M Potentially 39 20
x Water Reactive Substances (101 x 107) Reactive 21

Polymedzable Compounds x Water T x M Potentially 40 22
Reactive Substances (103 x 107) Reactive 23

" ReactionCode:H = heatgeneration,S = solubilizatlonof toxicsubstances,F = fire,GF = flammablegasgeneration,
G = non-flammablegas ganemtion,GT = toxicgas generation,P = violentpolymerization,E = explosive.

# Concentrationof Reactants:T = Trace(<1% bywt.), T1 = Trace (<0.1%),T2 = Trace(lowppmrange),"r3= Trace
(<1 ppmrange),M = Minor(1-10%),and D = Dominant(>1(P/o).
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TABLE D13-1
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS

(CONTINUED)

Rocky Flats Plant

Content Potential Chemical Concentration Reaction Explanation
Code CompatlbUlty Reaction of Reactants # Code * Code Number

RF 124B Organic Acids x Caustics {3 x 10) T x M H 1lb 1

Caustics x Halogenated Organics M x T H GF 13 2
(10 x 17) 3

Caustics x Ketones (10 x 19) M x T H 13a 4

Caustics x Metals and other M x D H GF 14 5

elemental and alloys as, 6
sheets rods, etc. (10 x 23) 7

Caustics x Metal and M x T1 S 16 8
Compounds, Toxic (10 x 24) 9

Caustics x Nitro Compounds M x T E 16b 10
(10 x 27) 11

Caustics x Polymedzable Compounds M x T P H 16c 12
(10 x 103) 13

Caustics x Water Reactive M x M Not Valid 17 14
Substances (10 x 107) 15

Halogenated Organics x Metals and T x D H F 21 16
other elemental and alloys as sheets, 17
rods, etc. (17 x 23) 18

Halogenated Organics x Water Reactive T x M Potentially 28 19
Substances (17 x 107) Reactive 20

Ketones x Water Reactive Substances T x M Potentially 28b 21
(19 x 107) Reactive 22

* ReactionCode:H -- heatgeneration,S = solubilizatlonoftoxicsubstances,F = fire,GF = flammablegesgeneration,
G = non-flammablegas generation,GT = toxicgas generation,P = violentpolymerization,E = explosive.

# Conc.,mttationof Reactants:T = Trace(<1% bywt.),T1 = Trace(<0.1%),T2 = Trace(lowppmrange),T3 = Trace
(<1 ppmrange),M = Minor(1-1(PA,),and D = Dominant(>10%).
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WIPP RCRA Part B PermitApplication
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TABLE D13-1
SUMMARYOF POTENTIALINCOMPATIBILITIES

FORWASTEFORMSAND CONTAINERMATERIALS
(CONTINUED)

RockyFlats Plant

Content Potential Chemical Concentration Reaction Explanation
Code Compatibility Reaction of Reactants # Code * Code Number

Metals and other elemental and alloys D x T P H 28c 1
such as sheets, rods, etc. x 2
Polymedzable Compounds (23 x 103) _ 3

Metals and other elemental D x M Potentially 32 4
and alloys as sheets, rods, Reactive 5
etc. x Water Reactive 6

Substances (23 x 107) 7

Metal and Compounds, T1 x M Potentially 35 8
Toxic x Water Reactive Reactive 9 .

Substances (24 x 107) 10

Nitro Compounds x Water Reactive T x M Potentially 36a 11
Substances (27 x 107) Reactive 12

Phenols and Creosols x Water Reactive T x M Potentiatly 36c 13
Substances (31 x 107) Reactive 14

Combustible and Flammable D x M Potentially 39 15
Materials x Water Reactive Reactive 16

Substances (101 x 107) 17

Polymerizable Compounds x Water T x M Potentially 40 18
Reactive Substances (103 x 107) Reactive 19

RF 126A Halogenated Organics x Metals and T x D ' H F 26 20
other elemental and alloys as sheets 21
rods, etc. (17 x 23) 22

Metals and other elemental and alloys D x T P H 28c 23
such as sheets, rods, etc. x 24
Polymerizable Compounds (23 x 103) 25

" ReactionCode:H = heatgeneration,S = solubllizationoftoxicsubstances,F = fire,GF = flammablegasgeneration,
G = non-flammablegas generation,GT = toxicgasgeneration,P = violentpolymerization,E = explosive.

# Concentrationof Reactants:T = Trace (<1% by wt.),T1 = Trace(<0.1%),T2 = Trace (lowppmrange),T3 = Trace
(<1 ppmrange),M = Minor(1-10%), andD = Dominant(>10%).
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TABLE D13-1 --
SUMMARYOF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS
(CONTINUED)

Rocky Flats Plant
_

Content Potential Chemical Concentration Reaction Explanation
Code CompatibilityReaction of Reactants# Code* CodeNumber -

RF 126B Halogenated Organics x Metals and T x D H F 26 1
other elementaJand alloys as sheets 2
rods, etc. (17 x 2'J) 3

_

Metals and other elemental and alloys D x T P H 28c 4 '=
such as sheets, rods, etc, x 5
Polymedzable Compounds (23 x 1103) 6

RF 127A Organic Acids x Metal and Compounds, T x D S 12 7
Toxic (3 x 24) 8

Amines, Aliphatic and Aromatic x T x D S 12c 9
Metals and Metal Compounds, Toxic 10
(7 x 24) 11

_

Halogenated Organics x Metals and T x D H F 21 12
other elemental and alloys as sheets, 13
rods, etc. (17 x 23) 14 =E

Metals and other elemental and alloys D x T P H 28c 15
such as sheets, rods, etc. x 16
Polymerizable Compounds (23 x 103) 17

Metal and Compounds, Toxic x D x T P H 32a 18
Polymedzable Compounds (24 x 103) 19

Metal and Compounds, Toxic x D x D S 34 20
Water (24 x 106) 21

RF 128A Organic Acids x Caustics (3 x 10) T x M H 1lb 22

Organic Acids x Metal and Compounds, T x D S 12 23
Toxic (3 x 24) 24

• ReactionCode:H = heatgeneration,S= solubllizatlonof toxicsubstances,F = fire,GF = flammablegasgeneration,
G = non-flammablegas generation,GT = toxicgas generation,P = violentpolymerization,E = explosive.

# Concentrationof Reactants:T = Trace (<1%by wt.), T1 = Trace(<0.1%),T2 = Trace (lowppmrange),T3 = Trace
(<1 ppmrange),M = Minor(1-10%),and D = Dominant(>10%).
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e TABLE D13-1
SUMMARY OF POTENTIAL iNCOMPATIBILITIES

FOR WASTE' FORMS AND CONTAINER MATERIALS
(CONTINUED)

Rocky Flats Plant

Content PotentialChemical ConcentraUon Reaction Explanation
Code CompaUbllltyReacUon of Reactants# Code * CodeNumber

Amines, Aliphatic and Aromatic x T x D S 12c 1
Halogenated Organics (7 x 24) 2

Caustics x Halogenated M x T H GF 13 3
Organics (10 x 17) 4

Caustics x Ketones (10 x 19) M x T H 13a 5

Caustics x Metals and M x D H GF 14 6
other elemental and alloys 7
as sheets,rods, etc. (10 x 23) 8

e Caustics x Metal and M x D S 16 9Compounds, Toxic (10 x 24) 10

Caustics x Nitro Compounds M x T E 16b 11
(10 x 27) 12

Caustics x Polymerizable Compounds M x T P H 16c 13
(10 x 103) . 14

Caustics x Water Reactive M x M Not Valid 17 15

Substances (10 x 107) 16

Fluorides x Water Reactive T x M Potentially 18 17
Substances (15 x 107) Reactive 18

Halogenated Organics x Metals T x D H F 24 19
and other elemental and alloys 20
as sheets, rods, etc. (17 x 23) 21

Halogenated Organics x Water T x M Potentially 28 22
Reactive Substances (17 x 107) Reactive 23

" ReactionCode:H = heatgeneration,S = solubtlizationoftoxicsubstances,F = fire,GF = flammablegasgeneration,
G = non-ltammabiegas generation,GT = toxicgasgeneration,P = violentpolymerization,E = explosive.

= # Concentrationof Reactants:T = Trace (<1%by wt.),T1 = Trace (<0.1%),T2 ,=Trace(lowppmrange),T3 = Trace
(<1 ppmrange),M = Minor(1-10%), and D = Dominant(>1CP/o).
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TABLE D13-1
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS

(CONTINUED)

Rocky Flats Plant

Content Potential Chemical Concentration Reaction Explanation
Code Compatlbl!ltv Reaction of Reactants # Code * Code Number

Ketones x Water Reactive Substances T x M Potentially 28b 1
(19 x 107) Reactive 2

Metals and other elemental and alloys D x T P H 28c 3
such as sheets, rods, etc. x 4
Polymedzable Compounds (23 x 103) 5

Metals and other elemental and D x M Potentially 31 6
alloys as sheets, rods, etc. x Reactive 7
Water Reactive Substances 8

(23 x 107) 9

Metal and Compounds, Toxic x D x T P H 32a 10
Polymedzable Compounds (24 x 103) 11

Metal and Compounds, D x M Potentially 36 12
Toxic x Water Reactive Reactive 13
Substances (24 x 107) 14

Nitro Compounds x Water Reactive T x M Potentially 36a 15
Substances (27 x 107) Reactive 16

Phenols and Creosols x Water Reactive T x M Potentially 36c 17
Substances (31 ,'<107) Reactive 18

Combustible and Flammable D x M Potentially 39 19
Materials x Water Reactive Reactive 20
Substances (101 x 107) 21

Polymedzable Compounds x Water T x M Potentially 40 22
Reactive Substances (103 x 107) Reactive 23

RF 129A Organic Acids x Alcohols and T x M H P 11 24
Glycols (3 x 4) 25

" ReactionCode:H = heatgeneration,S = solubllizationoftoxicsubstances,F = fire,GF = flammablegasgeneration,
G = non-flammablegasgeneration,GT - toxicgas generation,P = violentpolymerization,E = explosive.

# Concentrationof Reactants:T = Trace (<1% by wt.),T1 = Trace(<0.1%),T2 = Trace (lowppmrange),T3 = Trace
(<1 pprnrange),M = Minor(1-10°/=),andD = Dominant(>10%).

AppendixD13
PTB-177B.D13 D13-20 3/92



WIPP RCRA Part B PermitApplication
DOE/WIPP 91-005

Revision1

TABLE D13-1
SUMMARYOF POTENTIALINCOI_PATIBILITIES

FORWASTEFORMSAND CONTAII_,IERMATERIALS
(CONTINUED)

RockyFlats Plant

Content Potential Chemical Concentration Reaction Explanation
Code Compatibility Reaction of Reactants # Code * Code Number

Amines, Aliphatic and Aromatic x T x D lH GT 12b 1
Halogenated Organics (7 x 17) 2

Halogenated Organics x Metals D x D tH F 26 3
and other elemental and alloys 4
as sheets, rods, etc. (17 x 23) 5

Metals and other elemental and alloys D x T P H 28c 6
such as sheets, rods, etc. x 7
Polymedzable Compounds (23 x 103) 8

• ReactionCode:H = heatgeneration,S = solubilizationoftoxicsubstances,F = fire,GF = flammablegasgeneration,
G = non-flammablegasgeneration,GT = toxicgas generation,P = violentpolymerization,E = explosive.

# Concentrationof Reactants:T = Trsoe (<1% by wt.),T1 = Trace (<0.1%),T2 = Trace (lowppmrange),T3 = Trace
(<1 ppm range),M = Minor(1-10°/=),andD = Dominant(>10"/=).
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WIPP RCRA Part B PermltAppllaatlon :. 1
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Revision 1 3

TABLE D13-1 4
SUMMARY OF POTENTIAL INCOMPATIBILITIES 5

FOR WASTE FORMS AND CONTAINER MATERIAL 6

Idaho National Engineering Laboratory 7

Content Potential Ch_'mlcal ConcentraUon Reaction ExplanaUon 8
Co_..._.___Compatibility Re,a,ctlon of Reactants Code * Code Number 0

lD 11lA Halogenated Organics x Metals T x D H F 19 10
and other elemental and alloys 11
as sheets, rods, etc. (17 x 23) 12

Metals and other elemental and alloys D x T P H 280 13
such as sheets, rods, etc. x 14
Polymedzable Compounds (23 x 103) .15

Metal and Compounds, Toxic x T x D S 33 16
Water (24 x 106) , 17

lD 111B Oxidizing Mineral Acids x Metals T x D H GF F 4 ' 18
and other elemental and alloys 19 ._ilk
as sheets, rods, etc. (2 x 23) 20

Oxidizing Mineral Acids x T x D H F GT 9 21
Combustible and Flammable 22

Materials (2 x 101) 23

Oxidizing Mineral Acids x Water T x D H 10 24
(2 x 106) 25

Caustics x Metals and other T x D H GF 15 26
elemental and alloys as sheets, 27
rods, etc. (10 x 23) 28

Halogenated Organics x Metals T x D H F 19 29
and other elemental and alloys 30
as sheets, rods, etc. (17 x 23) 31

Metals and other elemental and alloys D x T P H 28c 32
such as sheets, rods, etc. x 33
Polymedzable Compounds (23 x 103) 34

Metal and Compounds, Toxic x T x D S 33 35
Water (24 x 106) 36
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TABLE D13-1
SUMMARYOF POTENTIALINCOMPATIBILITIF,S

FORWASTEFORMSAND CONTAINERMATERIALS
(CONTINUED)

Idaho NatlonalEnglneerlngLaboratory

Content Potential Chemical Concentration Reaction Explanation
Code ComPatlbllRy Reaction of Reactants # Code * Code Number

lD 111C Halogenated Organics x Metals T x D H F 19 1
and other elemental and alloys 2
as sheets, rods, etc. (17 x 23) 3

Metals and other elemental and alloys D x T P H 280 4
such as sheets, rods, etc. x 5
Polymedzable Compounds (23 x 103) 6

Metal and Compounds, Toxic x T x D S 33 7
Water (24 x 106) 8

lD 112A Organic Acids x Alcohols and T x M H P 11 9
Glycols (3 x 4) 10

Amines, Aliphatic and Aromatic x T x D H GT 12b 11
Halogenated Organics (7 x 17) 12

Halogenated Organics x Metals D x D H F 26 13
and other elemental and alloys 14
as sheets, rods, etc. (17 x 23) 15

Metals and other elemental and alloys D x T P H 280 16
such as sheets, rods, etc. x 17
Polymeflzable Compounds (23 x 103) 18

lD 112B Amines, Aliphatic and Aromatic x T x D H GT 12b 19
Halogenated Organics (7 x 17) 20

Halogenated Organics x Metals D x D H F 26 21
"andother elemental and alloys 22
as sheets, rods, etc. (17 x 23) 23

- App.= D13
: PTB-177C.D13 t D13-23 3/92=



WIPP RCRA Part B Permit Application
DOE/WIPP 91-005

" RevisionI

TABLE D13-1
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS
(CONTINUED)

Idaho National Engineering Laboratory

Content Potential Chemical Concentration Reaction ExplanaUon
Code Compatibility Reaction of Reactants # Code * Code Number

I Metalsand otherelementaland alloys D x T P H 280
2 such as sheets,rods,etc,x

3 Polyrnertzable Compounds (23 x 103)

4 lD 112C Organic Acids x Alcohols and T x M H P 11
5 Glycols (3 x 4)

6 Amines, Aliphatic and Aromatic x T x D H GT 12b
7 Halogenated Organics (7 x 17)

8 Halogenated Organics x Metals D x D H F 26
9 and other elemental and alloys

10 as sheets, rods, etc. (17 x 23)

11 Metals and other elemental and alloys D x T P H 28c
12 such as sheets, rods, etc. x
13 Polymedzable Compounds (23 x 103)

14 lD 113A Halogenated Organics x Metals and T x D H F 21
15 other elemental and alloys as sheets,
16 rods, etc. (17 x 23)

17 Metals and other elemental and alloys D x T P H 28c
18 such as sheets, rods, etc. x
19 Polymedzable Compounds (23 x 103)

20 lD 113B Organic Acids x Alcohols and M x T H P 11
21 Glycols (3 x 4)

22 Organic Acids x Amines, M x T H 1la
23 Aliphatic and Aromatic (3 x 7)

24 Organic Acids x Metal and Compounds, M x T S 12
25 Toxic (3 x 24)
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TABLE D13-1
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS
(CONTINUED)

Idaho National Engineering Laboratory

Content Potential Chemical Concentration Reaction Explanation
Code _Compatibility Reaction of Reactants # Code * Code Number

Organic Acids x Polymefizable M x T P H 12a 1
Compounds (3 x 103) 2

Halogenated Organics x Metals and T x D H F 21 3
other elemental and alloys as sheets, 4
rods, etc. (17 x 23) 5

J

Metals and other elemental and alloys D x T P H 28c 6
such as sheets, rods, etc. x 7
Polymerlzable Compounds (23 x 103) 8

Metal and Compounds, Toxic x T x D S 34 9
Water (24 x 106) 10

lD 113C Halogenated Organics x Metals and T x D H F 21 11
other elemental and alloys as sheets, 12
rods, etc. (17 x 23) 13

Metals and other elemental and alloys D x T P H 28c 14
such as sheets, rods, etc. x 15
Polym_,tzable Compounds (23 x 103) 16

lD 114A Halogenated Organics x Metals T x D H F 19 17
and other elemental and alloys 18
as sheets, rods, etc. (17 x 23) 19

Metals and other elemental and alloys D x T P H 28(: 20
such as sheets, rods, etc. x 21
Polymedzable Compounds (23 x 103) 22

lD 114B Halogenated Organics x Metals T x D H F 19 23
and other elemental and alloys 24
as sheets, rods, etc. (17 x 23) 25
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TABLE D13-1 !
SUMMARYOF POTENTIALINCOMPATIBILITIES

FORWASTEFORMSAND CONTAINERMATERIALS
(CONTINUED)

idaho NationalEngineeringLaboratory

Content Potential Chemical Concentration Reaction Explanation
Code Compatibility Reaction of Reactants # Code * Code Number

1 Metals and other elemental and alloys D x T P H 28Q
2 such as sheets, rods, etc. x
3 Polymedzable Compounds (23 x 103)

4 lD 115A Halogenated Organics x Metals and T x D H F 21
5 other elemental and alloys as sheets,
6 rods, etc. (17 x 23)

7 Metals and other elemental and alloys D x T P H 28c
8 such as sheets, rods, etc, x
9 Polymedzable Compounds (,0.3x 103)

10 lD 115B Halogenated Organics x Metals and T x D H F 21
11 other elemental a_¢l alloys as sheets,
12 rods, etc. (17 x 23)

13 Metals and other elemental and alloys D x T P H 28c
14 such as sheets, rods, etc. x

15 Polymedzable Compounds (23 x 103)

16 lD 115C Halogenated Organics x Metals and T x D H F 21
17 other elemental and alloys as sheets,
18 rods, etc. (17 x 23)

19 Metals and other elemental and alloys D x T P H 28c
20 such as sheets, rods, etc. x

21 Polymedzable Compounds (23 x 103)

22 lD 116A Halogenated Organics x Metals T x D H F 20
23 and other elemental and alloys
24 as sheets, rods, etc. (17 x 23)

25 Metals and other elemental and alloys D x T P H 28c
26 such as sheets, rods, etc. x
27 Polymerizable Compounds (23 x 103)
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TABLE D13-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS
(CONTINUED)

Idaho National Engineering Laboratory

Content Potential Chemical Concentration ReacUon Explanation
Code Compatibility Reaction of Reactants # Code * Code Number

lD 116B Halogenated Organics x Metals T x D H F 20 1
and other elemental and alloys 2
as sheets, rods, etc. (17 x 23) 3

Metals and other elemental and alloys D x T P H 28c 4
such as sheets, rods, etc. x 5
Polymedzable Compounds (23 x 103) 6

lD 116C Halogenated Orgar_lcsx Metals T x D H F 20 7
and other elemental and alloys 8
as sheets, rods, eta. (17 x 23) 9

Metals and other elemental and alloys D x T P H 28c 10
such as sheets, rods, etc. x 11
Polymedzable Compounds (23 x 103) 12

lD 117A Organic Acids x Metal and Compounds, T x D S 12 13
Toxic (3 x 24) 14

Amines, Aliphatic and Aromatic x T x D S 12c 15
MetaJs and Metal Compounds, Toxic 16
(7 x 24) 17

Halogenated Organics x Metals T x D H F 21 18
and other elemental and alloys l g
as sheets, rods, etc. (17 x 23) 20

Metals and other elemental and alloys D x T P H 28c 21
such as sheets, rods, etc. x 22
Polymefizable Compounds (23 x 103) 23

Metal and Compounds, Toxic x D x T P H 32a 24
Polymedzable Compounds (24 x 103) 25
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TABLE D13-1

SUMMARY OF POTENTIAL INCOMPATIBILITIES
FOR WASTE FORMS AND CONTAINER MATERIALS

(CONTINUED)

Idaho NaUonal Englneerlng Laboratory

Content Potential Chemical Concentration Reaction Explanation
Code Compatibility Reaction of Reactants # Code * Code Number

1 lD 117B Organic Acids x Metal and Compounds, T x D S 12
2 Toxic (3 x 24)

3 Amines, Aliphatic and Aromatic x T x D S 12c
4 Metals and Metal Compounds, Toxic
5 (7 x 24)

6 Halogenated Organics x Metals T x D H F 21
7 and other elemental and alloys
8 as sheets, rods, etc. (17 x 23)

9 Metals and other elemental and alloys D x T P H 28c
10 such as sheets, rods, etc. x
11 Polymerizable Compounds (23 x 103)

12 Metal and Compounds, Toxic x D x T P H 32a
13 Polymerizable Compounds (24 x 103)

14 lD 117C Organic Acids x Metal and Compounds, T x D S 12
15 Toxic (3 x 24)

16 Amines, Aliphatic and Aromatic x T x D S 12c
17 Metals and Metal Compounds, Toxic
18 (7 x 24)

19 Halogenated Organics x Metals T x D H F 21
20 and other elemental and alloys
21 as sheets, rods, etc. (17 x 23)

22 Metals and other elemental and alloys D x T P H 28c
23 such as sheets, rods, etc. x

24 Polymedzable Compounds (23 x 103)

25 Metal and Compounds, Toxic x D x T P H 32a
26 Polymerizable Compounds (24 x 103)
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TABLE D13-1
SUMMARYOF POTENTIALINCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS

(CONTINUED)

Idaho National Englneerlng Laboratory

Content Potential Chemical Concentration Reaction ExplanaUon
Code Compatibility Reaction of Reactants # Code * Code Number

lD 118A Organic Acids x Metal and Compounds, T x D S 12 1
Toxic (3 x 24) 2

Amines, Aliphatic and Aromatic x T x D S 12c 3
Metals and Metal Compounds, Toxic 4
(7 x 24) 5

Halogenated Organics x Metals T x D H F 22 6
and other elemental and alloys 7
.as sheets, rods, etc. (17 x 23) 8

Metals and other elemental and alloys D x T P H 28c 9
such as sheets, rods, etc. x 10
Polymerizable Compounds (23 x 103) 11

Metal and Compounds, Toxic x D x T P H 32a 12
Polymerizable Compounds (24 x 103) 13

lD 118B Oxidizing Mineral Acids x T x D H GF F 5 14
Metals and other elemental 15

alloys as sheets, rods, etc. 16
(2 x 23) 17

Oxidizing Mineral Acids x T x D H F GT 9 18
Combustible Materials (2 x 101) 19

Halogenated Organics x Metals T x D H F 22 20
and other elementaJ and alloys 21
as sheets, rods, etc. (17 x 23) 22

" Metals p.j-¢lother elemental and alloys D x T P H 28(: 23
such as sheets, rods, etc. x 24
Polymerizable Compounds (23 x 103) 25
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TABLE D13-1
SUMMARYOF POTENTIALINCOMPATIBILITIES

FORWASTE FORMSANDCONTAINERMATERIALS
(CONTINUED)

Idaho Natlonal Englneerlng Laboratory

Content Potential Chemical Concentration Reaction Explanation
Code Compatibility Reaction of Reactants # Code * Code Number

1 lD 118C Organic Acids x Metal and Compounds, T x D S 12
2 Toxic (3 x 24)

3 Amines, Aliphaticand Aromatic x T x D S 12c
4 Metals and Metal Compounds, Toxic
5 (7 x 24)

6 Halogenated Organics x Metals T x D H F 22
7 and other elemental and alloys
8 as sheets, rods, etc. (17 x 23)

9 Metals and other elemental and alloys D x T P H 28c
10 such as sheets, rods, etc. x
11 Polymerizable Compounds (23 x 103)

12 Metal and Compounds, Toxic x D x T P H 32a
13 Polymerizable Compounds (24 x 103)

14 lD 119A Halogenated Organics x Metals T x D H F 21
15 and other elemental and alloys
16 as sheets, rods, etc. (17 x 23)

17 Metals and other elemental and alloys D x T P H 28c
18 such as sheets, rods, etc. x
19 Polymerizable Compounds (23 x 103)

20 lD 119B Oxidizing Mineral Acids x Metals T x D H GF F 4
21 and other elemental and alloys
22 as sheets, rods, etc. (2 x 23)

23 Oxidizing Mineral Acids x T x D H F GT 9
24 Combustible and Flammable
25 Materials (2 x 101)
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TABLE D13-1
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS
(CONTINUED)

Idaho National Engineering Laboratory

Content Potential Chemical Concentration Reaction Explanation
Code Compatibility Reaction of Reactants # Code * Code Number

Caustics x Metals and other T x D H GF 15 1

elemental and alloys as sheets, 2
rods, etc. (10 x 23) 3

Halo_nated Organics x Metals T x D H F 21 4
and other elemental and alloys 5
as sheets, rods, etc. (17 x 23) 6

Metals and other elemental and alloys D x T P H 28c 7
such as sheets, rods, etc. x 8
Polymedzable Compounds (23 x 103) 9

Metal and other elemental and alloys D x T H F 29 10
as sheets, rods, etc. x Oxidizing 11
Agents (23 x 104) 12

Combustibles and Flammable Materials D x T H F G 37 13

x Oxidizing Agents (101 x 104) 14

lD 119C Halogenated Organics x Metals T x D H F 21 15
and other elemental and alloys 16
as sheets, rods, etc. (17 x 23) 17

Metals and other elemental and alloys D x T P H 28c 18
such as'sheets, rods, etc. x 19
Polymedzable Compounds (23 x 103) 20

lD 121A Halogenated Organics x Metals T x D H F 23 21
and other elemental and alloys 22
as sheets, rods, etc. (17 x 23) 23

Metals ar_ other elemental and alloys D x T P H 28c 24
such as sheets, rods, etc. x 25
Polymerizable Compounds (23 x 103) 26
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TABLE D13-1

SUMMARY OF POTENTIAL INCOMPATIBILITIES
FOR WASTE FORMS AND CONTAINER MATERIALS

(CONTINUED)

Idaho National Engineering Laboratory

Content Potential Chemical Concentration Reaction Explanation
Code Compat!bllity Reaction of Reactants # Code * Code Number

1 lD 121B Organic Acids x Metal and Compounds, T x D S 12
2 Toxic (3 x 24)

3 Amines, Aliphatic and Aromatic x T x D S 12c
4 Metals and Metal Compounds, Toxic
5 (7 x 24)

6 Halogenated Organics x Metals and T x D H F 21
7 other elemental and alloys as sheets,
8 rods, etc. (17 x 23)

9 Metals and other elemental and alloys D x T P H 28c
10 such as sheets, rods, etc. x
11 Polymerizable Compounds (23 x 103)

12 Metal and Compounds, Toxic x D x T P H 32a
13 Polymerizable Compounds (24 x 103)

14 lD 121C Halogenated Organics x Metals T x D H F 23
15 and other elemental and alloys
16 as sheets, rods, etc. (17 x 23)

17 Metals and other elemental and alloys D x T P H 28c
18 such as sheets, rods, etc. x
19 Polymedzable Compounds (23 x 103)

20 lD 122A Halogenated Organics x Metals T x D H F 24
21 and other elemental and alloys
22 as sheets, rods, etc. (17 x 23)

23 Metals and other elemental and alloys D x T P H 28c
24 such as sheets, rods, etc. x
25 Polymedzable Compounds (23 x 103)
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TABLE D13-1
SUMMARYOF POTENTIALINCOMPATIBILITIES

FORWASTEFORMSANDCONTAINERMATERIALS
(CONTINUED)

Idaho NationalEngineeringLaboratory

Content Potential Chemical Concentration Reaction Explanation
Code Compatibility Reaction of Reactants # Code * Code Number

lD 122B Halogenated Organics x Metals and T x D H F 21 1
other elemental and alloys as sheets, 2
rods, etc. (17 x 23) 3

Metals and other elemental and alloys D x T P H 28c 4
such as sheets, rods, etc. x 5
Polymerizable Compounds (23 x 103) 6

lD 122C Halogenated Organics x Metals T x D H F 24 7
and other elemental and alloys 8
as sheets, rods, etc. (17 x 23) 9

Metals and other elemental and alloys D x T P H 28c 10
such as sheets, rods, etc. x 11
Polymerizable Compounds (23 x 103) 12

lD 123A Organic Acids x Metal and Compounds, T x D S 12 13
Toxic (3 x 24) 14

Amines, Aliphaticand Aromatic x T x D S 12c 15
Metals and Metal Compounds, Toxic 16
(7 x 24) 17

Halogenated Organics x Metals and T x D H F 21 18
other elemental and alloys as sheets, 19
rods, etc. (17 x 23) 20

Metals and other elemental and alloys D x T P H 28c 21
such as sheets, rods, etc. x 22
Polymerizable Compounds (23 x 103) 23

Metal and Compounds, Toxic x D x T P H 32a 24
Polymedzable Compounds (24 x 103) 25
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TABLE D13-1
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS
(CONTINUED)

Idaho National Engineering Laboratory

Content Potential Chemical Concentration Reaction Explanation
Code Compatibility Reaction of Reactants # Code * Code Number

1 lD 123B Organic Acids x Metal and Compounds, T x D S 12
2 Toxic (3 x 24)

3 Amines, Aliphatic and Aromatic x T x D S 12c
4 Metals and Metal Compoundsm, Toxic
5 (7 x 24)

6 Halogenated Organics x Metals and T x D H F 21
7 other elemental and alloys as sheets,
8 rods, etc. (17 x 23)

9 Metals and other elemental and alloys D x T P H 28c
10 such as sheets, rods, etc. x
11 Polymedzable Compounds (23 x 103)

12 Metal and Compounds, Toxic x D x T P H 32a
13 Polymertzable Compounds (24 x 103)

14 lD 123C Organic Acids x Metal and Compounds, T x D S 12
15 Toxic (3 x 24)

16 Amines, Aliphatic and Aromatic x T x D S 12c
17 Metals and Metal Compounds, Toxic
18 (7 x 24)

19 Halogenated Organics x Metals and T x D H F 21
20 other elemental and alloys as sheets,
21 rods, etc. (17 x 23)

22 Metals and other elemental and alloys D x T P H 28c
23 such as sheets, rods, etc. x
24 Polymedzable Compounds (23 x 103)

25 Metal and Compounds, Toxic x D x T P H 32a
26 Polymedzable Compounds (24 x 103)
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TABLE D13-1
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS

(CONTINUED)

Idaho National Engineering Laboratory

!

Content Potential Chemical Concentration Reaction Explanation
, Code CompaUbillty Reaction of Reactants # Code * Code Number

lD 124A Organic Acids x Caustics (3 x 10) T x M H 11b 1

Caustics x Halogenated Organl¢:s M x T H GF 13 2
(10x17) s

Caustics x Ketones (10 x 19) M x T H 13a 4

Caustics x Metals and other M x D H GF 14 5
elemental and alloys as sheets, 6 ,
rods, etc. (10 x 23) ' 7

Caustics x Metal and M x T1 S 16 8

Compounds, Toxic (10 x 24) 9

Caustics x Nitro Compounds M x T E 16b 10
(10 x 27) 11

Caustics x Polymedzable Compounds M x T P H 16c 12
(10 x 103) 13

Caustics x Water Reactive M x M Not Valid 17 14
Substances (10 x 107) 15

Halogenated Organics x Metals and T x D H F 21 16
other elementaJ and alloys as sheets, 17
rods, etc. (17 x 23) 18

Halogenated Organics x Water Reactive T x M Potentially 28 19
Substances (17 x 107) Reactive 20

Ketones x Water Reactive Substances T x M Potentially 28b 21
(19 x 107) Reactive 22
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TABLE D13-1
SUMMARYOF POTENTIALINCOMPATIBILITIES

FORWASTEFORMSANDCONTAINERMATERIALS
(CONTINUED)

Idaho NationalEngineeringLaboratory

Content Potential Chemical Concentration Reaction Explanation
Code ,,C,0mpatlblllty Reaction of Reactants # Code * Code Number

1 Metals au'_dother elemental and alloys D x T P H 28c
2 such as sheets, rods, etc, x
3 Polymedzable Compounds (23 x 103)

4 Metals and other elemental D x M Potentially 31
5 and alloys as sheets, rods, Reactive
6 etc, x Water Reactive
7 Substances (23 x 107)

8 Metal and Compounds, Toxic x T1 x M Potentially 35
9 Water Reactive Substances Reactive

10 (24 x 107)

11 Nitro Compounds x Water Reactive T x M Potentially 36a
12 Substances (27 x 107) Reactive

13 Phenols and Creosols x Water Reactive T x M Potentially 36<:
14 Substances (31 x 107) Reactive

15 Combustible and Flammable D x M Potentially 39
16 Materials x Water Reactive Reactive
17 Substances (101 x 107)

18 Polymedzable Compounds x Water T x M Potentially 40
19 Reactive Substances (103 x 107) Reactive

20 lD 124B Halogenated Organics x Metals and T x D H F 21
21 other elemental and alloys as sheets,
22 rods, etc. (17 x 23)

23 Metals au'K:lother elemental and alloys D x T P H 28c
24 such as sheets, rods, etc. x
25 Polymedzable Compounds (23 x 103)

AppendixD13
PTB-177C.D13 D13-36 3/92



WIPP RCRA Part B Permit.Application
DOE/WIPP 91-005

Revision 1

TABLE D13-1
SUMMARYOF POTENTIAl,=INCOMPATIBILITIES

FORWASTEFORMSAND CONTAINERMATERIALS
(CONTINUED)

Idaho NatlonalEnglneerlngLaboratory

Content Potential Chemical Concentration Reaction Explanation
Code Compatibility Reaction of Reactants # Code * Code Number

lD 124C Organic Acids x Caustics (3 x 10) T x M H 11b 1

Caustics x Halogenated Organics M x T H GF 13 2
(lo x 1"i) 3

Caustics x Ketones (10 × 19) M x T H 13a 4

Caustics x Metals and other M x D H GF 14 5

elemental and alloys as sheets, 6
rods, eta. (10 x 23) 7

Caustics x Metal and M x T1 S 16 8

Compounds, Toxic (10 x 24) 9

Caustics x Nitro Compounds M x T E 16b 10
(10 x 27) 11

Caustics x Polymedzable Compounds M x T P H 16c 12
(10x 103) 13

Caustics x Water Reactive M x M Not Valid 17 14
Substances (10 x 107) 15

Halogenated Organics x Metals and T x D H F 21 16
other elemental and alloys as sheets, 17
rods, etc. (17 x 23) 18

Halogenated Organics x Water Reactive T x M Potentially 28 19
Substances (17 x 107) Reactive 20

Ketones x Water Reactive Substances T x M Potentially 28b 21
(19 x 107) Reactive 22
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TABLE D13-1
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS
(CONTINUED)

"1

Idaho National Engineering Laboratory ..

Content Potential Chemical Concentration Reaction Explanation
Code Compat!blllty Reactl0n.. of Reactants # Code * Code Number

1 Metals and other elemental and alloys D x T P H 280
2 such as sheets, rods, etc. x
3 Polymedzable Compounds (23 x 103)

4 Metals and other elemental D x M Potentially 32
5 and alloys as sheets, rods, Reactive
6 etc. x Water Reactive

7 Substances (23 x 107)

8 Metal and Compounds, Toxic x T1 x M Potentially 35
9 Water Reactive Substances Reactive

10 (24 x 107)

11 Nitro Compounds x Water Reactive T x M Potentially 36a
12 Substances (27 x 107) Reactive

13 Phenols and Creosols x Water Reactive T x M Potentially 36c
14 Substances (31 x 107) Reactive

15 Combustible and Flammable D x M Potentially 39
16 Materials x Water Reactive Reactive
17 Substances (101 x 107)

18 Polymedzable Compounds x Water Reactive T x M Potentially40
19 Substances (103 x 107) Reactive

20 lD 125A Mineral Acids x Metal T x D GF H F 1
21 ar¢l other elemental and alloys
22 as sheets, rods, etc. (1 x 23)

23 Mineral Acids x Metal and T x M S 2
24 Compounds, Toxic (1 x 24)

25 Mineral Acids x Combustible T x D H G 3
26 and Flammable Materials (1 x 101)
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TABLE D13-1
SUMMARYOF POTENTIALINCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS

(CONTINUED_

Idaho Natlonal Englneerlng Laboratory

Content Potential Chemical Concentration ' Reaction Explanatl0n
Code Compatibility Reaction of Reactants # Code* Code Number

Oxidizing MlneraJAcids x Metal T x D H GF F 4 1
and other elemental and alloys 2
as sheets, rods, etc. (2 x 23) 3

Oxidizing Mineral Acids x Metal T x M S 6 4
and Compounds, Toxic (2 x 24) 5

Oxidizing Mlnaral Acids x T x D H F GT 9 6
Combustible and Flammable 7
Materials (2 x 101) 8

Organtc Acids x Metals and Metal T x M S 12 9
Compounds, Toxic (3 x 24) 10

Amines, Aliphatic and Aromatic x T x M S 12e 11
Metals and Metal Compounds, Toxic 12
(7 x 24) 13

Halogenated Organics x Metals T x D H F 27 14
and other elemental and alloys 15
as sheets, rods, etc, (17 x 23) 16

Metals and other elemental and alloys D x T P H 28c 17
such as sheets, rods, eta, x 18

Polymedzable Compounds (23 x 103) ' 19

Metals and other elemental and D x T H F 29 20

and alloys as sheets, rods, etc, 21
x Oxidizing Agents (23 x 104) 22

Metal and Compounds, Toxic x M x T P H 32a 23
Polymedzable Compounds (24 x 103) 24

AppendixD13
PTB-177C.D13 D13-39 3/92

-



WIPP RCRA Part B PermlJApplloatlon
DOEJWIPP g1-005
Revision 1

TABLE D13-1 '
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS
(CONTINUED)

Idaho National Engineering Laboratory

Content Potential Chemical ConcentraUon Reaction Explanation
Code Compatibility Reaction of Reactants # Code * Code Number

1 Combustible and Flammable Mated=le D x T H F G 37

2 x Oxidizing Agents (101 x 104)

3 lD 126A Halogenated Organics x Metals T x D H F 26
4 and other elemental and alloys
5 as sheets, rods, etc. (17 x 23)

6 Metals and other elemental and alloys D x T P H 28c
7 such as sheets, rods, etc. x
8 Polymedzable Compounds (23 x 103)

9 lD 126B Halogenated Organics x Metals and T x D H F 21
10 other elemental and alloys as sheets,
11 rods, etc. (17 x 23)

12 Metals and other elemental and alloys D x T P H 28c
13 such as sheets, rods, etc. x
14 Polymedzable Compounds (23 x 103)

15 lD 126C Halogenated Organics x Metals T x D H F 26
16 and other elemental and alloys
17 as sheets, rods, etc. (17 x 23)

18 Metals and other elementaJ and alloys D x T P H 28c
lg such as sheets, rods, etc. x
20 Polymertzable Compounds (23 x 103)

21 lD 127A Mineral Acids x Metal and T x D GF H F 1
22 other elemental and alloys as
23 sheets, rods, etc. (1 x 23)
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TABLE D13-1

SUMMARY OF POTENTIAL INCOMPATIBILITIES
FOR WASTE FORMS AND CONTAINER MATERIALS

(CONTINUED)

Idaho National Engineering Laboratory

Content Potential Chemical Concentration Reaction Explanation
Code Compatibility Reaction of Reactants # Code * Code Number

Mineral Acids x Metal and T x D S 2 1
Compounds, Toxic (1 x 24) 2

Mineral Acids x Combustible T x D H G 3 3
and Flammable Materials (1 x 101) 4

Mineral Acids x Water T x D H 3a 5

(1 x 106) 6

Oxidizing Mineral Acids x Metals T x D H GF F 4 7
and other elemental and alloys 8
as sheets, rods, etc. (2 x 23) 9

Oxidizing Mineral Acids x Metal T x D S 6 10
and Compounds, Toxic (2 x 24) 11

Oxidizing Mineral Acids x T x D H F GT 9 12
Combustible and Flammable 13

Materials (2 x 101) 14

Oxidizing Mineral Acids x Water T x D H 10 15
(2 x 106) 16

Organic Acids x Metal and Compounds, T x D S 12 17
Toxic (3 x 24) 18

Amines, Aliphatic and Aromatic x T x D S 12c 19
Metals and Metal Compounds, Toxic 20
(7 x 24) 21

Caustics x Metal and other T xD H GF 15 22

elemental and alloys as sheets, 23
rods, etc. (10 x 23) 24
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TABLE D13-1
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS

(CONTINUED)

Idaho Natlonal Englneerlng Laboratory

Content PotenUal Chemical Concentration Re==ctlon Explanation
Code Compatibility Reaction of Reactants # Code * Code Number

1 Caustics x Metal and Compounds, T x D S 16a
2 Toxic (10 x 24)

3 Halogenated Organics x Metals T x D H F 21
4 and other elemental and alloys
5 as sheets, rods, etc. (17 x 23)

6 Isocyanates x Water (18 x 106) T x D H G 28a

7 Metals and other elemental and alloys D x T P H 28c
8 such as sheets, rods, etc. x
9 Polymerizable Compounds (23 x 103)

10 Metals and other elemental and D x T H F 30
11 alloys as sheets, rods, etc.
12 x Oxidizing Agents (23 x 104)

13 Metal and Compounds, Toxic x D x T P H 32a
14 Polymerizable Compounds (24 x 103)

15 Metal and Compounds, Toxic D x D S 34
16 x Water (24 x 106)

17 Combustible and Flammable Materials D x T H F G 38
18 x Oxidizing Agents (101 x 104)

19 lD 127B Organic Acids x Metal and Compounds, T x D S 12
20 Toxic (3 x 24)

21 Amines, Aliphatic and Aromatic x T x D S 12c
22 Metals and Metal Compounds, Toxic
23 (7 x 24)

24 Halogenated Organics x Metals T x D H F 21
25 and other elemental and alloys
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TABLE D13-1
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS
(CONTINUED)

Idaho National Engineering Laboratory
1

Content PotentlaR Chemical Concentration Reaction Explanation
Code ,,C,ompaUblllty Reaction of Reactants # Code * Code Number

as sheets, rods, etc. (17 x 23) 1

Metals and other elemental and alloys D x T P H 28c 2
such as sheets, rods, etc. x 3
Polymerizable Compounds (23 x 103) 4

Metal and Compounds, Toxic x D x T P H 32a 5
Polymedzable Compounds (24 x 103) 6

Metal and Compounds, Toxic x D x D S 34 7
Water (24 x 106) 8

lD 128A Oiganic Acids x Caustics (3 x 10) T x M H 1 lb 9
=

Organic Acids x Metal and Compounds, T x D S 12 10
Toxic (3 x 24) 11

Amines, Aliphatic and Aromatic x T x D S 12c 1;2
Metals and Metal Compounds, Toxic 13
(7 x 24) 14

=

Caustics x Halogenated Organics M x T H GF 13 15
(10 x 17) 16

Caustics x Ketones (10 x 19) M x T H 13a 17

Caustics x Metals and other M x D H GF 14 18

elemental and alloys as sheets, 19
rods, etc. (10 x 23) 20

Caustics x Metal and M x D S 16 21

Compounds, Toxic (10 x 24) 22
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TABLE D13-1
SUMMARYOF POTENTIALINCOMPATIBILITIES

FORWASTEFORMSAND CONTAINERMATERIALS
(CONTINUED)

Idaho National Englneerlng Laboratory

Content Potential Chemical Concentration ReacUon Explanation
Code C;ompatlblllty Reaction of Reactants # Code * Code Number

1 Caustics x Nitro Compounds M x T E 16b
2 (10 x 27)

3 Caustics x Polymerizable Compounds M x T P H 16c
4 (10x 103)

5 Causticsx Water Reactive M x M Not Valid 17

6 Substances(10x 107)

7 Fluorides x Water Reactive T x M Potentially 18
8 Substances (15 x 107) Reactive

9 Halogenated Organics x Metals T x D H F 24
10 and other elemental and alloys
11 as sheets, rods, etc. (17 x 23)

12 Halogenated Organics x Water T x M Potentially 28
13 Reactive Substances (17 x 107) Reactive

14 Ketones x Water Reactive Substances T x M Potentially 28b
15 (19 x 107) Reactive

16 Metals and other elemental and alloys D x T P H 28c
17 such as sheets, rods, etc. x
18 Polymerizable Compounds (23 x 103)

19 Metals and other elemental D x M Potentially 31
20 and alloys as sheets, rods, Reactive
21 etc. x Water Reactive
22 Substances (23 x 107)

23 Metal and Compounds, Toxic x D x T P H 32a
24 Polymerizable Compounds (24 x 103)
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TABLE D13-1
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS
(CONTINUED)

Idaho National Engineering Laboratory

Content PotenUalChemical Concentration Reaction Explanation
Code Compatibility Reaction of Reactants # Code * Code Number

Metal and Compounds, Toxic x D x M Potentially 36 1
Water Reactive Substances (24 x 107) Reactive 2

Nitro Compounds x Water Reactive T x M Potentially 36a 3
Substances (27 x 107) Reactive 4

Phenols and Creosols x Water Reactive T x M Potentially 36c 5
Substances (31 x 107) Reactive 6

Combustible and Flammable D x M Potentially 39 7

O Materials x Water Reactive Reactive 8Substances (101 x 107) 9

Polymerizable Compounds x Water T x'M Potentially 40 10
Reactive Substances (103 x 107) Reactive 11

lD 128B Oxidizing Mineral Acids x Metals T x D H GF F 5 12
and other elemental and alloys 13
as sheets, rods, etc. (2 x 23) 14

Oxidizing Mineral Acids x Metal T x D S 7 15
and Compounds, "roxic (2 x 24) 16

Oxidizing Mineral Acids x T x D H F GT 8 17
Combustible and Flammable 18
Materials (2 x 101) 19

Organic Acids x Metal and Compounds, T x D S 12 20
Toxic (3 x 24) 21

Amines, Aliphatic and Aromatic x T x D S 12c 22
Metals and Metal Compounds, Toxic 23
(7 x 24) 24
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,TABLE D13-1
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS

(CONTINUED) ,,

Idaho National Engineering Laboratory

Content Potential Chemical ConcentraUon ReacUon Explanation
Code Compatlbla_ Reaction of Reactants # Code * Code Number

1 Halogenated Organics x Metals T x D H F 24
2 and other elemental and alloys
3 as sheets, rods, etc. (17 x 23)

4 Metals and other elemental and alloys D x T P H 28c
5 such as sheets, rods, etc. x
6 Polymerizable Compounds (23 x 103) '

7 Metal and Compounds, Toxic x D x T P H 32a
8 Polymedzable Compounds (24 x 103)

9 lD 129A Organic Acids x Alcohols and T x M H P 11
10 Glycols (3 x 4)

11 Amines, Aliphatic and Aromatic x T x D H GT 12b
12 Halogenated Organics (7 x 17)

13 Halogenated Organics x Metals D x D H F 26
14 and other elemental and alloys
15 as sheets, rods, etc. (17 x 23)

16 Metals and other elemental and alloys D x T P H 28c
17 such as sheets, rods, etc. x
18 Polymerizable Compounds (23 x 103)

19 lD 129B Organic Acids x Alcohols and M x T H P 11
20 Glycols (3 x 4)

21 Organic Acids x Amines, M x T H 1la
22 Aliphatic and Aromatic (3 x 7)

23 Organic Acids x Metal and M x T S 12
24 Compounds, Toxic (3 x 24)

25 Organic Acids x Polymerizable M x T P H 12a
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TABLE D13-1

SUMMARY OF POTENTIAL INCOMPATIBILITIES
FOR WASTE FORMS AND CONTAINER MATERIALS

(CONTINUED)

Idaho Natlonal Englneerlng Laboratory

Content Potential Chemical Concentration Reaction Explanation
Code Compatibility Reaction of Reactants # Code * Code Number

Compounds (3 x 103) 1

Amines, Aliphaticand Aromatic T x D H GT 12b 2
x Halogenated Organics (7 x 17) 3

Halogenated Organics x Metals D x D H F 26 4
and other elemental and alloys 5
as sheetsi rods, etc. (17 x 23) 6

Metals and other elemental and alloys D x T P H 28c 7
such as sheets, rods, etc. x 8
Polymerizable Compounds (23 x 103) 9

Metals and Compounds, Toxic x T x D S 34 10
Water (24 x 106) 11

lD 211A Oxidizing Mineral Acids x Metals T x D H GF F 4 12
and other elemental and alloys 13
as sheets, rods, etc. (2 x 23) 14

Oxidizing Mineral Acids x T x D H F GT 9 15
Combustible and Flammable 16

Materials (2 x 101) 17

Oxidizing Mineral Acids x Water T x D H 10 18
(2 x 106) 19

Caustics x Metals and other T x D H GF 15 20

elemental and alloys as sheets, 21
rods, etc. (10 x 23) 22

Halogenated Organics x Metals T x D H F 19 23
and other elemental and alloys 24
as sheets, rods, etc. (17 x 23) 25
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TABLE D13-1

SUMMARY OF POTENTIAL INCOMPATIBILITIES
FOR WASTE FORMS AND CONTAINER MATERIALS

(CONTINUED)

Idaho National Engineering Laboratory

Content Potential Chemical Concentration Reaction Explanation
Code ,Compatibility ReacUon of Reactants # Code * Code Number

1 Metals and other elemental and alloys D x T P H 28c
2 ' such as sheets, rods, etc. x
3 Polymedzable Compounds (23 x 103)

4 Metal and Compounds, Toxic x T x D S 33
5 Water (24 x 106)

6 lD 212A Amines, Aliphaticand Aromatic x T x D H GT 12b
7 Halogenated Organics (7 x 17)

8 Halogenated Organics x Metals D x D H F 26
9 and other elemental and alloys

10 as sheets, rods, etc. (17 x 23)

11 Metals and other elemental and alloys D x T P H 28c
12 such as sheets, rods, etc. x
13 Polymerizable Compounds (23 x 103)

14 lD 213A Organic Acids x Alcohols and M x T H P 11
15 Glycols (3 x 4)

16 Organic Acids x Amines, M x T H 1la
17 Aliphatic and Aromatic (3 x 7)

18 Organic Acids x Metal and M x T S 12
19 Compounds, Toxic (3 x 24)

20 Organic Acids x Polymedzable M x T P H 12a
21 Compounds (3 x 103)

22 Amines, Aliphatic and Aromatic T x D H GT 12b
23 x Halogenated Organics (7 x 17)

24 Halogenated Organics x Metals T x D H F 26
25 _ other elemental and alloys
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TABLE D13-1
SUMMARYOF POTENTIALINCOMPATIBILITIES

FORWASTEFORMSAND CONTAINERMATERIALS
(CONTINUED)

Idaho NationalEngineeringLaboratory

Content Potential Chemical Concentration Reaction Explanation
Code .CompatlbUlty Reaction of Reactants # Code * Code Number

as sheets, rods, etc. (17 x 23) 1

Metals and other elemental and alloys D x T P H 28c 2
such as sheets, rods, etc. x 3
Polymerizable Compour_s (29 x 103) 4

Metals and Compounds, Toxic x T x D S 34 5
Water (24 x 106) 6

lD 215A Halogenated Organics x Metals T x D H F 26 7
and other elemental and alloys 8
as sheets, rods, etc. (17 x 23) 9

Metals and other elemental and alloys D x T P H 28c 10
such as sheets, rods, etc. x 11
Polymedzable Compounds (23 x 103) 12

lD 216A Halogenated Organics x Metals T x D H F 20 13
and other elemental and alloys 14
as sheets, rods, etc. (17 x 23) 15

Metals and other elemental and alloys D x T P H 28c 16
such as sheets, rods, etc. x 17
Polymedzable Compounds (23 x 103) 18

lD 216B Halogenated Organics x Metals T x D H F 20 19
and other elemental and alloys 20
as sheets, rods, etc. (17 x 23) 21

Metals and other elemental and alloys D x T P H 28c 22
such as sheets, rods, etc. x 23
Polymerizable Compounds (23 x 103) 24
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TABLE D13-1
SUMMARYOF POTENTIALINCOMPATIBILITIES

FOR WASTEFORMSAND CONTAINERMATERIALS
(CONTINUED)

Idaho NationalEngineeringLaboratory

Content Potential Chemical Concentration Reaction Explanation
Code Compatibility Reactl0n ' of Reactants # Code * Code Number

1 lD 217A Halogenated Organics x Metals T x D H F 21
2 and other elemental and alloys
3 as sheets, rods, etc. (17 x 23)

4 Metals and other elemental and alloys D x T P H 280
5 such as sheets, rods, etc. x
6 Polymerlzable Compoundn (23 x 103)

7 lD 217B Organic Acids x Metal and Compounds, T x D S 12
8 Toxic (3 x 24)

9 Amines, Aliphatic and Aromatic x T x D S 12o
10 Metals and Metal Compounds, Toxic
11 (7 x 24)

12 Halogenated Organics x Metals T x D H F 21
13 and other elemental and alloys
14 as sheets, rods, etc. (17 x 23)

15 Metals and other elemental and alloys D x T P H 28c
16 such as sheets, rods, etc. x
17 Polymerlzable Compounds (23 x 103)

18 Metal and Compounds, Toxic x D x T P H 32a
19 Polymerizable Compounds (24 x 103)

20 lD 217C Organic Acids x Metal and Compounds, T x D S 12
21 Toxic (3 x 24)

22 Amines, Aliphatic and Aromatic x T x D S 12c
23 Metals and Metal Compounds, Toxic
24 (7 x 24)
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TABLE D13-1
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS
(CONTINUED)

Idaho National Engineering Laboratory

Content Potential Chemical ConcentraUon Reaction ExplanaUon
Code C0mpat!billty Reaction of Reactants # Code * Code Number

Halogenated Organics x Metals T x D H F 21 1
and other elemental and alloys 2
as sheets, rods, etc. (17 x 23) 3

Metals and other elemental and alloys D x T P H 28c 4
such as sheets, rods, etc. x 5
Polymertzable Compounds (23 x 103) 6

Metal and Compounds, Toxic x D x T P H 32a 7
Polymerizable Compounds (24 x 103) 8

lD 218A Oxidizing Mineral Acids x Metals T x D H GF F 5 9
and other elemental and alloys 10
as sheets, rods, etc. (2 x 23) 11

Oxidizing Mineral Acids x T x D H F GT 9 12
Combustible and Flammable 13

Materials (2 x 101) 14

Halogenated Organics x Metals T x D H F 22 15
and other elemental and alloys 16
as sheets, rods, etc. (17 x 23) 17

Metals and other elemental and alloys D x T P H 28c 18
such as sheets, rods, etc. x lg
Polymedzable Compounds (23 x 103) 20

lD 218B Oxidizing Mineral Acids × Metals T x D H GF F 5 21
and other elemental and alloys 22
as sheets, rods, etc. (2 x 23) 23

Oxidizing Mineral Acids x T x D H F GT 8 24
Combustible and Flammable 25
Materials (2 x 101) 26
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TABLE D13-1
SUMMARYOF POTENTIALINCOMPATIBILITIES

FORWASTEFORMSAND CONTAINERMATERIALS
(CONTINUED)

Idaho NationalEngineeringLaboratory

Content Potential Chemical Concentration Reaction Explanation
Code Compatibility Reaction of Reactants # Code * Code Number

1 Halogenated Organics x Metals T x D H F 22
2 and other elemental and alloys
3 as sheets, rods, etc. (17 x 23)

4 Metals and other elemental and alloys D x T P H 280
5 such as sheets, rods, etc. x
6 Polymedzable Compounds (23 x 103)

7 lD 219A Oxidizing Mineral Acids x Metals T x D H GF F 4 ,
8 and other elemental and alloys
9 as sheets, rods, etc. (2 x 23)

10 Oxidizing Mineral Acids x T x D H F GT 9
11 Combustible and Flammable

12 Materials (2 x 101)

13 Caustics x Metals and other T x D H GF 15
14 elemental and alloys as sheets,
15 rods, etc. (10 x 23)

16 Halogenated Organics x Metals T x D H F 21
17 and other elemental and alloys
18 as sheets, rods, etc. (17 x 23)

19 Metals and other elemental and alloys D x T P H 28¢
20 such as sheets, rods, etc. x
21 Polymedzable Compounds (23 x 103)

22 Metals and other elemental and D x T H F 29
23 and alloys as sheets, rods, etc.
24 x Oxidizing Agents (23 x 104)

25 Combustible and Flammable Materials D x T H F G 37
26 x Oxidizing Agents
27 (101 x 104)
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TABLE D13-1
SUMMARYOF POTENTIALINCOMPATIBILITIES

FORWASTE FORMSAND CONTAINERMATERIALS
(CONTINUED)

Idaho NatlonalEnglneerlngLaboratory

Content Potential Chemical Concentration Reaction Explanation
Code C,ompatlbillty Reaction of Reactants # Code* Code Number

lD 221A Organic Acids x Metal and Compounds, T x D S 12 1
Toxic (3 x 24) 2

Amines, Aliphatic and AromaLIcx T x D S 12c' :3
Metals and Metal Comounds, Toxic 4
(7'x 24) 5

Halogenated Organics x Metals T x D H F 26 6
and other elemental and alloys 7
as sheets, rods, etc. (17 x 23) 8

Metals and other elemental and alloys D x T P H 28c 9
such as sheets, rods, etc. x 10
Polymedzable Compounds (23 x 103) 11

Metal and Compounds, Toxic x D x T P H 32a 12
Polymedzable Compounds (24 x 103) 13

lD 222A Halogenated Organics x Metals T x D H F 26 14
and other elemental and alloys 15
as sheets, rods, etc. (17 x 23) 16

Metals and other elemental and alloys D x T P H 280 17
such as sheets, rods, etc. x 18
Polymedzable Compounds (23 x 103) 19

lD 222B Halogenated Organics x Metals T x D H F 26 20
and other elemental and alloys 21
as sheets, rods, etc. (17 x 23) 22

Metals and other elemental and alloys D x T P H 28c 23
such as sheets, rods, etc. x 24
Polymedzable Compounds (23 x 103) 25
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TABLE D13-1
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS
(CONTINUED)

Idaho National Engineering Laboratory

Content Potential Chemloal Concentration Reaction Explanation
Code Compatibility ReacUon Of Reactants # Code * Code Number

r

1 lD 223A Organio Aolds x Metal and Compounds, T x D S 12
2 Toxlo (3 x 24)

3 Amines, Allphatio and Aromatlo x T x D S 12o
4 Metals aJ'K:lMetal Compounds, Toxlo
_5 (7 x 24)

6 Halogenated Organics x Metals T x D H F 26
7 and other elemental and alloys
8 as sheets, rods, etc. (17 x 23)

9 Metals and other elemental and alloys D x T P H 28c
10 such as sheets, rods, eto. x
11 Polymerizable Compounds (23 x 103)

12 Metal and Compounds, Toxic x D x T P H 32a
13 Polymedzable Compounds (24 x 103)

14 lD 224A Halogenated Organics x Metals T x D H F 26
15 and other elemental and alloys
16 as sheets, rods, etc. (17 x 23)

17 Metals and other.elemental and alloys D x T P H 28c
18 such as sheets, rods, etc. x
19 Polymedzable Compounds (23 x 103)

20 lD 225A Mineral Acids x Metal and T x D GF H F 1
21 other elemental and alloys as
22 sheets, rods, etc. (1 x 23)

23 Mineral Acids x Metal and T x M S 2
24 Compounds, Toxic (1 x 24)

25 Mineral Acids x Combustible T x D H G 3
26 and Flammable Materials (1 x 101)

A
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TABLE D13.1
SUMMARYOF POTENTIALINCOMPATIBILITIES

FORWASTEFORMSANDCONTAINERMATERIALS
(CONTINUED)

Idaho National Engineering Laboratory

Content Potential Chemical Concentration Reaction Explanation
Code ..C..ompatlbl!lty Reaction of Reactants # Code * Code Number

Oxidizing Mineral Acids x Metals T x D H GF F 4 1
P

and other elemental and alloys j._ 2
as sheets, rods, etc. (2 x 23) _' 3 •

Oxidizing Mineral Acids x Metal T x M S 6 4
and Compounds, Toxic (2 x 24) 5

Oxidizing Mineral Acids x T x D H F GT 9 6
Combustible aJ'¢lFlammable 7
Materials (2 x 101) 8

Organic Acids x Metal and Compounds, T x M S 12 9
Toxic (3 x 24) 10

Amines, Aliphatic and Aromatic x T x M S 12c 11
Metals and Metal Compounds, Toxic 12
(7 x 24)' 13

Halogenated Organics x Metals T x D H F 27 14
and other elemental and alloys 15
as sheets, rods, etc. (17 x 23) 16

Metals and other elemental and alloys D x T P H 28e 17
such as sheets, rods, etc. x 18
Polymertzable Compounds (23 x 103) 19

Metals and other elemental and D x T H F 29 20
alloys as sheets, rods, etc. x 21
Oxidizing Agents (23 x 104) 22

Metal and Compounds, Toxic x. M x T P H 32a 23
Polymedzable Compounds (2d, x 103) 24

Combustible and Flammable MatedaJs D x T H F G 37 25

x Oxidizing Agents (101 x 104) 26
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TABLE D13-1
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER MATERIALS
(CONTINUED)

Idaho NaUonal Englneerlng Laboratory

Content Potent;al Chemical Concentration Reaction Explanation

Code Compatibility Reaction of Reactants # Code * Code Number

1 lD 225B Oxidizing Mineral Acids x Metals T x D H GF F 4
2 and other elemental and alloys
3 as sheets, rods, etc. (2 x 23)

4 Oxidizing Mineral Acids x T x D H F GT 9
5 Combustible and Flammable
6 Materials (2 x 101)

7 Halogenated Organics x Metals T x D H F 27
8 and other elemental and alloys
9 as sh_=_ets,rods, etc. (17 x 23)

10 Metals and other elemental and alloys D x T P H 28c
11 such as sheets, rods, etc. x
12 Polymerizable Compounds (23 x 103)

13 lD 226A Halogenated Organics x Metals T x D H F 26
14 and other elemental and alloys
15 as sheets, rods, etc. (17 x 23)

16 Metals and other elemental and alloys D x T P H 28c
17 such as sheets, rods, etc. x
18 Polymerizable Compounds (23 x 103)
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Summary of Potential Incompatibilities for Waste Forms and Container Material 1

The following is a listing and explanation of compatibility code numbers used to identify potential 2
incompatibilities in Table D9-1. 3

ExplanationCode Number Descriptions 4

1. (1 x 23) The potential chemical incompatibility is the possible reaction between non- 5
oxidizing mineral acids (Group 1) and metals and other elemental and alloys as 6
sheets, rods, etc. (Group 23). The non-oxidizing mineral acids are present only in 7
trace quantities (T<1%) and are neutralized and bound in the cemented waste form. s
Due to the immobilization and prior reaction of the acids, the materials in this content 9
code are considered chemically compatible. 10

2. (1 x 24) The potential chemical incompatibility is tile tendency of non-oxidizing 11
mineral acids (Group 1) to solubilize metals and metal compour, ds, toxic (Group 24). 12
The mineral acids are present only in trace quantities (T<1%) and are neutralized and 13
bound in the cemented waste form. Due to the immobilization and prior reaction of 14
the non-oxidizing acids, the materials in this content code are considered chemically 15
compatible. 16

3. (1 x 101) The potential chemical incompatibility is the possible reaction between 17
non-oxidizing mineral acids (Group 1) and combustible materials (Group 101). The is
mineral acids are present only in trace quantities (T<1%) and are neutralized and 19
bound in the cemented waste form. An absorbent has been added to immobilize free 2o

liquids. Due to the immobilization and prior reaction of the non-oxidizing acids, the 21
materials in this content code are considered chemically compatible. 22

3a. (1 x 106) The potential chemical incompatibility is the possible reaction between 23
mineral acids (Group 1) and water (Group 106). The mineral acids are present only 24
in trace quantities (T<1%) and are reacted prior to loading in waste containers. In 25
addition, the free liquids are immobilized in an absorbent and would not be available 26
for reaction. 27

4. (2 x 23) The potential chemical incompatibility is the possible reaction between 2s
oxidizing mineral acids (Group 2) and metals and other elemental and alloys as 29
sheets, rods, etc. (G_oup 23). The oxidizing mineral acids are present only in trace 3o
quantities (T<1%) and are reacted prior to loading in waste containers. In addition, 31
the oxidizing mineral acids are fixed in the solidified product and would not be 32
available to react with the metal. 33
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1 5. (2 x 23) The potential chemical incompatibility is the possible reaction between
2 oxidizing mineral acids (Group 2) and metals and other elemental and alloys as
3 sheets, rods, etc. (Group 23). The oxidizing mineral acids are present only in trace
4 quantities (T<1%) as residues on glass after allowing the waste to drain. The
5 oxidizing mineral acids are present only as residual films on the glass and not as free
s liquids that could react with metals.

7 6. (2 x 24) The potential chemical incompatibility is the solubilization of metals and
e metal compounds, toxic (Group 24) in oxidizing mineral acids (Group 2). The
9 oxidizing mineral acids are present only in trace quantities (T<1%)and are reacted

10 prior to loading in waste containers. In addition, the oxidizing mineral acids are fixed
11 in the solidified product and would not be available to react with the metal.

12 7. (2 x 24) The potential chemical incompatibility is the possible reaction between
13 oxidizing mineral acids (Group 2) and metals and compounds, toxic (Group 24). The
14 oxidizing mineral acids are present only in trace quantities (T<1%) as residues on
15 glass after allowing the waste to drain. The oxidizing mineral acids are present only
16 as residual films on the glass and not as free liquids that could react with metals.

' 0

17 8. (2 x 101) The potential chemical incompatibility is the possible reaction between
le o':!dizing mineral acids (Group 2) and combustible materials (Group 101). The
19 oxidizing mineral acids are present only in trace quantities (T<1%) as residues on
2o glass after allowing the waste to drain. The oxidizing mineral acids are present only
21 as residual films on the glass and not as free liquids that could react with the
22 combustible materials.

23 9. (2 X 101) The potential chemical incompatibility is the possible decomposition of
24 combustible materials (Group 101) by t;le oxidizing mineral acids (Group 2). The
25 oxidizing mineral acids are present only in trace quantities (T<1%) and are reacted
26 prior to loading in waste containers. In addition, the oxidizing mineral acids are fixed
27 in the solidified product and would not be available to react with the combustible
28 materials.

29 10. (2 x 106) The potential chemical incompatibility is the possible dissolution of
30 oxidizing mineral acids (Group 2) by water (Group 106). The oxidizingmineral acids
31 are present only in trace quantities (T<1%) and reacted prior to loading in waste
32 containers. Both the water and the oxidizing mineral acids are fixed in the solidified
33 product and would not be available for reaction.

Appendix Di 3
PTB-1T7D.D13 D13-58 3/92



WIPP RCRA Part B Permit Application
DOE/WIPP 91-005

Revlston 1

11. (3 x 4) The potential chemical incompatibility is the possible reaction between 1
organic acids (Group 3) and alcohols and glycols (Group 4). The organic acids are 2
immobilized in a cement matrix and not available to react with the alcohols and 3

glycols. The alcohols and glycols are also immobilized in the solidified product. 4

11a. (3 x 7) The potential chemical incompatibility is the possible reaction between 5
organic acids (Group 3) and amines, aliphatic and aromatic (Group 7). The organic 6
acids are immobilized in a cement matrix and would not be available for reaction. 7

11b. (3 x 10) The potential chemical incompatibility is the possibility of acid-base 8
reactions. The organic acids (Group 3) are immobilized in a cement matrix and are 9
not available to react with the Caustics (Group 10). Thus, this potential chemical 10
incompatibility would not occur. 11

12. (3 x 24) The potential chemical incompatibility is the possible reaction between 12
organic acids (Group 3) and metals and compounds, toxic (Group 24). The organics 13
dcids are basifiedprior to cementation and do not exist as free acids in the resulting 14

. product. Based on the immobilization of the acids, reactions are considered highly 15

O unlikely. In this case, soluhilization is not possible. 16

12a. (3 x 103) The potential chemical incompatibility is the initiation of cationic 17
polymerization by organic acids. The organic acids (Group 3) are cemented and do 18
not exist as free acids in the resulting product. Due to the immobilization of the acids, 19
reactions are considered highly unlikely. 20

12b. (7 x 17) The potential chemical incompatibilitybetween amines (Group 7) and 21
halogenated organics (Group 17) would notoccur because the halogenated organics 22
are solidified and are not available for reaction. 23

12c. (7 x 24) The potential chemical incompatibility is the possible increase in the 24
solubility of toxic metal compounds in water due to amines acting as potential 25
surfactants. The amines are present only in trace (T<1%) and are immobilized 26
through absorption on sorbent materials. Also, these solid waste forms usually 27
contain very little water and excess sorbents are added to waste containers to sorb 2s
any fluids. 29

13. (10 x 17) The potential chemical incompatibility is the possible reaction between 3o
caustics (Group 10) and halogenated organics(Group 17). The caustic inthis content 31
code is calcium oxide, a solid, which is dispersed in the chloride salts. The 32
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1 halogenated organics are present in only trace quantities (T<1%) and are absorbed,
2 immobilized, or solidified. Due to the immobilizationof the calcium oxide in the salt,
3 reactions are considered highly unlikely.

4 13a. (10 x 19) The potential chemical incompatibility is the possible self-condensation of
5 ketones (Group 19) catalyzed by caustics (Group 10). The caustic in this content
6 code is calcium oxide, a solid, which is dispersed in the chloride salts. Due to the
7 immobilization of the calcium oxide in salt, reactions are considered highly unlikely.

8 14. (10 x 23) The potential incompatibility is the possible reaction between caustics
9 (Group 10) metals and other elemental and alloys as sheets, rods, etc. (Group 23).

10 The caustic in this content code is calcium oxide, a solid, which is dispersed in the
11 chloride salts. Due to the immobilization of the calcium oxide in salt, dissolution of
12 metals is caustics is not possible.

13 15. (10 × 23) The potential incompatibility is the possible dissolutionof metals and other
14 elemental and alloys as sheets, rods, etc. (Group 23) in caustics (Group 10). The
15 caustics are present only in trace quantities (T<1%) and are reacted prior to loading
16 in waste containers. In addition, the caustics are fixed in the cemented sludge and
17 would not be available to react with the metals.

18 16. (10 x 24) The potential chemical incompatibility is the possible solubilization of toxic
19 metals (Group 24) in caustics (Group 10). The causticin this content code is calcium
20 oxide, a solid, which is dispersed in the chloride salts. In this case, solubilization is
21 not possible.

22 16a. (10 x 24) The potential incompatibilityis the possiblesolubilityof toxic metals (Group
23 24) in caustics (Group 10). The caustics are present only in trace (T<1% quantities
24 and are reacted prior to loading in waste containers. In addition, the caustics are
25 fixed in the cemented sludge and would not be available to react with the metals.

26 16b. (10 x 27) The potential chemical incompatibility is the formation of salts from nitro
27 alkanes (Group 27) and caustics (Group 10) in the presence of water. The only
28 caustic in this content code is calcium oxide, a solid, which is dispersed in the
29 chloride salts. In addition, liquids are immobilized through absorption on sorbent
30 materials. Due to the immobilization of the caustic in the fused salt, this reaction
31 would not occur.
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16c. (10 x 103) The potential chemical incompatibility is the possible initiation of anionic 1
polymerization of Group 103 chemicals by caustics (Group 10). The only caustic in 2
this content code is calcium oxide, a solid, which is dispersed in the chloride salts. 3
In addition, liquids are immobilized through absorption on sorbent materials. Due to 4
the immobilization of the caustic in the fused salt, this reaction is highly unlikely, s

17. (10 x 107) This potential incompatibility is an artifact of the EPA method. Calcium 6
oxide appears in Groups 10 and107, and is compatible within itself. 7

18. (15 x 107) This potential chemical incompatibility is the reaction of fluorides 8
(Group 15) and water reactive substances (Group 107). The solid fluorides are 9
present in only trace quantities (T<1%) and form part of the pyrochemical salt matrix. 10
Calcium oxide, the only water reactive substance present, is a solid dispersed in the 11
pyrochemical salt matrix. These salts always occur with each other and are 12
compatible. 13

19. (17 x 23) The potential chemical incompatibility is the reaction of halogenated 14
organics (Group 17) with metals and other elemental alloys as sheets, rods, etc. is
(Group 23). The halogenated organics are present in only trace quantities (T1<1%) 16
and are fixed in cemented sludge and would not be available to react with the metals. 17

20. (17 x 23) The potential chemical incompatibility is the reaction of halogenated 18
organics (Group 17) with metals and other elemental and alloys as sheets, rods, etc. 19
(Group 23). The halogenated organics are present in only trace quantities (T<1%) 2o
and are absorbed on combustibles. The halogenated organics are not present as free 21
liquids to react with the metals. 22

21. (17 x 23) The potential chemical incompatibility is the potential reaction between 23
halogenated organics (Group 17) and metals, other elemental and alloys as sheets, 24
rods, drops, moldings, etc (Group 23). Aluminum and magnesium in bulk forms are 25
especially reactive with halogenated hydrocarbons releasing much heat. Although this 26
is a potential incompatibility, the potential effects are considered minimal for the 27
following reasons. First, the halogenated hydrocarbons are only present in trace 2e
quantities (<1 percent by weight) and are immobilized through absorption on sorbent 29
materials or solidification with calcium silicates or gypsum-base processes. Second, 3o
although the metals of concern may occur in dominant quantities in the content code, 31
the metals only occur as large pieces and not in powder form, which is more reactive 32
with the halogenated hydrocarbons. Due to the trace quantities of immobilized 33

=
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1 halogenated organics and the non-powder size of the metal pieces, any reaction that
2 may occur will produce minimal heat.

3 22. (17 x 23) The potential chemical incompatibility is the reaction of halogenated
4 organics (Group 17) with metals and other elemental and alloys as sheets, rods, etc.
5 (Group 23). The halogenated organics are present in only very small trace quantities
6 (T3 < 1 ppm) as residual films on the glass and not as free liquids that could react
7 with metals.

8 23. (17 x 23) The potential chemical Incompatibility is the reaction of halogenated
9 organics (Group 17) with metals and other elemental and alloys as sheets, rods, etc.

10 (Group 23). The halogenated organics are present in only trace quantities (T<1%)
11 as coatings on solid organics materials and are not present as free liquids that could
12 react with metals.

13 24. (17 x 23) The potential chemical incompatibility is the reaction of halogenated
14 organics (Group 17) with metals and other elemental and alloys as sheets, rods, etc. ,
15 (Group 23). The halogenated organics are present in only trace quantities (T<1%)

the inorganic solid materials and are not present as free liquids that /16 as coating on

17 could react with metals.

18 25. (17 x 23) The potential chemical incompatibility is the reaction of halogenated
19 organics (Group 17) with metals and other elemental and alloys as sheets, rods, etc.
2o (Group 23). The halogenated organics are fixed in the cemented product and would
21 not be available for reaction.

22 26. (17 x 23) The potential chemical incompatibility is the reaction of halogenated
23 organics (Group 17) with metals and other elemental and alloys as sheets, rods, etc.
24 (Group 23). The halogenated organics are fixed in the solidified product and are not
25 available for reaction with the metals.

26 27._ (17 x 23) The potential chemical incompatibility is the reaction of halogenated
27 organics (Group 17) with metals and other elemental and alloys as sheets, rods, etc.
28 (Group 23). An absorbent has been added to immobilize any free liquids that may
2_ exist. Due to the trace quantities and immobilization of the halogenated organics,
3o reactions are highly unlikely.

31 28. (17 x 107) The potential chemical incompatibility is the reaction of halogenated
32 organics (Group 17) with water reactive substances (Group 107). The halogenated
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organics are present in only trace quantities (T<1%) and are not in the form of free 1
liquids. Calcium oxide, the only water reactive substance present, is dispersed in 2
chloride salts. Based on the immobilization of the calcium oxide in the salt and the 3
absence of halogenated organics as free liquids, reactions are considered highly 4
unlikely. 5

28a. (18 x 106) The potential Incompatibility is the possible reaction between isocyanates 6
(Group 18) with water (Group 106). The Isocyanates are present only in trace 7
quantities (T<1%). The water is usually fixed in the solidified product and would not 8
be available for reaction. 9

28b. (19 x t07) The potential chemical incompatibility is the reaction between ketones 10
(Group 19) and water reactive substances (Group 107). The ketones are present in 11
only trace quantities (T<1%) and are not in the form of free liquids. Calcium oxide, 12
the only water reactive substance present, is dispersed in chloride salts. Based on 13
the immobilization of the calcium oxide in the salt and the absence of ketones as free 14

liquids, reactions are considered highly unlikely. 15 ,

28c. (23 x 103) The potential chemical incompatibility is that polymerization may be 16
catalyzed by these metal surfaces. The polymerizable compounds are present only 17
in trace (T<1%) quantities and would be immobilized through absorption on sorbent 18
materials or solidification. Second, although the metals of concern may occur in 19
dominant quantities in the content code, the metals only occur as large pieces and 2o
not in powder form, which is more reactive with the polymerizable compounds. Due 21
to the trace quantities of immobilized polymerizable compounds and the non-powder 22
size of the metal pieces, any reaction that may occur will produce minimal heat. 23

29. (23 x 104) The potential incompatibility is the possible reaction between metals and 24
other elemental and alloys as sheets, rods, etc. (Group 23) and oxidizing agents 25
(Group 104). The oxidizing agents are present only in trace quantities (T<1%) and 26
reacted prior to loading in waste containers. The waste is mixed with cement to 27
absorb any residual liquid. Due to the immobilization and prior reaction of the 28
oxidizing agents, reactions are highly unlikely. 29

30. (23 x 104) The potential incompatibility is the possible reaction between metals and 30
other elemental and alloys as sheets, rods, etc. (Group 23) and oxidizing agents 31
(Group 104). The oxidizing agents are present only in trace quantities (T<1%) and 32
dissolved in aqueous solutions that were cemented into a solid monolith-type 33
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1 structure. Due to the Immobilization and prior reaction of the oxidizing agents,
2 reactions will not occur.

3 31. (23 x 107) The potential incompatibility is the possible reaction between metals and
4 other elemental alloys as sheets, rods, etc. (Group 23) and water reactive substances
s (Group 107). The outer low carbon steel drum is the only Group 23 metal found in
6 this content code. Calcium oxide, the only water reactive substance present, is a
7 soliddispersed inthe chloridesalts. Based on the immobilizationof the calcium oxide
8 in the salt, reactions are considered highly unlikely.

9 32. (23 x 107) The potential incompatibility is the possible reaction between metals and
10 other elemental alloys as sheets, rods, etc. (Group 23) and water reactive substances
11 (Group 107). Calcium oxide, the only water reactive substance present, is a solid
12 dispersed in the chloride salts. Based on the immobilization of the calcium oxide in
13 the salt, reactions are considered highly unlikely.

14 32a. (24 x 103) The potential incompatibility is the possible reaction between metals and
15 compounds, toxic (Group 24) and polymerizable compounds (Group 103). The
16 polymerizable compounds are present only In trace (T<1%) quantities and would be
17 immobilized through absorption on sorbent materials or solidification. Second,
le although the metals of concern may occur in dominant quantities in the content code,
19 the metals only occur as large pieces and not in powder form, which is more reactive
2o with the polymerizable compounds. Due to the trace quantities of immobilized
21 polymerizable compounds and the non-powder size of the metal pieces, any reaction
22 that may occur will produce minimal heat.

23 33. (24 x 106) The potential chemical incompatibility is the possible solubilization of toxic
24 metals (Group 24), which is not a concern since the water (Group 106) from the
25 sludge is fixed in the cemented product and would not be available for reaction.

26 34. (24 X 106) The potential incompatibility is the possible solubilization of toxic metals
27 (Group 24). The water (Group 106) is fixed the in the cemented product and would
28 not be available for reaction.

29 35. (24 x 107) The potential incompatibility is the possible reaction between metals and
3o metal compounds, toxic (Group 24) and water reactive substances (Group 107). The
31 metals are present only in trace quantities (<1% by weight). Calcium oxide, the only
32 water reactive substance present, is a solid dispersed in the chloride salts. Based on
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the immobilization of the calcium oxide in the salt, reactions are considered highly 1
unlikely. 2

36. (24 x 107) The potential incompatibility is the possible reaction between metals and 3
metal compounds, toxic (Group 24) and water reactive substances (Group 107). 4
Calcium oxide, the only water reactive substance present, IS dispersed In chloride 5
salts. Based on the immobilization of the calcium oxide in the salts, reactions are 6
considered highly unlikely. 7

36a. (27 x 107) The potential Incompatibility is the possible reaction between nitro 8
compounds (Group 27) and water reactive substances (Group 107). Calcium oxide, 9
the only water reactive substance present, is dispersed in chloride salts. Based on lo
the Immobilization of the calcium oxide in the salts, reactions are considered highly 11
unlikely. 12

36c. (31 x 107) The potential incompatibility is the possible reaction between phenols and 13
cresols (Group 31) and water reactive substances (Group 107). Calcium oxide, the 14
only water reactive substance present, is dispersed in chloride salts. Based on the ls
immobilization of the calcium oxide in the salts, reactions are considered highly 16
unlikely. 17

37. (101 x 104) The potential incompatibility is the possible reaction between 18
combustible materials (Group 101) and oxidizing agents (Group 104). The oxidizing 19
agents are present only in trace quantities (T<1%) and are reacted prior to loading 2o
in waste containers. In addition, cement is added to absorb any residual liquid. Due 21
to the immobilization and prior reaction of the oxidizing agents, this content code is 22
considered to be chemically compatible. 23

38. (101 x 104) The potential incompatibility is the possible reaction between 24
combustible materials (Group 101) and oxidizing agents (Group 104). The oxidizing 25
agents are present only in trace quantities (T<1%) and are fixed in the solidified 26
product. Due to the immobilization and prior reaction of the oxidizing agents, this 27
content code is considered to be chemically compatible. 28
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1 39. (101 x 107) The potential incompatibility is the possible reaction between
2 combustible and flammable materials (Group 101) and water reactive substances
3 (Group 107). The dominant combustible material In Group 101 is the polyethylene
4 rigid drum liner. Calcium oxide, the only water reactive substance present, is a solid
5 dispersed in the chloride salts. Based on the immobilization of the calcium oxide in
6 the salt, reactions are considered highly unlikely.

7 40. (103 x 107) The potential incompatibility Is the possible reaction between
s polymerizable compounds (Group 103) and water reactive substances (Group 107).
9 Calcium oxide, the only water reactive substance present, is a solid dispersed tn the

10 chloride salts. Based on the immobilization of the calcium oxide in the salt, reactions
11 are considered highly unlikely.
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APPENDIX E1 1

RCRA GROUNDWATER PROTECTION INFORMATION 2

WASTE ISOLATION PILOT PLANT 3

1.0 Introduction 4

The Waste IsolationPilotPlant(WIPP) Projectwas authorizedbythe U.S. Departmentof Energy 5
(DOE) NationalSecurityandMilitaryApplicationsof theNuclearEnergyAuthorizationActof 1980 6
(PublicLaw 96-164). Itslegislativemandateis to providea researchand developmentfacilityto 7
demonstratethe safe disposalof radioactivewaste resultingfrom nationaldefense programsand s

_/ activities. To fulfill this mandate, the WIPP facility has been designed to perform scientific 9
investigationsof the behaviorof beddedsaltas a repositorymediumandthe interactionsbetween 10
the salt and radioactivewastes. 11

V In 1991, DOE proposedto initiatea multi-yearexperimentalTest Phase designedto demonstrate 12
V the performanceof the repository(Molecke, 1990; Moleckeand Lappin, 1991). TheTest Phase 13
V activities involveexperimentsusing transuranic(TRU) waste typical of the waste planned for 14
V futuredisposalat the WIPP facility. 15

E?_perimentalwaste will be receivedfrom the DOE Rocky Flats Plant and the Idaho National 16

_/ EngineedngLaboratory.Althoughthe WIPP facilityisdesignedto receivewastesover a 25-year 17

pe_riod,the fulldesigncapacitywillnotbe utilizeduntilscientificdata andanalysisobtainedduring 18
the Test Phase indicatethat disposal of radioactiveand radioactivemixed waste at the WIPP 19

V faciilityis protectiveof humanhealth andthe environment.Near the end of theTest Phase, DOE 20
_/ wiilit!make a determinationas to whetherthe WIPP facilitywillultimatelybecomethe nation'sfirst 21

p_rmanent TRU waste repositoryfor DOE facilities. 22

_/ Su_bstantialquantitiesof the TRU waste proposedfor shipmentto the WIPP facilitywill contain 23

ha:.:ardous chemical components that qualify as "hazardous waste" under the Resource 24
_/ Conservation and Recovery Act (RCRA). Therefore, the WIPP facility is a "mixed waste" 25
_/ miscellaneousunit, subjectto regulationby the New Mexico EnvironmentDepartment(NMED) 26
V undt_rNew Mexico HazardousWaste Management Regulations(HWMR-6), Part V, SubpartX. 27

V The INMEDwasgrantedauthorityby the U.S. EnvironmentalProtectionAgency(EPA) to regulate 2s
radk_activemixed waste facilitiesin New Mexico effectiveJuly 25, 1990. Part A of a RCRA 29

,/ pemnit application was submittedby DOE to the NMED's predecessor to meet part of the 30
requin_mentsfor interimstatus under RCRA. 31

_/ BecaL;_segeologic repositories,such as the WIPP facility, are defined under RCRA as land 32

_/ disposal facilities,the groundwatermonitoringrequirementsof HWMR-6, Pt. V, SubpartX, must 33
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1_/ be addressed. HWMR-6, Pt. V, Subpart F, appliesto miscellaneousunittreatment, Storage,and
2J disposal facilities (TSDF) only if groundwatermonitoringis needed to satisfy HWMR-6, Pt. V,
3J sections264.601 through264.603, performancestandards. This appendix demonstratesthat
4J groundwatermonitoringis not needed in orderto demonstratecompliancewiththe performance
5J standards;therefore, HWMR-6, Pt. V, Subpart F, will not applyto the WIPP facility.

6 DOE is seekingto demonstrateto a reasonabledegree of certaintythat there willbe no migration
7 of hazardouswasteor hazardousconstituentsvia groundwaterduringthe Test Phase. In March
s 1989, DOE submitteda No-MigrationVariance Petition(DOE, 1990a) under40 CFR 268.6 to the
9 EPA demonstratingthatthere willbe no migrationof hazardouswaste or hazardousconstituents

10J from the WIPP facility duringthe Test Phase. On November14', 1990, EPA grantedthe WiPP
11J Project a ConditionalNo-MigrationVariance under 40 CFR 268.6. The EPA concludedthat
12 hazardoL_sconstituentswillnot migrateto groundwaterfrom the repositoryduringthe Test Phase
13 (EPA, 19¢_0).

14J To fulfill environmentalperformance standards for groundwaterrequirementsas describedin
15J HWMR-6, Pt. V, secs. 264.601(a) and 264.602, the followingpoints are addressed in this
lSJ appendix:

17 1. The potential for migrationof hazardouswasteor hazardousconstituentsfromthe facility
le to the uppermostaquifer by an evaluationof:

19 a. A water balance of precipitation,evapotranspiration,runoff,and infiltration.

20 b. Unsaturatedzone characteristics(e.g., geologicmaterials, physicalproperties,and
21 depthto groundwater).

22J c. The existingquality of groundwater,includingother sourcesof contaminationand
23J othercumulativeimpacton the groundwater.

24 2. The potential for hazardouswaste or hazardousconstituentsthat enter the uppermost
25 aquiferto migrateto a water supplywell or surface water by evaluationof:

26J a. Saturatedzone characteristics(i.e., geologicmaterials,physicalproperties,andrate
27J and directionof groundwaterflow).

2e b. The proximityof the facilityto water supplywells or surface water.

29J c. The proximityto and withdrawalrates of currentand potentialgroundwaterusers.
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_/ This document provides the data necessary to demonstrate that the migration of hazardous waste 1
or hazardous constituents from the WIPP undeJrgroundfacility by way of the most likely water- 2
bearing unit to water supply wells (domestic, industrial, or agricultural) or to surface water is 3

V unlikely. To make this demonstration, DOE cc,nsidered formation permeability and fractures, the 4
location and relationship of water-bearing units to the repository horizon, and the potential for 5

v/ flooding. Also considered were the characteristics of the waste, integrity of the waste containers, 6
and the chemical composition of groundwa.ter in the repository area, as recommended in the 7
EPA's permit guidance for hazardous waste storage and disposal in geologic repositodes. The s
facility design (Section 7.0) and waste containment (Section 8.0) are key factors related to the 9

_/ ability of the WIPP site to isolate waste from groundwater with a high degree of certainty. 10

The demonstration provided in this appendix is formatted as follows: 11

v' • Section2.0 is a groundwaterprotectionsummary. 12

• Section3.0 describesthe geographicalsetting and land use at the WIPP site. 13

v' ° Section4.0 providesa general summaryof the geologiccharactedstfcsof theWIPP site 14
,,/ that pertain directly to the abilityof the WIPP site to containwaste. 15

° Section 5.0 presentslocal climatologicaldata and describesthe water balanceat the 16
V WIPP site. 17

• Section6.0 describes the hydrologicconditionsand groundwaterquality at the WIPP 18
site. 19

• Section 7.0 describesfacilitydesign related to waste containment. 20

• Section8.0 i_resentswastecontainmentcharacteristicsthat en_sureisolationof wastes 21

V inthe WIP,Pfacility. 22

v/ • Section9.0 presentsa general summarythat demonstratestha,tthe WIPP facilitymeets 23
_/ groundwaterperformance standardsand the requirementsforgroundwaterprotection, 24

_/ as required in HWMR-6, Pt. V, secs. 264.601 and 264.602. 25

_/ 2.0 GroundwaterProtectionSummary 26

Since 1975, an extensiveprogram of sitecharacterizationand validationhas been conductedat 27
the WIPP site. The resultsof these studieshave been summarizedin numerouspublications, 28
includingthe followingdocuments: (1) GeologicalCharacterizationReport(Powerset al., 1978); 29
(2) the WIPP DesignValidationFinalReport (DOE, 1986); (3) Summ_ryof Site-Characterization 30
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1 Studies Conducted from 1983 Through 1987 at the Waste Isolation Pilot Plant (WIPP) Site,
2 Southeastern New Mexico (Lappin, 1988); (4) the WIPP Final Safety Analysis Report (FSAR)
3 (DOE, 1990b); and (5) the WIPP No-MigrationVariancePetition (DOE, 1990a). These studies
4 providedinformationthat was used to substantiatethe conclusionthat there is no possibilityof
5 migrationof hazardouswaste or hazardousconstituent,cbfrom the WIPP facilityby groundwater.
S,/ This section sUmmarizesthe factors (discussedin deJtailin Chapter D, Facility and Process
7,/ information,andthe appendicesto Chapter D) that justifythedeterminationthatthe groundwater
8,/ monitoringrequirementsin HWMR-6, Pt. V, Subpart F:,and HWMR-6, Pt. V, sec. 264.602, are
9 not applicableto the WIPP site.

10 The WIPP site geologicand hydrologicinvestigatior_sindicate there will be little groundwater
11,/ availableto mobilizeand transport waste. The grour_dwaterprotectioninformationprovidedwill
12 demonstratethatduringthe Test Phase: (1) groundwaterwillnotcomein contactwiththewaste,
13 and (2) there is no potential for any possibleconf:aminatedgroundwaterto migrate from the
14,/ disposal horizonto the accessible environment,due to the existence of natural hydrologic
is,/ gradientstowardthe facilitylevel from ali surroundingwater-bearingzones.

16,/ Because the WIPP site is a unique land dispos_,lunit constructedfar below the surface, the
17 water-bearing unit most likely to be affected by releases from the repositoryis the Culebra
18,/ Dolomite Member of the Rustler Formationwhicl_lies 1400 feet above the repositoryhorizon.
19 The Culebra Dolomiteis the most likelypathwayto transport contaminatedgroundwaterto the
2o accessibleenvironmentor to surface water. The possibilityof transport of hazardous waste or
21 hazardousconstituentsto the Cu;ebraDolomiteMember willbe discussedlater in this section.

22,/ The WIPP facility horizonis located2,150 feet below the landsurface in the Salado Formation,
23 a bedded salt formation. The thick sequence,c_of predominantlyvery low to low permeability
24 sediments andevaporitesisolatethewaste disposalhorizonfromany infiltrationfrom thesurface
2s as wellas fromthe overlyingwater-bearingunits(Sections5.0, 6.0, and 7.0). The facilitydisposal
2s horizonis isolated fromthe underlyingwater-bearingformationsby about 2,000 feet of very low
27 permeabilitysediments and evaporites, lt is separated from the overlyingCulebra Dolomite
28 Member by about 1,400 feet of evaporitesandother sedimentary rocks. Ali shafts extendingto
29V the facilityhorizonhave been designedand constructedto minimizethe infiltrationof water from
30 the overlyingwater-bearingunits into the facilityduringthe operational life of the facility (DOE,
31 1990b). Ali groundwaterseepage into the shafts is collectedand routed for disposal by water
32 collectionringsbuiltinto the shaft liners.

33 Very small amountsof brine are trapped in the hostrock salt (Deal and Case, 1987; Deal et al.,
34 1987, 1989). The quantityof brine available is insufficientto considerit a potential transport
35 medium duringthe Test Phase. Additionally,evaporation of the brine due to the normal mine
36 ventilationpreventsthe accumulationof brinein quantitiessufficientto come in contactwith the
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_/ wast_ it,_lf. Also the natural hydrologic gradient during the Test Phase is from the.surrounding 1
J rock tu tr,,erepository horizon, making transport away from the facility unlikely. 2

J

J During the Test Phase, brine compositionally similar to the brine that occurs naturally in the WIPP 3
_/ vicinity will be added to some of the waste containers for experimental purposes. Containers will 4

J be inspected and monitored during these tests. In the unlikely event that the test bins should 5
J develop leaks, the brine added for experimental purposes will not migrate from the test bins and 6

will be controlled by the Radiological Control Boundary (RCB), which will serve as a secondary 7
containment system installed around the bins. The secondary containment around the bins, and s

J the limited amount of added brine will preclude the migration of hazardous waste or hazardous o
constituents from the disposal area to any water-bearing unit or to the accessible environment 10

J during the Test Phase at the WIPP facility (Section8.0). 11

The WIPP site is located in a very sparsely populated region in which the major land uses are 12
cattle grazing, 011and gas production, and potash mining (DOE, 1990b). The facility is remote 13
from significant surface water resources, and I:Jepoor quality and small quantity of groundwater 14
in the area limit its possible uses. Water in the water-bearing strata overlying and underlying the 15
facility horizon is high in dissolved solids and isnot potable. The only potable groundwater in the 16

J general area is found in isolated and discontinuous perched or semiperched water tables In the 17 '
J Dewey Lake Redbeds or the Santa Rosa Formation. The nearest wells that prcduce potable le
J water used for domestic and livestock purposes are located 3 miles south of the WIPP facility 19

(DOE, 1990b). There Is no connection between the confined groundwater systems at the WIPP 2o
J facility and nearby surface water bodies. There is, therefore, no potential for waste placed in the 21
J WIPP facility to affect water resources by entering water supply wells or surface water systems. 22

To summarize, for waste to migrate to groundwater-bearing units, there must first be a transport 23
medium (in this case, water or brine). There must also be a pathway, such as a shaft, a drill 24
hole, or fracture, that would connect the contaminated brine with overlying water-bearing units, 25
that would be the most likely routes to the accessible environment. In addition, there must be a 26
driving force or gradient to transport contaminants from the waste disposal area. None of these 27

J factors is considered to be significant at the WIPP facility dudng the Test Phase, because of the 28
J physical characteristics of the site and test and facility desi0ns. No _easibletransport medium or 2{)
J hydraulic gradient will exist during the Test Phase period at the WIPP facility, and no natural 3o
J pathway exists to allow migration of ha;:ardouswaste or hazardous constituents fror,1the waste 31
J disposal area to any water-bearing unit. If, after the Test Phase, the WIPP facility is determined 32

to be an unsuitable repository for permanent disposal of TRU waste, the waste emplaced during 33
J the Test Phase will be removed from the underground storage facility. Migration of hazardous 34
J waste or hazardous constituents in groundwater during the Test Phase is highly unlikely. 35
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1 3.0 Geographical Setting and Land Use
,,

2 3.1 GeoclraphicalSettinq

3 The WIPP site is located in the Pecos River Valley sectionof the Great Plai_lsphysiographic
4 province in the north-centralpart of the Delaware Basin. The land surface in the region
5 surroundingthe WIPP site slopesgentlyto the west and southwestat approximately45 feet per
6 mile. The surface elevationsrange from 3,550 feet above mean sea level (MSL) along the
7 eastern border of the site to 3,300 feet MSL in the west. Eolian sand, which occursas partially
e stabilizedor active sand dunes, covers much of the site. The sand, of Holoceneage, is very
_/ erratic in distributionand thickness(DOE, 1990b). AppendicesD6 and D7 of Chapter D, Facility

lOV and Process Information,provide moredetail on the geographicalsettingof the WIPP site.

11V The WIPP site is located in Eddy County 26 mileseast of Carlsbad,' New Mexico, in an area
12 knownas Los Medanos (The Dunes) (Figure E1-1). This area is relativelyflat and sparsely
13 inhabitedwith little waterand limitedland uses. Mostof the landis federallyor stateownedand
14 is used principallyfor grazing. Other uses of land inthe area includepotashminingandoil and
15 gas exploration and development.

16 LivingstonRidge, located about 4 miles northwestof the WIPP facility, is the most prom!nent
17 physiographicfeature inthe area. Thisnortheast-trendingescarpmentis about 12 mileslongand
18 75 feet highand markstheeasternedge of Nash Draw. Late PermianDewey Lake Redbedsand
19 the Pleistocene age G_una Formation and Mescalero caliche crop out along the ridge
20 (Figure E1-2).

21 Nash Draw is northwestof LivingstonRidge and is a shallownortheast-trending_epression3 to
22 9 mileswide. lt isthe nearestdrainagecourseto thewest of the WIPP facility. Elevationswithin
23 Nash Draw range from3,300 feet MSL at its headinthe northeastto 2,945 feet MSL at Salt Lake
24 near the Pecos Riverandare generally200 to 300 feet lowerthanthe surroundingterrain. Nash
:'_ Draw is believed to have developed as a resultof the subsurfacedissolutionof salt from the
2_ Rustlerand upper Salado Formationsand gypsumand anhydritefrom the Rustler, followedby
27 subsidenceof overlyingmaterials(DOE, 1990b).

2s East of the WIPP facility, the nearest major drainage course is the San Simon Swale
29 (Figure E1-2). The swale is a southeast-trendingdepressionabout25 mileslong and from 2 to
30 6 miles wide that ovedies the southern extent of the Capitan Reef. Elevations within the
31 depressionrange from3,650 feet MSL in the northwestto 3,270 feet MSL inthe collapsefeature
32 called San Simon Sink at the southeastem end of the swale, about 18 miles east of the WIPP
33 facility. The sink is filled with fine sand and calcareoussilt, and the surface of the swale is
34 covered by eolian sand, whichmasks the relief (DOE, 1990b).
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San SimonSwale probably originatedfrom a combinationof surface streamerosionand solution 1
subsidencebecause the area of collapse seems to be confinedto the sink areas and is not 2
pervasiveoverthe entireswale. Rather,collapse inthe sinkareas steepenedthe localdrainage 3
gradient, resultingin headward cuttingand wideningof the swale. 4

Between San Simon Swale and the WIPP facility is a broad, lowmesa named "the Divide." About 5
7 miles east of the WIPP facility,the Dividerisesabout 100 feet above the surroundingterrain 6
and has an elevation of about 3,800 feet MSL. lt marks the local boundary between the 7

southwest drainagetoward Nash Draw and the southeastdrainage towardSan SimonSwale. e
The Divideiscappedby theOgallala Formationof lateTertiaryage andan overlyingcalichelayer 9
(DOE, 1990b). 10

3.2 Land Use 11

The WIPP site consistsof 16 sectionsof federal land locatedin Township22 South, Range 31 12
East (Figure E1,3). Lands were withdrawnfrom settlement,sale, location,or entry under the 13
general land laws by Public Land Order 6403, which authorizedthe land to be used for the 14
constructionof the WIPP facility. Surface landuses in thisarea remainlargelyunchangedwith 15
the exceptionof the one square milearea encompassingthe facility. Surface entry for mining, 16
drilling,and resourceexplorationis restrictedinthe 16 sectionsfrompurposesotherthansupport 17
of the WiPP Project. 18

The WIPP site is divided into three zones (Figure E1-3). Zone I, covering about 35 acres, 19
encompassesali major surface facilitiesand is surroundedby a chain-linkfence (Figure E1-3). 2o
Zone II indicates the maximum extent of present and future underground development 21

V (Figure E1-3). The Zone III boundaryextendsa minimumof 1 mile beyond any underground 22
_/ developmentandprovidesa functionalbarrierbetweenthe under:_roundregiondefinedbyZone II 23

and the accessibleenvironment. 24

The majoruse of landwithin10 milesof the center of the siteis cattle ranching.There areabout 25

500 head of cattle within 5 miles of the site and approximately1,500 head between 5 and 26
J 10 miles fromthe site. Atpresent,none of the rancheswithina 3-mileradiusof the WIPP facility 27
V' uses well water for livestock.The SmithRanch used wellwater for domesticconsumptionand 28
J grazing until 1978, but the quality was poor and they now use water supplied by pipeline. 29
J Drinkingwater at the SmithRanchand the WIPP facilityis suppliedbythe InternationalMineral 30

and ChemicalCorporation(IMCC), whichhas a wellsysteminthe CapitanAquifer. Stockwater 31
comes from IMCC andthe New MexicoPotashCorporation,whosewellsystemstap theOgallala 32
Formation(DOE, 1990b). 33

The WIPP site lies in a sparselypopulated area. Eight people reside at the Mill's Ranch, the 34
_/ residence nearest the WiPP facility, located about 3.5 m les south-southwestof the site. The 35
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Q
1 nearest town, Loving,New Mexico, has a populationof about1,700. Loving liesabout 18 miles
2 southwest of the site. Them am several active potash mines within 15 miles of the WIPP site.
3 The closest istheWestern Ag-MineralCompanypotashminelocatedapproximately5 mileswest-
4 southwestof the WIPP site.

5 4.0 Site Geolocl.y

6 4.1 Site-Specific ExplorationTechniques

7 Detailed site-specific exploration techniques have been and are being utilized at the WIPP site.
s Among these are geophysical surveys, including seismic reflection, resistivity, gravity,
9 electromagnetic,and magnetic techniques;borehole exploration,Includingcoring,geophysical

10 logging,and hydrologictesting;and geologicmapping. Many publicationsdescribethe geology
11 at the WIPP site, includingthe Geologic Characterization Report, Waste Isolation Pilot Plant
12 (WIPP) Site, SoutheasternNew Mexico (Powerset al., 1978); the Final Safety AnalysisReport
13 (FSAR) (DOE, 1990b); Regional Geologyof Ochoan Evaporites,Northern Part of the Delaware
14 Basin(Bachman,1984); Summaryof Site-CharacterizationStudiesConductedfrom 1983 through
is 1987 at the Waste IsolationPilot Plant (WIPP) Site, SoutheasternNew Mexico (Lappin, 1988);
16 andFacies Variabilityand PostDepositionalAlterationWithinthe RustlerFomlationin theVicinity '
17_/ of the Waste IsolationPilot Plant, SoutheasternNew Mexico (Holt and Powers,199!).

le 4.2 Site Stratigraphy

19 The WIPP facilityis constructednear the middleof a sequenceof evaporitebedsabout3,600 feet
20 thickthat consistprimarilyof haliteandanhydrite(Figures E1-4, E1-5). Thischapter summarizes
21 the stratigraphicunits from the surface down to the Castile Formation, includingthe Salado
22 Formation. Special emphasis is placed on the water-bearing unitsand the Salado Formation
23 whose properties eliminate the potential for migration of hazardous waste or hazardous
24 constituentsfromthe WIPP siteduringtheTest Phase. Detaileddescdptionsof localstratigraphy
25V are providedinthe reports namedaboveand inAppendicesD6 and D7 of ChapterD, Facilityand
26V ProcessInformation.

27 4.2.1 Permian System

28 The nearly 13,000 feet of Permian strata that were depositedwithinthe Delaware Basin area
29 constitutethe most completePermian sequencein North America (Brokawet al., 1972). At the
30 WIPP site,the average thicknessof the Permiansequenceis about 12,800 feet. The upperpart
31 of the sequence,in whichthe facility is located,is composedof approximately3,600 feet of thick
32 evaporite beds (primarilyhaliteand anhydrite)with onlyminoramountsof elastic material (DOE,
33 1990b). The Permian System is divided into four series which are, in ascending order, the
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0
Wolfcampian, Leonardlan, Guadalupian, and Ochoan. The Permian-age rocks of interest here 1
are part of the Ochoan Series. 2

Ochoan Series 3

The Ochoan sediments are of marine origin and are separable into two distinct sections: (1) a 4
thick lower section of evaporites, and (2) a thinner upper layer of reCbeds. The lower section 5
includes, in ascending order, the Castile, Salado, and Rustler Formations. The upper section 6
consists of the Dewey Lake Ftedbeds. A summary of the Ochoan evaporites in the northern 7
Delaware Basinis provided in Bachman (1984). 8

Castile Formation 9

The Castile Formation underlies the Salado Formation. The thickness of the Castile at and near 10

the WIPP site is approximately 1,250 feet. Litholegically,the Castile contains a sequence of three 11
thick anhydrite beds, separated by two thick halite sequences. These low-permeability evaporite 12
units lie oetween the rocks of the Bell Canyon Formation and the overlying Salado Formation. 13
The evaporites of the Castile Formationwere deposited in the Delaware Basin on the basinal side 14
of the Permian Capitan Reef. These evaporite deposits almost completely filled the basin prior 15
to depositionof the Salado Formation. 16

Salado Formation 17

The WIPP undergroundstructuresare being excavatedin the 5 ilado Formation. A core hole, 18
ERDA-9, was drilled at the center of the WIPP site throughthe Salado and into the Castile 19
Formation. At ERDA-9, the top of the Salado is 848 feet be!ow groundsurface (BGS). and the ."0
base is at 2,824 feet BGS for a total thicknessof 1,976 feet. The waste disposal horizonis 21

located approximately2,150 feet BGS. Schematic sectionsand detailed lithologiclogs for 22
ERDA-9 andadditionalcore holessurroundingthesite,as wellas informationobtainedfrom shaft 23
mapping, may be found in the WIPP FSAR (DOE, 1990b) and Holt and Powers (1984, 1986, 24
1990). 25

The Salado Formation is composed predominantlyof halite, _hich constitutesabout 85 to 26
90 percent of this formation at the WIPP facility. The next most abundant rock type in the 27
formationis anhydrite. The remainder of the formation is polyhaliteand other pot_'_ssium-dch28
rocks with subordinateamounts of glaube_;:e,magnesite,sandstone, siltstone,and claystonc 29

(DOE, 1990b). 30

The Salado Formation is dividedinformallyintothree members:an unnamedlowermember,the 31
McNutt potashzone, and an unnamedupper member. The WIPP undergroundfacility is in the 32
lowermember, whichis 1,094 feet thickand is composedof alternatingthick layersof haliteand 33

0
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1 thinner interbeds of anhydrite and polyhalite. Thin bands of magnesite form a carbonate-rich
2 zone in the lower part of most of the polyhalite and anhyddte seams. Seams of claystone
3 underliethe anhydriteand polyhaliteseams. The clay seams, in tum, are underlainby dark to
4 medium-grayargi31aceoushalite,which grades downwardsinto polyhaliteor clear halite (DOE,
5 1990b).

6 The McNuttpotashzoneis 380 feet thickat the centerof the WIPP siteand differsfromthe other
7 members of the Salado in that lt is rich in potassium-bearingminerals. In additionto potassic
8 rocks, the McNutt containsthin seams of anhydriteand polyhalite withinthe dominanthallte
0 (DOE, 1990b).

lo The upperunnamed memberis 502 feet thick at the center of the WIPP site and is composed
11 predominatelyof halite with minor amountsof anhydriteand polyhalite, lt also containstwo
12 persistentbeds of very fine-grainedsandstone,the Vaca Tristesandstoneand Marker Bed 101.
13 These halite-cementedsandstonesare found throughoutthe Delaware Basin. These relatively
14 thin sandstonebeds occur, respectively,30 to40 feet and 112 to 120 feet below the top of the
15 member (DOE, 1990b). A detailed discussionof the stratigraphyof the Salado Formationat the
16_/ undergroundfacilitylevel is given in AppendicesD6 and D7 of Chapter D, Facilityand Process
17V Information.

18 Rustler Formation Q

19 In the WIPP site area, the Salado Formationis overlainconformablyby the Rustler Formation.
20 1he Rustler Formation is approximately310 feet thick at the center of the site. Overall, the
21 lithologyof the Rustler is quite variable, containingcarbonates, sulfates (gypsum, anhydrite,
22V polyhalite),clastic materials,and halite (Holt and Powers, 1991). The Rustler Formation is the
23 youngest unit in the Ochoan evaporitesequenceand is a key markerbed of the upper Permian
24 in Texas and New Mexico. The RustlerFormation is dividedintofive members inthe WIPP site

25 area. The divisionincludes:(1) at the base, an unnamedunitof clayey siltstoneand very fine-
26 grainedsandstonewith thin interbedsof anhydriteand halite;(2) the Culebra DolomiteMember,
27 a unitof thin bedded, finelycrystallinedolomite;(3) the Tamarisk Member, mostlyanhydriteand
2s some unconsolidatedclayey silt; (4) the Magenta DolomiteMember, a cross-laminated,fine-
29 graineddolomite;and (5) the Forty-ninerMember, anhydritewitha singleinterbed of clayey silt.
30 The unnamed lower member is approximately120 feet thickand is dominatedby siltstoneand
31 claystonewith lesseramountsof anhydriteand halite. The anhydriticupper Forty-NinerMember
3;_ of the formationis approximately50 to 60 feet thick (Powerset al., 1978). The Culebra and
33 Magenta DolomiteMembersof the RustlerFormationarewater-bearinginthevicinityof the WIPP
34 site. These two dolomitemembersare discussedbelow. Additionaldetail on RustlerFormation
35V stratigraphyis given in AppendicesD6 and D7 of Chapter D, Facilityand Process Information.
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Culebra Dolomite Member 1

The Culebra Dolomite Member occurs in the Rustler Formationbetween 704 and 727 feet BGS 2

near the center of the WIPP site (Wlnstanleyand Carrasco, 1986). lt is a thinly-bedded 3
mic_ocrystallinedolomitethat containsmany smallsphericalcavitiesranging2 to 20 millimeters 4
in diameter. These cavitiesmay be partiallyfilled with secondaryanhydrite,gypsum,or calcite, 5
Althoughmanycavitiesare open, they do notappearto be interconnectedexceptalong fractures 6
(Mercer, 1983). 7

The Culebra Dolomitehas been examined extensivelyduring mappingof the Waste Handling 8
Shaft (Holt and Powers,1984), the ExhaustShaft (Holtand Powers, 1986), and inthe Air Intake 9
Shaft (Holtand Powers, 1990)= These observations,along with the resultsof the evaluationof 10
numerouscoresamples,have indicatedthatmostzonesof interconnecteCporosityand formation 11
permeability is along fractures. Both open-and sulfate-filledvugs and fractures are locally 12
abundant across the site area. The majodt_jof the Culebra sedimentis of uniform size, fine- 13
grained carbonatemud, which upon lithificationproducedfinelycrystallinedolomite. 14

Maqenta DolomiteMember 15

The Magenta DolomiteMember occurs inthe RustlerFormaUonbetween 596 and 620 feet BGS 16
near the center of the WIPP site (Winstanley and Carrasco, 1986). lt is characterized by 17
alternatingwavylaminae of siltydolomiteand anhydritealtered locallyto gypsum. The dolomite 1s
is bounded above and below by anhydrite (Mercer, 1983) of the Forty-ninerand Tamarisk 19
Members of the RustlerFormation, respectively. 20

Dewey Lake Redbeds 21

The Dewey Lake Redbeds are the uppermostunit of the Late Permian Ochoan Series at the 22
WIPP site and representsthe top of the Paleozoicsectionin the Delaware Basin. At the center 23
of the WIPP site,the DeweyLake Redbedsare474 feet thick. The Dewey Lake Redbedsconsist 24
of mudstone,siltstone,and interbeddedthin lenticularbeds of sandstone. 25

4.2.2 TriassicSystem 26

Late Triassicrocksinthe northernpartof the DelawareBasinbelongtothe DockumGroupwhich 27
unconformablyoverliesthe Dewey Lake Redbeds. The Dockum Groupoccursin the vicinityof 2e
the WIPP site as an erosionalwedge pinchingout near the center of the site. lt consistsof fine- 29
tmcoarse-grainedsandstonewithinterbedsof siltstoneand mudstone. Throughoutmost of the 30
area, the DockumGroupsandstoneis coveredby surlicialCenozoicdeposits. 31

O
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1 4.2.3 Tertla_ and QuaternarySystems

2 Cenozoic and more recent rocks found at the WIPP site consist of the Pleistocene- and

3 Holocene-age Gatuna Formation, the Mescalero caliche, and recent windblown sand and playa
4 lake deposits. Although not occurring at the site, the late Cenozoic Ogallala Formation occurs
5 in the WIPP site area.

6 Recent (Holocene age) deposits in the vicinity of the WIPP site Include windblown sand, alluvium,
7 and playa lake deposits (Powers et al., 1978). The most prevalent recent deposits consist of the
s windblown sand that covers most of the WIPP area (Figure E1-6). The sand occurs as either
9 tracts of conspicuous dune fields or as sheet deposits. The dune deposits can be up to 100 feet

10 thick, whereas the sheet deposits are typically no more than 10 to 15 feet thick.

11 Alluvialdeposits occur in 1/4-to 3A-mile,widebelts alongdeclivitiesinto Nash Draw,,for example,
12 along the base of Livingston Ridge and locally in small depressions (Figure E1-6). These
13 deposits are similar to small alluvial fans or sheet deposits.

14 Playa deposits consist of eolian sand, alluvium, and gypsum and halite. Th_ nearest playas are
15 about 5 miles west of the WIPP site within Nash Draw (Figure E1-6).

16 Twenty-sevenfeet of the Gatuna Formation were encounteredat the center of the site. This O
17 formationconsistsof reddish-brown,poorlyconsolidatedsand, gravel, and silty clay. Beneath
18 a cover of windblown sand, much of the site area is covered by a hard, resistantpetrocalcic
19 horizoninformallyknownas the Mescalero caliche, whichis about 4.3 feet thick in the site area
20 (DOE, 1990b).

21 The Ogallala Formation,of Mioceneage, is a majorwater-bearingunit supplyinggroundwaterfor
22 a large area of the Permian Basineast of the WIPP site. This unit does nococcurwest of San

23 Simon Swale, except for thin expc_suresabout 7 miles east of the WIPP facility. Therefore,
24 activitiesat the WIPP facility will not impact the Ogallala aquifer.

25 5.0 Climatolo.qyand Water Balance

26 5.1 Climatolo.m/

27 The regionaland localclimateissemiarid. The mean annual rainfallis approximately12 inches,
2s about half of which is receivedfrom thunderstormsduringJune throughSeptember. Daytime
29 summer temperatures consistentlyexceed 90°F and occasionallyrise above 100°F. Winter
3o aftemoontemperaturesoftenriseas highas 70°F. Nighttimelowsduringthewinteraverage near
31 23°F, occasionallydippingbelow 14°F. Prevailingwindsare fromthe southeast;hqwever,strong
32 winds are frequent(especiallyinthe spring)and can blowfrom any direction,creatingpotentially
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violent windstormswhich can carry large volumes of dust and sand. Detailed compilations of 1
climaticdata for the WIPP site appearintheWIPP EcologicalMonitodngReports (Fischer,1985, 2
1987, 1988; DOE, 1990c). Climaticdata are currentlybeing collectedapproximately2,000 feet 3
northwestof the Zone I boundaryof the WIPP site. Additionalclimaticinformationappears Inthe 4

Final Environmental Impact Statement (FEIS) (DOE, 1980) and the WIPP FSAR (DOE, 1990b). 5
V Additionaldiscussionof the localclimateof the WIPP site is givenin AppendicesD4, D5, and D6 s
V of ChapterD. 7

5.2 LocalWater Balance 8

The infiltrationand percolationrates of meteoricwater into the sedimentsoverlyingthe facility 9
horizon have been investigatedfor the U.S. Bureau of Land Management (Geohydrology 10

V Associates,Inc., 1978). At least96 percentof precipitationwas lost,due to evapotranspiration.11
On theaverage, therefore,the annual amountof infiltrationwouldbe less than 0.5 inchper year 12

and may, for many years, be essentiallynonexistent. 13

The widespreadpresence of the Mescalero caliche, which has existed several feet below the 14
surface for approximately500,000 years,providesan additionalbarrierto infiltration(Bachman, 15
1985). Its existence indicatesthat, on a regionalscale, not enoughinfiltrationhas taken place 16

O to result in its completedissolution. The upper surface of the hard caliche typicallyis covered 17with a mat of plant rootswhich indicatethat most of the moisturethat reachesthat surface is 18
taken up by plants and transpired, lt is difficultto arrive at a precise figure for the amount of 19
water that infiltrates downward into the formations overlyingthe WIPP site. Infiltrationis 2o
apparently negligible as evidenced by the absence of a near-surface groundwater body or 21
regionalwater table above the RustlerFormationat the WIPP site (DOE, 1990b). 22

A regionalwater-balance study has been conducted coveringapproximately2,000 square miles 23
in Eddy County east of the Pecos River (Figures E1-7 and E1-8) (Hunter, 1985). The study 24
encompassed ali local stratigraphic units above the Salado Formation and belo_v the Ogallala 25
Formation. The results of that study showed that recharge to the Rustler Formation water-bearing 26
units was not occurring at or In the vicinity of the WIPP site. Hunter (1985) showed that the 27
uncertainties in local and regional precipitation, infiltration,evapotranspiration, and groundwater 2s
discharge from the Rustler Formationare so large that water-budget techniques cannot be used 29
either to determine the amount of recharge or to determine that recharge is actually occurring. 3o

As reported in Lappin (1988), the water budget described by Hunter (1985) is, in fact, consistent 31
with the conclusion that no recharge is now occurring at or near the WIPP site. The hydrologic 32
and isotopic studies presented in Sections 4.1, 4.3, and 4.4.2 of Lappin (1988) place tight 33
constraints on the possibility of recharge to the Rustler Formation presently being active at the 34
WIPP site. 35

O
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1 A recent, detailed hydrogeologicstudy (Holtet al., 1989) presents additional evidence that the
2 RustlerFormationand itswater-bearingunitsare not now receivingrecharge. The resultsof this
3_/ study support the concept that the Rustler Formation in the WIPP site area has not been
4 recharged for at least 10,000 years. This conclusionis suppGrtedby the results of isotopic
5 studiespresentedby Lambert (1983, 1987) and Lambert and Harvey (1987).

6 Recharge to the waste disposal horizon would require the Infiltrationand percolation of
7 precipitationfromthe surface and throughthe overlyingsedimentarysequence. The hydrologic
sv' investigationsdiscussedabove demonstratethat this is not occurringat the WIPP facility.

9 lt is concludedfrom these Investigationsthat infiltrationof precipitationandrechargeto eitherthe
10 facility disposal horizonor the water-bearing units of the overlying Rustler Formation is not
11 sufficient to causethe future migrationof hazardousconstituentsto the accessibleenvironment
12 during the Test Phase. lt is also concluded that the waste will not come into contact with
13 infiltratingprecipitationand groundwaterrecharge duringthe Test Phase.

14 6.0 Site Hydroloqvand Water Quality

15 6.1 surface HydroloQy

16 Surface water is generally absent at the WIPP site. The nearest large surface water body,
17 Laguna Grandede la Sal, is locatedabout8 mileswest-southwestof theWIPP site in Nash Draw
le where shallow brine ponds occur. The only other surface water is the Pecos River, which is
19 14 miles southwestof the WIPP siteat itsclosestpoint. Small man-made livestockwater holes
20 ("tanks") occur several miles from the WIPP site, but are not hydrologicallyconnected to the
21J formations overlyingthe WIPP facility. The source of water in these tanks is runoff from
22V' precipitation(Hunter, 1985). Additionaldetail on the surface water hydrologyof the WIPP site
23_/ area is presentedin AppendicesD6 and D7 of Chapter D, Facilityand Process Information.

24 6.2 SubsurfaceHydrolo_qv

25 Several water-bearingzones have been identifiedand extensivelystudiednear the WIPP facility.
26 Limited amounts of potable water are found in the Dewey Lake Redbeds and the overlying
27_/ Triassic DockumGroup several miles south and east of the WIPP facility. Two water-bearing
28 units, the Culebm and Magenta Dolomites,occurin the RustlerFormationandproduce brackish
29 to saline water in the vicinityof the site. Anothersalinewater-bearingzone that occurswest of
30 the site beneathNash Draw isthe so-called"BrineAquifer"at the Rustler-Saladocontact. These
31 water-bearing horizons,which occur above the Salado Formation,are describedbelow, but do
32 not represent useable aquifers at the site due to their very poor water quality and low yields.
33 Brine and gas occurrencesin the Salado and Castile Formationsare also described.
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6.2.1 Hydrology of the Castile Formation 1

The Castile Formationis composed of a sequence of three thick anhydrites separated by two 2
thickhalites. This formationacts as an aquitard,separatingthe Salado Formationfrom the under- 3
lying water-bearingsandstonesof the Bell Canyon Formation (DOE, 1990b). Except for the 4
isolated brine (eservoirslocallyfound in the fracturedanhyddtes,very littlehydrologicdata are 5
available from the Castile Formation (Mercer, 1987). In the halite .zones,the occurrenceof s
circulatinggroundwateris restrictedbecause haliteat these depths does not readily maintain 7
porosity,openfractures,or solutionchannels. DrillstemtestsconductedintheCastileFormation 8
show the permeabilityof theanhydrite and saltbeds underlyingthe WIPP facilityto be negligible, 9
and in most tests, values for perrneabilitieswere too low to be determined accurately with 10
conventionalmethods, Based on the limitationsof the instrumentationused to measurethese 11

very low permeabilitles, a conservative estimate for permeability would be less than 12
0.1 microdarcy(Mercer, 1987). 13

No regionalgroundwaterflow systemis present in the Castile Formation, The only significant 14

water present inthe formationoccursin isolatedbrinereservoirsin fracturedanhydrite.The brine 15
occurrencesare describedinseveralreports(Popielaket al., 1983; Mercer, 1983;Griswold,1980; 16
DOE, 1990a, 1990b). Geochemic,_ldata (Lappin,1988) supportthe hypothesisthat the brines 17
representtrapped Permian seawaterthat is now halitesatura.tedand inequilibriumwiththe host 18

O rock. Therefore, thesebrinereservoirsare notincreasinginvolumeorpressure,areunconnected 19
with other aquifersor the surface, and have littlepotentialto dissolvethe host rocksor move 20
through them. The regionaland local hydrogeologyof the Castile Formationis presented in 21
Appendix D7. The structuraland dissolutioncharacteristicof the Castileare discussedin detail 22
in AppendixD9. 23

6.2.2 Hydrologyof the Salado Formation 24

_/ The massive halitebedswithin theSalado FormationhosttheWIPP facilityemplacementhorizon 25
at a depthof 2,150 feet BGS. The Salado Formationrepresentsa regionalaquicludedue to the 26
hydraulicpropertiesof the bedded halite that forms most of the formation. In the halites,the 27
presenceof circulatinggroundwateris restrictedbecausehalitedoes notreadilymaintainprimary 2s
porosity, solutionchannels,or open fractures. Duringthe mappingthat was conductedas part 29
of the constructionof the Waste Handling, Exhaust,and Air Intake Shafts, the halites of the 30
Salado Formationdid not produce any observablefluid inflow (Holt and Powers, 1984, 1986, 31
1990). In addition,significantbrine flows have notbeen encountered in hydrologictesting from 32
the surface (Lappin,1988). 33

Limited hydrologictesting has been conducted in the past within the Salado Formation,but 34
hydrologic characterization investigations are currently in progress. The results of the 35
permeabilitytesting,withinthe undergroundfacility,are generallyconsistentwitha permeability 36
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1 of the undisturbed salt mass that is approximately 0.001 to 0.01 microdarcy, with no
2 distinguishablestratavariability(Lappin,1988). Publishedresultsof "successful"hydrologictests
3 of the Salado from the surfaceindicatepermeabilities fromapproximately0.01 microdarcyto a
4 highof 25 microdarcies.Later evaluationof the tests Indicatedthat the data from the Saladoin
5 Well DOE-2 are the mostreliable,indicatinga maximumpermeabilityof 0.3 microdarcy(Mercer,
6 1987). Fieldtestingof the Salado fromthe surface has had only limitedsuccess. The apparent
7 causes of thisare (1) the formationpermeabilityappears to be below the testable minimumfor
s the equipmentused (apr_roximately0.01 to 0.1 microdarcy),and (2) hole aging duringthe time
9 between hole completionand attempted testing of the Salado caused great difficultyin finding

10 locations in the borehole that allowed successful setting of packers to isolate test intervals.
11 Evaluationof ali existinghydrologictest data from the Salado indicatethat data from testingof
12 t.mdisturbedhalite at the undergroundfacility level is the most representativepermeabilitydata
13 available. Hydrologic data from testing in the WIPP underground were used in Ilydrologic
14 modelingpresented in the WIPP No-MigrationVariance Petition(DOE, 1990a). Such very low
15 permeability values indicatethat any fluid flow withinthe competentsalt is extremelyslow and
is wouldresultinan irnperceptiblerate of fluidmovementin conventionalhydrologicconsiderations.
17 The only significantvariationto these extremely low permeabilitiesstated above occursin the
la disturbed rock zone in the immediate vicinity of the underground excavation. Gas-flow
19 permeabilitytestsindicatea marked increaseinthe permeabilitieswithinapproximately6 to 7 feet
2o of the underg,ound excavation(Stormont et al., 1987). This apparentIncrease in permeability is
21 restrictedto the disturbedzone immediatelysurroundingthe excavation and is believedto be a
22 resultof near-field fracturingand possiblematrix dilatancydue to stress relief associatedwith
23 excavation. Stormont et al., (1987) also indicated thatinterpretationof theirgas-flowpermeability
24 tests was complicated by uncertainties in the degree of saturation of the Salado, pressure
25 thresholdeffects inherent in the testingtechniques,and local inhomogeneitiesdue to fracturing
26 in the disturbed rockzone near the undergroundfacility openings.

27,,/ Marker Bed 139, an anhydriteunit which lies approximately1 meter (approximately3.28 feet)
2sV belowthe facilityfloor,exhibitsincreasedpermeability due to fra_udng inthe disturbedrockzone.
2m/ Separationalong these fracturesin the floor of WIPP facilityroomsand driftsmay be quitelarge
30V (several centimeters). Hydrologic testing in Marker Bed 139 at one location of the facility
31V suggestedthat separate fracturesystemsexisted and yieldedtransmissivityvalues of 10 x 10"s
32,,/ to 2.2 x 10"ssquare meters per second(approximately6 x 10-4 to 1 x 10.3 square feet per day).
33V Geotechnical evaluationshave shown that Marker Bed 139 may be connectedto the floors of
34V roomsand areas excavated throughfractures. However,pathways for brine and gas migration
35V in the floor and in Marker Bed 139 are limitedto zones directlybelow the excavations. In the
3sV pillarsand away from the excavation outsideof the disturbed rockzone, the anhydrite bed will
37_/ not exhibit open fractures due to compressive loading and migration of fluid away from the
38V excavation through marker Bed 139 is not expected. Should a spill reach Marker Bed 139,
3m/ migrationto overlyingor underlyingwater-bearingunitswill not occur.
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Salado FormationBrine and Gas Inflow 1

Minor quantities of gas and brine have been encountered in the salt )eds of the WIPP facility 2
excavation, as described in Deal and Case (1987) and Deal et al. (1987, 1989). The Inflows of 3
brine occur as "weeps" on the exposed surfaces of the underground workings and as 4
accumulations in some of the boreholes drilled outward from the workings, most noticeably in the 5
downholes. _as (mostly nitrogen) is usually associated with the brine inflow and can be observed 6

J 'l'

as gas bubbles in the brine occurrences. Moisture content measurements of the Salado host rock 7

salt have been made as part of the Bdne Sampling and Analysis Program (BSEP) (Morse and 8
Hassinger, 1985). These measurements are based on the easily moved fluid content in the low 9
ran_ of temperatures (25° to 250°C or 77° to 482°F) as descdbed in Deal et al. (1987, 1989). 10
The BSEP has measured moisture contentof more than 500 core samples representing different 11
lithologies and different areas of the underground facility. The results of these measurements 12
indicate that moisture content ranges from 0.01 to 6.67 percent (for one isolated clayey sample), 13
with most samples less than 1 percent. Stratigraphic variations in moisture content were shown 14
by Deal et al. (1987, 1989) to be related to the clay content of the units. Based upon the 15
thickness of the vadous stratigraphic units, a weighted-average amount of brine that occurs 16
naturally in the rock and Is not bound crystallographically or sealed in fluid inclusions, is in the 17
order of 0.1 to 0.6 percent by weight (up to 1.6 percent by volume) of the surrounding rocks (Deal 18
et al., 1989). Most of the measured brine inflows in boreholes have ranged between a few tenths 19

) to a few hundredthsof a liter per day. The liquldand gas movementobservedinthewalls, floors, 20
and roofs of the excavated surfaces is believed to be the result of the pressure gradient caused 21
by the excavation. Geochemical studies on the origin of the brines Indicate that they originate 22.
as intergranular fluids with residence times within the Salado Formationof at least several million 23
years (Stein and Krumhansl, 1986) and may have been resident since Permian time (Abitz et al., 24
1990; Deal et al., 1989). In addition, the variability found by Stein and Krumhansl (1986) of the 25

_/ compositions of fluid Inclusions in salt near the WIPP facility workings is consistent with there 26
being little or no vertical fluid movement. During the five-year TestPhase, the majority of the 27
moisture entering the facility from the host rock will evaporate and be removed in the air 28
circulated by the underground ventilation system (Deal and Case, 1987). Additional detail of the 29

V hydrogeology of the Sal3do Formation is presented tn Appendices D7 and D10 of Chapter D, 3o
V Facility and Process Information. 31

6.2.3 H_ydrolo.qvof the Rustler-SaladoContact 32

The contactzone betweenthe Rustlerand Salado Formationsat the WIPP site was tested in 20 a3

cased and open drillholes (DOE, 1990b), In Nash Draw and areas immediatelywest of the site, 34
the contact exists as a dissolutionresiduecapable of transmittingwater. Movingeastward from as
Nash Drawtoward the WIPP site,the amountof dissolutiondecreasesandthe transmissivityof 36
this interval decreases. Ali tests within the boundary of the WIPP site showed very low 37

transmissivities,ranging from 3 x 10.5 to 3 x 10"a square feet per day (Mercer, 1983). 38
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1 6.2.4 Hydroloqvof the Culebra Dolomite

2 The Culebra Dolomite Member of the Rustler Formationhas been studied extensively during the
3 site characterization program. Because lt is the most transmissive hydrologic unit in the WIPP
4 site area, lt is considered the most likely hydrologic pathway to the accessible environment for
5 any potential contamination.

6 Mercer (1983) and Mercer and Orr (1977) provi#ed detailed test results for a number of wells
7 completed in the Culebra prior to 1983. Results for both single and multiwell hydrologic tests
s were presented by Beauheim (1986, 1987a, 1987b) and Lambert and Robinson (1983). These
9 tests show that the Culebra Dolomite is a fractured, heterogeneous system with varying local

lo anisotropic charactedstics. Calculated transmissivitles for the Culebra Dolomite within the WIPP
11 site boundary have a wide range with values between 9 x 10-2 to approximately 69 square feet
12 per day, with the majority of the values being less than 1 square foot per day (Beauheim, 1987b).
13 Transmissivitles generally decrease from west to east across the site area. A summary of
14 Culebra hydrologic charactedstics is presented in Lappin (1988), and detailed discussions are
15_/ given in Appendices D6, D7, agd D10 of Chapter D, Facility and Process Information.

16 Potentiometdc surface maps have been conctructed using water-level data (see Appendices D7 '
17 and D10). The Culebra Dolomite Member is heterogeneous and anisotroplc, and the flow path
18 of water moving through the Culebra Member Is affected by fractures and variable water densities
19 caused by compositional variability. Consequently, the regional direction of flow i_ay have little
2o or no relationshipto local flow paths. An interpretation of flow direction in the Cufebra Member
21 Is depicted in Figure E1-9. This map shows the most likely regional flow direction of groundwater
22 in the Culebra Dolomite Member to be predominately to the south (LaVenue et al., 1988; Crawley,
23 1988). The flow directions were computed from vadable density corrected potentiometdc
24V surfaces. The average linear velocity between the WIPP facility and the southern boundary of
2sV the WIPP site Is 1.77 x 10.3 feet per day. The average linear velocity is based on the 15 wells
26V that are within the WIPP site boundaryw

27 6.2.5 Hydrologyof the Magenta Dolomite

2s Because the Magenta Dolomite is generally much less permeable than the Culebra Dolomite at
29 and near the WIPP site, less testing of the Magenta has been performed at the WIPP site. The
3o hydrologic charactedstics of the Magenta Dolomite Member were determined in 15 test holes in
31 the area of the WIPP site. Transmisslvities within the WIPP site boundary calculated from the
32 results of these ",estsrange from 1 x 10-2 to 3 x 10"1 square feet per day (Mercer, 1983). The
33 results of recent testing of the Magenta Dolomite in wells H-14, H-16, and DOE-2 (Beauheim
34 1986, 1987b) indicated that transrnissivitieswere 5.6 x 10-3 square feet per day for well H-14,
35 2.8 x 10.2 square feet per day for well H-16, and 1.0x10_ square feet per day for well DOE-2
36 (see Figure E1-10 for well locations).
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Water-level data have been collected and potentiometricsurface maps constructed.The direction 1

of groundwaterflowat theWIPP site,as estimatedfromthe potentiometdcsurface map, Is west- 2
southwesttoward Nash Dra,v (Mercer_1983). Potentlometdcsurface mapsand additionaldetail 3
on the hydrogeologyof the Magenta Dolomite are provided in Appendices D6 and D7 of 4

V Chapter D, Facilityand ProcessInformation. The averagehydraulicconductivityInthe Magenta s
V Dolomiteat the WIPP facilitywas calculatedfrom transmlssivityand aquiferthicknessvalues as 6
V 1.18 x 10.3feet perday. The calculatedhydraulicconductivityvaluesandpotentiometdccontours 7
V were used to calculateaverage linear groundwater-flowvelocityof the Magentaaquifer at the s
V WIPP facility. The average linearvelocity in the Magentaaquifer at the WIPP site is 3.18 x 10"s 9

feet per day. 10

6.2.6 Hydrologyof the Dewey Lak_ Redbeds 11

HydrologicinvestigaUonsat and near the WIPP site have not Identifieda continu_uszone of 12
saturationwithin the Dewey Lake Redbeds. WlJere water is present in the formation,lt is 13
generally in smallperchedor semiperchedwater tables,and itsoccurrenceis localized(Mercer, 14
1983). Several wells believedto be completed in the Dewey Lake Redbeds are locatedwithin is

V several miles of the WIPP facility. These wells includeRanch Weil, Barn Weil, Twin Wells, 16
Fairview Weil, and UngerWeil. Of these wells, one is used occasionallyby a ranch house for 17

drinking water (Bam Weil) &ndthe remaindersupplywater for livestock(Figure E1-10). le

Four intervalsof the Dewey Lake Redbeds were tested indrill holesat the WIPP site. Although 19

no saturation was encounteredduringdrilling,ten wells were completedas observationwells 20
(Ward and Walter, 1983), The data obtainedshowed that there was no evidence of a zone of 21

saturation inany of these wells. Additionaldata concerningthe hydrogeologiccharacteristicsof 22

V the Dewey Lake Redbedsare givenin Lappin(1988) andAppendixD7 of ChapterD, Facilityand 23
V Process Information. 24

6.2.7 Hydrolo.qyof the Dockum Group 25

At the WIPP site, exploratoryholes were drilledthroughthe Gatuna Formationandthe Dockum 26
Group. The Gatuna Formationand Dockum Group occurWithin50 feet of the surfaceand little 27

or no water was encountered in these formations. Only one hole reported a small zone of 2e
moisturein the DockumGroup, but observationwellscompletedinthe DockumGroupwere dry 29
(Mercer, 1983). Two privatewells (Comanch,_and CliftonWells) locatedapproximately10 miles 30
east of the WIPP site produce potable watur from the Dockum Group, and they are used for 31
livestock watering. 32
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1 6.3 Water Quality

2 In addition to the study of site hydrology, surface and groundwater quality have been
3 charactedzed for two major reasons: (1) to establish baseline levels of naturally uccurdng
4 inorganic solutes, radionuclides,and potentialOrganic contaminants in water prior to waste
5 emplacement; and (2) to define the existinguse in the area for groundand surfacewater as a
6 supply for domestic, industrial, and livestockconsumption. Evaluation of the WIPP site area
7 hydrology and water quality data indicates that the existing and potential future use of
8 groundwater is extremely limiteddue to nonsaturatedconditionsand very poor water quality.
9 Table E1-1 lists the wellsthat have been sampled as part of the WIPP Water QualitySampling

10 Program (WQSP) and the formationsampled by each weil. The well locationsare shown in
11 Figure E1-10. The subsectionsbelowdescribethegeneral qualityof the groundwat,srthatoccurs
12 in the WIPP site area. Groundwater quality data from the WQSP have been reportedannually
13 in water-qualitydata reports. These data are now includedas part of the AnnualEnvironmer,:al
14 MonitoringReport. The resultsof theWQSP can be found inUhlandand Randall(1986), Uhland
15 et al. (1987), Randallet al. (1988), and Lyon (1989). Detaileddiscussionsofwater chemistryfor
1sV thewater-bearingunitsat the WIPP are given inAppendixD7 of Chapter D, Facilityand Process
17V Information.

le Rustler-SaladoContact

19 Mercer (1983) provideddata from20 wells sampled Inthe WIPP vicinityfromthe Rustler-Salado
2o contact. The highestconcentrationsof total dissolvedsolids(TDS) in the WIPP water-bearing
21 formations were contained in the Rustler-Salado contact. TDS values ranged from 79,800

22 milligramsper liter (mg/_)(approximately2.6 ounces per quart) in well H-07bl to 480,000 mg/_
23 (approximately15.9 ouncesper quad) in well H-01. Sulfates and chloridesof calcium, magne-
24 sium_sodium, and potassiummade up the primary dissolvedmineralconstituentsof thisbrine.

25 Cule___._b_Dolomite
i

26 The water quality of the Culebra varies greatly. The TDS values range from 2,900 mg/Q
27 (appro×i'n'_ately9.6 x 10-2ounces perquad) at well H-08b to about 291,000 mg/Q(approximately
2s 9.6 ounc_:_sper quart) at well WIPP-29. These two wellsare fairlyremote from the site, buteven
29 closer to theWIPP facility,a markedvariationinwaterqualityis observed. Well H-O2ais located
30 1/2mile we_ of the site and has a TDS of 13,500 mg/Q(approximately4.5 x 10"1 ounces per
31 quart), whereas Well H-15, which lies 2 miles east of the site, has a TDS of 231,000 mg/_
32 (approximately 7.6 ounces per quad). The chemical constituentsconsist predominantly of
3,', chloridesand sulfatesof sodium,calcium,magnesium,and potassium.
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Maqenta Dolomite 1

The water-quality data for the Magenta Dolomite indicate that the water ts saline to bdney, with 2
TDS values ranging between 5,460 to 270,000 mg/_ (approximately 1.8 x 10'1 to 8.9 ounces per 3
quart). The predominant dissolved species are sodium, calcium, magnesium, chloride, and 4
sulfate. 5

Surface Water s

No surface water occurs in the immediate area of the WIPP site. Several surface-water bodies 7

located within an approximate 25-mile radius of the site, such as the Pecos River, the Laguna 8
Grande de la Sal, and livestock tanks which are fed from surface runoff, are sampled and 9
monitored for water quality. Data were collected and reported as part of the WIPP Radiological lo
Baseline Program, the Water Quality Sampling Program, and the Ecological Monitoring Program. 11
Surface-water sampling is now conducted and reported as part of the WIPP Operational 12
EnvironmentalMonitoringProgram (Mercer et al., 1989). 12

Surface-water samples have been collectedat four surface-waterbodies near the WIPP site. 14
These samplinglocationsare: HillTank, Red Tank, IndianTank, and Laguna Grande de _aSal- 15
Laguna Tres (Figure E1-11). The water chemistryof the three tanks is similarand is a calcium 16
bicarbonate type, having TDS less than 240 mg/Q. Laguna Grande de la Sal, a saline lake, 17
containswater that is a sodiumchloridetype with a TDS concentrationof 320,000 to 350,000 18
mg/Q(approximately 10.6 to 11.6 ounces per quart). Surface water quality data for these 19

,/ samplinglocationsare presentedin AppendixD7 of ChapterD, Facilityand ProcessInformation. 20

7.0 WIPP FacilityDesiQn 21

The WiPP facility consists of surface and subsurface installationsdesigned to receive, handle, 22
and safely dispose of radioactive mixed wasteunderground. Severaldesign features, particularly 23
in the shafts connecting the surface and subsurface operations, are utilized to assure that 24
groundwater and precipitation do not enter the facility and that no wastes will enter the local 25
groundwater system during the five-year Test Phase. This section summarizes these design 26
features of the WiPP facility. 27

7.1 Shaft Desiqns 28

The WIPP facility design includes four shafts. These are the Waste Shaft, the Salt Handling 29
Shaft, the Exhaust Shaft, and the Air Intake Shaft (ALS). Each shaft includes a shaft collar, a 30
shaft lining, and a shaft key section (DOE, 1990b). 31
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1 The reinforced concrete shaft collars extend from the surface to the top of the underlying
2 consolidated sediments. Each collar serves both to retain adjacent unconsolidated sands and
3 soils and to prevent surface runoff from entering the shaft. The shaft linings extend from the base
4 of the collar to the top of the salt beds approximately 850 feet below the surface. The shaft lining
5 serves to inhibit water seepage into the shafts from water-bearing formations, such as the
6 Magenta and Culebra Dolomite Members of the Rustler Formation. The liners are also designed
7 to retain loose rock. The shaft liners are concrete except in the Salt Handling Shaft, in which a
8 steel shaft liner has been grouted in place.

9 The shaft key is a circular reinforcedconcrete sectionemplaced in each shaft below the liner in
10 the base of the Rustler Formation and extending about 100 feet below and into the Salado

11 Formation. The key functions to resist lateral pressures and to support the shaft liner. The key
12 ensures thG liner will not separate from the host rocks or fail under tension. This prevents the
13 shaft from becoming a conduit for groundwater flow into the underground facility.

14 Two water-seal ringsare incorporatedin each key. The ringsare separated by an 11-footinterval
15 intowhich eight2-inch-diameterpipesare inserted to monitorany water that may penetratethe
16 upper ring. If groundwateris detected flowingpast the upper ring,thisconditionis correctedby
17 injectingchemicalsealantsor cement groutsto stop the leakage.

18 On the inside surfaceof each shaft, excluding the Salt Handling Shaft, there are three water-
19 collectionrings. The first is located just belowthe Magenta Dolomite interval,the second just
20 belowthe CulebraDolomiteinterval,andthe lastat the lowermostpartof the key section. These
21 collectionringsfunctionto collectany groundwaterthat may seep intothe shaft throughthe liner.
22 The groundwaterwould then be piped to the storage tanks located at the station. The water
23 could either be used undergroundfor dust control or would be transported to the surface in
24J portable tanks for disposal (DOE, 1990b). At the present time, the AlS liner has not been
25 grouted in place, Groundx,aterseepage from the Rustler Formation is collected by water rings
26 and routed to mobilewater holdingtanks. These tanks are inspectedand emptied periodically
27 to ensure that they do not overflow. Therefore, overfillingand leakage from these tanks is not
2s a source of water undergroundwhich could come into contact with the waste. Recent inflow
29 measurementsfromthe AlS indicatethat totalseepage is approximately1.24 gallonsper minute.
30 On January 17, 1992, the NMED issued an approved Discharge Plan to expand the WIPP
31 sewage facility. The dischargeplanallows forthe disposalof AlS brinewaters inthe evaporation
32 lagoonand the expanded .sewagefacility.

33 7.2 RepositorySeals

34J Upon closureof the WIPP facility, sectionsof the shaft liners may be removed and replaced by
35 permanent shaft seals. Seals may also be placed in boreholesat the WIPP site, as well as in
36 tunnels throughout the facility. These seals will functionprimarilyto limitany seepage into the
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facility from overlying water-bearing units or from infiltrationfrom the surface. In ad.dition,seals 1
will help prevent any contaminated water in the facility from reaching the accessible environment. 2

_/ The approaches to preliminary seal design and performance goals for the WIPP facility are 3
described in detail by Stormont (1988). The general aPI:roach taken in the preliminary design 4

_/ concepts for shaft and borehole seals at the WiPP facility is to limit the inflow of groundwater from 5
formations above the facility level until the host rock and the backfill encapsulate the waste 6
because of salt consolidation. Water from other sources, such as saturated interbeds near the 7

facility horizon or from the host salt itself, may also enter the repository following 8
decommissioning. Although these water sources are volumetrically less significant, the seal 9
system will be designed to limit inflows and to inhibit the expulsion of contaminated brines through 10
the shafts upon pressurization due to host formation consolidation. Seals will be emplaced 11
throughout the facility to separate areas of the facility should human intrusion, (e.g., drilling) occur 12
at some time greater than 100 years following decommissioning. Existing boreholes will be _3
sealed, thus, they are unlikely to become significant flow paths. Therefore, borehole seals 14
providesome additional assurancethat dissolutionwillbe minimized. 15

8.0 Waste Containment 16

V The Test Phase of the WIPP Projectis scheduledto take severalyearsto complete. Duringthe 17
Test Phase, the sealed bin-scaletest wastecontainerswill be emplaced in the storageroomsof 18
Panel 1. Waste containerswill be fully retdevab!e in case lt is determined that removal or 19

_/ relocationof the waste is necessary. The WIPP Project bin-scalecontact-handledTRU waste 20
tests are to be performedover the durationof the Test Phase to gain a betterunderstandingof 21
waste interactionsdue to differingdegradation modes,waste forms, and repositoryconditions. 22
The experimentsare intendedto obtaindata undervariouscontrolledconditionssuchas different 23
materialclassificationsandcompositions,age, compactionratios,backfilland gettedngmaterials, 24
added brinetype andamount,temperature,and atmosphericconditions.The datato be ct_llected 25
duringthese testsrelate to bothsingleand combinedeffects of ga_ generationphenomenawith 26

V respect to short-term and long-termwaste isolationat the WIPP facility. Gas generation is 27
anticipatedunderdifferingconditionsto be producedbycorrosive,bacteriological,and radiolytic 28
reactionswith the waste components. The data will be used to better define the nature of long- 29
term andshort-termgascomposition,production,transport,andconsumptionintheWIPP facility. 30
Additionaltestswill be performedto define morepreciselythe rate of naturalbrineinflowfromthe 31
host rockto the undergroundfacility. 32

The sealed test binswill isolatethe waste from contactwith any availablebrine andwill preclude 33
the possibility of any hazardousconstituentmigratinginto a water-bearingunit either above or 34

" below the repositoryhorizon. Shipmentof the test binsto the WIPP facility will be in a Standard ;35
Waste Box (SWBs) inside of the U.S. Nuclear Regulatory Commission-certifiedTransuranic 36
PackageTransporter (alsocalled a TRUPACT-II) shippingcontainer. Upon arrivalat the W!PP 37
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1 facility, additionalpreparationactivitiesfor the testbins will be performed. These activitiesinclude
2,/ modification of the SWB to create an RCB, connection of test-bin instrumentation,and
3 modificationof the test-bininternalenvironment(e.g., argon purge,oxygengettering,etc.). The
4,/ RCB willact as a secondarycontainmentstructuresurroundingeach test bin. Propersealingof
5,/ the bin lidwill be assured by reviewingthe recordsassociatedwith bolttighteningto verifythat
6,/ the propertorque was applied.

7,/ Verificationof proper bin assemblyand secondarycontainment by the RCB will add an extra
eV marginof safety to ensure that migrationof hazardouswaste or hazardousconstituentsfromthe
9,/ test roomsis unlikely. The brineadded to test binswill neitherbe capableof dissolvingthe host

10,/ salt, norwill it be added to any containerin sufficientlylarge quantitiesto reach and contaminate
11,/ the Culebra Dolomite Member or other water-bearingunits, should it leak from the containers
12,/ (Molecke, 1990a; Molecke and Lappin, 1991).

13 The Wast,_AcceptanceCriteda (WAC) forTRU waste (Westinghouse,1989) destinedfordisposal
14'/ at the WIPP sitespecificallycontrolthe inclusionof constituentsthatare chemicallyincompatible.
15 Strict control of explosives, pyrophorics,gas generators, heat generators, and corrosivesis
16 covered in the WAC and reducesthe potentialfor waste releases due to accidentsor container
17 breachesin the facility subsequentto placgment. Limitson respirableparticulatesin the waste
lav (lessthan 1 percentby weight) reducesthe quantitiesof harmfulmaterialsthat couldbe released
19V due to accidents. Ali materials shippedand emplaced in the WIPP facility must meet these
20 stringentrequirementsfor stability,compatibility,and physicalform to ensure the safety of the
21 repositoryeven in the unlikely event that waste comes into contactwith the Salado Formation
22 duringthe Test Phase.

23 9.0 Summary and Conclusions

24 Release of hazardous waste or hazardous constituents from the WIPP site to the accessible

25 environmentvia groundwaterduringtheTest Phase is unlikely. The mosttransmissivehydrologic
26 unitinthe WIPP area, and the mostlikelygroundwatertransportpathway,wouldbe the Culebra
27 Dolomite Member, a water-bearingstratum in the RustlerFormationoverlyingthe underground
2s facility. The naturalcharacteristicsof the site and the design of thraWIPP facility ensure that
29 there is nopotentialof hazardouswasteor hazardousconstituentsreachingthe CulebraDolomite
30 and subsequently affecting the accessible environment during the Test Phase. These
31 characteristicsinclude site geology, site hydrology,climate, and groundwaterutilizationin the
32 WIPP area, as well as theWIPP shaftdesignsandthe wastecontainerconfigurationused during
33 the Test Phase.

34V The inapplicabilityof RCRA groundwatermonitoringrequirementsduringthe Test Phase at the
35V WIPP facility is determined based on the informationprovided in the previous sectionsof this
36_/ document. The major points used in thisdeterminationare:
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• The facility horizon is located 2,150 feet below the land surface Inthe Salado Formation 1
which is composed mainly of bedded salt. The salt acts as a very low permeability 2
regional barrier isolating the facilityfrom water-bearing units above and below. The 3
Castile Formation underlying the Salado Formation is also a very thick, low-permeability 4
evaporite unit that further isolatesthe facility fromunderlying water-saturated units, s

• There appearsto be littleor no infiltrationof precipitationdeeperthanthe _!lost shallow 6
V surface soils at the WIPP site, and no shallow perched saturated zones have been 7

detected at the Site. s

• The possibilityof groundwaterreachingthe undergroundfacility in quantitiescapable 9
of transportingwaste upthe shaftsto the CulebraDolomiteor otherwater-bearingunits 10
is unlikely. Duringthe Test Phase, small brineseeps fromthe Salado Formationwill 11
evaporatein circulatingair in the facility. The shafts do penetratewater-bearingunits 12

V but the shaft design incorporates features designed to minimize and control 13
groundwaterinflow to the facilityand to divert any inflow for collectionand disposal. 14

V Testswithbrineadded to the wastecontainerswillnotcontaminategroundwatershould 15
V any leaksoccur, The volumesof brineto be added to testbinswillbetoo smallto flow 16

to theCulebraDolomiteMember,andtestdesignsthat includesecondarycontainment 17
featureswill prevent any leakage of brine from the test bins. 18

V • The waste container design and the open rooms will ensure complete control and 19
containmentof the waste throughoutthe Test Phase. 20

° No migrationpathwaysor hydraulicgradientsexist for the transportof contaminants 21
fromthedisposalfacility levelvia groundwatertothe accessibleenvironmentduringthe 22

_/ Test Phase. Duringthe Test Phase, the natural hydraulic gradientsof ali surrounding 23
V water-bearingunits are toward the facility,making migrationof contaminantsfrom the 24

V facilityhoH'zonto the nearestaquiferimpossible. 25

_/ ° Groundwaterquality in the vicinityof the WIPP facility, particularlyin the Rustler and 26
Rustler-SaladoFormations contact water-bearing zones, is generally poor. Thus, 27
groundwaterfrom these water-bearingzones is not a resourcefordomestic,irrigation, 2e
or livestockuse. The major groundwaterresources in the area, the Capitan and 29
Ogallala aquifersand surface water, are not hydrologicallyconnectedwith the WiPP 30

V undergroundfacility or water-bearingunitsoverlyingthe WIPP facility. 31

This document serves as a demonstrationthat the RCRA groundwatermonitoringrequirements 32
V are not applicableto the WIPP facility because they are unnecessaryto meet or demonstrate 33
_/ compliance with environmental performance standards, as described in HWMR-6, Pt. V, 34
V sec. 264.601. The groundwaterprotectioninformationprovided demonstratesthat, to the best 35
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0
iv' of DOE's knowledge, migrationvia groundwater of hazardous waste or hazardous constituents
2 emplaced in the WIPP facilityduring the Test Phase to pose a threat to the environmentis
3 unlikely. The facility provideseffective isolationof hazardouswaste or hazardousconstituents
4 fromgroundwatersourcesthat wouldbe the most likelypathwaysto the accessibleenvironment.
5 Because DOE is seeking to demonstrate that migrationof hazardous waste or hazardous
sv' constituentsto any water-bearing formations at the WIPP site is unlikely, there can be little
7J potentialforhazardouswasteor hazardousconstituentsto movevia these water-bearingfonna-
s tionsto water supplywells(domestic,industrial,or agricultural)orto surfacewater. Groundwater
9V' monitoring,as mandatedby RCRA, is not requiredat this time.
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TABLE E1-1I
WELLS SAMPLED AS PART OF THE WATER QUALITY SAMPLING PROGRAM

, i

WELL WATER-BEARING WELL WATER-BEARING
NAME UNIT NAME UNIT

DOE-1 Culebra H-14 Culebra

DOE-2 Culebra H-17 Culebra

H-02a Culebra H-18 Culebra

H-03bl Magenta P-14 Culebra

H-03b3 Culebra P-17 Culebra

H-04c Magenta Barn Well Dewey Lake

H-04b Culebra CliftonWell Santa Rosa
i

H-05c Magenta Comanche Wells Santa Rosa

H-05b Culebra Engle Well Culebra

H-06c Magenta FairvlewWell Dewey Lake

H-06b Culebra MobleyRanch Well Culebra

H-07bl Culebra PokerTrap Culebra

H-08b Culebra RanchWell Dewey Lake

H-09b Culebra Unger Well Dewey Lake

H-1lb3 Culebra USGS-1 Culebra

H-12 Culebra
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APPENDIX H1 1

LIST OF JOB TITLES 2

RCRA PositionTitle WIPP Section 3

' Shaft Tender Hoisting Operations 4

Senior Shaft Tender Hoisting Operations 5
Hoisting Operation Specialist Hoisting Operations 6
Supervisor, Hoisting Operations Hoistlng Operations 7
Manager, HoistingOperations HoistingOperations s
Senior Engineer Hoisting Operations 9
SeniorOperations Engineer"B" FacilityOperations 10
Senior Engineer FacilityOperations 11
Shift Supervisor Facility Operations 12
Manager, Facility Operations Facility Operations 13
Waste HandlingTechnician Waste HandlingOperations 14
Senior Waste Handling Technician Waste Handling Operations 15
Waste Handling Specialist Waste Handling Operations 16

Senior Waste Handling Specialist Waste Handling Operatlons 17
Senior Operations Engineer "B" Waste Handling Operations le
AssociateOperations Engineer Waste Handling Operations 19
Manager, Waste Handling Waste Handling Operations 2o
Health Physics Technician Operational Health Physics 21

Senior Health Physics Technician Operational Health Physics 22

Health PhysicsSpecialist OperationalHealth Physics 23
Senior Health PhysicsSpecialist OperationalHealth Physics 24
Manager, OperationalHealth Physics OperationalHealth Physics 25
QualityAssurance Specialist InspectionServices and QA Records 26
Senior Quality AssuranceTechnician InspectionServicesand QA Records 27
Quality AssuranceTechnician InspectionServices and QA Records 2s
Manager, InspectionServices and QA Records InspectionServices and QA Records 29

Quality AssuranceAnalyst InspectionServices and QA Records 30
Technical Assistant InspectionServices and QA Records 31
Manager, Quality Assurance Engineering Quality Assurance Engineering 32
Quality Assurance Engineer Quality Assurance Engineering 33
Senior Quality AssuranceEngineer Quality Assurance Engineering 34
Senior Engineer Quality Assurance Engineering 35
Senior Engineer "B" Quality AssuranceEngineedng 36
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APPENDIX H1
LIST OF JOB TITLES

(CONTINUED)

RCRA Position Title WIPP Section

1 Emergency Services Technician 'Safety and Plant Protection
2 Manager, Safety and Plant Protection Safety and Plant Protection
3 Emergency Services Coordinator Safety and Plant Protection
4 Scientist, Environmental Permits and Programs Environmental Permits and Programs
5 Principal Engineer Environmental Strategic Planning
s Senior Engineer Environmental Strategic Planning
7 Technical Assistant Environmental Analysis and CompUance
8 Engineering Technician Environmental Analysis and Compliance
9 Experimental Technician Environmental Analysis & Compliance

10 Senior Engineer Environmental Analysis & Compliance
11 Senior Engtneer "B" Environmental Analysis & Compliance
12 Associate Scientist Environmental Analysis & Compliance
13 Senior Scientist "B" Environmental Analysis & Compliance
14 UtilityTechnician MaintenanceOperations
15 MaintenanceTechnician MaintenanceOperations
16 Supervisor,MaintenanceOperations MaintenanceOperations
17 Manager, MaintenanceOperations MaintenanceOperations
18 MaintenanceSpecialist MaintenanceOperations
19 Senior MaintenanceSpecialist MaintenanceOperations
2o AssistantEngineer EnvironmentalMonitoring
21 TrainingCoordinator TechnicalTraining
22 Manager, TechnicalTraining TechnicalTraining
23 AssociateEngineer Quality AssurancePrograms
24 SeniorQuality AssuranceEngineer Quality AssurancePrograms
25 Quality AssuranceSpecialist Quality Assurance Programs
26 Senior Engineer"B" RadiologicalEngineering
27 Senior Engineer RadiologicalEngineering
28 Health PhysicsSpecialist RadiologicalEngineering
29 AssociateOperations Engineer Transportation& HazardousMaterialsHandling
3o Senior Engineer _B" Transportation& HazardousMaterialsHandling
31 Senior OperationsEngineer Transportation& HazardousMaterialsHandling
32 UtilityTechnician Transportation& HazardousMaterialsHandling
33 Manager, Transportationand Hazardous Transportation& HazardousMaterialsHandling
34 MaintenanceTechnician Transportation& HazardousMaterialsHandling

AppendixH1
PTB:150a 3/92



APPENDIX I1

MEMORANDUM OF UNDERSTANDING BETWEEN
THE UNITED STATES DEPARTMENT OF ENERGY, WIPP PROJECT OFFICE,

AND THE UNITED STATES DEPARTMENT OF THE INTERIOR,
NEW MEXICO STATE OFFICE, BUREAU OF LAND MANAGEMENT, 1983



_r_._;ViJ40_OF UNOT_TA.N_IN;

UNITID STAT[$
DF.DAAT[NTOF[ NGY
WIPPPRO,J(CTOlrFl¢£

AND

UNIT[D STAT[S
Dr_Pk_T_NTalr THE |NT[AZOR

N(W _llCO STAT£ OFFIC[, IUS_.AUOF LA,NO I,ULN.AGru.iENT

Th_s Memorandumts effective the 29t_ dJi_ _ J_i_e I , 1983,
between the U.S. t)eelrtment Of [nerg3 '{h¢lre|r_liftar Cl]]ed "O_.'),
represented by the _rOlJeCt _niger, Vista Isolltion Pilot Plant (WIPP)
Project Office led the Ouralu of Lind Hanagemlnt_ U.S. Oapartment of the
Zntertor (hereinafter called "8LH'), represented by the $tltl Olrector,
New Hextco DLH led concurrence by the Secretary of the |hairier.

krtTN[SS[THTHAT:

ld_[R[AS, 00[ desires to daveTop the Vista ;solition Pilot Plant (V%PP),
rasalrch and dave|op_ent fictl|t¥ tO d_nstrtta-tha safe disposal of
radioactive vista materials generated tn defense progrums; and

Id_[RICAS,thts lctlv_t¥ ts tuthorizad by Publlc Lav 95.154. "Department
of [nerg.v Nlt_ona| Securtt¥ Ind Htlttir¥ Appl|cittons of Huclear [nergy
Au_.horizatlon Act of 1980," Project 77-73-f; and

I_[P, CA_, pub1_c Tends, ms described in Appendix 1, "Lage! Description" of
1antis withdrawn, 4denttfled for the developQent of the WIPP factlity are
lands idminlstered by the ILM except fo_" the 540 acres in the DOi:
[,tC1USlVI Use Area whtch ire reserved for the excTus_va use of the [:;Oi:;
and

k_[_, the SLM Resource Hinage_nt Plan (Appendix 2) concerning these
public lands calls for the minagegent of these Tends In a _nne_
_.onststent vlth protection of ?,_a site for di_l.*._ent of the WIPP
fictltty; led

_[R[).S, thts Agree_nt ts consistent vtth the pollcles set forth tn the
Federll Land Poltc7 and _nagement A_t of 1975, 43 U.S.C.-1701 et se_.;
and

WI_:'_$, this Igr_vnt is <.._,_s_stent,lth _he _Jalnlstratlvallnd
_ithdrm,_1 appllcatlon_'.'_dby the 00( F_r cQns_ructlonof the WI,"P
faclllty a_d protection of the WIPP Site;



X_ _l_f:F¢_, the parties h_reto ,;rat ,s fQ1Tows:

1. Iricility Oar,To.ant

a. DO( is auth_tzed _o proce,d wlth _he dtv, l¢_._nt of the W,ste
Xsolatlon Ptlot Plant (WXPP)is descrlbed In the Final (nvtro_ental
|npect Stittaent on the project (00[/(%3-_26) and WZPPSafety
Analysis leport durtng the period preceding enactment of a
legislttt_t land withdrawal for the herttn described p_ltc do, in
Tends. Hoverer, Ipprovll to conducti_y action en lands ad=tnistertd
by the _ vt:l be obtained by the DO(froe _ prior tO Initiation
of that lotion.

b. The envtronn_ntal 1_pact of thts actlon and the 84ttga_ton misures
to be replayed as part oY the action authorized uP,derthts )q_randu:
oY UMerstanding are reported in the documentsctted in Section la,
above.

¢0 State a_l Irede_il permlts and approvals rtcNtred to conductthe
actions authorized unier thts He=orandumshall be obtained by the
DO(. Copies of the appltcatlons and perutts shall be transattted to
the mLJq.

do The Roswell District Hanage,, SLM, shill be provtded with 1/astr
Isolation Ptlot Plant (I_IPP) s_nary schedulesand shall be _ottfled
as in Zf below.

e. No radloactlve materials other than rldtologtcal instruments nor_lly
used for non-iestructlve testing and geophysical loggtng v111 be
transported tO Or used on the sttt during the tern Of the
adJtntstrattve w_thdrawil _nltss specifically authortze_ by the
Secretar7 of the Interior.

2. Sfte P,otectlon

a. The withdrawal will close the lands to appltcatlons and proposals for
llnd use that could result tn the transfer of tttle to the surface
and subsurface estate. Such applications and proposals wtli not be
acceptedby the ELM.

b. The LM shall _4-_lately notify the DO[oY any r_quest _c# ce_=_ts

to 4rtll en txtsttng ntneraIc|eases within the withdrawal, area tnorder that DC( _ lntttate ond_=_atton llct_ons

¢. The DOEwithd_lwsany obJe_tlonto leaslr_, dr1111ngt_ slnlng
outslde thewithdr_waltree;hc',aver,the_ wlll r_otllrythe 00( oF
any requ,stsf_r )(Pelts._r _ ._ource,...:ovary activitieswithinone
_ileof theW%P@ sit)bour,dcrjF.

-d, The _ shallnot allowany habitationwithinone mileoF theouter
edgeof the with,_ri_alarea and wlllpiacee 'no-habitation' (no

tr_lahent i_abltants)stlpu:._tlonon ill leases withinthl$one-tulle
uff¢r zone.



e. The LM shall authQrizt DC( to tntt_ _M adi1_ts_e_H Ta_ds Id,_tct_t,
tO the vtt_drava| trta for _ir_tnc¥ _tcontwtnttton p_posts.

f.. The _osvtll 01st_tct Ma_lgtr She1] bi pt.ovldtd vlth a drift copy of
a11 pre,tc: specifications and/or Request for ltd packages tnvolYlng
s_act dtst_blng icttvttles outside the exclustwt vie arts nit less
thin 30 days prtor to flna|Izatlon Of the specification and/or
Request for Sld packages. This ts nictssary ;o that resource
protectlo, stipulations can be tr_Tvded In tech iuthorlzatton fop DOC
use of ILH adgtnts_e,td lands. 14c41ft¢itton 0tP 11|LH approved _X:(
staten vt11 not be _de by DO( or 1ts subcontractor(s) v_thout IIl.q
concurrence tf the modification tnvolvts i surface 41sturbtn9
activity.

9. BIN shall submltcounts relatlve to the approval for land use to
the Pro_tct Minager, 00[, vtthtn lS days of |LHts request recetpt of
DO('s request for approval or modification as tdentlfled under 2f
&bore.

h, AlTovance of |ppT_cattons and proposals for land use other than those
desc_Ibed tn part 2a above, _hat art sub,ect to the discretion of the
Secretary of the Xn_ertor shill be sub.leer tO Co,nones by the DC(.
Notification of the DC( is to the constdtratlon of such applications
and proposals shall bl etde by the Roswell Dtstrtct _¼nager, _J_.

t. DO( shall sub=ta co_t,_entsrelative tO the a11ovanCt of app]tcattons

and p_o_osals _or land use to the Rosve11 glstrtct Manage_, 61.14,vtthln ,S vorklng days of DO['s recetpt of notification by the BLH
under part Zh above.

3. StIpuT|t lens
-- iiii

a. DO( '_t11 conq)ly utah the ilL)1stipulations contained tn Appendtx 3.

4. Admtnlstrit Ion

I. Thts _emo_andumof Un_e_s_n.'Ing ,t11 be adntntstered on behalf of
DC( by :he Pro_ect _anager,_/PP Project Off lte, DO(/_LO, P.O. Box
S400. Albuquerque, N_.

b. Th_s _e_'and_ Of Unde_standlng vt11 be admtnlstered on behalf of
the BLHby the State Director, SL.q, Ntr Hex|co State Office, P.O. Box
1449, Santa Fe, _.

S. Term

a. _he p,,_.es to thts Me_,:_.__ of U_erstan,:i_,g nay negotlate
rtvts;;ns after a _O-day _, ;_ten notice by ._hee party. Thts
Hem_randu_ supercedes a11 extsttng agreements and shill contt,ue tn

"effect unless and unt11 lt 1: iodinated by agreeunt of the pirates
hereto or ts t_tnated _y et_,h_r party upon 30 days vn'tttin nott¢i
to _he _er.





MP(_D|X I

Lands Wlt_a_

Fe_e_ll bl_s (Publtc,,Oo,ma_n1II I I II I

T22S - A31[ Acres
, i - -- [ I ii I I I I mill m I P I I I

,DOE[_c_ustve U. Area

Sectton 20 S[ I14 150
Sect ton 21 SW114 1GO
Sectlo_ 28 IN 1/4 160
54ctton Z9 N[ 1/4 160

.81.MM,,naqtd Su_,c! Area.

SeCtton 1S All 640
Sect ton 17 A11 640
,Sectlon 18 All 640
Section 19 A11 640
Section 20 1/ 1/2 Ind HE I/4 4.80
Section 21 W I/4 and ( 1/2 4.80
Sect _on 22 A11 640
Sectton 27 All 640
Sectlor_ 28 [ 1/2 and Slur1/4 4_0
Sect ton 29 $( 1/4 aM g 1/Z _0
Sect _on 30 All _40
Sectlon 31 All 640
Sect Jc_n33 A11 640
Sectton 34 All 640

qlIBIqIIEI I im!l III I I II II II fl I II II I I i i1| iiii i .

Total 8960

State I._ds vt_h_n v_hdraual area ,

T22S - R31( Acres

Section li All _0
Sect _o_ 32 Al 1 640

......... I I I I m i i lE II ii II i

Total 12_0

Total acreage u_.hln _tthdraval _re_ boundary I024_



Thts Reso_ce _ntge_ent Plin sun=artzos _ct1_ns I_ Ictlvt_es which
vt11 be i,thortzed by. I_.H to take piace on the publlc lands administered
by ILM vtth/n the vtt'hdraval area, and except, for those Kttons lhd
acttvtt|es that are autulll¥ deter_mtnedto be Inconsistent vtU_ the
atsston of V;PP, thts PJIPllso ippl|es to the OQ( uclustve vse tram
vhtch vtll be |d-tntstered by DO(. This_plan tikes 1nta account lay
racah:,adtt lans for nlnage_e,t of these lands ts outlined tn :he BI.H's
East Eddy/LeaKanagt_ent FrameworkPlan (),,rp) and the Rangelind
Hanasle=ent Prowls of Apt11 1980, as revtsed tn danUiry 1981.

Men,Pile

041 Ind ;4s--One 80 acre tract of the publte lands vtthln the _H /_naged
Surface Aral tl leased for otl and gas developmnt. DOEvtll be flottfted
tn the event that in app1_catton to dr1|1 es sulxattted by the lessee.
BL.qconcurrencewt11 be vtthheld unit1 corn,nta are re¢ltvtd frail DOE.

Potash--The IfP declslon was to continue to proCeSS111 potash ?eases
v|thln the (conomtcReserve Areas. The exception vis to hold lease
app|tcatlons vtthtn the _;IPPvtthCrival un_.tl such _t_ as the provisions
of the vtthdraval are accepted or ro._ected. Therefore, the leases tn
thts zonevt11 not be processed.

Sand, Stave1 and Callche--There are siT,lh74 depostts of ciliche and sa_
and ;ravel vtthtn thts area. Sales or free use per=tts vtll be madeon
lln "is needed"bis_s to support the _d_PP,road bu_Id_ng, Id_acen_ o11 and
gis daveloF;ent.

A_pllcit_ons and proposals for land .sos, thi_ _ld result tn th
_insfer of tttle to the sur-face and subsurface estate, vtll no_ :e
accepted by t_M IT.q.

"" Allowance of cpplfcatlo.s Ind proposals for _,nd _ses, other thin those
_;. ¢rtbed _ve that ire s_b_.ct to the discretion of _he _retir¥ of
._e |nt;tr'.,_, vtli be sub,ect to con:ants by _._,e_(. Hottf;¢_tlon of
the DO_as to the cons_.ratton of suchA_p_tca,.;,_nsand proposals shall
be _e b_ the _ authorized off tear.

All pr_Fosils for Tend uses shill be su_stt*.ed to the _osv_11Otstrtct
;'_ana_r, _.)_, for revtew, content and authorization. 1,I_._'_¢rfor
resource protect|on activities to bi carroll out aS in !ntelril _lrt of
each tctloq, IUS "stindird stipulations* and/or 'SpectilISttpu attons"
shill be _1_¢1I _trt of ii1 ?and use authort_:i_.ns, _s lppll¢_ble.





Rec_'el_Ion

[xcept li let f0r_ In the p_llcal access l_b-sect1_n of thls plan, _h,
lands vt11 contlnu, to be destgnatH ,s 'o_,n' to rKrestlonil use by the
ubllc. 11unt1_, s1_/_tsett_l ,_d off-P'o,d Yehtc]e use vtll continue _o
e the si._or taCtile lena1 uses of the ares.

14odeveloped recta,elan sltes are p]inr_ed for the ,rea.

Off-_osd V,hatlaS

[xcept as set forth tn the physlc8] access sub-sKtto_ of th_s plant the
stes vt]1 ¢onttnue to bi designated as 'open' to off=road vehlc]e use.

Physlpal A.¢.cesS

Physlcal protection of the O0[ exclusive use aral ts deeJ_ednecessary.
The 00[ tS responstb]e for contro111_ the entry of unauthortzK
personne| and the transport of unauthorized personal property teta the
O0[ e_c:lvstvl usl area.

NO TaM vtthfn thts area ps suttibte for vt]derniss deslgnit.ton as
deflned by the 1964 Vtlderness Act.

.YIs_.s] .Resou_eS Mans_e._....eBr..(YRIt.)

Thts area ts managedas I CTass ZY _ ares.

IrOny

The I,./I vt11 contlnue to be responsible for v11dlind flre suppression
efforts on pub]tc lands tn this area. DO( Is assigned t_e responstbtltt_
to take tnltti] it.:ack error*, on s_ flre vtt.htn t.hts tris tint.tj BLHpin
tel _,ve t_ea.

Vi_ershed
_

_'he _Z.H¢f0e$ not expect _o er_]e In shy _'" t_ershed r_nsge_en_
pro_ectS tn the ares. _itershed _: .,_I: _1li _e l laSted _o br_sh
control, reb_tlttatlon areas, etc.

Atr quaT_ty for" thts ires v111 be _n8_1._..t:,._stst,nt: vtl:h exts:Ing ls_s
and resu 1at tons. '

No prt_e and untque fi_linds _xlst v_thln thts area.



Uponr'q_est, 0<X:or thelr contractors vt11 s_¢pl¥ 11.)4vtth, co¢.vof s_y
studies or reports d4ne (_ connKt_on vtt_ t_e'kIPP Pro.Iter.

T_, l_eso_rct_na_mnt Plan tor l,_s '_,_der_, SLt_/_( Meeo_a_d_aof
Understa_dtn9 tor _he HZtPPro,_t .tth_rav,1 tl hereby ,pp_vld by the
tvo ,Se_t*s.

DepartNnt of rh, Zntirlor _pirtMnt of [ntr_
Ilureeu of Lind Van_gt_nt AtbuquerqueOpirttlons Office
It01vell 9|strt¢t _PP Pvo,_ect0fflce
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APPENDIX J1

SOLID WASTE MANAGEMENT UNIT (SWMU)
CHARACTERIZATION SHEETS



WIPPRCRAPartB PermitApplication
DOE/WIPP91-005

Revtslon1

001 MUD PITS

Unit Type: Mud Pits
Unit Use', Storage/Settling
Operational Status: Decommissioned
Use Period: 1970s-1980s

Materials Managed'. Solid Waste
Hazardous Release'. None
Radioactive Release'. None

Information source(s): Seward, 1982
USGS, 1978
Wlnstanley and Carrasco, 1986

UnitDesodption

Refer to Rgure J-1 for location, Approximately 46 decommissioned mud pits are located on 28 drill pads at the WIPP
facility. They were used for settling drill cuttings out of the drilling fluids being used In drilling holes to support
hydrologic testing and monitoring, potash evaluation, and drllllng for hydrocarbons. Each mud plt was approximately
100 feet by 50 feet by 5 feet. Diesel fuel was added to the drilling mud to reduce dissolution of the water soluble rocks
and to help lubricate the drill rods. lt is not known how many of the wells were drilled using dtesel In the drilling mud.
Each mud pit was lined with a plastic sheet and used for one to two months durlng drilling, then allowed to dry out.
To facilitate drying,holeswere cut in the bottomof the liner. Once a pitwas dry, lt was coveredwith the soil that had
been removedto make the berms andthen gradedto the originalcontours.The Individualmud pitsInSWMU No. 001
are listedon Table J1-1. lt is dlffiouitto determine the exact locationof most of the mud pitsbecause of the grading
and revegetationthat has taken piace.

Many of these mud pitswere the resultof explorationactivity that was conductedpriorto the selectionof the area for
the WIPP facilityand, therefore, were not created by DOE In support of the WIPP Project. Ali such locations are
IndicatedInTable J1-1

Waste Description

Materials In the mud pits consistedof sodium, and potassiumchloride-saturatedbrineto whichstarch, bentonitegel,
and diesel fuel were added; drillcuttings;metal cuttings;trace amountsof hydraulicfluid, grease, and motoro11;and
the plastic liner.

Release Information

Potentialreleasesfrom each of the drillsites occurredwhenthe mud pitswere drainedby cuttingholes inthe liner.
The materials released consistedof saturated brines,which are not considered hazardousunder RCRA. Ali of the
solids confined in the plastic liner of the mudpits were buried whenthe pits were covered with soil and graded.

O
AppendixJ1
PTB:168A,J1/1 3/92



WIPP RCRA Part B Application
DOE/WIPP 91-005

Revision 1

TABLE J1-1
SWMU DATA- MUD PITS

SIZE OF
. # OF DRILL PAD

SWMU LOCATION1 HOLE # PITS2 PERIOD OF USE WELL STATUS (ACRES)

001-a SW, NE, NE, 29 H-1 1 5/76.6/76 Open 8

001-b SW, NE, NW, 29 H-2a 3 2/77 & 5/84 Sampledonce/yr. 3
H-2bl 2/77 Sampled once/yr.
H-2b2 7/83 & 5/84 Open
H-2¢ 2/77 & 5/83 Open

, ,, , ,,,,

001-¢ NE, NE, SE, 29 H-3bl 3 8/76 & 4/86 Sampled once/yr. 3
H-3b2 11/83 Open

H-3b3 1/84 Sampled once/yr.
,,,,, ,,

001-d SE, NE, NE, 15 I-t-Sa 2 6/78 Open 3
H-Sh 6/78 Sampled once/yr.
H-So 6/78 Sampled onceh/r.
P-21 1O/76 Plugged

O01-e NW, NW, NW, 18 H-6a 2 7/78 Open 6
H-6b 7/78 Sampled once/yr.
H-6c 6/'78 Sampled oncehjr.
P-13 9/76 Plugged

• ,.f SE, NE, SE, 33 H-11bl 2 8/83 Open 1
FF1lb2 11183 Open
H-1lb3 1/84 Sampled once/yr.
P-9 9/76 Plugged

, , , .,,,

001-g SW, SW, SW, 29 14-14 2 9/86 Sampled oncer3 yrs. 1
P-1 8/76 Plugged

O01-h NE, NE, NE, 28 I-1-15 1 10/86-11/86 Sampled once/3 yrs. 1
, , ,

001-i NE, NW, NW, 20 H.18 1 11/87 Sampled once/3 yrs. 1

001-j SE, SE, SW, 20 P-3 ", 8/76-9/'/6 Plugged 1/2
,

001-k SE, SW, SE, 28 P-4 I 8/76-9/76 Plugged 3/4
,,, ,,,,,,,

001-I SE, SE, SE, 17 P-5 3 9/76 Plugged 6
WIPP-12 11/78 & 10/85 Open

, ,, ,-- ,, ,,

001-m SW, SW, NW, .':tO P-6 1 9/'/8 Plugged 1
,, ,, , , , ,

O01-n SW, SW, SW, 31 P-15 1 10/76 Plugged 1

001-o 3 NW, NE, SW, 15 Badger Unit 1 1974 Plugged 2
, ,, ,

001-p 3 SW, NE, SW, 34 Cotton Baby 1 1973-1974 Plugged 3
, ,

O01-q SE, SE, SE, 28 DOE-1 2 1982 Open 3
....

ChapterJ
PTB-167T/J-1 3/92



WIPP RCRA Part B Permit Application
DOE/WIPP 91-005

Revision 1

TABLE J1-1
SWMU DATA- MUD PITS

(CONTINUED)
a

i

_ZE OF
# OF DRILL PAD

SWMU LOCATION1 HOLE # PITS2 PERIOD OF USE WELL STATUS (ACRES)
,

001-r 3 NE, NE, SE, 34 D-123 1 Unknown(pre-1975) Plugged 1/2

001-s SE, SE, SE, 20 ERDA-9 1 4/76 - 6/76 Open 2
,.,.

O01-t 3 SE, SE, SW, 30 IMC-374 1 Unknown (pre-1975) Plugged 1
h

O01-u 3 NW, NW, NW, 20 IMC-376 1 Unknown(pre-1975) Plugged 1

O01-v 3 SE, SE, SW, 22 IMC-456 1 Unknown(prm1975) Plugged 1

OOl-w 3 SE, SW, SW, 27 IMC,457 1 Unknown (pre-1975) Plugged 1

O01-x NW, NE, SW, 17 WIPP-13 2 8/78 & 10/85 Open 4

OOl-y NW, NW, NW, 21 WIPP-18 2 4/78 & 10/85 Open 1
,.. ,..., ,. ,

O01-z SW, SW, NW, 21 WIPP-19 2 5/78 & 10/85 Sampled once/yr. 1
, .,,,

001-aa SW, NW, SW, 21 WIPP-21 2 5/78 & 10/85 Open 3
,,y ,, , , ,,, ,

O01-ab NW, NW, SW, 21 WIPP-22 2 5/78 & 10.";_ Open 1

1 Ali of the mudpits are inT22S, R31E. The locationcofumngivesthe 1/4 of the 1/4 of the 1/4 of the section.
2 Probabk_numberof mud pits.Many oi thedrill pads were used to drillseveral holes,requiringthe use of more than one mudpit.
3 These are wellsthat were notdrilledat the requestof DOE; they were drilledfor hydrocarbonand potashexploratioct.

Chapter J
PTI3-167T/J-1 3/92



WIPPRCRAPartB Pem'dtApplication
DOE/WIPP91-005
Revision1

002 SALT AND TOP SOIL STORAGE AREAS

UnitTypei Storage Areas
Unit Use: Storage
OperationalStatus: Active
Use Period: 1981-present
Materials Managed: SolidWaste
Hazardous Release' None
Radioactive Release: None

Informationsource(s): Processknowledge
Annualaerial photos
Westinghouse,1984

Unit Description

Refer to Figure J-1 for location. Two areas have been used for salt storage at the WIPP facility. The olderarea
(002-a), locateddue eastof Zone i, was activeduringthe earlyexcavationphases of the underground,startingin1981.
This area holdsabout 155,000 cubicyards of salt and covers about 7 acres, lt was used until the mainsait storage
area (002.b) became ac'0vein April,1984. This salt storagearea, locatednorthof Zone I, is stillactive,containsabout
402,000 cubic yards of saR,and coversabout 15 acres. Bermsand a holdingpond are used to controlrun-offfrom
the main salt storage area, but justa berm is used for the older area.

Two other areas have been usedto store topsoil fromthe WIPP facility. The firstarea (002-c), first usedin1981, was
located470 feet due eastof the Salt HandlingShaft and coveredapproximatelythree acres. Mostof thisstockpilehas
beencovered by the expansionof Zone I; the east end of it is still visibleat the ee_tern boundaryof Zone I. A second
area (002-d), located on the east side of SWMU No. 002-a, has been used since1981 to store the top soilremoved
to clear the salt pile location, lt coversabout 3.1 acres.

Waste Description

Basedon process knowledge,materialstored at the salt storagesites is primarilysalt withtrace amountsof hydraulic
oil,motoroil, diesel, and scrap steel. The impurities in the salt are fromthe heavy equipmentused for excavationof
the repositoryand _anspo,t of the salt to the salt pile. Materialstored at the top soil storage areas is onlytop soil.

Release Information

Releases of RCRA hazardouswasteor hazardousconstituentshave notoccurredat these sites. There is an area of

vegetation kill along the outer edge of the berm near the oldersalt storage area that appears to have beencausedby
the salt. The maximumextentof the vegetation killwas an area of approximately50 feet by 100 feet. The vegetation
kill area is decreasing in size as it recovers.

O
Ap_.xExJ'!
PTB:168A,J1 3/92



WIPPRCRAPartB PermitApplication
DOE/WIPP91-005

Revision1

003 LANDFILLS

Unit type' Landfill
Unit use: Disposal
Operationalstatus: Active
Use period: 1976-present
Materialsmanaged: SolidWaste
Hazardousrelease: None
Radioactive release: None

Informationsource(s): Annualaerial photos
DOE, 1988
Flynn, 1989
Westinghouse,1991a

Unit Description

Referto FigureJ-1 for location.Two areas have been used as landfillsat the WIPP facility.The older location,called
the BdndersonLandfill(003-a), is located1 miledue southof Zone I. Priorto use as a landfill,the area was used as
a quarryforroad bed materials, lt was an active landfillfrom 1976 to January 1988 and coversabout 4 acres. The
closureof the BdndersonLandfillwasapprovedbythe U.S. Departmentof Interior,Bureauof LandManagement(BLM).
Since it was closed, the BrindersonLandfillhas been coveredover and reseeded. The new landfill(003.b) is located
1/2 milesouth of Zone I. The new constructionlandfillis actuallytwo landfills. One, to the southof the currentone,
was excavatedon BLM land and operatedundera BLM permituntil 1989. ltwas closedat the requestof the BLMand
a new landfillwas opened on land designatedby the BLM as partof the DOE ExclusiveUse Area in PublicLandOrder
6403. Ground was firstbrokenfor the new landfillarea inNovember, 1982; it is stillactiveand coversabout 15 acres.
Ali necessary permitswere obtainedfrom the BLM for both landfills.

Waste Descript!on

Both of the landfillshave been used to bury construction debris consisting of foundation excavation soils, waste
concrete,scrapwood,and metal. Inaddition,it hasbeen reportedthat smallamountsof non-constructiondebris(most
likelyofficewastes) were dumped in the BrindersonLandfill. No asbestos materialsare knownto have beendisposed
of inthe landfills.AdministrativecontrolsinWP 02-5, NonradioactiveHazardous MatedaJsEnvironmentalCompliance
Manual, prohibit the disposal of RCRA hazardous waste or hazardous constituents in the const_'uctionlandfill
(Westinghouse,1991a).

Release Information

Releases of RCRA hazardous waste or hazardou_constituentshave not occurredat these sites.

PTB:168A.J1/3 3/92
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WIPPRCRAPartB PermitApplication
DOE/WIPP91-005
Revision1

004 STORAGE YARDS

Unit type: Storage Areas
Unit use: Storage
Operationalstatus: Active
Use period: 1976-present
Materials managed: Solid Waste

HazardousWaste
OiLs

Hazardous release: Potential
Radioa_ve release: None

Informationsource(s)' Processknowledge
Annualaerial photos
Sampling/laboratoryanalysisdata
Westinghouse,1992a

Unit Description

Refer to FigureJ-1 for IocetJon.Two areas outsideof Zone I are presentlyused for storage. One storage yard, the
portacamp (O04-a), is located about 1,000 feet southeast of Zone I. The yard is used to store constructionand
maintenancematerials,includingapproximately100drumsof virginpetroleumproducts,and astemporarystoragefor
wastewater andwasteoilsawaitinglaboratoryanalysis.The waste oilsare recycledff freeof hazardouscontamination.
The area is approximately2 acres in extent and has been activesince 1976. The other area, the reclaimablesyard
(O04-b), is located 1/2 miledue southof Zone I, justeast of the new landfill(SWMU No. O03-b). The yard is about 1/2
acre in extent and is usedas temporarystorage for materialsthat can be recycled or reclaimed, lt has been in use
since February,1987.

Waste Description

The wastesstoredat the portacampare water contaminatedwithmotorcii, hydrauliccii, anddieselfuelfrom the vehicle
wash bays; usedhydraulicoil;used motor cii;glycol-basedoils;used antifreeze;and discontinuedoils. In 1987, the
excess chemicalgrout from groutingthe Exhaust Shaft and the Waste Handling Shaft was stored in this yard priorto
being shippedoff site for disposalas hazardouswaste.

The materiaJsinthe reclaimablesyard ¢x)nsistof used batteries,empty 55-gallon drums,and scrap metal. Some of
the 55-gallon drums are usedfor fork-U'uckpracticeand are filled with calicheor lead pellets.

Release Information

There have been no releases of RCRA hazardouswaste orhazardous constituentsfromeither area; however, small
areas of stainedsoil under the palletswhere the virginpetroleum productsare storedindicatethere have been minor
releasesof oil and petroleumproducts(non-RCRA regulatedmaterials)from the drums. Any releases from the area
usedfor stagingwastswater and waste oils are remediatedas per the applicableWIPP facilityprocedure, Materials
collected from the remediation activities are managed in accordance with procedures in WP 02-6 and 02-7
(Westinghouse,1992a).

A.... _ Jtr_0 n.nA

PTB:168A.J1 3/92_



WIPPRCRAPartB PermitApplication
DOE/WIPPg1-005

Revision1

005 CONCRETE BATCH PLANTS

Unit type: Concrete Batch Plants
Unit use: Storage/Production
Operationalstatus: Decomtssloned
Use period: 1984-1989
Materialsmanaged: SolidWaste
Hazardousrelease: None
Radioactiverelease: None

Informationsource(s): Processknowledge
Annualaerial photos

Unit Description

Refer to Rgure J-1 for location. Three areas at the WIPP facility have been used as temporary locationsfor cement
batchplants. The first area (005-a) was located in the southeast corner of Zone I where the Waste Handling Building
Is now located, lt Wasactive from early 1984 to December, 1984. The second area (00S-b) was located just west of
Zone I and the main salt storage area (SWMU No. 002-b) end the evaporationpond (SWMU No. 007.c). lt covers
about2 acres and was activefrom late 1988 to eady 1989. Since the planthas been.removedfrom thislocationthe
area has been reclaimed. The south of Zone I, next to the drillpad forwell H-1 (SWMU No. 001-a). lt coversabout
5 acres, Wasactive fromJanuary, 1985 to early 1987, and is currentlyused as an aggregate storagearea.

Waste Description

Releases of RCRA hazardouswasteor hazardousconstituentshave notoccuredat these sites. The waste consists

of smallamounts of spilledconcreteand possibly_ace amounts of motoroil and grease that leaked from the trucks
and equipment.

Release Information

The only releasesfromthese sitesconsistof spillagethat occurredduringfillingofthe Vucksand stockpilingmaterials.
The material released was watermixedwithconcrete, sand, and graveland is considerednonhazardous. In addition,
trace amounts of non-RCRA regulatedmotoroil, grease, and diesel may have leaked from the trucksduringloading.

AppendixJ1
PTB:168A.J1 3/92



WIPPRCRAPartB PermitApplication
DOE/WIPP91-O05
Revision1

006 HOLDING PONDS

Unit type: Holding Ponds
Unit use: Storage/Seffiing
Operationalstatus: Decommissioned
Use period: 1981-1984
Materialsmanaged: SolidWaste
Hazardous release: None
Radioactiverelease: None

Informationsource(s): Processknowledge
Annual aerial photos
Westinghouse,1984

Unit Descdption

Refer to Figure J-2 for location. During the drillingof the first two shafts at the WIPP facility,brine was used as a
drillingfluidand each shaft had a separate holdingpondfor the brine. The holdingpondfor the ExploratoryShaft
(O06-a),nowcalledthe Salt HandlingShaft, covered1-1/2 acres, was about 10 feetdeep, and was located 75 feeteast
of the currentSalt HandlingShaft. This pond was active from June 1981 to April 1983. The holding pond for the
VentilationShaft (O06-b), the current Waste HandlingShaft, covered 1/2 acre and was 10 feet deep. lt was located
115 feetwestofthe currentWaste HandlingShaft. ltwas activefrom December1981 until late 1984. Both pondswere
allowed to dry and were then coveredwith soil. Both areas were later excavatedfor constructionpurposes. The
EngineeringBuildingwas constructedon top of O06-a and the Waste Handling Buildingwas constructedon top of
O06-b.

Waste Description

Based on processknowledge,materialstoredinthe holding pondsconsistedof saturatedbrinewithbentoniteadded,
drillcutlJngs,andl_'aceamountsof hydraulicoiland greasethat may have leaked fromthe drillingequipment.The solid
material left inthe mudpits afterdrillingstillcontaineda highpercentageof water at the time they were covered. This
resulted in a gelatinous matedaJconsistingof the drill cuttings, bentonite, and water being encountered during
excavation for the EngineeringBuildingfoundation. The gelatinous materialwas excavated and disposed of in the
constructionlandfill.

Release Information

Releases of RCRA hazardouswaste or hazardousconstituentshave not occurredat these sites. Potentialreleases

from these pondsmay have occurred becauseholeswere cut inthe liningafter the water had evaporated. The holes
were outto preventthe ponds fromholdingwaterafter they were covered over. The solidsconfined in the plasticliner
of the holdingpondswere buried when the pondswere covered with soil and graded. The matedal released was
sodium.andpotassium-saturatedbrine,whichis considerednonhazardous.

AppendixJ1
PTB:I6,SA.J1 3/92



WIPPRCRAPartB PermitApplJcation
DOE/WIPP91-005

Revision1

007 EVAPORATION PONDS
,........

Unit type: EvaporationPonds
Unit use: Storage/Disposal
Operationalstatus', Aottve
Use period: 1981-present
Materials managed: SolidWaste
Hazardous release: None
Radioactiverelease: None

Informationsource(s): Annualaerial photos
Westinghouse,1984

Unit Description

Refer to RgureJ-1 for location. Three ponds have been used for evaporationofwater. The oldestpond(O07.a) was
locatedin the southwestcornerof Zone I. lt coveredabout1/2 acre andwas about4 feet deep. lt receivedwater from
the employeeshowersintemporarybuildingsandwasaativefrom 1981 to 1983. The area is presentlycovered bythe
Waste HandlingBuildingand the pavedarea southwestof the Waste HandlingBuilding, Anotherpond(O07.b),which
also receivedwater fromthe showers,was locatedabout 770 feet due west of the Waste HandlingShaft. This pond
was presentfrom late 1983 to early 1984. The thirdpond (007-0) is used to colle<_tmn-off from the main salt storage
area. lt is located on the west side of the main salt storage area (SWMU No. O02-b),covers3 acres, and is 5 feet
deep. lt has been a_ve sinceMay 1984.

Waste Description

Based on process knowledge,the waste in the inactive ponds (O07.a and O07-b)consistedof water containingsoap,
nonhazardousctcaningsolu_ons,and trace amountsof oil. The thirdpond (007.0) receivesrunoff from the main salt
storage area, consistingpdmadlyof unsaturatedsalt brine.

Release Information

Releases of RCRA hazardouswaste or hazardousconstituents have notoccurredat this site.
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008 SURFACE SATELLITE ACCUMULATION AREAS

Unittype', StorageAreas
Unit use: Storage
Operational status: Active
Use period: 1988.present
Materialsmanaged', HazardousWaste

SolidWaste
Hazardousrelease: None
Radioactive release: None

Informationsource(s): Processknowledge
Westinghouse,1992a
Westinghouse,1992b
Westinghouse, 1991b

Unit Description

Refer to FigureJ-2 for location. The satellite accumulationareas onthe surface aliuse DOT-approvedcontainersfor
storingali hazardouswaste. Specificsof the satellite accumulationareas are listedon Table J1-2.

Waste Description

The wastescollectedtnsurfacesatelliteaccumulationareas consistof chlorinatedsolvents,motoroil,hydraulicoil,oily
rags, aerosolcans,antifreeze,anddevelopingfluid. Satelliteacournulatlonareas are managed(e.g., Inspected,sample
collectionand analysis) tn accordancewith proceduresin WP 02-6 and 02-7, Resource Conservationand Recovery
Act (RCRA) Compliance Manual (Westinghouse,1992a). Correctiveactions for potentialreleases are described in
WP 02-8, WIPP Spill Prevention, Control, and CountermeasuresPlan (Westinghouse, 1991b) (for nonhazardous
releases) and WP 02-12, WIPP ContingencyPlan (Westinghouse,1992b) (for hazardousreleases).

Release Information

Releases of RCRA hazardouswaste or hazardousconstituentshave not occurredaat these sites.

i,
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TABLE J1-2
SWMU DATA - SURFACE SATELLITE ACCUMULATION AREAS

Date

SWMU Started Location Status Material Stored
,,,, , ,,. , -- , ,, , ", ,,,,,,, ,,,. ,

O08-a 1988 Maintenance Warehouse Bldg+455 Aotive Chiodnatedsolvents, olly rags,asroso_
oart8

,., ,

O08-b 1988 Outside Bldg,455, east side Active Spent oils,solvents,oily rags,ae(osols
,,,

008-¢ 1988 Sandia Calbratk)n Lab Bldg. 993 Active Aerosob and solvents
... ,.

008<I 1989 Sarclia Cable ShopBidg, 911G Active Aerosolsand solvents
........ ,, , , , ,,,,, ,

008-e 1988 Security Armory Bldg, 473 Active Powderscdvents,gun oU,oily rags
• ,,,, ,, ,,, l

O08-f 1987 DraR1ngArea EnglneedngBidg,486 Active Solventoor_entrates, developingfluid,
aerosds

,, , ,,.,,,

008-g Apdl EmergencySan/Ices Bldg.vehicle ' Aotive Wate¢with solvents and minoramount_of

1989 washbay motoroil, grease,and hydraulicoll
,. ,m, . ,

008-h Unknown Oveq_ackRepairRoom Bldg,411 Active Derivedwaste
,,.,, _ ,,, ,,, ....,,,
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009 UNDERGROUND SATELLITE ACCUMULATION AREAS

Unit type'. Storage Areas
Unit use: Storage
Operational status: Aotlve
Use period', 1983-present
Materials managed: Hazardous Materials

HazardousWaste
Solid Waste

Hazardous release: None
Radloaotlverelease: None

Informationsouroe(s): Process knowledge
Westingho'=se,1992a
Westinghouse, 1992b
Westinghouse, 1991b

Unit Desodpt!on

Refer to FigureJ-3 for location. The undergroundsatelliteaccumulationareas are located at vadous locationsInthe
waste repository.The satelliteaocumulatlonareas tn the undergroundali use DOT-approvedcontainersfor storingali
hazardouswaste. Unit Informationfor these areas is provided InTable J1-3.

Waste Description

The materialsstored in the undergroundsatelliteaccumulationareas are nonradioactive,site-generatedwastes thatinclude new and used storage batteries; waste motor oil; waste hydraulic o11;naphtha-based solvents;oily rags;
aerosols;wastewater contaminatedwith motor o11;grease; diesel; hydraulicoll and salt; and silicongrout. Satellite
aooumulationareas are managed (e.g., inspected,sample collectionand analysis)In accordance withproceduresIn
WP 02-6 and 02-7, Resource Cor_ervatlon and RecoveryAct (RCRA) ComplianceManual (Westinghouse,1992a).
Corrective actions for potential releases are described in WP 02-8, WIPP Spill Prevention, Control, and
CountermeasuresPlan(Westinghouse,1991b) (fornonhazardousreleases) and WP 02-12, WIPP Contingency Plan
(Westinghouse, 1992b)(for hazardous releases).

Release Information

Releases of RCRA hazardouswaste or hazardousconsituents have notoccurredat these sites.
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TABLE J1-3
SWMUDATA- UNDERGROUNDSATELLITEACCUMULATIONAREAS

. ....

SWMU Dates J Location Status Material Stored, , _.,_ ,,,, , .... :::: ,,

O09..a 1988-present $1300/W30 MaintenanceShop Aotive Naphtha-basedsolvents,oily rags,aerosols
..| , _ |,,, , ,

O09-b lggO-present E300 Experimental Programs Aottve Aerosols
shop

, ,, ,,,

009-¢ 1989..present $1300/Wl 70 Inters_x_tlon Aoth/e Storagebatteries,waste oll
, , ,,,,, ,,

O09-d 1989-present West End of $1300 A_tive Petroleum,oU,lubrtoantsstorage and 1 drum
of waste oil

, , ,, ,,, .

O09-e 1988-prasent $1000 Tool Room Aetive Storage batteries
, ,,, ,, ,

O09-f 1990-present $1950 Storage area Aottve Silicon grout, purple K (fireextinguishing
agent), rockl:_s

, ,, ,,,,, , ,,, , ,,

O09-.g 1990-present $I 600/W30 Underground A_tlve Water contaminatedwith salt,grease,
Wash Rack hydrauliooil, motoroil, and diesel

-_..,, ,, ,, ,. ., ,,,, ,.

O09-h 1990-present $I0001E140 Active O.,y rags, naphtha-basedsolvents,aerosols
, ,, ,. , ,,,.

009-t 1989-present N780 Shop Active hero=mis,oily rage
, ,., ,,,., ,

O09-j 1983-1988 SPDV Rra. 1 Old Maintenance Inactive Oily rags, naphtha-basedsolvents,aerosols,
Shop used oll

,,

O09-k 1983-1988 SPDV Rra, 2 Storage Area Inactive Sorap metal, podable brinesump
, ,., ,,, ,,, . .

009-1 1983-1988 SPDV Rm. 4 Storage Area Inactive Drillcore, rockcuffingoil (for rocksaw), scrap
metal, grout, solvent,oement

, . . --

O09-m 1983-1988 WestEnd N1420 Inactive Scrap metal, waste oli, solvents,grout,

cement, b|astlng powder
,, ,,,.., .,. ,

O09-n --- Pan= 1 undesignated Inactive Derivedwaste
,,. _ • ,, ,,, ,,
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010 SHAFT SUMPS

Unit type: Shaft Sit,Imps
Unit use: Colleotlon/Storage
Operational status', Active
Use period: 1981-present
Materials managed', Solid Waste

Hazardous Waste
Hazardous release', None
Radioactive release'. None
Informationsource(s): Processknowledge

Westinghouse,1984
DOE, 1987

Unit Description

Refer to Rgure J-3 for location. Fourshafts have beencompletedto the WIPP aollltyunderground,The Salt Handling
and the Waste HandlingShafts have sumps (010-a and 010-b) that extendbelow the facility horizon(148 feet and
119 feet, respectively). The sumpshave been out Intothe salt of the repositoryand have notbeen lined. The other
twoshafts, the ExhaustShaft and the AirIntakeShaft, endat the faotlityhorizonand do nothavesumps. The bottoms
of these shafts are 010-o and 0lC-d, respectively. The bottoms of ali four shafts have received constructiondebris.
The Salt Handlingand Waste HandlingShafts have beengroutedand there Is no wastewateraccumulation.The soltd
materialcleaned up from the bottomof the shaftswithoutsumpsisdisposed of onthe mainsaltstoragearea. The Air
IntakeShaft currentlyreceivesbrine fromthe Rustler F_mation. On January17, 1992, the New Mexico Environment
Department issued an approvedDischargePlan to expandthe WIPP sewage facility. The dischargeplan allowsfor
the disposalof Air IntakeShaft brinewaters inthe evaporationlagoonandthe expandedsewagefacility. Untilthe new
sewage lagoonexpansionIs complete,the dischargeplanpermits the disposalof wastewatergeneratedby observation
well pumping at the site in the evaporationbasin (SWMU No. 007.o), west of the main salt storage area (SW_4U
No. O02-b). Unit informationfor these SWMUs is listedon Table J1-4. Englneedngdrawingsof the Waste Handling
and ExhaustShafts are Includedin AppendixD3 of this permit application.

Waste Description

The wastes consist of weldingdebris,scrap steel, concretefrom the shaft lining,cement grout,chem grout,grease,
wash water, brine from the RustlerFormation,and salt.

Release Information

Releases of RCFLAhazardouswaste or hazardous constituentshave not oocun'edat these sites.
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TABLE J1-4
SWMU DATA - SHAFT SUMPS

", , .,,,I - , '" .... • ....

'Location and

SWMU Dates Desodptlon Status Material Stored
,,.. . , ,, ,. : , . ,- ,,4 , , , ,., ,. ,,:: JJ

010.a 1981 0/0 Sump extends148 feet Aottve Wetdlngresidue,scrap woodand m'._al, salt,

Salt HandlingShaft below the faollityhodzon, olassC _ment, chem-seal, bentonite,grease,
oll

010-b 1982 $400/E30 Sumpextends Active Concrete, salt,,:ement grout,ohemgrout,

Waste Handling Shaft 119 feet below the fa011tty brine from RustlerFormation,wash water,
horizon, grease, oli

010-o 1985 $400/E480 The shaft ends Aottve Salt, concrete,cementgrout, (:hemgrout,
ExhaustShaft _,tthe faoll_ horizon, brinefrom Rustler Formation,grease, oll

, ,, L ,,, ,.=

010-d 1989 0/W620 The shllft ends at A(:ttve Salt, brine from RustlerFormation,concrete,

Air Intake Shaft the fa(:llttyhodzon, grease,otl
,,.,,, . : =,,i .,,.

"Ali k>oationsgiven by underground coordinates.
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011 SEWAGE TREATMENT FACILITY

Unit type: Sewage Treatent Facility
Unit use: Treatment

Operationalstatus: Active
Use period: May 1985-present
Materials managed: Sanitary Waste

Suspected SolidWaste
Hazardousrelease: None
RLdioactiverelease: None

Informationsource(s): Processknowledge
Westinghouse,1992a

Unit Description ,

Refer to F'lgureJ-1 for location. The sewage treatmentfacilityconsistsof five ponds,primarycells 1A and2A, polishing
cells 1B and2B andthe effluent pond.The primaryand polishingcellsare linedwithDynaloyand each has a capacity

of 9,250 gallons. "Thefacilityis located about1/4 milesouJhwestof Zone I and coversan area of about 4 acres. No
', chemicalsare added to the effluenl:for treatment. The effluent pondis unlinedand has a capacityof 18,500 gallons.

A dischargeplan forthe WIPP facilitywas submittedto the New MexicoEnvironmentDepartmenton January7, 1992.
The dischargeplan identifiesali WIPP facilitydischargestreams. The New MexicoEnvironmentDepartmentapproved
the plan on January 17, 1992.

Waste Description

The sewagetreatmentfacilitytreats sanitarywaste. Neutralized filmdeveloper,solvents,andoils are reportedto have
been disposedof through thissystem in the past.

Release Information

Releases of RCRA hazardouswasteor hazardousconstituentshave not occurredat this site. The releasesfrom this

unit ata part of the treatmentprocessand consistof infiltralJortof the water fromthe unlinedeffluentpond. The water
is considerednonhazardous. The water undergoesroutinesamplingand analysisas describedin WP 02-6 and 02-7.
If hazardousconstituentsare detected,the water willbe handledas site-generatedhazardouswaste inaccordancewi_

o proceduresin WP 02-6 and 02-7 (Westinghouse,1992a).

A

3=

Apper_d_xJ1
WI'B:168A.J1 3/92



WIPPRCRAPartB Pen'nitApplication
DOE/WIPP91-005
Revision1

012 NONHAZARDOUS SOLID WASTE COLLECTION BINS

Unittype: CollectionBins
Unit use: Storage
Operationalstatus: Active
Use period: Jan. 1985-present
Materials managed: NonhazardousWaste
Hazardousrelease: None
Radi__ctive release: None

Infom_ationsource(s): Processknowledge

Unit Description

Not shownon figure. There are two 30-cubic-yardrolloffbins and eighteen6-cublc-yardend dump bins locatedat
variouslocationsaroundthe WIPP facility. These unitsare portableand their locationsvary. A_terit is collected,the
waste is disposedof at the Dark Canyon Landfill locatedsouth of the city of Carlsbad. These solidwastes do not
containRCRA-regulatedhazardouswaste or hazardous constituents.

Waste Description

Nonhazardoussolid waste is collected inthe bins at the WIPP facility.

Release Information

Releasesof RCRA hazardouswaste or hazardousconstituentshave not _curred at these sites.
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List of References for Appendix J1

DOE, see U.S. Department of Energy.

Flynn, D. T., (ed.), 1989, "Annual Site Environmental Report for the Waste Isolation Pilot Plant,
1988," DOE/WIPP 89-00.5.,U.S. Department of Energy, Carlsbad, New Mexico.

Seward, P. D., 1982, "Abridged Borehole Histories for the Waste Isolation Pilot Plant Studies,"
SAND82-0080, Sandia National Laboratories, Albuquerque, New Mexico.

U.S. Department of Energy (DOE), 1988, "Annual Site Environmental Report for the Waste
Isolation Pilot Plant, CY 1987," DOE/WIPP 88-009., U.S. Department of Energy, Carlsbad, New
Mexico.

U.S. Department of Energy (DOE), 1987, "Geotechnical Field Data and Analysis Report, July
1986 - June 1987," DOE/WIPP 87-017, U.S. Department of Energy, Carlsbad, New Mexico.

U.S. Geological Survey (USGS), 1978, "Test Drilling for Potash Resources: Waste Isolation Pilot
Plant, Eddy' County, New Mexico," Open File Report 78-5.92, U.S. Geological Survey.

USGS, see U.S. Geological Survey.

Westinghouse, see Westinghouse Electric Corporation.

Westinghouse Electric Corporation (Westinghouse), 1992a, "Resource Conservation and
Recovo_' Am (RCRA) Compliance Manual," WP 02-6 and 02-7, Westinghouse Waste Isolation
Division, Carlsbad, New Mexico.

Westinghouse Electric Corporation (Westinghouse), 1992b, "WIPP Contingency Plan," WP 02-12.,
Westinghouse Waste Isolation Division, Carlsbad, New Mexico.

WestinghouseElectricCorporation(Westinghouse),1991a, "NonradioactiveHazardousMaterials
EnvironmentalComplianceManual,"WP 02-5, WestinghouseWaste IsolationDivision,Carlsbad,
New Mexico.

Westinghouse Electric Corporation (Westinghouse), 1991b, "WIPP Spill Prevention, Control, and
Countermeasures Plan," WP 02-8, Westinghouse Waste Isolation Division, Carlsbad, New
Mexico.

v

AppendixJ1
PTB:168A.J1/13 3/92



APPENDIX K1

ENVIRONMENTAL PROTECTION STANDARDS



WIPP RCRA Part B Permit Application
DOE/WIPP 91-005

Revision 1

APPENDIX K1 1

ENVIRONMENTAL PROTECTION STANDARDS 2

This appendix, while not all-inclusive, includes major federal Executive Orders, statutes, and 3
implementing regulations. Those that are applicable, or potentially applicable, to the WIPP 4

_/ facility are indicated by an asterisk. 5

1. Executive Orders (EO) 6

a. EO 11987, Exotic Organisms. 7
b. EO 11988, Floodplain Management. 8
c. EO 11989, Off-Road Vehicles on Public Lands.* 9
d. EO 11990, Protection of Wetlands. 10
e. EO 11514 and EO 11991, Protection and Enhancement of Environmental 11

Quality.* 12
f. EO 11593, Protection and Enhancement of the Cultural Environment.* 13
g. EO 12088, Federal Compliance with Pollution Control Standards.* 14
h. EO 12146, Management of Federal Legal Resources.* 15
i. EO 12342, EnvironmentalSafeguards on Activities for Animal Damage Control 16

on Federal Lands.* 17

j. EO 12344, Naval Nuclear PropuJsion Program. 18

k. EO 12580, Superfund Impleme,ltation. 19

2. The National Historic Preservatior, Act of 1966, As Amended* 20

a. 36 CFR Part 800, Protection of Historic and Cultural Properties.* 21

b. 43 CFR Part 7, Protection of Archaeological Resources.* 22

3. Title 42 U.S.C. secs. 7401 et seq., The CleanAir Act, As Amended* 23

a. 40 CFR Part 50, National Primary and Secondary Ambient Air Quality 24
Standards.* 25

b. 40 CFR Part 52, Approval and Promulgation of Implementation Plans. 26
c. 40 CFR Part 53, Ambient Air Monitoring Reference and Equivalent Methods°* 27
d. 40 CFR Part 58, Ambient Air Quality Surveillance.* 28
e. 40 CFR Part 60, Standards of Performance for New Stationary Sources.* 2g
f. 40 CFR Part 61, National Emission Standards for Hazardous Air Pollutants.* 3o

g. 40 CFR Part 65, Delayed Compliance Orders. 31
h. 40 CFR Part 66, Assessment and Collection of Noncompliance Penalties by 32

EPA. 33
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1 i. 40 CFR Part 69, Special Exemptions from Requirements of the Clean Air Act.
2 J. 40 CFR Part 81, Designation of Areas for Air Quality Planning Purposes.*

,£,, ,/
3 4. Title 33 U.S ;_,;_;!,se_¢s.1251 et seq;, The Clean Water Act_ As Amended*

7 • !I .. , .

4 a. 33 cFR P_r_tt,s 153_157, Control of Pollution by Oil and Hazardous Substances.*
5 b. 33 CFR Part 159, Marine Sanitation Devices.
6 C. 33 Parts 320, 322-329, Permit Programs Regulations.*
7 d. 40 CFR Part 109, Criteria for State, Local, and Regional Oil Removal
8 Contingency Plans.
9 e. 40 CFR Part 110, Discharge of Oil.

10 f. 40 CFR Part 112, Oil Pollution Prevention.
11 g. 40 CFR part 113, Liability Limits for Small Onshore Storage Facilities.
12 h. 40 CFR Part 114, Civil Penalties for Violation of Oil Pollution Prevention
13 Regulations.
14 i. 40 CFR Part 116, Designation of Hazardous Substances.*
15 j. 40 CFR Part 117, Determination of Reportable Quantities for Hazardous
16 Substances.*

17 k. 40 CFR Part 121, State Certification of Activities Requiring a Federal License
18 or Permit.
19 I. 40 CFR Part 122, EPA Administered Permit Programs: The National Pollutant
2o Discharge Elimination System.
21 m. 40 CFR Part 125, Criteria and Standards for the National Pollutant Discharge
22 Elimination System.
23 n. 40 CFR Part 129, Toxic Pollutant Effluent Standards.
24 O. 40 CFR Part 131, Water Quality Standards.
25 p. 40 CFR Part 133, Secondary Treatment Regulation.
26 q. 40 CFR Part 136, Guidelines Establishing Test Procedures for the Analysis of
27 Pollutants.
28 r. 40 CFR Part 140, Marine Sanitation Device Standard.
29 s. 40 CFR Parts 220-225, 227-229, Ocean Dumping Regulations and Criteria.
30 t. 40 CFR Part 230 sec. 404(b)(1) Guidelines for Specification of Disposal Sites
31 for Dredged or Fill Material.
32 u. 40 CFR Part 231 sec. 404(c) Procedures.
33 v. 40 CFR Part 401, General Provisions for Effluent Guidelines and Standards
34 (Note: 40 CFR sec. 401.14, Cooling Water Intake Structures).
35 w. 40 CFR Part 403, General Pretreatment Regulations for Existing and New
36 Sources of Pollution.
37 x. 40 CFR Part 413, Electrop:ating Point Source Category.
38 y. 40 CFR Part 423, Steam Electric Power Generating Point Source Category.
39 Z. 40 CFR Part 457, Explosives Manufacturing Point Source Category.
40 aa. 40 CFR Part 459, Photographic Point Source Category.
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5. Title 42 U.S.C. secs. 300 F et seq._The Safe..Drinkin_qWater Act, As Amended 1

a. 40 CFR Part 141, National [Interim] Primary DrinkingWater Regulations. 2
b. 40 CFR Part 142, NationalPrimary DrinkingWater Regulations Implementation. 3
c. 40 CFR Part 143, National Secondary Drinking Water Regulations. 4
d. 40 CFR Part 144, Underground Injection Control Program. 5
e. 40 CFR Part 146, Underground Injection Control Program: Criteria and 6

Standards. 7

f. 40 CFF_Part 147, State Underground Injection Control Programs. 8
g. 40 CFR Part 149, Sole Source Aquifers. 9

6. Title 16 U.S.C. secs. 1451 et seq., The Coastal Zone Manaqement Act of 1972, As lO
Amended 11

a. 15 CFR Part 921, NOAA (National Oceanographic and Atmospheric 12
Administration) Guidelines on Estuarine Sanctuaries. 13

b. 15 CFR Part 923, NOAA Coastal Zone Management Program Approval 14
Regulations. 15

c. 15 CFR Part 930, NOAA Regulations on Federal Consistency with Approval 16
Coastal Management Program. 17

d. 15 CFR Part 931, NOAA Regulations on Coastal Energy Impact Program. 18

7. Radiation Protection 1{)

a. 10 CFR Part 712, Grand Junction Remedial Action Criteria. 20
b. 40 CFR Part 190, Environmental Radiation Protection Standards for Nuclear 21

Power Operations. 22
c. 40 CFR Part 191, Environmental Radiation Protection Standards for 23

Management and Disposalof Spent Nuclear Fuel, High-Level and Transuranic 24
Radioactive Wastes.* 25

d. 40 CFR Part 192, Health and Environmental Protection Standards for Uranium 26
and Thorium Mill Tailings. 27

8. Title 42 U.S.C. secs. 9601 [9615] et sea., The Comprehensive Environmental 28
Response, Compensation, and Liability Act of 1980, As Amended* 29

a. 40 CFR Part 300, National Oil and Hazardous Substances Pollution 30
Contingency Plan. 31

b. 40 CFR Part 302, Designation, Reportable Quantities, and Notification.* 32
c. 40 CFR Part 305, ComprehensiveEnvironmental Response,Compensation, and 33

Liability Act (CERCLA) Arbitration Procedures. 34

J
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1 d. 40 CFR Part 306, Comprehensive Environmental Response, Compensation, and
2 Liability Act (CERCLA) Natural Resources Claims Procedures.
3 e. 43 CFR Part 11, Natural Resources Damage Assessments.

4 9. T_/itle7 U.S.C. secs. 136 et seq., The Federal Insecticide, Fun.cllcide,and Rodenticide
5 Act_ As Amended

6 a. 40 CFR Part 162, Regulations for the Enforcement of the Federal Insecticide,
7 Fungicide, and Rodenticide Act.
8 b. 40 CFR Part 165, Regulations for the Acceptance of Certain Pesticides and
9 Recommended Procedures for the Disposal and Storage of Pesticides and

lO Pesticides Containers.*
11 c. 40 CFR Part 166, Exemption of Federal and State Agencies for Use of
12 Pesticides Under Emergency Conditions.*
13 d. 40 CFR Part 170, Worker Protection Standards for Agricultural Pesticides.
14 e. 40 CFR Part 171, Certification of Pesticide Applicators.

15 10. Title 42 U.S.C. secs. 6901 et seq., The Resource Conservat!0n a.ndRecove_ Act of
16 1976, As Amended*

17 a. 40 CFR Part 240, Guidelines for the Thermal Processing of Solid Wastes.
18 b. 40 CFR Part 241, Guidelines for the Land Disposal of Solid Wastes.
19 C. 40 CFR Part 243, Guidelines for the Storage and Collection of Residential,
2o Commercial, and Institutional Solid Waste.*
21 d. 40 CFR Part 244, Solid Waste Management Guidelines for Beverage
22 Containers.*

23 e. 40 CFR Part 245, Promulgation Resource Recovery Facilities Guide_ines.*
24 f. 40 CFR Part 246, Source Separation for Materials Recovery Guidelines.*
25 g. 40 CFR Part 247, Guidelines for Procurement of Products that Contain
26 Recycled Material.
27 h. 40 CFR Part 256, Guidelines for Development and Implementation of State
28 Solid Waste Management Plans.
29 i. 40 CFR Part 257, Criteria for Classification of Solid Waste Disposal Facilities
30 and Practices.

31 j. 40 CFR Part 260, Hazardous Waste Management System: General.*
32 k. 40 CFR Part 261, Identification and Listing of Hazardous Waste.*
33 I. 40 CFR Part 262, Standards Applicable to Generators of Hazardous Waste.*
34 m. 40 CFR Part 263, Standards Applicable to Transporters of Hazardous Waste.*
35 n. 40 CFR Part 264, Standards for Owners and Operators of Hazardous Waste
36 Treatment, Storage, and Disposal Facilities.*
37 O. 40 CFR Part 265, Interim Status Standards for Owners and Operators of
S8 Hazardous Waste Treatment, Storage, and Disposal Facilities.*
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p. 40 CFR Part 266, Standards for the Management of Specific Hazardous Wastes 1
and Specific Types of Hazardous Waste Management Facilities. 2

q. 40 CFR Part 267, Interim Standards for Owners and Operators of New 3
Hazardous Waste Land Disposal Facilities. ,'

r. 40 CFR Part 268, Land Disposal Restrictions.* b
S. 40 CFR Part 270, EPA Administered Permit Programs' The Hazardous Waste 6

Permit Program.* 7
t. 40 CFR Part 272, Approved State Hazardous Waste Management Programs.* 8
u. 40 CFR Part 280, Underground Storage Tanks.* 9

11. Title 16 U.S.C. secs. 1531 et seq., The Endangered Species Act of 1973__As 10
Amended* 11

, a. 50 CFR Part '17, Fish and Wildlife Service List of Endangered and Threatened 12
Wildlife and Plants.* 13

12. Title 15 U.S.C. secs. 2601 et seq., The Toxic Subs_tancesContr.olAct, As Amended* t4

i

a. 40 CFR Part 761, Polychlorinated Biphenyls (PCBs) Manufacturing, Processing, 15
Distribution in Commerce, and Use Prohibitions.* 16

13. Title 42 U.S.C. secs. 4901 et seq., The Noise..Control Act..of 1972, As Amended 17

14. Title 16 U.S.C. secs. 1131 et seq., The Wilderness Act, As Amended 18

a. 43 CFR Part 19, Wilderness Preservation. 19
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WIPP RCRA Part B Permit Applloatlon
DOE/WIPP 91-005

Revision 1

APPENDIX K2 1

SUMMARY OF AGREEMENTS BETWEEN DOE AND 2

THE STATE OF NEW MEXICO 3

THAT AFFECT THE WIPP ENVIRONMENTAL PROGRAM 4

Stipulated Aqreement on CIvil Action No. 81-0363 JB -- This agreement, approved by the 5
U.S. District Court when lt stayed (held in abeyan(,'e) procgedings in the lawsuit against DOE 6
by the State of New Mexico, was executed on July 1, 1981, The eight-page agreement 7

assures that a binding, enforceable "consultation and cooperation" agreement will be entered 8
into by DOE and the state and that DOE will make a "good faith effort" to resolve certain 9
state off-site conoerns (which are covered in the Supplemental Stipulated Agreement). The lo

Stipulated Agreement also addresses a number of additional studies and experiments to be 11
_/ conducted by DOE for the Slte Preliminary and Design Validation phase of the WIPP facility. 12

lt was signed by Jeff Bingaman, Attorney General, State of New Mexioo, and Myles Flint, 13
Attorney, U.S. Department of Justice, and Issued July 1, 1981, by Juan G. Burclaga, U.S. 14
District Judge, District of New Mexico. 15

A.qreementfor Consultation and Cooperation -- Usually referred to as the "C&C Agreement," 16
this agreement is contained in Appendix l, to the Stipulated Agreement. lt affirms the intent 17
of the Secretary of Energy to consult and cooperate with New Mexico with respect to state 18
public health and safety concerns, lt was signed In July 1981 by Bruce King, Governor, 19
State of New Mexico, and James B. Edwards, Secretary, U.S. Department of Energy. 2o

Workln.qAgreement for Consultation and Cooperation, Appendix B, Article IV. Revision I -- 21
This agreement, Appendix B to the Stipulated Agreement, identifies in Article IV over 60 "key 22

v/ events" and "m;lestones" in the oonstructionand operation of the WIPP facility that must be 23
reviewed by th¢_state before they are commenced. Many environmental Items are included. 24
lt was signed in March 1983 by Robert McNeill, Chairman, Radioactive Waste Task Force, 25
and R. G. Romotowski, Manager, Albuquerque Operations Office, U.S. Department of 26
Energy. (Article IV of the Working Agreement was revised on April 8, 1983.) 27

Supplemental Stipulated A.qreement ResolvinQ Certain State Off-Site Concerns Over 28
WlP._....PP.-- This agreement, dated December 27, 1982, addresses five state concernsincluding 29

_/ the need for state "verification" of the WIPP Environmental Monitoring Program. The 3o
concerns addressed are: state liability (for a nuclear Incident), emergency response 31

V preparedness, transportation monitoring of the WIPP facility waste, the WIPP facility 32
_/ environmental monitoring by the state, and upgrading of state highways, lt was signed in 33

December 1982 by Bruce King, Governor, State of New Mexico, et al., and R. G. 34
Romotowski, Manager, Albuquerque Operations Office, U.S. Department of Energy. 35
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1 First Modification to the July !J 1981. Agreement for Consultation and Cooperation on WIPP
2V' bytheState of New Mexico and the U.S. Department of Enerqy-- This modification was
3,/ signed November 30, 1984, whereln DOE and the state agree to address certain concerns
4# of the state regarding: (1) the specific mlsslon of the WIPP Project, (2) a demonstration of
s retrievability prior to waste 9rnplacement, (3)post-closure control and responsibility,
6 (4) completion of certain additional sclentlflc testing and reports, (5)compliance with
7 applicable federal regulatory standards for waste repositoric_, and (6)a program for
sV' encouraging and reporting on the htdng of New Mexico residents at the WIPP Project. lt
9 was signed in November 1984 by Joseph Goldberg, Secretary, Health and Environment

10 Department, State of New Mexico, and R. G. Romotowski, Manager, Albuquerque
11 Operations Office, U.S. Department of Energy.

12 Se.cond Modification to the July 1,_198_1,A.(:iree.mentfor Consultation and Cooperatlon on
13 WIPP_bv the State of NºeººwMexico and theU.S. Department of Energy -- Signed August 4,
14 1987, wherein DOE and the state agree to address certain concerns of the state regarding:
is (1) surface and subsurface mining and drilling after closure of the WIPP site; (2) the disposal
is of salt tailings at the WIPP site; and (3) compliance with U.S. Environmental Protection
17 Agency, U.S. Department of Transportation, and U.S. Nuclear Regulatory Commission
le regulations, lt was signed in August 1987 by Garrey Carruthers, Governor, State of New
19 Mexico, et al., and R. G. Romotowski, Manager, Albuquerque Operations Office, U.S.
2o Department of Energy.

21 1988 Modificationto the WorkingA.qreement of the Consultationand Cooperation A_ree.men..t
22 .Betweenthe U.S. Department of Ener_yand the.State of New Mexico on the Waste Isolation
23 Pilot Plant -- This modification deleted the sorbing tracer test from the list of required reports
24 and substituted additional tests. In addition, the state is allowed to operate a fixed-air
25 sampler in the mine ventilation effluent air stream, lt was signed in March 1988 by Ktrkland
2s Jones, Deputy Director, New Mexico Environmental Improvement DIvision, State of New
27 Mexico, et al., and R. G. Romotowski, Manager, Albuquerque Operations Office,
2s U.S. Department of Energy.

29 Environmental Oversiqht and Monitoring Agreement -- This agreement states that DOE will
30 provide additional technical and financial support for state activities in environmental
31 oversight, monitoring, access, and emergency response to ensure compliance with
32V' applicable federal, state, and local laws at several DOE facilities Includingthe WIPP facility.
33 lt was signed in October 1990 by Garrey Carruthers, Governor, State of New Mexico; Dennis
34 Boyd, Secretary, Health and Environment Department; and Bruce G. Twining, Manager,
35 Albuquerque Operations Office, U.S. Department of Energy.
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THE JULY 9, 1987, MEMORANDUM OF UNDERSTANDING BETWEEN THE
U.S. DEPARTMENT OF ENERGY AND THE U.S. DEPARTMENT OF LABOR



Memorandum of Understanding
Between the

U,S. Department of Energy
and the

U.S. Department o£ Labor

I. Introduction
_L_ ,, , ,,, ,_ __

A. Background

The Department of Energy (DOE), Albuquerque
Operations Office, is responsible for the
construction of the Waste Isolation Pilot Plant
(WIPP), a research and development facility under
construction near Carlsbad, N.M., to demonstrate the
safe, geologic disposal of defense-generated
radioactive waste. The project will include
underground facilities at a depth of 2150 feet.

A =ai or concern of DOE In carrying out these
activities is the safety and health protection of
ali underground workers at the site, both for the
personnel involved in extractive processes as well
as for the underground operating personnel.

Under the Federal Mine Safety and Health Act of 1977
(the Mine Act), the Mine Safety and Health
Administration (MSHA) of the U.S. Department or
Labor (DOL) is responsible For conducting mine
inspections and investigations and developing and
enforcing regulations and standards to protect the
safety and health oi' miners. In the course of
carrying out this responsibility, MSHA has developed
technical expertise In mine safety and health.

B. Purpose

The purpose of this M_orandum of Understanding
(MOO) is to accompllsh the following:

1. To formalize a working arrangement whereby MSHA/
inspects operations at WIPP to_ determine
compliance with MSHA standards. The results of
these inspections will be furnished to DOE so {
that DOE can implement its policy of compliance
to MSHA standards (as though the WIPP was a
co_erclal mine) by taking the necessary

:actions with the DOE contractors to assure the
prompt ana effective correction of any

_ deflciencles and to otherwise ensure general
compliance with MSHA's mlnlng health and safety
requlrements, and
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2. To establish a procedural framework for the
furnishing of MSHA technical assistance and
consultation services to DOE with respect to
mine geology, underground construction
techniques, and related matters concerning the
protection of life, the promotion of health and
safety, and the prevention of accidents In
DOE's underground repository operations.

C. Authorities
i i .

This KOU ls consistent wlth and Is entered into
under the following statutory authorities: Section
601 of the £conom¥ Act of 1932, as amended (31
U.S.C. 1535); Section 161 (f) of the Atomic Energy
Act of 195_, as amended (42 U.$.C. 2201 (t); Section
6_6 of the Department of Energy Organization Act (42
O.S.C. 7256 ); P.L. 96-16_, the WIPP authorization;
the Federal Mine Safety and Health Act of 1977, as
amended (30 OSC 801 et. 8eq.); and Section 100 oF
the Departments of La-'5"or, Heaith and Human Services,
and Education and Related Agencies Appropriations

(--. Act or 1986 (30 osc 962).

II. Inspe.ctions, Investl_a_tlons and Technical Assistance.

A. MSHA will conduct periodic, health and safety
compliance assistance inspections oF WIPP mining
operations to assess the conformance of such
operations with MSHA standards.

D. The Followln6 KSIL_ standards are relevent to
underground operations eonducted by the WIPP
project:

30 CPR ysr_ 31, 32, 36, 118, 119 and 57.

In addresslnll these standardsa DOZ nay encounter
situations In vhleh DOE considers that an
alternative approach to that specified In the
standards 18 required. In those Instances, DOE will
consult with &SlL_ to arrive at a mutually agreeable
solution.

C. The results oF all compliance assistance Inspections
will:be furnished to the WIPP Project Office In
,wrltln_ at the conclusion of each inspection and DOE
will thereafter take t_e necessar_ actions to assure

/ the timely correction oF any deficiencies. In the
results oF inspections Forwarded to DOE, MSHA will



indicate condition• which would oonstltute •
vio!atlon of M3XA standards and also, where
appropriate, w111 tnclude reoo_endatlons for
remedSal aotlonl.

D. DOE's health and safety program encourages Its
contractors' employees to brlng any health or safety
complaints to either the employer or to DOE
directly. Any such complaint or other lnformatlon
received by MSHA while performing work under thls
MOU wlll be transvJltted to DOE and DOE will inform
MSHA of Its disposition of the complaint.

E. When requested by DOE, MSHA will participate in any
accident or fatality investigation at the WIPP site.

F. In addition to Inspectlons_ MSHA will provide
technical assistance as well as review and
consultation services regardlng mine safety and
health matters For the WIPP project when requested
by DOE via th_aWIPP Project Office subject to the
avallabillty of MSHA manpower.

G. Property
!

When available, DOE shall furnish the use of working
space and other equipment (e.g., office equipment)
required for the performance of thls MOU, except
such types of equipment as MSHA normally furnishes
in connection with Its regular mission.

H. Radiological ,Safety and Health, and Security

MSHA agrees to conform to all radiological safety
and health, and securlty regulations and
requirements of DOE while performing •ervlces in

- connection with this agreement.

III. Administration

This MOU will be administered on behalf of DOE by
the WIPP Project Office. Normal working contacts
with DOE shall be with the Project Manager, or by
such other representatlve(s) as the Project Manager
shall designate in written notice to MSHA.
Administration on the behalf of MSHA will be by the
Administrator For Metal and Nonmetal Mine Safety and
Health, or by such other representatlve(s) as he/she
shall designate in written notice to DOE.

II 111lr Ii ...... _i_i__i1!
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d

IV. Reimbursement

Subject to future specific agreement of the
parties, DOE will reimburse MSHA for the cost of
services provided under this MOO.

V. Public Release of Information L,
r,

MSHA and DOE shall consult with each other before
release of information under the Freedom of
Information Act, 5 U.S.C. 552, regarding
activities carried out pursuant to this MOO.

VI. Effective Date, Amendment and Termination, |, i || ,,m,

This MOU shall become effective when signed by
both parties, lt may be modified or amended by
written agreement between DOE and MSHA. It shall
continue in effect until terminated by either
party upon 3g days written notice to the other.

U.S. DEPARTMENT OF LABOR U.S. DEPARTMENT OF ENERGY

c @
R-oyL_ Bern

Title: Administrator for Manager, Albuquerque
Metal and Nonmetal Operations Office
Mine Safety and Health

Date : ___/_/_P _

(
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Determination
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ENVIRONMENTAL PROTECTION atIW00-4Z4-_II6(tollfree)or_et"-382- (eft't),and (g}(S).)The Depar',mentof
AGENCY 3000(I_.a,_I. Energy{DOE) haschosentocomply

Speci_cquestionsaboutLbtei.Mu=8 w_ththeLanddisposalrestr_c:_ons(or
[FRL-3860-I] discussedinthlsnoticeshouldbe certaintransuranlc_'T'RL')wastes°.obe

di;'ectedtoMatthew Hale.OfBce of sh_pped('ortestlngand experlmen',a_1on
CondltlonalNo-Miqlr=tlon SolidWaste IOS.-341),U.S, sitta Waste (=_olattonP_[olP{ant!',','IF'P)

OetermmationfortheDepartment of Env'ronmentaiProtectwonAqemey,401_{ bypursu_n__e secondope;on,TodJ_,s
Energy Waste ImmolationPilotlpLlnt SlreetSI,V,Washm_ton. DC _ at notlceapi,roves,w_thcondlt_ons.DOE's
(WIPP) ."0Z-3BZ--t74B. petition/Or the WIPP site,
&GI[NCY"F..,nvironmenta:Protect_on IUImIJMINI'AtlY INFOIIIM&TIOII= EPA _rst promu_;jated standards dr,d

'S'_ency' Pn=-',mbleOutline pt'm_dures _'ortev=ew oi"no.rnt_r._',;on
petitmns under 40C_ 3BS,B=n

ACl"ION:Notice of final no-migration I, Back=round November 1986,These res]u:,_:Lons,determma;lon, A, RCRA_nd DisposalRestr'ict_rm
SUMMARY:[n response to a petition from B,Re_iatory Seatusof MixedWwte which apply to land d=sposaluni¢s o'.her
eF,e Department oi"Ene't3y IDOE), the C,wipp [:h.o)ect thmmnunder, round ',nlectton wefts, cod=f,,'D, Re_uiatoryStatusof _e _ the statutory standard for no.m==.rar=_n
Environmental Protection Agency (EPA) II, DOE Pe.ironand EPAP,npomd ruecb_s, spec=fy the tn/ormatlon
ts today making a detez"z'nlnatzonof no Deter'ruination _d inno-migration petit=one,Jnd
m_rat]on for placement o_'hazardous Iii, Su_.n':.aryof EPADetermmamm establish EPA's procedures for
waste at DOE's Waste Isolation Pilot IV Di=cuss=onof EPADetez,mamm_ and approving or denying pet=tions
Plant (WIPP), located near Car[abed, Conditionsof Det=rrnmerlo_
,_ew Mexico, Today's detenll:nat_on A, No.,Mi_'=tmnF1ndinl (November 7, :986, St FR 4057,:).F:.._,s.
imposes several condit;ons on such B,Conditmnlof DetermimatioB amended these regulations on Au_.ust
placement and is for a maximum of ten _,,_mttatlon to Tests8 mid 17,19t_ (53 F"R31138) to add furtherF..xpePtmentatJon proceduralrequirementsand
years, As a result of th_sdetet'_[ndtiOn, 2. L_m_ta_Jonor, Volume standards, _EPA =snow deve[opm_
OOE may piace mmlimited amount of 3, waste Retr _vll additional no-ruination standards to
untreated _azardous waste subject to 4. waste Retr evabtlity cimmrtfyor expand on certam parts o__he
thelanddisposalrestrictionsofthe s.CarbonAdlorpttonDevice current_gulations,The Agency expects
ResourceConsewmmtionand Recovery ¢ AirMomtonng Plan
..S.ct(RCRA) in theWIPP _orthe 7,W4a_eAma_ysis toproposethesestandardsInthenear

& RepeWml_Requirements future. In conjunction w_th this proposal,
purposes oftesttn8 and experimenter|on, v, Dil¢lJ_i,,onof Ma)or Issues EPA has also developed d:a{t no-
DOE submitted a petition to EPA for s A.,Ap'lmqm_=ne==of "Exemlx_=" I_ migration gmdance, a cooy of which ts
no-ruination determmstion in March DOE avmmilablein the docket t'or=has
1389:F..,P,_,proposed to _ant the peUtion B,Timmllof EPADecision rulemaking,
inApril1990.A_terIicarefulreviewof C.ScopeofI_larminatmn To date,EPA hasreceived31nn.
public comments on the propola|, rr_A O.EPAOverlilht over theTeMPhele
has concluded that DOa _ E. S_eSiabilty mig,tltion petztions submztted tn
demonst.'_.ted, to a rt_Jm'm_a dql'_ of lP.Camcllti=,,,_Determination Nm_[mmncew_th40 CFR ".68,8.Tod,=y's
certainty,thathazardousconstituents G.Det_littoao(No kiitp'atmn no¢iem,whichaddressesdisposalof
wit] P.o4mt'IF'lte from the WIPP dtlp_l_ i,L_ d Unit Boundary mixed radioactive and hazardous waste

t I_IIIW C_lrlletenzatlon in a mined salt bed, is the A_encys first
unit dm't.'_ t)m te_riq peried p_'opmm:[ I, itetrievabdity decision on any of thesepetitions under
byDOE, and throatDOE k_ olhef-_m, K, Hu=sn lntrasion | Z68.0,The other § 268.8pclihons,
met tJ_ requ,urem_ota,_ 40 _ _ tel VI. _l_lm mmfNo-Mitp_tton ' which primarily address [and treatmentthe I,'V_I_."rileapproved pefttton De_rmm_=n
require,=DOE to remove the Itm,y.ardeue operations, are currently under Agency
wastesfromtheu.ndersroundrepository L li_kll_mu_ review.[nmmddition.EPA hasreceived
If _tcannot demonst_te the Ions-term A. RCRA LondDi._po_oJRes='i=_J_ app.'oximately B5no.migration petltmns

forundergroundinlectionwells under40
acceptabfl,ity of the disposal site by the The Hazardoul mmndSolid W_mll CF'_part 148. Of these, 30 have been
end ct' the test pet _od. Amer_dment| (HSWA) of 1904.wt_icb approved, ZBare sti[[ under revtew,"and
i_l¢'nvu o_'rl;' : :ovember 14, 19¢10. amend the Resource Conemmrvetimta=d a number of others have been
_oo_|ssu: The ,, _biic docket for this Recovery Act (RCR_), imposed withdrawn.
determination is avadsble for public substantial new raquurementaal the
inspection tn Room M_2:I', U.S. land _spomml[of hazardous w_=_. M B. Re_ulotory Sto_usof Mi_;d Wos_e_'
Envzronmentai ProteetzonAlency. 401 M pmmrticular,the mmmendments_ tlm _ hazardous wastes that are sublect
Street SW, Washington, DC, 204450, conUnued i_,nddiaposld of hasmdl=_ le ladl_y's notice are "mzxed wastes."
Monday throush Fndmmy.exr.Judm8 wastel, unlearnseither (1) the we_Mmmeet Mixed wastes are defined as mmmixture
Federal holidays, Members of thz public treatment standards specified by IO=h. e( hazardous wastes regulated under
may make an appointment to review or (2) the Admmistrstor dete_Bim=mIdlmt Subtitle C ofRCRA and radtommctzve
docketmmmtenaisby calling(Z02)475,,- theprohibitionis notrequiredlmro,di' wastesre_uJatedundertheAtomic
9327,Copiesofdocketmatenlhlmmmybe toprotecthuman bemmithmmndlh8 E,,nertpJ Act (AEA),Becmmusesectiont004
made at_;ocost,witha maximum of100 environment.This[attmmrdmmtel,lliltfmi oi"RCKA excludes"source.""special
pal_esoi"matena]from any one mummtbe basedon lidmmmorultm_oaby |ucJesr,"and "byproductmaterials,"as
regulatorydocket,Additionalcopiesira theownlr/operatm"ofthefsdlllt_ dePmed undertheAtomicEnergyAct.
$0,I5 per page, receivinll the waste "that them _ bl

WONIngWTXltNII_OIIMATION P.O41TAI¢'12. no mi_'ation of h=_zlrdou,IcolmtJllllll , O_laity 21,li EPAsilo promulililed
General questions abou,t the reg'ulatory from the dispolmt unit or inte_ i mm_mb ._le,. ,oc_ =tri _,__or_-_,_¢r,,_,,,.
requirementmmunder RCRA should be mmsLong=tsthe wmmstesremain =lmm_a,_o_ for,.=n_tofllXot_d trllr.ht.m .,,qi_ , 3J

dire=ted to the RCP,J_/Superfund HotLtne haz,,,rdou=." {RCR,Asections 381N('d_tT, II z='tz=t,,
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from the det'inttion of RCRA "solid earth's surface. Over an approximately ',and withdrawal action, T,t',e-_.'2csl'ory
waste," there has been someconfus¢on five-year period. DOE plans to test and _sdesigned to hold TRU wastes _na{a:'e
Lnthe pastas to the scopeof EPA's evaluate the behavior of the waste m currently stored at the DOE _3enera',_n_
authority over ,-nixedwaste under the reposHory, as well as the facthttes, as weil as new TRU was_es
RCRA, EPA c[ar,,fied this quest;on In a characteristics of the surrounding that wdl be generated over '.he next ,2"5
Federal Register not=ce on [uiy 3.1986, for=allan, to deten'nine the site s years, The Lmderground waste _;sposai

EPA s c_ar'.;icatlon stated that chs acceptability for the long.term disposal area of the WtPP, when comple_ect,w_,i
ssc:ion 1004e.xciuston apt_iLeson{y to of radLoectwe waste. Today's no- cover 100 acres, with a _otal design
'._,e:ad_oac_'.'e portion of ,"nLxedwaste, migration deter=marion requlre= DOE capacity of 8,45 mllhon cuo_cfeet =or
not _.ochshazardous constituents, to remove the waste from the repository approximately 850,000d_m_ of wasteL
Therefore, a mixture of source," If the site proves to be unacceptable for To date, 15 acresof u.nder_ound
'special nuclear,' or 'byproduct [on_.ten'ndisposal, disposal rooms have been mead,
mater_ais' and a RCRA hazardous Over the long.term, the WIPP Althou_jh DOE has conducted
waste must be managed a= a hazardous reposttor'y ha= been dem_'_eda= a extensive stud=esof the WIPP site and
waste, subiect to the requirements of permanent disposal site for mensuranic the reposatoryperfor'rnance,
RCRA subtitle C (that Is, RCRA (TRU] radioact4ve wastes res_tin$ from u.ncertamtiesst=iiremain, For exan",pie,
standards for the mana=2ementof nuclear weapon= production at ten DOE concernshave been raised over :he

•sites around the country,= TRU waste= possibility that gasgeneratedhazar0ous waste}, EPA's oversight
underRCRA, however, extend= only to are defined as waste= conterrunated undergrou.nd st the WIPP could,over the
the hazardous waste components of the with alpha.emitttr_ radionuclide= with long term, build up to u.,nacceptable
mixed waste, not to the source, special an atomic numbergreater than 92 (that pressures, leading to po==_biereleases
nuclear, or byproduct materials is, heamer than uranium) in from the repository, To address this and
the=sr{yes, The exempted radionuclides concentration= of _eeter than 100 other questions, DOE plans to conduct
are instead addressed under the AEA.= nanocuries per gram of waste, h't testing and experimental:on over !he
DOE subsequently confh'med and addition.. TRU waste= by definition have next several years. This testing will

half-lives of mos than twenty year=, include i.n-sttuexperiments with actual
ctanfied this interpretation in the although the actual hal[.|lve= of TRU waste=underground, asweil asFederal R_lister on May 1, 1987,
Sections I,D and V,A of this notice radionu_lde= in we=ts to be placed in other investigations. These in-situ tests
further discus=es the relationship the WiPP are often hundred= or would astrally involve waste=

thou=and= of year=. The TRU we=tea areal=tin8 to approxzmately 0,5 percent
between the AEA standard= and theno- targeted for the WIPP con=tat of a of the total repository capacity, From
mt_'at_on finding, vinery al =stencil. lndudtnll tools, these test=,DOE hopes to gather data
EPA's July3, tg_ interpretation went equipment protective clot_nll, rags, that will allow it to demonstrate

into effect immediately in state= not graphite, glen. and other me_enal compliance with E,,PA'sstandards_or
authorized to administer the RCRA cants=meted di=ni the production and disposal of radioactive materials (4.0
hazardous waste program--that ii, in reproces=inll of plutonium.:cants=mated CFR part 191 subpert B) and lon_.¢er'm
the ten states and tet'_tones where EPA or=aec and inotllanic =|udae=: no-mi_ration of RCRA hazardous
directly regulata_ hazardous we=ts conteminated procau and laborttory constituent=, a=weil a= in ident]fTIn_
under the Federal RCRA retjulattons,At waste=:and contaminated item= from any en_neeru_ modifications that may
the same t_me, the July 3, 19_ not=ca decontemination and decommissioning be necessary to meet these standards,
informed authorized states that they acttv'tttea at DOE facilities. AI TRU DOE ii also conaadermgthe need [or an
were required to apply for and recewe we=ts=, these we=tea ar_ di=tinluished "operations demon=treiman" dunng the
authonzatmn from EPA to re_.date from high-level radioactive we=ts, such test pe,nod.The purpose of this
mixed waste under RCRA. To date, al used reactor fuel. and low-level demonstration, which might involve up
twenty.three stets= and territories radioactive waits. Other di=proud to an addit.ionai three to ei_jhtpercent of
(includin_ New Mexico, where the WI_P =t_tegi_ _ beinl developed tor hi@- the total WiPP capacity, would be to
_slocated) have obtained, authority to level and low.level radioactive wastes, show DOE= operational readiness to
regulate mixed waste under the state 'rha land in the are=, ot'the WIPP ia ship we=ts to the WIPP and to p_aceit
RCg.A hazardous waste programs. Thuag ownaedby the Federal government and under,_round. (Today'= approval does
mixed wastes are currendy regulated ai ad.nlinJaterld by the Bu/'nu o| l,amd not cover placement of waste= for the
hazardous under Federal RCRA Mane_emenL The four.mile by foe.mile purposes of the "operation=
requ_rement= ta thirty-three states and plot of land overlyinl the repository has demonstration." DOE would have to
terntones, been temporarily withdrawn fm= public sub=st for EPA'= consideration an
C, WIPP Proect ural by the l_plrt_mnt of l,nterior: ii ii amendment to it£ no.migration petition:

now tmdaf the control of DOE,,Bafor_ any EPA dec=ion on such an
Today's notice add._=_= mixed ' DOE can b_nll we=ts to the =itL amendment would be proposed in the

waste that DOE intend= to ship for how_wer,either Conlrns or the F_bmd Ra_li=t=, w_th opportunity for
testmg and experimentation to the Wi]_ Department of _tarior mt,tattab,=new public comment]
site near Cadsbad, New Mexico, durin_ As = condition to today's approved
a prelimmary test phase.At the site, the ,1'haoOI fmuflm t_t intendtomd TRU petition. DOE must re=o-" _Jl
waste wdi be placed in a mined wine to0_ _ amI¢la_ Na.mu__ hazardous wastes from lh= =._po=itoryif
underground repository, located in a salt Lata_,m_,,td_amI'.IlL _ a¢=r_,Rat===ac it is unable to meet EPA standard= for
bed approximately ?.150 lest below the _ cove.skiLm _ Naaeaatl.,=_.=ar/, permanent disposal of hazardous andLosA_usso_New1_4_ _ Nanomd

La_xmtm'y,Aqlam_ha: h,amu_ lll,w Rant radioactive Wiltel at the conclusionof
Thtl mterpr_talmn,howtv_,do_lrot l_r_:ludl Adum.!I_ Ca_.. Oak_I_ Nammal the felt period._ However, if the WIPP

EPAfromr_qulnn=dataon_i_ioat_¢Itd_contentof Libm'¢_P_,Oids_ T_ H_mfe_l
wlsle| wherenecessarytocam/o_t!_A'I Rm_¢vilioil.Rk_lll_, Walhmllml:I_ _qaat_
llulhontlllufldl¢RCRA.-4ofllllllpil, lOinlt_l Mi_II_II_I_Oh_ Lira I.l_ Naltomll _ lallllS}, plltliOnlPiiltkinll i
protectionoi"pat,lonnltc_lrl'ylnI 0_11RC_R_ LalbllrllO_.l.iYefwlo_,_lliit_oenili:lM Nlvll_l Till hO-_llll'llllOfldlfnOrlllntlotlmmllp1_O¥1C11ltd_'lCllf_t
_nspectlon or ovo_ll_; ¢implmi. Site. _. Navad/L C_n,n_.<l
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the test period and well beyond. The lr. Discussion of EPA Determination of the 5aiado Formation ',,_atfails w_,_ _
specific conditions of today's finds@ are and Con_tions of Detem'd.nauon the WIPP [and w_,h_rawai area:

discussed In the follow,ns section and ,.-!,,_,'o.A(/grarmn Find/n_ spec_t"tcally,any movement of
hsted _nsummary form =nsection 'v']of ' constituents above "Eazardous ' ;eve=s
lh;snotice. To make a no-mt@ratlon =ntao,,erlymcjorunderlym@formal:one

dcte,"rnmatlon,sections3004ld)(1), beyond thelateralboundariesof',heA_thou.=hEPA'sgrantlngofDOE's or
oe:_tlon =sspec:iicatly based on a (e}(1), and (8)(5) of RCRA require EP.s, to land withdrawal area would const;tu:e
_=nd,n_oi no.m_ratlon of hazardous f_nd(hat "there will be no migration of migration. "l'htsu.nit boundary. Woulct

hazardousconstituentsfromthe applytom_rallonvlaairemissions
censtIIuentsfrom ',heunitdur:n_jthetest disposalunitorInlectionzone aslongas duringoperationsaswellas,.'tagroun_
;'base. EPA has thoroughly reviewed the wastes remain hazardous," As EPA Water or other routes after closure of :,"e
available information on the expected explained in the preamble to =ts unit. (This issue ts discussed =n_rlore
i_ng-lerm performance of the WIPP proposed decision, it interprets this detail in sect=onV H of today s notice,
:'eposltory.Given the 8eoIo_jtcal stability requirement to mean that constituents EPAs definition of "bazar_o'us" :e_,'e_s
of the ares: the depth, thickness, and {isled in appendix VIII of 40 CF'Rpart of migration ro=ass uncnan_.ed_r0,,'n
ve_' low perrneab=iity of the salt 2B1cannot migrate at hazardous levels the proposal, As discussed below :n
formation in which the repository has from the disposal unit durmg the time section V.G, EPA _srely=sl on _e_:_,.
been rased: and the properties of rock that hazardous waste is present in the based levels" to define ml_ratton..-,_,,
salt as an encapsu|atin_ medium, EPA umr, li the hazardous waste with= the is, leve{s that would be hazarcious _oa
believes that theWIPP is s promlsm_ unit becomes non-hazardous or if it is person exposed at the unit bounda_, f_.
site for the permanent disposalof mixed removed from the unit. further migration an entire lifetime,

waste.To be sure,inumber of from theunitceasestobe an issue.In The no.mt_ratlonstandardapphes;o
_ncertainties related to the lon_-terrn the case of the WIPP, DOE:will have to ali possib[e routes of release from the
performance of the WIPP remain--for remove ali hazardous waste from the unit, EPA. however, hasconcluded ',h_{
example, the extent and effects of _ss underB_und repository if it cannot migration of hazardous constituentsout
_eneratlon, the effects of bnne inflow demonstrate the lans-term acceptability of the unit durm_ the test period =s
into the repository, and the influence of of the =lte: therefore, the effective period implausible by any route other 'banair
a "disturbed rock zone" around the of EPA's findin8 is the test phase. Thus, Waste will be containenzed durm_'._,e
mmed repository, DOE will be EPA.'= decision today is based on the test period, and even afit were releas,,,d
investiBstin8 these uncertainties inthe cnnclusion that the Appendix VIII from a container, there Is no posmb=l,,v
test phase at the WIPP, and it will constituents will not mid'ate at that waste could mtBratefrom theun,,
reviewwhethertechnicalmodifications hszardou=levelsfromtheunderground by groundwateror directlythroughth-
io the repository destBn or the waste are repository du_n.8 the test phase and that salt rock within the testperiod,No
necessary to ensure compliancewith the DOE wiU remove allhazardous waste
regulatory standard|, from the unit if testtnll cannot show that com=enters q £esttoned this conclus,onwhich EPA discussed in the proposal.

lt should be remembered t,kat today's the site meets lans-term no-m_,_stion
decimon is only for the disposal of standard=, Potential for Mi_tmn v_ A,..
mixed waste durmil the test phase for EPA's no-migration findins for the £rms_on#. Forair emissions dunn_jthe
test;n_ end experimentation to WIPP test phase falls into several test period, EPA'st'indin_ts basedona
deter'mmswhetherthesiteis categories:Migrationof hazardous carefulreviewofpossiblereleasesProm

appropriate for the lans-term dampa=aiof constituents under anticipated test the bin-scale and alcove testsDOEis
conditions in the repository: short.term plannm=jto conductdunn_jthe test

m_xed waste=, Before DOE may move period, For reasonsdescribed below,
from the test phase to full-scale stability of the repository: feasibility of
operations, it must petition EPA a+ain retrieval: possible effect of acc=dents EPA ha= concluded that any releases
and demonstrate no miBration over the and spill=: and e_ectiver[es= of controls from the alcove-scale testswill be
Ion_ term--that is, it must successfuJ,ly aBsinst human inL,'usiondunng the test neBltBible.Therefore, it has focusedtta
address current uncertainties about phase, These aspects of EPA'= attention on the bin-scaletests,In these

determ.Lnstionsre discussedbelow, tests,headspsce_Isseswallbeventral
tong-term WIPP performance., No miBrotwn ofhozordou_ into the bin dischargesystemwhenev_
Information _athered by DOE durin8 the con#tJtuen_ beyond the unit boundary, the bin= become pressurizedthroul_s
tesiphasewillbe centraltosuchs !_ the proposal EPA explainedtnsome pressurereliefvalveinstalledonelcls
demonstration. Any EPA decision to detail its definition of the unit boundary bin. The Ines will then be passed on to
approve (or deny) a no,.mi_ltion for the WIPP and its standardl for the exhaust shift Becausethepu,tl_
petition for permanent di=po=mlat the detsrminin_ whether a consul' ._nt of the experiments is to _stherdiii on
conclusion of the test pMN will be miBrsti,n41from the unit is "hazardous." the Sae_snersttonpotential for the
=.,de with full opportumt7 for public The proposed unit boundary was the various t'yl_l of waste=intendedf_
comment, as prescribed m 40 C.FR Saiado Formation a_ the Wipt _ site. disposal lt the WIPP. the rite ofSM
:_.6(8}. bounded by the latir-mile by four-m.tle generation and thus the =mounl o(

F_rther technical deta/._ reBardtall land withdrawal Irl. i, except that for hazardous constituentsixpected lo be
EPA's final decision are provided in a air emissions durtn8 operationl, the unit released can only be estimated.Becau_
background document. In addition, boundary was tha point wha_ the air of this uncerlamty, DOE hasproposal
maior issuesraised by public exhaust vsnttlatio_ shaft mat the snd EPA's decision today requirestlm
com=enters are discussed in section V lurfsce, EPA'= definition ofthe unit inclusion ofa carboncanister=ntheb=
of today's notice, as weil ai in s boundary in today's decision i= largely 8as disthar_lesystemto removeany
response to comments document. Both unchanged from t,".::proposal: however, volatile organic cons.tuents reiel_KI
the backBround document and the in responla to pub=accommen_ ii hs= from the bins. This c_rbonids,orpoo_
response to comments document are sliBhtly modified the unit definition as it control device must be desill_ed 1o

available in the public docket for this applies to air emissions. IJrtthe final 95achieVepercent.acontrolAsexp[imedefficienCYintrialatpropO,_.le,maction, decision, the unit referee to that portion
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EPA has t,_,en t.h.iscont.,oi device inlo shaJ'tis 34 rmlliot_ T:PAapplied the , and rockt'ali dunr_ the e_tlve te_t pL'ase
account ;n =tsno-m.d,'alan findm_ for _tlution factqr to the average headspace The efYectsof eedy room closure.
a_r arn,ssr•ns, c:)ncentranoruB,to_ether with thecontr_ however_are of greater sl_.nlncan_ .rat

F,._r:ts assessment oFreleases from device efficiency, to calculate the the test at.cavesbecause they cannot be
:he '_ln-scaie tests, EPA used _e concentration al conat,tuents in the lnsp_,cted whale !he tests are unOer'wav.
:-ncent.,'a:=onsof'voJar.=[earsenic exJ'_austshaft, and t:>ecausedrums must be retnevacle
.:)mcot.:nds :'neasuJ'ed=nthe hesdspace The compliance pc!ni concentrations a_'ter thetests have been ct;,_piered F_r
,J;-_;_drums conta=nm_jwaste 8enerated (w_th ,he carioonad_or'ption co%_t:_i th$s reason. DOE w_IIbe reducln,( the
G:DOE's Rocky F'_atsPlant and stored device mstalled In the bin d=schar_e dLmensionsof the test alcoves,which
o: t_e Idaho ._a_JonaIF-,,_jlneer':.n_j s:.stern) avean order of ma_nit'ude wt[[ stow dow_ the rate of creep cir_sur_
LJaor_tory. ,_:sdesc.nbed t.nthe WIPP below the level of reSul_ltory concernfor Finally. DOE intends par_aily ',obac_,_ll
no-rn=_at_onproposal. DOE hambeen carbon tetrachloride and are two to several alcoves w_th crushed salt ,'o
apis ',oprovide httle or no _'d'or'matlon seven orde_ of ml_Jl'llt_debelow any s=muitedi•ph•sl condtt,ons. Backfilled
on samp_in_jplans, sample han_ins o_her level of re,8,uJetoryconcern. Thee tesi alcoves w't{[be _tted w_th 'stand.
procedures, or quality assurance/qual,ty fitpJj'e_represent the be.scaLe tests afr' wails between the backfill and the
:',':ntro[ ,"neas_resfor thesedata. a:or_e:however, thecontribution o( the mine walls, so that room closure does
Therefore. EP,_ views the _'_a|ytica| aic•yes is ne_Jistbleby comparison, not impmae on the backfiIied drJ-,,s.
r.-,sultson these headspace samples as P.Jthouahit would not be allowable These modifications ensure the
he_n_semtquanLitative..",levenheless, under today's decision, DOE has successfu.Jretrieval of thedrums from
even if thesedata t.mderestimate the provided data to show that even when the alcoves at theconclu_=onof the tv,_t
const=tue;_tconcen,J'¢{ionsby as much 10percent of the waste¢ equivalent to phase, ii it proves necessary.
asan order of magnitude, the 85.000d_rna are emplscsd in the Fe_=ibi/ity qfmtnevai. Several '
cnncentraI_onof"c:.,,'lstituentsat the unit repository before seaLin_of the rooms, commente_ expressed conce.,'n!E_¢
boundary are still expected to be below the c_ncent_t'ions m the exh,.=uatshaft retrieval may not be technically
health-based levels, would be two to ei_tt ordersof feasible, and that, _iven this uncertainty.

The results of'F.PA'=assessment are r_,,_t.it'udebelow the levels of regulatory F,oA cannot assume removal in its no-
_hown in Table I below alans with concern, mi_-etion findtna. These commente_
levels of reguJatory concern. Baca,use _e ek:ova experiments posted out specific instances where

TA_.e1.--Tes'r _ Coum..uu¢=F_o_m' tnvotve only 3.8,50drums (more than= retr'tevalmi_ht be difficult ,or_nfe_s;_le,
CoNce.N'n_'no,ul=NAm factor of 20 lower), the concent,'vettonsin surchas in the case of fire or explosion.

- the exhaust shaft li,am the aic•va drtmtt They alsosue,Bestedthat cree_;closure

,_ c_ _._=,= would be a factor of at least three to of the test alcoves would pvecl,,,de

I rene order_ _ ma6,nitude below the removal.---an issue discussed in I_.e
¢,.._.1im._Nt

_ _ ==,_me level of • _pdetory concern. The actual previous section. Rnally. they a_,._od
._,_ _,e,,o_ t_v,,_, concentn=ttonewouJdbe avert lower that reina'rsi from backfilled alcr,v_,s

' 3=_. ,w=o_m .._.._ ,= 0,_17 t 0°_ than thbl once the alcoves ar_lsealed •t ha8 not been demonstl"atedand _,h_t,,,o_ _ .... _ o,_, 0•osm the start of the experiment, conside_bie shut'Tti.n:jof waste
,,o-,,,o,e,,,___._.._ ¢_o =oo,=} o= Ep,=.rer.,o_i=e_ thai theactual bin _a undera_und dunns retneva[ may ha,.e
.,, r_,,=,__, i _ oo_ i,o_m 8eneration rete may be hilher than S inherent nsks.

_,,_,,_ ............) ,.,_ o.o_s i:_.om males per drum per yea'. However, eve_'. EpA. hemconcluded that DOE's Waste
t..... if the rate were siS_niflcantly_sJler, Retrieval Plan, in cornbmacionw'_th

EPA consewatively assumed that concentrations 8t theumt bouzKllry mock remevais, demonstrates tl_at
both test rooms piam'_edfor the bin- would still be below heel_eaed ret,'-tevalis technically feasible, Ali
scale tests are filled to capacity. The level=, fpven the r_ent for • _aior aspects o.fthe remeval process
capacity of each room is 120 bisu_ carbon adsorption system deeitp'tedfoe' are add,"_=ed in _heplan. tncl',_,-'!n_
therefore, the total nuc,ber of bins is 95 percent efficiency. Therefore, EPA radiolo_¢al and hazardous was:e
._._0.EPA then assumed am avert_e tpiJ f'urtd_fJ_ltDOE hamdemon=m'tted,to • contamination cot|t'roi, d.,-omand bin
_eneration rate of 5 molt per drum per r_almnable _ of c_rteinty, thlt handlin& overpackin_ proceduresf_
_,ear.a fi_uJ'ethat DOE characteri,tes as ha:ulrdOul ¢onltiroents will motmi_'mte corroded or dan=agedclrunls,clean up of
represents• the upper bound of the beyond the repository bouo¢iary dortn8 contanUnacion, and back.till rem'aral.
ran_jeof credible _as seneJ'=tionret_ the tnt phne at lp"elter thin health- W'hile releHe or leakal_ of her.aral•us
(Test Plan: WIPP Bin-ScJIkeCIi TRU baled levebl_. ' coml¢i_ents ft'on1containen w_thin th_
W_ste Tests. January 19/_ SAND aG- Sh•rf-cars stability of the site. bl the repository du,r'ins_e test period would

• oA6Z].Each bm can hold the eq_v•_lt_t ions tm'm,=mitm'ee,p will bQthe I:mmlry certainly complicate ret.,ie'val, it would
r-fs_xdr_m votumes o( wlsla, mechamtm to teel the WIPP repolttory, not render ret_eval technically
T,_erefore. DOE's upper _ 8,=| in the short term, ho_er, malt_ infeamble. Such even= are adequately
_;eneratlonrate is equivakmt to e toted which can lead to Iocalheedfractm'mlI addeessedby emeqeney response
_as _ener _tion vat= from all 240 and rock f•il...-musl be mi_illeted to procedures defined for the WIPP, T_e
expenmer,tal bins of O.Scubic metm.m ensu,"ea stable repomtory ee,v'Lroument, spastics of the verloum emeraency
per day. DOE hamspecJfied the t_,,oet_l Repository stability _ bees il_aOY vesponN procedures are data,led in

entflation rate t_rotrsh the re1_O_litOt=y crthiineLN:Jdm't_I the _at pb,t_ by several DOE publi=t_ons referenced in
,:is4Z5.000cubtcfeet pet'minute, which sevand dui_ mocUflc_tioNIto th_ the Waste Retrieval Plan. in addition.
_sequivalent to 17 miLLiorlcubic mete.n; experimental Ires. The moat 81_nt whL]eEpA Itlp'_a with commenters _at
l_erday. This enUre volume of air i, ,lterution ts rockboltinlL a standard m_ or explosion would make re,aral
exhausted at the exhaust sh•ft and is mininll techn_ to ensure stability. The more di._cult, the Aaency is imp•sins
_vadab|e to auc with any 8as_ releaK,.d roofs of ell test alcov_ and bin tem additional conditioN= to minimize the
from the bin discharge system. The rcon'mtall be _,ockbolte<LThis p'racttc_ potential for _mcben event. (Seesect,on
resut_n$ d_luLtonfact=r a! the exhaust r_loneshould prevent excmiv_ c'r=ckinll V.I.I of today's notice for a detailed
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descr',ptionofthlspo:ni,)Thus, does notexpectthedrums tocorrode event,(AfterDOE has develo;'eda
adequatesMeguardshave been imposed sigm_icant[y,Forthesereasons,EPA has _eaterbody ofdataonwastessht;:)ped
and ,,viii be =mpiemented :n the event of concluded that the useful drum life in to the WIPP, lt ts hkety that waste
an acc:dentai release of hazardous the WIPP will exceed the period of ttas characterization requirements
cons:',tuents, deterrmnatton,includin8retrie,,'a[time, addressin8 flammab_htycan be relaxed.
lt._houidbe notedthattheWaste and ltseesno reasontoquestlonDOE's However, thlscouldonlytakepiace

Re:r:eval Plan _s_acked by successful , statement that the d._m= w;tL maintain through a modificatton of the
mock retr,evai demonstrations, although inteanty for twenty years, dete_nlnatton, with opportunt;y for
EPA recognizes :hat mock retr:eval In addition. EPA note. that containers public comment,)
demonstrattons performed thus far at at the WIPP will be sublect to E[t.ctzvenes$ ofcontrc/s c.¢c,',",st
the WIPP did not mclude remove[ of sanitaria 8 and irtspectionprocedures human m_rusmn, Dunn_ the penod
_..astefrom the alcoves themselves, required under RCRA 40 CPR part 285 covered by today's determmatton, DOE
Other aspects of the removal process, (and. once a pea'nit .'toabeen issued. ,,vlll matntam active control over !he
however, were _lmulated in the reu"teval under 40 CPR part :_64),These WIPP ate, and unauthonzed access ,,,,'_il
demonstration. Mock retrieval requirements will be admmatered by the be prohibited. Furtherrnore, the site w_',t
experiments on backfiLled alcoves and New Mexico E,nvironmental be operatm_ under RCRA mter:m status
on bmi will be performed before any Improvements Division, with EPA and permit conditions, adm=mstered by
waste ts placed m the WIPP, overslaht. If any questionable dr_ms the State of New Mexico, and therefore

EPA aarees with commenters that were identified, mitiaativs measures--- will have to comply with the ECPA
shuf/'[in8of the waste du.nn8the such as overpackina---could be security requirements. These
retrieval processcould tncrea=sethe nak undertaken. To be su.re,drums that are requLrements mciude prevention at"
ot' a release: however, safe movement of sealed in the alcoves dutin8 the alcove unknown entry of pe_ons or Ij'.'estoc_
the waste containers is technically tests cannot be routinely inspected, to the achve portion of the t'actl_ty.
feaslb[e, and EPA has concluded that However, t.mderDOE's test plan. thes_ Finally, DOE has secured ali mmer,_i
DOE's routine container.management tests are expected to last approximately leases at the WIPP she, eiimmatm_ the
procedures are adequate. Furthermore, five years, Thus. inspection would be posmbiLity of thedisturbance of the
any removal actwtttes will be conducted pc,_stb[ewell within the useful life of the repositow as a result o('rnmLngor
under the overstaht of the State of New drum. dritltna. For thesereasons, the Aaency
Mexico, either du.nnERCR.A interim Finally, as EPA discusses in this and has concludedthat mzaration res,flung
,status or under pea'nit conditions, which the followir_ section, spi[Jaaefrom from human intrusion will not occLr
will ensure an appropnate level of care, d,nm'u=(however unlikely) can be de.nn8 the term of the deters=rattan.
Finally,theEnvironmentalEvaluation contamed and cleanedup, and corroded
Croup. sn independent _'oup drums can be ovsrpacked. Thus, EPA B. ConditionJ of Deter_./nQt:o._ ,til
established by Conaressto provide dtsafp'eeswith commvnt=rs that drum 1, Limitation to Testis8 and Wreview of the WIPP proiect, provides corrosion miaht prevent the safe Experimentation
oversight over waste ma_aaement and removal of drums from the WIPP, if
safety aspect3 of WIPP operations, removal proves necessary. [.nI_A's proposed Rndin_, Lt[imLted
inciudin8 removal. L/mitede_ectofoccidenLs ands.,ills, activities involvin8 m=xedwaste at the

A number of commenters raised the Numerous cam.reentersargued that WIPP repository to the testing and
possibility of drum corrosion durin8 the accidentsor spills a.tthe WIPP site experimentation described in DOE's
test phase, which could Icsd to spiJlaae wouh.i complicate retrieval o',, ,vesteeor petition and referenced documents. The
and complicate ret,neval.EPA has rniaht lead to ml_'ation. EPA agrees that Aaency has retained thisconditiontntta
concluded, however, that the potential accident= or spills miaht complicate final determination. Consequ,_ntty.DOE
for s_an_ficantdr_m corrosion dunng the retrieval, but it has nevertheless will be restricted to _tsplanned test
test phase is limited and will not concluded th=:t the cleanup of spill, and phaseactiv|ties, na described in the
substantially affect the retrieval of the removal of contammated merons| "WIPP Test PhasePlan: Performance
wastes. While it is true that salt is very from the WIPP is technically feasible. Assessment," Rev;sion O (DOE/WIPP
corrosive,therateofcorrosionofthe The WIPP RetrievalFianoutlinesDOE's 89..O11,April1990),BeforeDOE could

drums bem_ stored in the repository is planned approach to the removal, of conduct activities beyond the scopeof
expected to be low, This _sbecause contammated material: in addition, the this test plan, it would have to petition
several key factors affectin_ the rate of feasibility of safe removal of such EPA to modify its no-m=lpation finding.
drum corrosion at[ew for favorable drum material was demonstrated in DOE's Several commenters on the proposal
storage conditions. LnpmlJctdar, the rata mock retrievahl. Moreover, neither EPA expressed uncertainty about what
oi: corrosion =saffected by the nor publ/c commentate identified any spect,tic ac_vittes would fall under the
compos=tion of the brine ¢ontlctt.'tll the spLL[situations that by themselves definition of "testis8 and
drums, That is, corrosion proeee_ most wouJd lead to a raison from tha experimentation": in addition, the
rapidly if the bnne is unsatu_ted and repository, commenter= asked for clarification of
conta,ns dissolved oxypn, However, EPA hsa addr_Nd the possibility o[ when DOE w_u_dhave to notify EPA of
the brine in the WIPP repository ii both fu_ or explosion in the WLoP by new cheeses from activities described in the
saturated with salt and contam.slow wa.;_ characteri_tion reqtm'ements in performance assessmer,:_._stplan,
levels of dissolved oxygen: therefore, today'., decision. Under these With respect to _ne first point, DOE
drum corrosion would be inhib,ted, requirement=. DOE must test every could conduct in the repository only
Moreover, the rate of corrosion ii container shipped to the WIPP for those teat,Ior experiments designed to
directly affected by the _mount of bnne flammable pies. i/llammable 8ases are provide data to demonstrate the Ions-
contacts8 the drums. Since the identified, the waste cannot be placed in term acceptability of the WIPP, Thus,
repository is expected to remain dry the repository. Thsrefore. under _e DOE's planned "operations
dunn_ the test period and thus there wit[ term=of EPA's determination., explo==ion demonstration" has been explicitly
be mmima[ d_m-brine contact, EPA or fire in the WIPP is not a cJ'eJible excluded from theallowed acts..'mes:
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othernontestlngactlvttieswould su_ested by EPA and now EPA in effecttsdefinln_a ilm,t_hat_t
sift,flatlybe excluded,Forclarification,contemplatedby DOE. wouldbe ;,,'ouidconsidertobea sl_IIicant
EPA has modifiedthlscondltlon,which excludedundertoday'sdecision, departurefromtheactlvltlesdescnbec_
o,-,_inailyread"placementof was'e for becausetheyge substantlallybeyond LnDC')E'sno.mtcranonpetitionand rts
lheprimarypurposeofccnduc:ingan theprod'amdescribedm DOE's test F!na,.estplan.BeforeDOE couldexceed
_perat_onsdemonstratedtsprohiblted planand Furthermorearemconststent thaiItmlt,atwouldhavetorepetlt_on
':nderthlsvartance'' ',"byc:'_pplng v,_thothercondit}onsofthe EPA, and any EPA approvalofan
:_eword "prlmaF./,"Several deterrntnatlon(e,@,,thevolumelimitand expanded testproto'amwould have!o
_.emmenterssu._ested:hatb",einclusion retrtevabd_tyofwastes), undergopubliccomment,EPA also

ei:heword "primary"amounted toan _.,Limitationon Volume emphaslzes_.hattheIpercentfigure
_r,vlIationtoDOE toconducta Full.scale representsan upperlirmlontheamount

operauonsdemonstratlonw_ththe Initsproposeddetermination,EPA ofwaste thatmay beplacedintheVVLPP
e'_cusethat Some testmg was also going did not set a spec_t"iclimlt on the amount under today's determination, This limit
on, This was not EPA's intention, and of mixed waste that DOE could place tn would not override ,he condttLon that
therefore st has modified the condition the repository during the test phase, waste could be placed in the WIPP only
accordingly, EPA, however, stressesthat Instead. EPA argued that, because of the for testmg and expenmentauon withe
,,t does not understand this condition as' experimental nature of the test phase, the scopeof DOE's test plan, Waste
preventing DOE f'rom unc=dentally DOE needed a _asonab[e degzeeof v,ould not be allowed =nthe rapes=tory
testmg someoperational aspects of its nexlbi[[ty in carryin$ out its t'orpurposes other than testmg and

experimental program, Although severals'_'stemwhen tt places waste experimentation, even tf the volume of
t.:nde_round for permissible testing, commenters supported EPA's approach, waste involved did not exceed the 1,
Such actiwty, in F..PA'sv_ew, would not many opposed it, ar_in_ that it was percent [Sail
constttu'e an "operations open.ended and allowed DOE to expand
demonstration" in the sense that DOE as the scopeof the test phase _ndefimteiy, Many cornmentersalso sure=ted that
well as DOE critics have used the Altbo,_ghEPA continues to believe that EPA shorten the proposedten.year
phrase up to this point, In addition, EPA its no-mi_ation finding, as proposed, expiration date for petition approval,

stgm_ican_"_restricts the nature of DOE EPA has not adopted this suggestion,recognizes that somemixed wastes because, as it discussedLnthe proposedactivities c_uringthe test phase, the
aught be generated under_ound as a Agency nonetheless understands the decision, it believes sucha lim=t ms,ht
result of le_timate experimentation or concerns of the commenters,Therefore, art=_cia[ly constrain legit=matetestmg,
atr monitonn_ in the WiPP repository, EPA does not believe thedifference
These wastes, which might no longer it hamdecided to place s volumelimitation of 8.500 drums or I percent of between five years (the proiected length
have any experimental purposes, could the total proiected WIPP volume on of DOE's test phase) and tenyears is
nevertheless be stored in the repository wastes that can be placed in the significant in term= of the likelihood of
until a final determination on the sit_, repository under this del=ram=rien, release of hazardous con}stttuentsfrom
was made. Because the materials wel'e [n setting a volume limit, EPA notes the repository, Furthermore, tt has
originally placed in the WIPP for _hatDOE's "WIPP Test Phase Plan" concluded that this difference tn t:me
per'ms=sabletestm_, continued storage o{ called for bin end elcove-s_le testing of will not si_n_tficantlyeffect
Ihe wastes in the repository would be waste amount.s8 to 0.5 _ercent of the retrievability, However, EPA
con=tsl=ht w_th the terms of EPA's projected WIPP capacity, while in acknowledges that the t_mmgand
decision. Congressional testimony, DOE indicated proceduresfor removal of waste =fDOE

With respect to the second point, tests that bin, alcove, and pilot.room tests ts not able to demonstrate the Ions.term
and experiments conducted under might require waste amountmg to acceptability of the WIPP at the close of
',oday's determmation would have to be approximately :_percent of the WIPP the ten-year period was not clear =nthe
con=tsl=ni with the activities described capacity, Becaun EPA hamdetermined proposed finding, Therefore, the Agency
_nDOE's performance assessmenttest that the pilot.mos tesi=, a= currently has amended the conditions of the
pian and its no.migration petition. For planned, could not be conducted under findin_ to addreai this concern,This
e_ampie, where substantially different the proposed no-migration/_din_ it issue is discussed below,
wastes or waste containers are used. believes that the Zp_rr_nt volume limit 3. Waste Retrieval
where waste volumes were increased wo_d be inappropriate, At the same
_bove 0,5 percent {but less than one time, EPA also believes that linutln_ The requirement that DOE retrieve
percent), or where tests out=ida DOE's DOE to the amounts sp_::ifled in the wastes from the repository if it cannot
planned three-phase bin and alcove- current testplan might not provide demonstrate the [onll-term acceptability
scale tests are contemplated. DOE sufficient flexibility for DOE to modify of the site remains unchanged from the
',.ou_dbe required to notify EPA and. if those pl=ns, particularly in resport=e to propoul, As discussed above in secLton
',hechangesmightaffectthebe=iuof comments from reviewinlorganizations.IV,A.EPA hasroundsuchretrievaltobe
EPA's finding, seek a modification to Consequently, EPA has decided to feasible within the general p_rameters
,hat finding. The only exception to this impose= limit of 1 percent of total WIPP of the plans submitted with the petition.
would be those wastes that art cap=city (or &_I} dJn,u_), a f[_utslthat [.naddition, EPA hamadded a clause
Jescr_bed in DOE's no.migration provides someflexibility to DOE and at spellinll out in more detail the timin_lof
_et_tsonthat are modiSed through the same time llJves the public retrieval, Under this reqm.,'ement,DOE
various treatment technologies:because assurance of an opportunity to comment must submit to EPA a specific rein=va|
the compos=tionof these wastes, if if sigzt/flcant increases over DOE's schedule no later than six months after
changed, would contain fewer toxic proposed waste volume= are needed, it i=determined that theWIPP cannot
constituents, the Agency does not EPA empha|ixn thai it is hot balinll meet the Ionl]-term disposal standards,
bel,eve it would have to be notified the I percent limit on s,'tyt_..h_c_ or six month= before the expiration of
before the wastes could be placed [n the determination _ how much wast_ the petition approval (i,e., 10years after
repository.EPA does note,however, would be necessaryforDOE tocarry petitionapproval),whichevercome=
that the pilot-room tests originally out an adequate testing program.Rather, first. This schedule would have to detail

@
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retrievalproceduresand includea EPA isnotrecluirir'_DOE toper'form be tarsetedisrroutinequantitatton,No
schedulefortheremovalofthewasteas testingtovert_thecontrole_c_enc.vof com.rnentswere receivedon this
rapidlyas technicallyfeasible,Before thecarbonbed.However, DOE must ques_on:therefore',EPA has decidedto
retrievaltookpiace,theplanwouJd be monltorthebinexhaustman_foldto retainthefivetarsalconstituentslisted
subiect to public comment and EPA show that no ml_'anon above health, in the no_ce of proposed decmon, with
approval based levets aces,triat the u.nlt prov_stor_ for tar_etLn8additional

boundary,Thismust be fu..,_er constzruents,asdescribedinthe

4 Wasle Retr:e_,abllitv confirmedby momtonn8 attheex.ha_st proposal,

DOE is required to piace ali Waste in shaft, .._though the Smales per dru.mper In the proposal EPA speUedout a
!_e repoaitow in a readily retrievable year desex1 value for 8as generation is variety of quality assu.rLnceand quah_y
manner,Thisconditiontsunchanged behevedtobeconserves.iva,theoverall controlrequ.t.rementa,makLn8menuon o('
,_romtheproposal,By "readily averagerateof8as 8enerationfromTRU the"Reporton MLn_mum Criteriato
reLr'tevabie,"EPA means adoptionofthe wastesisnotknown withcertainty;this AssureData Quality,"Sincethattime,
specificmeasuresidentifiedinDOE's tsthepu."poseofthebinimd alcove EPA has revisedthisreportand has
petition to maintain room stability (i.e.. tests, The cont_o[efficiency actually re,tied it "Quality Assurance and
room sizing,rockbolting),theuse of achievedwiLlbe hinteror lower QualityCon=oi" (August1,990},_ copy
easily retrieved waste containers (e,g,, depending on the rats at which 8as is of which has been placed in the docket
boxes,bins,and drums},and the generateddu.rin8the teats,However, to_is ride. Therefore,F..,PAisrequtnn8
absenceofbeck.falling--,exceptinalcove even if8asgeneretionrateswere tobe DOE tofollowthereq_rementsofthe
testswhere standoffwallswillbe used, ashighas _S molesperd.rumperyear, revisedreport,Inadditiontoadhenn8to
(EPA notesthattestin$inpilot.scale thedesil_would stillachievetheno,.
rooms,which theAgency originally migrationstandard, thespecificqualitycoat:ratrequirementsdescribedintheDOE momtonn8 plan
suggestedand DOE tsnow considering, 6,A.LrMonitoringPlan and EPA'=noUce ofproposeddecision,

would notbe allowedunderthis EPA isrequ_n8 airmonitorin8for EPA wishestoclarifythatltin(endsthe
condl,tion. because--as currefl_y act_v'ttiesconducted under today's no- "method ltm/t of quant.ttation," the term
planned.--theywould involvebackfillingalsatianfLnd1_tocon.flnuthatthereis used inthenot,iceofitsproposed
of waste in the pilot rooms without no mi_ltion of hazardous constit'uent_ decision.,to be sy,nonymot.u=with the
standoff walls. DOE would have to seek above health.based levels beyond the _ term "method detection limit." or M.DL
a modificationoftheno-mi_'ation unitboundary.As describedinitsnotice usedLathareport."QualityAssurance .
finding,withopportuniWforpublic ofproposeddecision(56FR 1,3068},EPA and QualityControL"[naddiuon,EPA
comment, before conductLnllsuch tests,) has concluded that the only possible is requ,U'in_ DOE to maintain
5. Carbon Adaorp_on Device migration pathway du.rinllthe test phase documentation sl ali =spectl of qua!!ty

is through the exhaust shaft. Therefore. assurance and quality control, as
Today's decision requires DOE to in accordance with tha requirement= of desc.nbedin the revised report, in the

install a carbon adsorption control 40 CFR 20&6(c), the Agency iii reqtd."tnll WIPP facility operatinll record: this
device m the bin discharge system of DOE to implement the six'monitoring docu.mentst/on mtu,t be evadable for
each room designed _oachieve u 9S plan submitted with its patti.ion,subject inspection by the Agency.The records
percentcontrole_ciency,The Ailency tothechu,iflcat:iona,mod[[_cations,and must bemamtained forthetermof

believes=95percentcontrolefficiency reporttn41requirementsdescribedinthe today'sdeterminationorthreeyears
=sreadilyachievable.(SeeS5FR 25454,} noticeofproposeddecision,exceptas aftertheyarecreated,wkLcheverts
The des=enmust bebased on = total notedbelow, [on_er,L,taddition,therecordsmustbe
design 8as volume consisting of a design In its proposed decision. EPA solicited mamtamed du.nnllthe courseof any
_asgenerationvalueofatleast5 moles comment on whetheradditional enforcementactionforwh=c_theyare
per drum per year from the bins and the monitorinlJ should be conducted in r_e relevant.
_'olu_e of 8as used to pu_e _.e bin under_'ound repository with portable l_i_al momtori_ results under_'ound
exhaust manifold, EPA also wishes to expioeimaters to detect any buildup of at the W_J_ bays revealed sigmfi_nt
cianf7thalthedesig'nvalueforthe methane,hydroget_orotherflammable ba_tmd levelsof1.1.1-
frequencyof carbon replacement mt.u;t Ilaeee.No comment= were received in __thana and carbon
be verified by testa8 and modified as Lravorof portable axpioaimet=_, tetrachloride. _ The level= measured can
needed to prevent breakthmt,qlh from Therefore, EPA has decided not to interfere with the waluation of accuracy
occurring. The testinll mu,lt consist of requtr_ tha/r use. At the sam= time, if the approach dee,_bed in the notice
measurements of the adeorptlon howev_, EPA has datarm,llnedthat o_y of proposed decision is ua4d.Therefore,
capacity of carbon for the bin ax_au=t by tnttnll individual waste container= to EPA k=c,han_ln8 the method by whlch
8aaec. as described in the petit/on. EPA be placed In the _ can it be assured relative accuracy is deternuned, l.nstea(_
tsalsorequirin8 DOE to matntl_ desilPt thatno ['n,eorexplosionhazardexistl_ of compul_iXqlaccuracy basedona
records, lnclud,inll any test data. lhd Thu=, EPA Is inciudi_l an additional matrix spike alone (as tharelative
operatingrecordsinthefacility conditionreqtUrtnllsuchte=t'inll,li cL_fferenceber'weantheconcentration
operatinll record, sl described in the de_:rtbed in x¢lton IV.B.?.= of today's recovered [rom the Hmpler and the
notice of the proposed decision. (S_ S5 not/ro, concentmt/on of tM ferreted analyse as
FR 130_ Section [V.J.) Record= must be EPA almaaolltdted comment on detarmLaedfrom the known
mamtained for the terra of today's whether to allow a redt_on in concenl_tion in the audit 8es cylLnder}.
determination (i.e. ten years from monJtortn8{n_:luencyfrm weekly to the computation should be adjusted for
today's date), or three year= after the monddy. EPA nmeived no comment= on

creation of the records, whichever ts this quHtton lhd hsa decided to retain a , _ _ _ n_sy|_w, .rid,w,m
[o_8e,". [n addition, the recordl must ba weekly mi.tdmammon_tortnl h_ency. ,Imsds_.tsdu, _:i, ln,m/,,,,_ Ho_.
maintained du,'=/n8the course of =my Furthermore. EPA so"cited conu_ent on labors_o,,__=,,m,su=u_,, m==o= I_.,v
enforcement action for which they are whalMr other constituents, in addition ,xmna,o_ for_ meMu_dI_ o_ metltyl_
relevant, tO the five constituents proposed, should _lo.c_.
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!heactualback_rou.ndconcentriit_en monttonngatthetopoftheexhaust Iftestln_jrevealstheprese_c_:f
measured in a matrix duplicate at the shaft, sl@_mficantleveis of t'lammabie ",'OCt,

DOE must perform an explicit 9,a,me'est
tlmethematrixsp_ketscollected. " Waste Analysis todetern'uneiranameable m:....,,Therefore,DOE must coiIectand ..,, ,., r. C ,..3,'3

analyze both a matrix spike and, s s. Fe'Qmmobt/lty,EPA received a 'beiormed wlth air, Si_mficant ',eve{s_t"
concurrent matrix .,,iuplLcate. number ofcomments that flammable flammable VOCs are defined as
EPA furthersoilct_edcomment on _asescouldbuildup inwaste measuredconcentratlons(exciudz_

containers, creiittng a fire and explosion methane) of 50_ parts per mfii_on or
',,,hat specific quahty assurance (QA) hazard. After reviewing these comments _reater, [f testing shows that ',,'OCs a:e
cblectlvesttshouldrequirefordata and new informationmade available inst_nlficant,_,e,,below 500partsper
acceptabdlty,DOE requestedthatEPA dunng thepubliccornmentpenod,EPA m_liion,DOE may determlnethelower
ailow less accurate measurements at has concluded that, while a fire or e×ploswe limit of the mixture from ,,.'-,e
concentrations near the detection limit, e,':plosion is unlikely, the possibility of lower explosive limits of rc,ethane an.__
The data provided by DOE., however, accidental tgmtlon of flammable 8ases hydrogen usin_jthe Le Chatelier forms;a,
_aveno basisforestablishesan inwastecontainerscannotbe _Ied out, asdescribedtnSectionV [,aof:oday
alternativeQA objectiveforaccuracy, Were afireorexplosiontooccurasa notice,

due toh:_hbacks'acridlevels.Because resultofaccidentalignitionof Alitestingmusts_ttisfythequa',,ly
of this, and becauseEPA is not requttmg _ammab[e 8ases in the void space of a assurance and qua[tty controldata that are below the method waste container, re.eva| could be much

requirementsdescnbed inEPiC'sreport
detection limit (MDL} to be used in the more difficult, should retrieval become "Quality Assurance and Quali,y
evaluationofrelatweaccuracy(the necessary,Moreover,suchan event Control"(Aug"w,t1990}and must meet
MDL isgenerallyconsiderablyhigher could[tse_causemi_atlonabove qualityassuranceobjectivesofplus or
thanthelimitof sensitivityof the hazardouslevelsbeyond the minus10percenton precisionand
analyticalprocedure),EPA has umboundary, accuracy,DOE must alsomamtatn
concludedthattheplusorminus10 Forthesereasons,EPA believesthat recordson alltestingperformedand
percent requirement can be achieved, no waste contimer should be empliced other documentation needed Io comp!y
Therefore. no change is being made to in _e underlp'ouJndrepository if it w_th'this condition at the generatmg st',e
the QA objectives established tn the contains flammable mixtures of 8ases in
noticeofproposeddecision, any layerofconfinement,ormixturesof orintheWIPP facilityoperatingrecord,

Finally,EPA proposedtoreq_re gasesthalcouldbecome flammable Theserecordsmust beavailableforinspectionby EPA, and must include
calibration of the ventilation exhaust when mixed with air, To assure a
fans on a quarterly basis, In its sufficient maria of safety, EPA defines documentation of ali aspects of quaJily
comments on the proposal. DOE any mixtule as potentially flammable i[ assuranceand quality control, as
interpreted this to mean i _ dynamic it exceeds 50percent of the lower described in the above.referenced
calibration, which it argued ii needed explosive I_mt (LEL) of the mature in document. Recordsmust be malntat::edfor the term of today's decision, or thr...'e
only on a yearlybasis.EPA means to alr, yeiirsaftertheyaregenerated,
require only a check on the tan To eniiure that individual waste whichever is longer, _ey also must be

' calibriit_on oil a quarterly basis, usin_ contamers have met the prohibition on
themethodsdescribedinthenoticeof flammable_jases,theAgency is retainedforthedurationorany

proposed decision, EPA agrees that a rec "ns that every waste container be enforcement action related to rh.cspan
fullcalibrationisneededonlyon a tea ._orhydrogen,methane,and of today'sdecision,

vma_tte o_anic compounds (VOCs) as a b, _CRA Const_tuents-.3hort.'erm
yearly basis, class. Given thaiheterogeneity of the characterization. In response to

Several commenters expressed waste package, the Agency Laalso comments regarding the accuracy o{ the
concern that EPA is allows8 monitoring requinn8 that headspace sampling be ' waste compossitioniistk'nates provided
at _he top of the exhaust shaft instead oi representative of the entire void space by DOE Lnits no-mi_'ation petition, EPA
at the entrance to the shaft. They argued of the waste contamer, EPA,expects that is modifying its propenal to requ.re thai
t_'at EPA should require DOE to monitor ali layers of confinement in mcontainer DOE analyze headsplce _ases _n
the entrance and exit of the shaft to will have to be sampled unit| DOE cen containers that are shipped to the WIPP
demonstrate EPA's statement that there demonstrate to the Agency, bued on and compare (.heresultl or"this analysts
w_L[be no difference between the data collected, that sampling of ali to the es.mated values provided in the
meiisutements, EPA disalF'eu with layers is eithm'urmecessary or can be no-milp'ation petition. Since ii was the
thesecommenters,Even Lr,aa surfeited safelyreduced,"['betestln_ofWaltel valuesinthepetiLionthatEPA
by one commenter, the intel_ _y of the that exhibit b.it;hrates of radiolysis evaluated in today's decision, DOE must
concreteshaftlinerwerscompromised, shouldbe performede relativelyshort ensurethaitheanalyticaldataderived
tt ts inconceivable that any depletion of time before thecontainer iii actually from the actual test.phase wastes are
concentrations of hazardous empiacsd underg;round.OtherwiN, similar to the petition esumates. Wastes
constituents could be detected. _iven the hycL_:_enlevels could build up to that are not compositiona|ly stm_iar may
la_e volume of air that the exhaust flame.bis levels followins umple not be placed in the WIPP,
shaft is designed to handle during collection end analysis. Therefore, DOE (1) Bin.scale tes_, DOE must compare
operation, EPA's overriding concern must detlrmlno, and document, the actual measurements of headspace
regardln8thespecificlocationofthe lengthoftimethalheadspacs8am can concentrationsofvolatileorganicsin
exhaustshaftmonitonngstationiithat beexpectedtoremainbelow fl_nmible eachofthedh,imscontainm$wastesto
lt be situated so iii to enable ready levels (Le.. 50 percentof themixt'tu_ be u_ed in th_ bin.sc_le tests to the
accessforoperationand moistens'sca [,.EL}afterssmplinlhas _ performed, headspiceconcenu'at_onsreportedin

purposes. Indeed. EPA views ready for both newly wenerstedand DOE's petition. The comparisons must
accessibility as one of a number of retrievab_y stored wastes, and to ensure be made in terms of both maximum and
important quality iissuranca oblecttves, that the waste containers are emp|aced mean concentrations. (EPA,conside_
Therefore,EPA continuestoaccept in theWIPP within thattime. onl_'_eadspaceconcentrationstobe
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necessary,becausemt_atlonthr'ou_'_air must be completedbeforethewasteis headspaceconcenu'attonsfor1,11.
,,,.'asdeterminedtobe theonJy_abte shippedtotheWIPP, Ifthemeasured tr;chtoroethaneand 1,1,1.tnchloro.1,12,
route of ruination dunn$ the test phase,) concentration of any of the pertment tnnuoroethane (with safety factors of

The comparison of the maxm'tum hazardous constituents tn a drum s_xand seven orders of macmtude,
concentrations=sdes==jnedtoensure headspaceexceedstheallowable respectively)couldbeht_henou=nto
:_,at the wastes to be empJaced =nthe maximum, the contents of the drum t'rom aiter the no-mt_atton ,_ndin8, F'_r_e
%'IPP are in fact similar to the wastes which, the sample was collected cannot other const=tuent=(carbon tetrach.or_de

. descr:bed Lnthe pe{Ltton, In _tsproposed be shlpped to or empiaced in the W!PP, math)lane chlonde, and
deca.zion,E.PAno¢ed concerns w_h tP,e unless DOE subsequently treats thr_ tr:chloroethylene), the safety fao'ors are
precision anc_accuracy of some of the waste soas to reduce headspace lower (one, two, and two orders of
ana[yt;caL data m the petition and took concentrations to below the maximum mag'nttude, respectively) EPA, therefore
',hasuncertamty mto account du.rm8 =ts levels, ARernative[y, DOE may petition has concluded that DOE must compare
evaluation, To address concerns over EPA to modify the conditions of its the new headspace data for these
the quahty of tri data, DOE wt[[ be determmation, Any suchmodification
conducts8 an extensive would require public comment, Further, constituents to the meatsvalues repot'ld
characterization prosram on wastes to DOE must mamtain records of ali in the petition,=To ensure t._at :be no.
be shipped to the WIPP for the bl.scale relevant test data at the8eneratinlj site mi_ation findin8 remains vaitd '.'or!,t",ese
and alcove tests under _eafly _mproveci or the WIPP Lrorthe _ermof today's constituents, EPA is requ=nn_ ',r.at '.,",e
quality assurance/qua|_Cy control {QA/ determination, or three years after the mean values for the test phase v,,astes
QC} procedure==.(Seee,g.,DOE's Pre- dataaregenerated,whichevertslonger, cannotexceedtentimesthemean
Test Waste Character_.ation Plan, In addition, records mustalso be values reported in the petition,
Revision 8, in t_e docket to today's retamed for the duration of any EPA ii confident that the factor cf ',en
decision,) Because of improved data enforcement action for which they are (back.calculated from the modeling .:or
quality, EPA expects these new data to relevant, carbon terrachl,ortde) is sufficiently
d_ffer somewhat from thosecontained in The maximum allowable conservative tor ali three of the
the petition. However, the Agency concentzations for hazardous constituents, Even though no add_:o.'.al
betie,.'ea thatthe measured max=mum constituent by waste type (the maximum safety factor has been added tor carbon
concentrations identified in individual reported concenu'stions multiplied by tetrachloride, EPA notes that _he
drums in DOE"s pretest waste two) are presented in Table 2. modeling upon which the caicuia¢ion
characterization program shouJd be was based contains several
generally comparable to the maximum T,_ilI.E 2.---MAXIIdUM HEADSP_CO conservative assumptions(e,g,, that both
values reported in the petition. CONCEm'_TI(:_S test rooms are filled to capacity}, EPA

There are no established criteria for tinvomme1:4_ceetl also notes that, dunn8 the test phase,
quanutatively deflnin_ "comparability" --- emissions will be monitored and it w_[[
m this context. EPA. however, has
concluded that, if the measured co_mu_ 'r,_ I, r_, I 'r_=,_,_,'r,v_' be c!ear w,_;Jlin advance if emission

headspaceconcentrationins 8even ' I ; limits.levelsareandapproachingcorrectivemeasurestheno.saBrat=onco_'.dbe
drum are no more than a factor oftwo c,,u_on [
over the maximum reported for the drum de.sons,re........_ o,o8 0,',s_ o,s= eta taken. TherefoR, EPA is comfor:abieue=r_',_w w_th a safety factor of ten for the
tn the petition, the wastes are _mr<e ................o,,_ oM I o,_ __2 comparison of the mean values,
reasonablycomparable,Inselectinga _,_,_.
factor of two, EPA notes that some Tm:momema_... sU S,m I Z_= _,,_ DOE must compare the predicted
d_fferences between the new data and rnc+"m<_mt,_r_.... 0,01 0,_ I 021 0,211 mean values (multiplied by _enJesa:net

that contained in the petition are _,_,2.r_ ! the average of the measured

expected, This is because the new data _,o,m._ne..,,I obe _1 I S.7_I 2o,_o concentrations of the headspacesof aliw_ll represent a larger sample and , 1 , drums of a sinBJewaste type used to
analytical results may be more accunlte, make up each bin. That is, the mean
(.X.snoted in EPA's proposal, the r_A's no-ml_raOon findinll for tit from the populaUon ofdrums 8Bin8 to
proc=sionand accuracy of the analytical releases was baN<i upon lh+,mean each bin (by Waltl type) must be
data in the petition were not Illweyt head.peel concanL'lOonl of vollule compared w=lh the reported mea._for
we!l documented.) For these reasons, corulUttmml reported by DOE. that waste type. Lfthe calculated mean,
bF.-x,has concluded that it ta rntoosble AccordlnlJyo EPA I_a concluded lhst exceeds the reported me.n by more than
_oexpect some concentrations will be compL,'t_o O/I,M BI'W, pre-teat = facmr o_'ten. that bm can,notbe
measured that will exceed themaximum charscterix,al::londam w_th the mean emplaced at the WIPP under today's
values reported in the I_tton. EPA. concentrations reported m the peO_on ts demsion. Teattnll and venficatmn must
'no;vever, also believes that tl.I dlts also necnlmry to ensu.-'_thlt E,PA's be completed before the waste ts
should not be signd'icantly dif_rent and estimat_l of volat_t emumionl _'_ va].id shipped to or emplaca_ m the WIPP. As
concludes that a factor of two for the acl_al test-pluM wsatn, In with comparisons of maximum

represents a reasonable expectation, determmu_ i rellonab|e fsctor [o!' rh.is concentrat,tri_ta,DOE must mam_ainAccordingly, DOE may place the comps'iran. EPA corn.dared =he"lWdefy records of iI relay|mt test data at the
contents of individual drums into bins margin" m_cllted by t,be no-nUllraUon Ileneral:z.'_site or _.tt_e WIPP fac_hty
for the bin.scale tests tf the measured demonatn_tmn.,For the con,,Umenmof for the term oi today's determmatmn, or
headspace concenu'atien= do not exceed concern. _ safety ou.q_ rlnpa from for Ll'u'eeyears altar 8enerauon,
the reported maximums by more than i approx.m_tely eleven to well over whichever m lonll_r.
factor of two. = Testing and verr£flcation sixteen million, vlryin8 by ¢orullitUent. The allowable average concentrations

EPA has no reuon to believe that the for each walls ty[NI m d/urns to be used
' Al wHh the Cm'_litlOfl Ptlmtld to flammability

d_scUSlld p_l.vlouliy DO lr mull d,ltltonlU'lle tmr flp4Pl'141'fltlll_l Ot' lh41 Iflt_l_l hlld=pllCII W,lf_llrl t_lll

ildml_tll collected for the+MI=nl,lyl4111anl drum, mcludlnl tlm kellCllp41¢awlthtll inner bill, * 'S4NIfool011 ii.
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_na stablebinarepresentedinTable EPA hasconcludedthatthedata Accord_nqly,EPA hasnotincluded
l,_Q collectedfrom lhedru:nsselectedforthe _etalied,,'equ_ement.sforwaste

bl-scale tests can be appropriately character_zatlon of the test.phase
TABLE3.--ME..=NHE.AC)S=aCE exLrapola¢ed to the (:Lru.msfor the alcove 'wastes (beyond the headspace

CONCENTRATIONS teStS, concentr3t_onsand nammaolhly lima{s)
(:r,,,o,u_m_,,c_t] c. RC}:L.'_Constytuer, u--L.on2.ter'n or of was(es _enerated at the ten DOE

cn(:racterlzcttmn. In =tsproposed sites as a concbtlon ('ortoday's final
-_-,,,_vtue,-i:,c,m ",_ ",o. ,',.o.dec'•ton.EPA expressedsome concern declslon.However.DOE isdevelops@

' _ '_ _"_ uvar the limited waste characterization ',,,'asiacnaracterizal_on plans, Inc_ud,n_
data provided by DOE in support of =ts sample collect=on,preservation, and

:.arvo,_ petition. While EPA concluded that the analytical procedures, to demonstrate
..,KNu'w_. 02*, 0 -"_ 0 J0 6 90 data were sufficient ('or the no-m_sration the extent to which the test phase_4et_V_

,:_._..............e3t, o42, _3o o_ demonsu'atmnforthetestphase,ltalso; wastesareve.presenta(iveof(heother
'r_mo,,_,t_v,e,._ o2_ ' 0 Ze 02g 0 3s believed that further characterization wastes from (he ten sites,and to confirm

was requ=red,before any rincLt.n8could the actual levels of RCR,-,_consUtuents

(2) ,41cove less. EPA has round be made for the ope_Uona[ and post- tn headspece 8ases and siud_jes,if
em=sslon_,_'om 'he alcove tests to be closure phase=.EPA believes that th=s certain wastes that are 8eaerated at the
cnconsequent_aiLncompanion to the fu.,'therchaPscteriza,on will be ten satesare not represented(as defined
bin-scale tests. Accordmsly. EPA is not necessary both to further con..r_rmDOE's tn footnote 1."1by the wastes t.hatwere
requ=nn8 rearms of the headspace of saturates of waste compos=tionand to testeddunn8 the test phase, they could
drums used in the alcove tests to ensu,_ that the wsst_ ire sufficiendy not be shipped to the WIPP without
demonstrate comparability with similar to allow the result= of test.phase further Asency evaluation.,inciuchn_ (he
reported concentrauons tn DOE's experimentit_on to be extrapolated to possibdity for public commentor
petition. == Before any drums can be the wastes that DOE wishes to implore treatment of the W_,ste.
sh=ppedto the WIPP for a_covetests, at the WIPP in the operational phase. Over the past several months, EPA--
however. DOE must vemfy (by waste That is, the Asency wished to ensure and the state of New Mexico--has
typeS,throush results of the bl-soils that the test.phase wastes are reviewed a number of documents
tests conducted up to that point, that the accu_teiy represented by the estimate= concernin8 DOE's pre.test waste
measured mean concentrations for and are representative of the rema_der characterization plans. EPA will
spec=_ch•=ardous constituents do not of the wlstes. _s!._addition, more continue to provide comments to DOE to
exceed the reported me•,,, values by accurate souse term data may prove asstst DOE in evsluitm8 whether the
more than a factor of ten..(See Table 3.) necessary, EPA believes, m lans-term waste characterization data that DOE
(This condition would not require DOE modelin8 exemiaes. Tow•N thm endl. _11 be co[lecttn8 sre sufficient to make
to conduct iii bin-mr..al• test.=before the the Asency p:opoeed to require DOE to ,t ions-term flndin8 for the WIFP. If
alcove tests could proceed: however, report ill r..h,:a,=ctetix.atio,',data that will adequate del• sre nal collected. EPA
based on discu.samru!with DOE. EPA becollected, will not be in • position to approve any
be{level thlt most of the bl.sr•|• tests ,_ter carefully _view_ll public no..miip'at_onpetition for theoperational
w_ll be conducted befo_ the licove comments.EPA cantles• to believe and post-closu-,"ephases,if DOE submits
tests besm.) EPA is also not requm.n8 that the d•t• provided by DOE in its suchI petition. At I minimum, the
DOE to test thed,PJ.msto deteru,U.ue petit'tana_ su_cient for its fl,'ldin8with wast_ should be analyzed for the
m,_:umum concentrst.torJ for specific respect to th_ WLoP test phil, whe_ followin8 constituents:
hazardous constituents, because ii air elision= are the me)or Goncem a¢,,o_ Hydrmzu_
believes that su_cient data will have (especially 8ivan the stand.'dc on _ M.m.nol
been compiled from tests conducted in heodsp,_ceconcentraUo,,u!end Sr==_ ,_my_m _o,.,d,,

: bin.scale dr_ms to determine if the_ i= rlLmm•bility imposed in today's _ _._-a.omts=_
a concern, InthismSre'al.EPA notes th•t der3_on).The eddltl,omd waste N,_O_u,,m u._.T_m=r,.1.t.,l_.Te_ometh_n_ Trtchloeoethy_mne
the drums for both the bt.n.scal• and the ch•l_ctmUon d•t• under Teu_lv_-_.=_ _.tj.'r_,,_oi=m-_"-._.
alcove tests _l be _ndomly wlected dmmdop_ent by DOE dminll the test "role=e,= _fl._Po.,*,=_
Fromthe populatio• of each appropnlle ph=mewill be imlx='t•,',t fm any review Z.Sm,,WM 1J._Tnmemyt_
waste type. Therefore. there is no reason of • =mb_rt,xmt no-_Uon petition fay c,,eomu,mw_om,_ _=._.Tnm,tm,tb,,_m,C_dorofm'm m. Xy lene
to believe that the waste,=used _ the Ol_W'mt_oneJand po_t-¢leeur_ periods, ch_o_==,m o..xy_,,_
alcove tests will be any mali or less whe_ _l_ _on ,sd other Cycl_ _xyi_m
accurately characte_ by the data in issuesmay a_s¢ how_et,, the dlts ar_ t_._im,o._nm c,=¢_,_,_
the petition than will be the wut_ tu_d not needed for todly's decu_oe, t.2.Dtr.hloeoethl_ ChPom,umt,_.Ou_k=l, eltl111_l t.mld
_nthe btn-scaie tests. For this _aso_, , c,_.tJ.__ Mu,:.ry

' + _,, ,flowers __ ,m dm rammed f,¢tml till _ mmmMm le mell_nm =f _h_ *mw Sil_
mesh con,.--'_mrt'=l_onsfor e_ _ _ _ kuM1k_/_ _ m o( t_ _ Fo__
by _en, In r._Ir..U_tlltS IJll i _ pM _ 14t_ e_llillm= IIm-Illamlom
concenlr=.o_ OA .m _ _ _ _ _ _ s_ d =d=m_=_ Tuttn_ for _ cm_tit'_nts should
hs,, ,nd_ m,be ao.m_ _m m fM!=_ lm_ t, _ _ _,_* _ inclu_ h_¢e sne_ms of ali waste
r_pr_ c=rmntr=.o_ _ tM o=_ ,,_ oi_ ,,Mm _ m mmml m I__e=md typesfortheo_a_ compound=,as

,s AllkmlS_ todly'l deldldonl ck311_ _ whmlkw the tell.ph41ml weilN W '*_" wIU u total Inllylil O_' the lltldllll for
Doe to_ m::p_=,=,,o,,,,,,,=_,,u= d,,,a,,,,m,,Muw t_ _ =_t= _=,._um both the o_=,ie compound=and the
drumstoI_ _ m Ike_m _ DOI.li= elpli_141_lS=m I_ --'_mi._l mal=nm_m_ metals.=s Since these dite mit =mt
,nfo_med I_PA IMI lt ,mmtdl [o tem mine meeli_ w_ To aM4 _ _¢s i_ le _
numl_r o4'd_sm= msl mm _o lm _ ,m tt_ _ sm "mmNd_le" _ "lmmdinl" omre!li

r'mlus_d to _ _le bes, dglsim oi drvle 1sd in IJ_ l_l_llil| i _ I/ill el_elml_ u,evld bl the _mle of P_e,wMexic_ iI +llnl fOlI_110_¢,IIqI
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nec=.ssary for todays _'indln_j,but rather DOE's record at other sites, and argued the WLPP.and '.hey cr_t:c',zedEP.-_s
w_ll be evaluated as oart of a that DOE should be raqu_rea to comoiy '.er',tatlve scnec_u,e_cr_ F,_, :,e.::s;c_
subsequentrevlewo_"a petlt_on,:orthe ,,,,'llhallapphcablere_Juiailons--w1:houtThe,,'su._gestecl',natEPA =,a_,",a',e
ooerattor,,a[and oost.c!csureper;edsiif special'exemptions'or 'varlances"-- takenundue shortc_)'.s_n'_e-e_,.,,a'",r',
DOE _hooses:osubmitsucha pe!_:_on),before_twas allowedtopiacewas:e_n process,or!hatDOE's peI::,cn,,,,.-is
EP.__asconcludedthat'_es:ec',[icso( :he_,_,'[PPreposltoryforany purposes. .,31','enan tnsuI',"ic_er,t',e_,e{of:ec_..",;"-,,
:_.s'.est:n_s._o'..J_d,no'.cons::',_;'e._ EPA stressesthat_t_snotgrant_nQ]an tev:ew.

c,_n.c;_;cn:n '._da_ s cec's_on 'exemption' to DOE from Ihe hazardous EPA d_saerees w:In :hese
_,aste reQJ_altons, This action, however, commenters, The .._,Qenc.,,de'_,bera'.e,J::,Repor::r',_Requ,remen:s _sa "variance"only_na verynarrow D(]E'sor_@inaipe:_::onfor,-.3re:_,_r,J

Reportln=reou_rern,en'sassuc:ated sense,HSWA establishestwo routesby yearbe/ore_tsproposed=o.,rn,_r_!:Jn
_,,,:,'_EPA's flnai no.rr,:_ra(_on which a regulated party may dispose of determination (or :he WIPP ,,n.'t,_r_l
de!er,m,inat_on are unchanged from the waste _ncompliance with the land 1990,and _tspent an acic_::onai _'.,,e
proposal--that is, annual written reports disposal restrictions: lt may pr=treat months tn the review of public
are requl:ed on the status of DOE's wastes according to sp=ct[led tre,_tment comments before reaching, a f',na[
performance assessment during the test standards, or it may dispose of the decision. In the course of th_s :_ e'.v
phase---except that the fina_ waste in a unit that meets the st.nnQ]ent EPA conducted a comptete and ,."or_':zn
deter'ruination requires that DOE send no-ml_ratIon standard, DOE has chosen eva_uauon al DOE's petition. ,-.,,_!er,-t_
reports to E.PA'sRe_ion VI office in the second route o( complying with provided by DOE m support of ,',s
Dallas, Texas, as well as to the EPA these restrictions,--an option that is in petition, mdependent studies oi :'e
Off, ce oi"Solid Waste at EPA some respects the more stnngent of the WIPP, end public comments on :r,e
headquarters, Because Regmn VI will two, For example, ii' DOE were to proposed no.migration deterr':',,_nat_cn1.=
have direct enforcement authority over choose treatment as its approach, DOE addition, EP.a,staff conducted :nree
the WIPP, EPA believes that it is would no longer be required to mvestigatory visits to the WIPP st:e.T_e
taper:ant for reports to ga directly to demonstrate that no hazardous results of EPA's review are sum_ar::ec_
the regional office as well as to EPA constituent= would migrate from the in today's notice and in the ,_=ency s
headquarters, WIPP before the treated waste (which proposed decision in ,a.prtl 199o,

m=ghtsttl| remain hazardous) could be Technical details are provided m EPA
V, Di_cussioo of Major Issue_ placed undeqp'ou.nd.[n any case, EPA Responseto Comments Document .nd

EPA received more than 400' reempha_izes that its action today m no its BackBround Document, both of ;,,nech
comments on its proposal, some way exempts DOE From the hazardous are available in the docket for :ht=
supporting EPA's proposed decision and waste res'ulatlona: instead, it il al _lemaking,
others opposing it. Commen_e_ raised al determination by EPA that the F.._Aacknowled=jes that =¢placed,,
w_de variety of issues, including the pIacement of untreated mixed waste in hiQjhpriority on the review of DOE's
genera] scope of EPA's review',and its the WIPP du,ring the test phale comphes WIPP petition. The Agency disagrees,
proposed decision: the suitability of the with the statutory and regulatory
site: the consistency of EPA's proposed restriction= on land disposal under however, that it took any undue
approach with the statutory, no- RCRA. Furthermore. it shoui,d be noted shop:cutsin the review or o,"n=t!edany
migration standards', adequacy of waste that the WIPP must almacomply with the siQjnificantprocedural steps, EPA=
charac'_enzatton: the feaalb!lity and other hazardous wastes standard= of decision was made in full accordwith
l=kei:hood of retrieval: the impact of RCRA. as well as other applicable the procedures for no.m=_rat_on
pass,bis human intrusion: and many standards. Other standards applicable determmations, codified at 40CFR:eS,B,and w_thEPA's procedures for sate.
olt_er _ssues.The malor issues raised by to the WiPP are described in Section I,D
t_e public are discussed below as well ofthis notice, specific decisions under RCRA.EP,a,
as ,n other sections of this notice. These EPA recoipIJzeethe conceal of many modeled its procedures for hanG[m_jthe

cam.reenter=over acknowledged WIPP no-migration petition (as well as
and the other issues raised by other no.asafetiDa petztmnsnow under
commenters are alsodiscussed in detail problems lt other DOE sites, EPA.
in _ Responseto Comment document however, does not bal,term that problems review) on its procedures for handl,n_
prepared by EPA. This document lm at other sites should rule out approval of RCP_ delisting petitmns, These
ava_!able m the public docket _othis li no-milpatton petition for the WIPP, procedures ensure a thorouQjhandThe issueat hand lmwhether there will complete Agency review, w=thpubhc
dec===on, be any milpttlon of hazardous notice and furl opportun=tyfor public
,-1,.__propr/atenes= of "Exemptiun "for constituent= from the WIPP dispose! comment.
DOE unit. EPA ham carefully and C, Scope of Determmation

._ number of commentere criticized independently reviewed ai| the
EP._,for propos=nllto lp_mt to DOE what information from other soul:es, As a In its proposedno.m=_ratmn
(hey regarded as an "exemption" from commequanceof thi= m_dew, EPA ham determination for the WIPP, EP,=`noted
the hazardous waste reltdation= for ttl concluded that DOE hamdemonltrated` that it d_dnot conm[derthe releaseandto a reasonable del_'lt of certainty, that possible risks associatedwith
WiPP operations, They questioned why hazardoul conetttuentl will not migrate radioactivity: rather, itsrev=ew
ECP,_, would grant an "exemption" or addressed the release of hazardous
"variance" to DOE for radioactive from the cUJpose|umtt. under the
wastes, given the risks of this material condittoml pt.escrii:xldin Section VI of constituents from thedisposalunit.EPAthis noUce, pointed out m its proposalthat the
Numerous commenters also questioned statutory [anllua8e on no.mtllratmn

B. Timing of EPA DeciJ_ion referred to the releaseof hazardous
RCPAmiens =talusilItldlrdl al theWlI_ andfor A number of commentere expressed constituent, which do notmciuds
,=sum| a RCRA pe.f_l! lo the Freshly. In ¢iln'yms out concern about what they conlldered to radionuclides, and nsks of radioactivity
_elm rs,spofliibfllt_et the Stile may rt¢luim
,IddiliOnlt of mali IlnRlefll welli chirecler11MlllOt'l bl EPA'I undue haiti in proposinll to from thematerials DOE is placirtll ii1 the
requ,,em.nts, lp_nt DOE's no-mttpltion petition for WiPP fall within thes:ope of theAlomtc

le
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Energy Act rather than RCRP_,The dec=sine,includ_n8 a demsJo,nre8._"dtn8 migration, A',ternatr,,'e approaches to
Aaency further noted thai risks the WIPP The Agency believes, deep geolo,_lcai bur)al a."emore
assoc=atpd _,vl;htransporter=on lay however, that the standards issued by aDpmpnateiy addressed under _he
outside :he scope of =tsno-mt_¢_un EPA under the AtorrucE.ner'8'yAct and ,_EPA process,

:'=view, Finaily, E:.,PAdadnot seek to chsClean Air Act are the proper O. EPA Ovem/_ht Over the Test Phase.
,iecerrr,:_,_.wi',e¢'-er !_,eapproach standards for protection of human
p;'o:os_d b) DOE-.¢_a¢ ts,deep health and r.heenvironment for radiation Several commenters ez'EPA'a
,zeo:o_:cJlspcsal ,)f TRU _,.'asle_at the ft=ks at the WLPPsite, Air emissions proposed detern'unauonaraued =hat
_,;IPP ._tle_WdS t_e best posstbie from the WIPP dune8 the test phase wl=J EPA should assert direct oversiBhtover
._i',ernar¢',efor handling1 :h._t, ',*.ast=, have to comply with the Clean ALr Act the testing and e.xpenmentat=on,:[unn8
[ae,_p:teEP-'.,,'sexpi_tr,atton of t_o sc,_pe standards for radioactive releases =n40 the test phase, For exampie, some
oi' :!s no-mlgrnlton review, numerous CF"Rpart 51and (under a_eement with commenters araued that, before any
cur'n,"nentersraised issues related to the State of New Mexico} with/_E.A wasle was placed in the repostto,"3',EP,",
r _dtoactivtty, transportation, a,'_d standards issuedunder 40 CF"Rpart 191 should make a _n_n8 that 'n-s_tu testtn8
ai_err,at;ves to the WIPP, EPA subpart A. I.nchapter fl of lte Final at the repository was both necessary.
unc_erstands:hat concerns of these Safety A.nalysis Report, DOE c_cu.[ated and su_cient. Others _dent.tt'iedwhat
ccmmenter',J:however, =tscontinues to radionuclide emissions from the WIPP they conside_d to be flaws tn DOEs
bHieve these concerns lte outside the accordLn8 to F.,,PA-approvedmodels to test plaru_--e,_.,,sea,in8 the atcovesin
scope of its legal authority and are document compliancewith Clean Air the alcove.scaletest,P--and araued that
better add_ss_,d in other forums, A,.;tand AE,A stindarda, DOE ts also EPA should not a_low waste to be

Radioactivity was a meier concern of prepanng a NF..SHAPnotice of placed in the repository before those
many ccms=at=rs, A number, tn anticipated start-up to _le with EPA, In flaws were addressed.
part_cul."-r,ar_ruedthat. since EPA's accordance with Clean Air Act AJthouabEPA believes thai DOE has
charge is to protect human he=z[th;zed standards, Finally, Ionll-tL,'m releases of generally _aidout a reasonable test
the envtroru'nent,it must address the ra_onudldee wd_ be controlled under pro8ram for the WIPP, =tdtsa&reeswith
release of radionuclides in any A.F..._d,Jsposaistandlzda cadged at 40 commentenswho ata'us that the A,,lency
evaluation of the non-mi_p'utton CF"Rpart lgl subpm'tB.Thee= must find. as part of today's
potent:al of waste from theWrPP, EP& tabulations` whtch were =p_'fl'tcegy detern'tmattoo, that DOE's test plans are
however, believes that the potential for demaned to add_M potential necess,zx'yand sufficient. The quest=on
radioactive releases from source, special radmactive releases, are the appropriate before EPA is whether there wdl be any
nuclear, and byproduct made.el is not authority for addresses any such mta'alien of hazardous comst_tuents
w_thln the scope of the non.mi_stton releases a_ the WLPPs|ta. beyond the uxutboundary for as long as
deter'sin=ten, First, asEPA explained EPA iLio ac,knowledaes public the waste renmtns hazardous° not
in _tsproposed no-mi8ratton flndin8 for concernsabout trenspoctation safety whether aiternaUvu to ro.situ tesunij
the WIPP, the Aaency's authority over and eal_ea that it ii important for DOE are available, or whether DOE's tests8
m_xed wastes under RCRA extends only to take every necmmeJryro=saturnto prod,am has shortcontma¢ If DOE can
to the hazardous componentsof the ensure the safety of shlpmlzta to the demonstrate no o'uarauonfor the test
_,ast=, not to the radionuclides WIPP, The questionof trtnsportabon phase, which EPA centuries lt has
exempted from RCP..A.(EPA explained risks, however, lies outside the scopeof done, then it hs= met the statutory
t!l_spas=fianmore fully in its mixed F..PA'sno-n'uilp_ttonauthortry, and standard for placement of untreated
,,,..sre cl_nfication notice of luly 3, 1966. therefore the Aaency hsa mt idd,reued hazardous wastes m the WIPP,
5; FR 37045.See also Sect.tenI,B above), them in its review, Instead, omere_ At the same tu=e, the results of the
S.,cond, release of radionuclides ts not _ tssueaof ttm,usportaUonIs/eW for the test pha,_ wtH be cx'mc_ in review of a

_thtn the spectflc mandate of the no- WIPP proMct are addremmdunder' the no-m,iFatio_ petttton for lanai-term
rr',,Arationlan_uaae in RCRA or the National Environmentsl Policy Act disposid at the WIPP, if DOE chooses to
regulatory standards codified at 40 C.FR (NEPA) through the Eo_ent,sl submit one. EPA. therefore, has put DOE
_.u_,6.Under the _tatute. EPA may not Impact _4atementprocNa and by _ on notice that data from the bin and
find a method of disposal protec_ve of Nuclear Re.story Comozislrio_,which alcove testa mu,st be of 8end quality, For
b_man health unless ..... ii has been by ear=es=ni with DOE haz ove.'_aht example, if the adequacy of alcove seals
d(.,monstrated to the Administrator, to = over shtppi.'NIcoataimms _L,_zdthe wast= cannot be demorustrated,any data
n,Jsunable dears= of certainty, that form dm'ta8 tm.'mtx_abon, derived from the alcove test= wdl be of
!here will be no miaratloo of halterdotul Flmllly, EPA hal renewed comments ques_onal_a valml. SimiJlu'ty,it ii
cnnstltuents from the disposal unit ' " ' sua,ilestillZll1,_lt alttfoatives other than es_bai for the lonlptez'mfindin8 that
foras Ion_ as =hewaste remams the WLOp--for exzmp|l, lazNt-_rm DOE adm:luatelych,=_ctenx,._ test waste
h,, :Jrdous," itazardoua cmtatitu,_ntsanl storulplof TRU wastes at the sites of for R_ coost'ztu_nts.Toward this end,
a _ermof art under the statute, referr_ll 8enerltioo--sho_d be chasm for EPA hsa dare.bed m some detail In
to compounds listed in 40 (::::FRpart 20'1. manallammz! _T'RU wutm. The secUon iV._,2 of th,Jsnottcl the typel
appendix Viii, No type of radionuclide Aaea¢'y continues to b_dt_vethat desp and quaUt'yoi'dlts o111waste
ts listed tn the appendix, Moreover, EPA _eolo_ btu'ild LI I prollzmixtl s4xatqff charnel=mUlliOn it expects to sea in any
re_j,,,fl_ttonsat 40CFR 288,6do not for the disposalof mdto_:_ve waste, petition fm' ioa_term disposal
contemplate evaluation of the But, m =mycase, t_ qmmtiomof whethm' However, for the remmns atsouM_
radioactive risks of a lpven unit. acceptable iltll'mltt'etm to the WI]RP abovl, tj[MI,P,_l_mcyh,M concluded that ii

EPA acknowiedaes that lt hsa a e:,d|t, or wblthm oi:Mr epgro41cJ_NI is not eppmlxt_te to _k:blsa the scope
8en=rsi authority and responsibility miabt I_ pnd'mmbkt,lies out_id_ tM or details of DOE's test plane in today's
under RCRA and other acts to protect scope of EPA's review. Under th,z dectsmcP-,excapttnsofzurmathey involve
human health and the environment, and statute, DOE nuty phtee tmtl,tetod _ possible mia_tion of wests from the
that this standard li an oven"idt.n8 waste in the WIPP repository ii it can dispoa_ u_t or the retrievability of the
consideration in any no,-miKratton meet the statutory stand_t"d=fm' no waste.
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5,St_eSuttab/l:'ty str_kholes m Nash Draw,several Castlleformationunderly_nil.',,",eSalado

In reaching its proposed kdometers from the WIPP site: One bore hole In Ihe immediate _',c',n_t':
de_ermtnatlon, EPA reviewed more than dissolutionfeatures _denttf_edin tl"e of'the repostto_,--WlPP '1.._-
300 studies of the WIPP _tte, not only by WIPP 33 _t[1 hole, just outside lh,: site encountered a large bnne poc_.eitn t_,e
DOE and Its contractors, but also by boundary: and "Barrows Bathtub," a Castile, Geoph!,'stcal measurements
_ncependentresearchersand i3roups depressmnaboutone kilometerfrom (he surest thatthlspocketextends
such,as lh• U,S, Geolo_lcai Su_'ey and proposed under_ound disposal area, underneath the reposltor.v ,_seif,
theEnvlronmentalEvaluationGroup, Such features, accordingtocom•enters, Com•enters expressed_heconcern'h,_t
The overwhelming3 conclusion that EPA demonstrate that the WIPP site ts found this brine ml_nt, tn Ihe ',on_jr'_n, ',brae,en
drew t'rom these studies ts that the WIPP in a mature k•rst area and that wastes the WIPP through dissolutlon processes
has been located in a remarkably stable can be expected to leak from the WIPP or, if a bore hole were drilled at some
formation, and that it is a prom=sm8site shortly after closure, future date throueh the repos_tor7 _n',o
for the permanent disposal of As a _sl._t of commenters' concerns, the bane pocket, pressumzedbrine
radioactive waste, Althoueh there EPA reev•lue_ed the question of karat m might force contamlnatlon to the

re_!_amsomequestions about the site, reachin8 tta final decision, This surface,
w_lch DOE will be addtesstnfl du._ng reevaluation included a held After reviewtn_j the comments and
the iest phase, EPA expressed its {nvesttgat.tonof the WIPP site, in the other data m the record, EPA cant=hues
conclusion that the site was sufficiently company of on• of the comment•rs, The to believe that the brine packets _n_,',e
wlilI char•tie,zed for the test phase to tour covered the most important Castile formation--allhough thev
p_ceed, Thus, EPA s81"eed'.'_,tththe feature that the c0mmente_ believed contain a substantial amount of'fluid--
National Academy of Sciences and were k•_tic in the v_ci.,'dtyof the WIPP, do not offer a significant threat _o!he
DOE's Blue Ribbon Panel that lt makes The closest of these was app_xim•tety repository, Castile deformation, which
sense to begin testinll in the WIPP one kilometer from the surf•ce buildines led to the formation of the bnne pockets,
repository •s soon as ree'ul•tory at the facility, On the basis of this
requirements ale satisfied, review, EPA has concluded that k•_t ts was initiated millions of years a_o =n

Several comment•rs on the petition, not now an issue st the WIPP, and it associationwith major tectonic tllltn_j ofstrata in the Delaware Basin, The region
however, raised Issues associated with unlikely to become one for many is tectonicaily inactive at present,
the suitability of the WIPP bite, thousands of yearl, if evsr, Implytn 8 that new development of maior
Commentere, for example, expressed EPA recotltlLies the presence of some Castile fs•lures is not occurring In
concern about the possibility of k•mt localized, sth-f•ce dissolution faults'es in •ddttion, the brine pool is completely .
formation in tl',e_ctnity of the WIPP the lien•rsi •rea of the WIPP, saturated with respect to halite and
site and the ilenerel mta of dissolution particularly In Nash Drew, This tl not therefore has no potential to dtss,.,tve
processesm the area: the anu.reed su4"prisiP4t,lpven thai the lleololltc units the sur'mu.'tdlnllhost rock, Since _he
existence of a press=zed brine pool withe the are• are composed of rock Castile and S•l•do Formations are
below the repository':and the mta of that would bl sulcepttbla to dissolution
brine inflow into the repository. Them• under thl con'•ct hydrolosi¢ and hydrologic•lly distinct, there _snocredible hydrologic connection between
issues •re dlsttu_ed briefly below and geochemical condition, However, the two formations, Finally, because of
are addressed in mole der•ii 1.'1EPA's evidence su$11eststhat these are ancient
Response to Comment document for this fea_ and that current rates of restrictions on access, there is no
r_lemakin(I, dissolution are extremely slow, For realistic possibility of a borehole

A number of commentere expressed ex•mpla, dta=clarion rates •t the N•sh reaching bnne pockets below the
concern th•ttheWIPP lend.ape had Draw hive been estimated •t one.third repository duringthe test period,Therefore, this issue does not arise for
the characteristics of a k•ret terrain. A of s foot every one thousand years, rates
karat te_ain is • kind of topolFsphy thal thai wou_dnot thre_en the WIPP today's determination, DOE's
ts typically formed over limestone, repository for millions of year=, in performance assessment,however, ts
dolomite, or gypsum throt_h dissolution addition, the w'Idespre•d o¢cu.,'_nce of add.ressinll the poss_bteeffects of such a
processes: it is usually characterized by callchH sul'fmcefelhlre lndicatinll borehole •fret repository closure.
closed depressions or sUtkholes, caves, and conditions and llmtt_:l SaUl'face A.ntm_ber of commenters also
and undeql_ound drainage. The dis_lutto=P.,,.In the WIPP sre• sulBest expressed conc=_ about the effects of
_mpl=cattonfor the WIPP, ,ccordinll to the stabtUW of the stuff•celandmcap_m brine inflow into the repository and the
commenters, is th•t cont•mLrmUon from over at le•st the lasl 10.000yeare. At the v•ltdtty of permeability values used for
the repository if tt reich(K/the overtytnl lame tlm(,, borinlls dr/Lied at and near the S•lado Formation. EPA has
Rustier formation, covJd be tl.mulported the WIPP site have failed lOencounter reviewed the information pertinent to
rapidly to the accessible envtro_mant, solution dannell adventive of • k_l"=t this discussion and believes that, whde
Commenterl also susie=ted that lp'card environment. Rnzlly, it should be noted • _ood unde_tandin8 of brae inflow
water in overtyinl karlt fol'mJIUonl thai the ,_lodo Formation lies 280 into the repository exists, additional
m_qhtattack the repository lh,aft Nail. metere below the surface, shielded by studiesmull _e conducted to
after closure, and enter the S_lado relatively impermeable rarita. Thus, the under=land the true nature of brine

inflow and to quantify inflow in aFormation--the salt bed in which the repository ho_=on isi=mlated from any
WIPP repository hambeen constructed, onlloinll _stmlutton process,,The fact manner more indicative of facility
This might leed to dissolution of the thal the Salado Formation m the area of conditions. These tests will be
halite, allowinll e potential pathway for the WIPP ham_mamed laqlely performed durin8 the WIPP test phase,
m_ration past the u.,'dtboundary, unaffected by dissolution processes over They will be important tn any dec=elan

The commente_ •qlument thai the its 225-million-year history ii avid•trce on the Ions-term acceptability of the
WIPP area lmkarmtlc ii based primarily of tta stability. WIPP site. Brine inflow, however, will
on the presence of several N-me,rous comment•re also expressed not be • problem durtn(! the test phase
acknowledged end alleged dissolution concern •bout the presence and possible and thus Is not mnissue for today s
feature.,,in the WIPP ares. These include effects of pressurized bnne In the decision.
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Finally, commen_ers expressed ;',=movedf'rom the umr at _heend of the concentrations hiah enough _o render
concern that DOE's petl_lon and EPA's _estpenod, ."ntarattonof hazardous the waste hazardous, (See53F"R281_,
_;'ooosed c_eclslondld not fully address _onstituents from the unit after that _tme July20, 1988,) Critics oi' this approach
_e ]on_.te,,_'nclosure sqenarto expec'.ed tsclearly impossible, because there are argued that Confess clearly meant _hat
at ',he ;'epos=_on Commenlers c,ted no [on@erany hazardous constztuentsin not a sinaJemalic'taleof a hazardous
]..,:a pred=c':ng n_n rates of .1as the un=tto ms.ate, Consequently, Snthe constituent could mlarate from the unit,
•:,"ner_t',on ancla,"_ued ',hat th_s,1as case of (emporar'y placement, for as Ion8 as the waste remamin8 in the
- _jhtJeiay or prevent creep closure oi' example dubna the WIPP test phase, the unit was hazardous, Under th=s
'_le rapes=tory As a worst case, _s appro_nate question =swhether standard, DOE's WIPP no-m=l_ration
_,enera°,_unexceec_=n8It;i",c,s_a¢:c hazardous const:tuenta will mlarate petition 0ou]d not have been approved,
:fissure ms;ht _racture su;',"ou,",d;n_salt du¢in8 the period of temporary because at least some molecules of
or '.hreaten the _;eal system o_the placement, (As discussed elsewhere in valet=leoraanica listed as hazardous
;+_ostto_'+ in _act.D(_E,EPA, and ¢ther today s notice, EPA has concluded that constituents will ml=jrate via the atr
)r'Jups h,ave recoamzed that the =ssuoof hazardous constituents wl[I not ml_ate ro,J,te du_n8 operat_,onP..-althou_hmost
._s _eneration, and =tsrelation to Is'oa theunit durin8 the test phase,) ._,t [ike[y at sever=_Jorders of maan=',uce
_'eposltoryperformance, must be the same time, of cou_e, tt is important be[ew [evils of detec:ton,
adequately addressed before permanent to see that removal at the end of the test [n today's decision, EPA la reta_nzn=j
_sposa[ of waste takes place at the period is reasonably assured, E.OAjudas tta proposed definition of "no m_jrat=on '
_,_IPP The major purpose of DOE's in- DOE's no-ml_atmn petition for the of hazardous constituents, As explazned
s=tutests [n the WIPP with actual WIPP on these_ound_, (See Section in detad in the preamble to the proposed

_stes ts to explore the issue of gas V,G for discussion of this point.] decision, EPA belteves that this
?enerattnn, Today's dectszonwill allow One 6oup of oommente_ ar_ed approach is fullyconszstentw=ththe
_hesetests to proceed, The Aaency further that. if EPA were to continue lanauaae of the statute and [s protective
be=ze,.'es:hat the end of the !est phase is with its "conditional" approach, tt of human health and the environment.
the approprzate tame for it to make a should review DOE's test plan to ensure EPA also notes that its =nterpretat=onof
d_.,tem_znatzonof whether the repository that la-situ testin8 at the WIPP was "no miaz.ation" wen recentty upheld in a
==or ts not suztedfor lon8-term disposal, necessary to demonsuate lon8-ter'm no decision on the u.nder._"otmdtnlectton
s,nce the results of the experiments mt_"ation and that the specific teats to weil rules by the U.S. Court of Appeals
performed dunn8 the test phasewill be conducted would be sufficient., ('or the DiaUict of Columbia, (NRDC v,
help quantify 8as8eneration rates, as Althouah EPA has commented on DOE's EPA No, Slip, ep, (O,C. Cir, 1990),)In
well as identify different mitiaative test plan, EPA disa_ees with these this decision, the Cotu"taccepted EPA's
measures If the rates prove commenters on the type of EPA review ar_tment that "no miss'asianof '
unacceptable, that ts necessary, On the basis of its hazardous constituents ' ' " f_r as lena
F Condmonol Determination review, EPA has concluded that DOE's as the waste remains hazardous" may

test plan in well desiaxtedand the testin8 beread to mean no mt_ation of
Several commentet_ took iosue with will, yield important information on the constituents above hazardous (or

EPA's "conditional" approach in =ts lena-term peHormance of'the repository, health-based) levels. As a result, Ep...t,
proposed decision. EPA's proposed EPA. however, _as not jnd believes that has decided to retain tns same sta_,_dard
dttermmation was based on: (1}The it should not formally analyze DOE's m-
t':ndin8 that hazardous constituents situ testin8 at the WIPP to determine in its fins' deczsionon the V_IPP
,.,.ould not mzarate from the disposal unit whether it is necessary of sufficient, and petition.
c;'=rzn8the test pined, and (2) the it doze not believe such an analysis is H, Definition of Unit Boundary

-_quzrement that DOE remove the waste within the scope of e no-n'Lt_a_on In today's fLndina,ETA haz sliahtly
_t :he concluszonof the test period review. As Lenaas DOE can me.fled its definition of the disposal
unless ztcould demonstrate that there demonetise that hmrdou_ constituents
woutd be no mzarationover the lena- will not milp'ate from the disposal unit, zt unit boundary in response to publiccomments. Lnthe proposal.EPA defined
term, Accords8 to commenters, this is lesally entitled to pLicl prohibited
aoproach ts =nconststentwith the waste m the wiPP. There is nothtn8 in theunit boundary (or post of

compliance) for 8roundwater Iii]ration
slatute, wh=chrequires a flndin8 that the statute that further compels a as the Saiado Formation, laterally o
hazardous constituents wt[[ not miarate petitioner to demonstrate that placement bounded by the limits of the four.mile by_,"_mthe umt as !on8 as the waste in the unit iii "necessary,"
rcmams hazardous, The commente_ four-mile land withdrawal area. For air
ar'::juedthat. under the stab,ztol"y G, Definition of No Mi#ro=ion emissions dunn8 operations of the
_:_nd_rd, DOE should be required to Sections 3004 (d)(1), le)ii], and (8)(S} WIPP, EPA defined the unit boundary as
..;r_,onstrate that hazardous waste of RCRA slate that land disposal ia the point where the au' shaft met the
;._rmanent[y place inthe _pository prohibited, tXllJeSl"ts hal been surface.
,.,,,_uidnot m=8rate from the unit before demonstrated to the Administrator, to a Numerous ¢ommenle_ expressed
D_E could piace any waste reasonable de_e of certainty, that concernabout the extent of the unit
_nCerground, even temporarily, EPA,, there wig be no miss'at|onof hazardous boundary for 8roundwater, zrauin8 that
however, continues to believe that its cortstiluenle from the disposal u.mtor it mtaht allow broad areas of
proposed approach is consistent with injecUon zone ai Ian8 as the waste contamina_on uxtdertp'ound:they
!_e statute and has not amended its remains hazardous." [n i_ propoNd no- obiected to EPA artp,zin_ that there
F_nd=ng, mi_atton decision on the W[FP, EPA would be no ruination from the unit

As commenters point out, RCRA adopted the same interp_tation of this even it"the hazsrdous constituents
speczfies that hazardous constituents standard as it had in lte no,..milp't_on moved up to two miles laterally, Several
must not mi8rate from the unit for as re_iationl for underwround iniection commenterl sua,lleated that the unit
I()n8 as the waste remains hazardous, weil= that ii,. the AI]InR mterpreted the boundiz_ m no r.,ssesho_d be 8reilter
The phrase "from the unit" ii a key standard to prohibit the malp'sttonof than the mi_ed repository, and should
element of this standard, If the waste La hazardousconstituents in probably be leas, One _oup of
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commentatealsopointedtowhat they confininQjmater_aleu.r'rocmdlngthe theaccumulationof,flammable_lases
believedwas en incooslstenc"ybetween porousfor,matronIntowhichthewaste prlortoshipmenttotheWlPP,as
theunLtboundaryforairand for Lsactuallyiniectecl.Similarly,EPA epec:fledsn'"T'RL'PACT.IIAuthor:zed
=roundwater,They arsj'uedthatthe,mit belle,'esttssappropriatetoconsideret ,",(ethodsforPa,iloadControl"
boundary,shouldbe thesame inboth leests portionoftheconfiningsaltat (T'R.A._ACI,i.EPA su_,,estedlha_
,"asesand thattheu.nttboundary,foratr, the'WTPPaspartoftheunit. theserequi_men_s,inconiunc',_onw:'.h
'_,erefore,shouldbe nofarther;henthe CirltlcsofEPA'!proposeddet'Initlon themalntenanceof'?enera[,,'entIIat_on
',e_oitheSaledo,Afterreviewing',hese oftheW_P _nltsugsestedno In theUhde.rsFoundreposltor",;,,make 'he
,"cmments,EPA has dec:cledto:erasits aile,'mativebouxtdartes,otherthan possLbllltvoffireorexploslone,<:re,,'n_,',,
det3nltlon of the lateral boundary, of the somewhere witt'_n the furthest extent of unhkely,_,
';:'.tr(i.e,,theboundaryof theland themined area,As discussedabove, EPA contl_uestobelieve:ha_a ,r_:ecr
v,,'_lhdrawslareaw'IthmtheSalads EPA hasrelectedthisalternative,Inthe explosionisu.nhkely,ltacknowied_jes,
Formation),buttodefinetheboundary absenceofany rst'ionaIeforsn however,theconcernsolcorn.menders
,_orair emissions as the top of the Salads intermediate boundaw between the that flammable gasescould build ._p;n
Formation, mined aresand theproposedboundary, wastecoota_nera,crea(_n_a i"_reand

EPA has reiected commenters EPA has decided to r'etsm the proposed explosion _azard, The ,:_ency naa
SUil3estton that the unit boundary be approach, EPA emphasizes that the reanalysed Lhe avadable _nformat.'on
definedam themmed area(orsome WIPP unit,underthisdefimtlon,isfu,J]y and ha==concludedt..hatLheaccldenla[
smallerarea).As theAQJencyexplained isolatedfromthesu.,'rou.ndlnl isnltlonof t'la.m.,ttab[e_ases_nwaste

' m detail in its proposed finding, it environment. Sfwaete remains w'tthm contaLnarscan,notbe ruJedout, _lven ::',e
believes that, in the context of a the t.Ln_tboundary, no me_'tin$_L avadable data on waste
8eolo_ca[ reposttor'y,some credit movement of waste will have occun'ed, characte.ri_atmn.At the sameI_me,E?,-_
shouldbe_ven forthesurroundln8 and no contaminationof_ound-water hasconcluded_at spontaneous
formationinwhiche waste isplaced, resou.,rceswillresult.Fu,rt,her,althou_ combustionwtthm as_ndiv_dualwaste
The pu.rposeof plscin_ waste tn a there wi]| undoubtedly be some lateral contame,l', t,e., without an _gn_son
8eo[ogicreposHorytstoisolateitfrom m_'ationofcontam,tnatedmltenil source,ienotcredible,la
the general environment: lt is not to alonil m&rkt_rbeds within the silt Were a fire or explosmn to occur as a
prevent any movement of waste, formation, ali pro}actions Indicate that resultof accidental 18n_tmnof
however slight, within that formation, L,'t this m,t_'at'.onwiJ,l _e very li,sited, m no _ammab[e gaNa m the void space of a
fact, some lateral movement of waste way eppro_cht.nllthe botmd_'ies of the waste contamer, retrieval could become
intothesurroundinBformationcan be unit.(Themolt likelyrouteofm_ratio_, more difficult,shouldre_e'v'albe
an inevitable,end desirable,aspectof instead,wouJd b_up thec]oeedshad'tsto necessary,Moreover,suchan event
repository performance.-.,._s lt ts in the over[yi,n41fommtion_,) Thenlfor_. could itself cause m_'atton of
case of the WIPP, A no..mi_st_qn extensive uaderlpouad movement sl hazardous constituents above he_ith.
standardthatprohibited any lateral wastelanotexpected,relllUrdlessofthe ba_edlevelsbeyond theunitbou_dar3.'
movement would nm counter to the def_ttton of ural For then reasons, F.PAhas concluded
conceptofi leoiofflca[raps!Story, [.ltthecisealall'Ixt_stlo_EPA thatnowastecontainershouldbe
wtthout promdint fat any additions[ recos.nJ_s thai t_ proposed deflnJt.ion emplaced in the undertj_und mpos_tor'y
environmental protection or protectin$ caused =ase co_t,B/ou, To address if lt contains flammable mixtures of
a_ainstany meanmsful release, commenterm'concerm_,EPA ham Bases in any layer0fconfinement,or

In takmg this gene_[ position, EPA amended the u_t dafl.uition for air mixtures of _asea that could become
bei_eves that lt _sbemg cons=steel with dtmnil operation,=,pla_n_l the boundary flammable when mixed with air, To
the intent of Cons'ees, for example as at the top of the S_J_doFormation, The assure a su_ctent mar_n of safety, EPA
expressed in the Senate Report on the issueof whim DOE should momtor to conside_ any mixt_.treto be potentially
1984 HSWA amendments: "In damo-.ull_ compLiaaca at tl_t poiaL flammable if it exceeds 50 percent of the
determining appropriate confinement however, le a different question. (S_a lower explosive limit ('[.EL}of the
l'romwhich miss-milansha[|notbe lec_onW.BA for a discussionofthis mixturem sir,
allowedtooccur,thetermdisposalurdt point,) EPA. consequently,isrequirin_DOE
ormlectionzonesshouldbe construed I.Waste ChorocCeei=mion toensurethatIndlv'tdu_waste
' ' " in terms of the overall intesr'ity of contamere hive met I_e prohibition of
the dispose| practice, keepinllinmind. 1. Rammability flammableBales. DOE must Implement
tnparticular,thepotentlalfor [nevaluati_thepotentialforrelease thisprovisionby tes_n8eac,hwaste
contammation of ground-water or of tm_axdow con_tttuenls in itl cLam or individual container for
surface water resources" [S. Rap. No. proposed dect=io_ EPA ¢onelder_ the hydrogen, methane, and volatile organic
284 98th Con_, let Sees, at 15), Waste| potential for El'sl_ axpiollo_ et _e compound= (VOCs) as a class, EPA _s
confined to the boundane9 of the unit WIPP, T'_ _ not_:l that the Waste

as defined inEPA'sfins[determmation. A_eptmlral Crtterls ('W[PP-WAC} . i'-_r'neAere=s,n,_=,M,_A_.=,'_C,_=-_,
would remain more than 1,0OOfeet from pre Ill]ii tXlPiOtlvet emdcompt,_,_eKI lira=|,oaI_ mtflmli we, Isle. _.a._cly n.=l of
the nearest unconfined ground water, ila:=s II/1 TRU Wastes and rltql/J/'lll thit mchvtd_el Willie c._rltlltlterll lO¢onlrol the rate of

EPA also natal that its position il pympho_'t¢materials be re.dm.sd safe _,n,...._ d _ p. _,v_ot,_,.. ,oo_.
consistentwiththerecentcouxtdecision by mtxtNi th=m wt= chemicallystable safety_m _ _' m_reuP_C'/',UShe#_lnlf Po_J_ol[e,Appendix 1.3.7 rev#jtun2. luna

on _tsno-mi_stionrules for matertall. =Itch at conm'_ta o1'81ims,or ,,sw/,
undePllround lnffH::rionwalls. (JVRDC v, be i_I_RI_'IlI_ _ t'l_de'l" th_ it, The _ noise thll the W|PP.WAC ibis

EPA No, Slip, Sp, {D,C, Cir, 19g0).}[n nonhalMiIx_otle.[11addition, the Nudem' placeISlImCtlOISl m'l _1 tote| qUaflUty of I_lllltl

this decision, the cmu't supported _PA'I ReSu_Itt_y Co_on r_qulres_at i_l m.,_.d ,new.m c.o_.,n_'_a_,,u_ cn.call_y.slaty.

position that the term iniection zone waste cl_rltalllll, t'_ _1 _l.l_l_l_!d - w'_t_ i_l'll ' ' _ t_l Cel_IMdoll Ut _ _1_ Nilloftid

(which for undergroundinjectlonwells or mor_ carbon compositefilters Labo.m,n,_,m_,,_m _= _,=,_an.'L,=_,,,,_u
isanalogoustotheunit)includes designedtopreventpressurebuildupor Mar=trandYr_dnck_on,]-nuaryS,19_0,
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establishin 8 this condition because _t considerbLe data on radiolysis rates for X, RCR.-%Constituents

does not iudge available process various materials m TRU wastes, DOE [n Its proposal, EPA expressed some
_.nowledgetobe suf_c_entlvreliableor used muchdataInItsapplicauontothe concernw_ththequaht'yof;hewaste
accuratetoaLlowa deter'mt'natlonon :he ,NuclearRegulatoryCommlssLon[ora charactenzatlondataprovidedby DCE
:_:_mmabtlltyhazardof:ndlvtdualwaste certI_cateofcomp[Lance._orthe Lnsupportofitspetition,However,_,.en
packages, TRL_ACT-[I lhippm8packaseto thenatureofthewastes,thesafety

EPA reco_izes that headspace testmS deter'mms tKe length of time a waste mar_lns between predicted emission
o_everydrum ortndlvldualconlalneron d_m must aspirate(i,e,.vent)beforejt levelsand heal_.basedlevels,andacontlnuln8basismay posea

• can beshippedafterre.eva[from requlredcontrolsonalremlsslons,Ep,s.
sl_nlflcantburdenonDOE, Without storage,_'Si_larly,EPA isrequlnns concludedthatt_eInformationpro',,'_edsut'r_cientdata,:_owe_,er,EPA feels
compeJledtorequirethatDOE conduct DOE todetermine,and document,the by DOE {basedprimarilyupon process
testlng,glventhepotentml ,lensthoftimedu_n8 which headapace knowiedge}was suf_clentto
consequencesofa _reorexplosion, gasescan be expectedtoremainbelow demons_ate,toareasonablede_reeor
Once sufficientdatahave been flammablelevels(i,,_,,50percentofthe certainty,no ruinationofhazardous
collected,however,EPA w_llconsider mixtureLE[,)aftersamplin8has been constituentsdu.nngthetestphase,Many
theextenttowhich continuedtests8is' performed,forbothnewlygenerated commentate,nevertheless,cntlclzedthe
necessary,Testdatamay wellshow and re_evablystoredwastes,and to qualityand completenessofDOEs
thatflammablegasesareonlypresentat ensure_at wastecontainersare wastecharactenzationtnt'or'matronand
levels well below the lower explosive emplaced at the WIPP within that time. DeEs approach to wa,,ste
limit,eitherforcertainwastes(e,8,, _ testin_reveal8the presenceof characterization.Severalcommentate
TRUCON contentcodeoritem si_'_flcantleve[_oFflammablevats, noted_hecriticalroleplayedby waste

descriptionc_de)orfrompar_cular an explicitflametestmust beperformed characterizationinthepredictionofno
_enex'attn8 sites, [f the test data in fact to determine if e flammable mixture can migration and stressed that EPA needed
show that ,"ofire or explosion hazard be formed with air, American Society accurate waste descriptions, supported
exists, DOE sho_d submit thedata to for Testins and Materials (h..,cI'M] by detailed analysis, to evaluate the
EPA and request that the testin8 Method E 681.,8.5,"Concentntion Limits potential evu'onmental Lmpactsof waste
requirement be modified accordL.'taJy, of RammabtUty of Chemicals," or disposaL,In _apondins to these
Any chanse in the terms of this equivalent, art acceptable test methods, comments, EPA hamdifferent=ted
conditionw_ be made underthe SiS:_,iflcantlevelsofflammablevOCl betweenshort-termissues(relevantto
procedures of 40 C.,FR26&6(e)` which are inclJcated by measured today's decision for the test phase) and
includepublicnoticeand opportu_ty concentrations(excludin_methane)of Ions-termissues(reLevanttoa decision
forcomment. 500partspermillionorgreater,as fortheoperatloneland poet-closure

EPA is elmo _qu_ns that headspace phases,should DOE submit a petition
samplin8 be representative of the entire propane, ai determined by gas for these phases).
void space of the waste container, chromatoartphy and flame ionization i, Shor_.tecrn issues, Many of the
_z'.tially,theAsency believesthateach detect'Ion(C._/FID)orof_ partsper commentateexpressedconcernwiththe
individuallayerofconfinementw_thin millionor_eater,byvolume,as Asency'sacceptanceofwaste
thecontainerwillhave tobesampled, determmed by8as ch_'omato_'ephyand characterizationdatabasedpnmamiy
_=venthelimiteddataavailablefor mill spectrometry(C.C/MS.)tsIf' uponprocessknow[edae,Commenters
Innerbag_.EPA, however,expectlthat test_ shows thatVOC_ are statedthat.inthecaseoftheWIPP,
:,ace DOE accumulates ensue1 data, it insi_Lficlot, i,l.. below 500 parts per waste charactenza_on requirements
may beabletoshow thatformoot million,thelowerexplosivelLmJtofthe havenetbeen met.

packageconfigurationsLnwhichbass m_ture may be determinedf_"omthe EPA dlsagreeewiththecommenters'
,aretwistedand taped,similarLeveLsof LowerexpLo_ivelimitsofmethane sad positionthatDOEl Welts
flammable8asesw_llbe foundinali hydrolenu_i_ theI._Chatelierformula characterizatlontnlormatlonis
layersof'confinement.''_However,itis ii follows:Lf[,,EI_.and _ arethe msu_flcantforeno-m_gration
_nttc_peted that the occurrence of lower explosive l_uit= of hydroaen and deter=marion for the test phase,DOE's
detectable quantities of free liq_Ja, as methane, rulpctively, and Ct and C.4 analysis of the wastes tncuded an
determined by real-t_me radio_praphyof are the meazured conc_atration_ of evaluation of the mmtena[sand

.. v_sual inspection, wall continue to hydroaen and math-ns, reaplcl_vaty, processes from which the wastes were
indicate the need to sample the layer in axp_alld le volume percent, then _fthe senerated as well as actual chemical
wh=chitoccurs,unlessDOE can _8ctio-.Ct/I.,E_and C_/LE_ mumto0.S analyel8ofthewastes.[.11theformer
_,_:monstrateotherwise, orgreater,theu_xtur_isconsideredto case,DOE providedflowdiagramsand
EPA alsobelievesthattts_ of be flammablewhen ml.xedwithiU',=° narrativedescriptionsoftheprocesses

wlastes that exhibit hilh refit of that Benefited iii 1,2,8of the ident_t'ied
_adioiysis should be conducted within a _ waste Content Codes as well as en
_eLatweiy short time period of when the ,.00¢ TRUP_CT../ICoaCh,Co¢/w(1'RUCO/V_,OoI_-WO_P_ _ _.I_'too.andOOL identificationofthe RCRA hazardous
con_alnerisactuallyplaced ._f_r/_,_=_ for_,_r_up_cr._u conatlruentauoedintheprocess.DOE
u_de_1_1"ound.Otherwise. hydroaen Shl/l_/q_Po¢._m_̂ppen_ 1..1.7,_ L lua_ also provided tltimatad concentl"ations
leveis could build up to flammable t_a, for each of the h_uu'doul constituent=
[.vela follow'ms sample collection =und ,' v=__ of_t_=_l coe_mu._uo_ expected ta tha waatn, This was
analysts, DOE ham accumulated I.ve_ mmqGC/MS,oely aoe_eeslmmmOm==_ ,i,,y _ =,,=_'.=b.d_ UN.mm_ o_ deailnedtoba econservative

_ -- _ vOC,,4.. _ =,m,¢_=_ characterization, in which tt was
'' EPAnel_ thaiIX)I_inlond_m_ upmM tetn_ chlm_o_m,amt=or=, illumed that any hazardous

d,_mssembiethedn_meNiocsodtel.Usebtst-K._e _"1'heknu' _a II_',. at h,ydx.ql_ud conmlituent• that were used in s process

I'_UII'_I IhOq_I_OtU'II¢I_INIIrll4_t_l1411[,_ (BUJRIII oiMtm_."V.4u=u_Ull_C:_rKt_-.c= at wotdd be primenein the resultinl waste
towor_._, com_ul_a _ _ vmpon_'_h_l= _',_mi. lt.ream, regardlessof known physical
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processesthatwould reducethe modifiedcompomtlonaII.v,suchthatitis thetidis,Infactrepresentativeofthe
llkehhoodthattheconstltuentswouJd in composltiona[lystellar.The detat_sof totalevolved8asw_thlnthechums,
factbe present(e,g,,volatilizatlon),E_.A, thlscompar_sot_aredescribedm section EPA alsoa._eesthatheadspa,:e
notesthatno comments were recelved fVB,7b oftoday'srlotice, anaiyslsisnota sustablesea',agate:or
',::d£catm8thatwastesfromthe Othercommentatestatedthat,to,he directanalysesofthewastefor

processesdescrlbedby DOE would be extentthatDOE has pr,o_dedany purposesofevaluatlonswhere thetotal
ex:ectedlobecompcsl_:o.',all)di_erer',tlaboratoryanalysisofwastesintended composlnontsa factor,However,for
f,-cm!heDOE.estimatedcomposttlc:ns, forthewrl_, ltissolelyheadspace volatileorsanlcconstltutents,EPA
The bulkoftheanalyticaldata a,',alysis(i,e,,analysisofthe believesthatheaclspacea.nalyslscanbe

;resentedby DOE tocorroborate',he constituents'concentrationsintheair a usefultoolfordeter'rninln8wSetherthe

conclusionsofthe above.described underthelidofthedrum} usedasa constlruentsarepresent,T,%atis,_fa
characte_zatlonwere focusedonthe sun'osateforthewasteinthedr,,,un, volatileconstit'uenttspresent_nthe
Day vlab[er_uteofreleaseduring_he Thesecam.reentersmatntiimedthat waste,t_tsreasonabletoassume that',t
testphase-namely,throughtheair,For writalsobepresentintheheadspace.
t_,:scharacterization,DOE pr'evaded headspace aniliysi_, whileextreme|y

usefi,d forhomoslmeouaphases,ts Accordlnsly,resultsfromheadspace
resultsfi',omover200headspace analyseswere usedtocon_'rnthe
analyses,representingallfourofthe limlted,atbest,foranalymn_j
,,_enufledwaste types:thesesamples heterogeneouswastessuchas those presenceofvolatilehazardous
were analyzedfornumerous 8ases, intendedfortheWIPP,Intheopmlon of constituentS,concenrratlonsnOtuntOtheqUantZfYwastes,lhmr
includesnineorganics,Otheranalyoes thesecommenter¢ hesdjpaceanalysis
for which _sults were reported included ts unreliable aa a su.,Tosatefor direct Several commenters argued that
Toxicity Characteristic and Extraction analysis of liqmda and solids in drums DOE's quality assurance/quality control
Procedure leachin.8tests, total volatiles, due to uneven [_lr_tmnm8 of of waste characterization data was
and total metals. While these analyses constituent.s, deficient. Others noted that DOE hadbeen unable to provide adequate
were not typically conducted on ali four The A_ency recognizes that there are sampling plans and sample handlinq
of the waste types, F..PAnotes that these limttatiorm on thii uU[iry o{ headspace
testsare not dtrecdy relevant for analysis as asu,n'osate for analysis of procedures for analytical work, EPAraisedsimilarconcernsw_thDOE's
characten_nsj the most [i,ke[yroute of waste composition- Certainly headspace procedures, but, for the reasons
release dunnsj the period that ill subject ana[ys£sts not appropriate for ali described in the proposal and further
',otodiiy's decision (i.e., the test phase}, evaluations for ali waste types. In some elaborate d upon above, the Agency has

Addittoniilty, EPA in its proposal case_,however, headspace analysis is concluded _ha_the data are sufficient for
considered tke "safety margin" the most relevant measurement. For the test ph._e demonstration. At the
mdicated by c_|cuiauona of air purposesof the test.phase same time, KPA advtlas DOE that !t
emlsmon_, Thiit ii, even if the determination, headspace analysis is expects add/ttoniil analytical data to
concentrations of hazardoul primarily used in the evaluation of gas support a long.term demo_trat_on,
constttuenL,were siSnu'icam/y gene_tionend explosivit'yhazards, where silp_cant/ygreaterquantitiesof
uaderest_mated,theno-m_g_at_on Sinceit isthecompositionofthegas wasteareinvolvedand routesof
stanc_ardwo_d still ba mat dttnn8 the that is of concern, anatysi_ of the posmble mi_.atlon a_e not limited to
:estphase.__Add/tiona_assurancesare headspiios(i.e,,theactuallyevolved releaseofvolatilestothea_rdurmg

provided by the atr eastern8 systems gas) is the most apps,opriate parameter operatio_ts,
'Sat wt//be operated to allow detection to consider, If concentllttons in the b, Long.term issues, EPA notes that
of em£ss£on.a,Based upon the sa..faW waste wee used for the expiosivit"y the "sa_ery margin" for the tons.term
mars_nmdicatedby thesefactors, the evaluation,thecmmp<mitio_ofthe showing(i.e,.theoperationaland post.
A_ency concludesthatthelevelof evolved8iiswould be modeled,or ctosu.,_phase} has notbeen
wastecharacter%zationtaacceptablefor predicted,ratherthiiniicmally determined,Forthatreason,theAgency
:hetestphase,Neverd_eless.toen.sure meslun_d, believesthataddIL_onalwaste
:hatthe wastes to be used in the EPA e_,a,es with the commentate' characterization data are neededto
b;nscale tests are sunilar in composition concerns R,wdin_ the validity of ii reduce thaiuncertainties before a
to '.hosedescribedintheno-m_'at_on sins_hea_bqmc_s_mlple (und_ thelid] decimonon a lans-termno-misratlon
pet;t_on, F..PAts req_ring that DOE test as repre_.'smtatiWloi po4entiliIly evolved determination can be made..EPA.
:he headspace of the wastes shipped to glUeSfn_Is Mt_ua wastes, This however, has decided -oi to make such
the WIPP [as a measure of the waste is aspecia_y _iit'tc whets thai testing a condition of today's decision,
constituents' propensity to m,/,6rste drtmm centare severs/mns' leye_ of because the collection of suchdata is
through air} and compare the resu_tl to confinemm_, as do the drums that _ not reieviint to the decision during the
'.hevalues provided in DO_'s no- be empiiicsd in dm WIPP, Spec_ca_y, test phase:,EPA. however, expects DOE
,-._sration petition. This comparison questionsex/sl al to whether the to develop ind implement waste
,_,ust be conducted and the wiiste must hiadlpacl beneath the SldLI characterlza_on plans, in,--furling
_e foundto be compositlonallysimilar coml>os/tioaslly d_erent from the appropriiite semele co[[ecUon.
before the waste can be sent to and headsl_C_ m the tm,m' leyerL EPA is preservation, and analytic.ai procedures,
emplaced in the W_PP, tf the waste La addressing this iss,m in thaicontext of that will allow ii demonstration of the
notsimilar to the estimated the testin_l condition related to extent to which the test phase wastes
concenn'ation_providedintheno- headspiic__M_I/yaMhfIBthiit condition- arerepresentativeoftheotherwastes
_.,_ratsonpentlon,thewastecannotbe EPA m n_ thal DOE take fromtheten8eneratin_sitesand that
shipped to the WIPP unlesll it ii representlldsm tmT_l of the helidl1_ce allows _reiiter precision in esttmann8
--.------....- (whichmay requas,m some ciues,for potentialforlans-termmiIF1tlon(e,8,,

', _, ,,,k,w .,_m,r_m,.,m__Ml,..._p£m,v.y DOE to take samples h'om inner bqs) through routes suchas IFotmd water), lr
hazard ii _! prll41_L To 1,1111,1/'11 ilslnll imr.,,h •

n..zir_LEPAIMilm'ds, llddi,onil cond|tto_on the and anily'Im them to confirm iLs such data m not collected. EPA will not
_.,:_,.,,_i,m m:_:_ _v,s.z_. assertiot_ that the headipsce beneath be m a pomtion to approve a no-
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m_ration per'tr'ionfor the o0eratlonal provide waste analysis data unacceptable, Othe_ ar_ed t_st, e,,,,_',
and post-.clost.u"ephases, LfDOE submits simultaneously with waste :_DOE were willing to remove :_,e
sucha petinon.F.,P/k'sexpectations emp:acement.They arguedthatwaste waste,no othersitewould ac:e_t:t3,",d
relatedtothesedataarepresenter[;_ analys_sshouldbe provldedtothe :",ereforethewastewouidnotre
SectionIV.B,?,boftoday'snotice. A_ency notonlybeforethewastetsput :e,;:eved.Severalcommenter_ar_,..:ed
Many com_e.".tersexpressed ,nlotheground,butbeforeEPA can :,",atDOE shouldidentlfi,,,a permi:'.ed

cc',',cer'nsresjardm_t_eextenttowi,_c.h make a decisionabouta no.m_ratton s::ereadytoreceiver_tnevedwas'e
':-,ewastesthat,,v_,lDe usedfort_e,est var:ance,They believedthatthls beforeany wastesF,ouidbeaiio_,ed
.':',-,asearerepresenter:vaoftheother conditionwould allowEPA underground,

,,,as_esthatOO_ w_sP,es ',oe,,'npiaceat mdependenttytoassesthequaiit)'ofthe EPA be!ieves!hattt_as p',aced
theWIPP dunn_jtheope."a:_onalphase, data,Intheopmion ofsome adequa'esafeg_Jardstntodas"s
[: was stated by manycom,.-,enters that. comrr,enters, de[ivenng waste analysis c_eter.'r.,:nat_onto ensure ',hBtDC)E .,,':,:Z,Tt
Fort_e test phase, adequate waste _nformatton wh_le the waste was "nda+ removes the hazardous was',e,:,"ge '.,',e
c_,aractenzat_on ts wtal to assuJ'ethat the Carlsbad elevators" wo_ld repos_tor3',tftt cannot demor,strate ',,".e
,ears will be performed on essentially render EPA's independent repos_c','3's long-term acceptab_i_:v
representative wastes. Commenters technical review of the data Condmon 3 in Section "v'Io,_'odav s
_o_.".tedout that almost 70 percent of the mcor,.seque_tlal, cieterrr.inatton expt_c:tty req'..,:es
wastes proposed for storage do not yet EP.=, ts not requinn_ that DOE subrrut retrieval of wastes tf DOE can-,._t
exist, They a_ked what controls and the analytical data on the test waste for demonstrate compliance w_,h the
safeguards were m place to eltsure that EPA rev:ew before the test wastes are standards of 40 CF'RPart 268be._er_;, '_'.e
t,":,ese_uture wastestreams are emplaced, Much of the analytical work exp_rat_,onof the peution approval.
adequateiy represented by exlstin 8 to be conducted by DOE is related to the Fadure on the part of DOE to remove
wastes, eventual demons'eaten of nr_.mt_srion wastes under thesecircumstances

The ,,,kaenc)a_rees wxt.hcommentate' over the Ion8 term, Since EPA will would constit'ute a violation of the !e'-,,s
concern Lhat the use of representauve evaluate the_ data as part of any of EPA's determination, lead_r._ to
wastes in the test phasew_LLbe cnu,ca[ subsequentpetition for the later phases, possible enforcement action bv EPA in
to the success of an),'DOE no-mtaratlon EPA disaacees w_tb the commentate' addition, citizens could sue DOE _r,¢e{'
petition for the later (operational and statement that thisevaluation w'tll be sect:on ,"0(}2to enforce retrieval of
post-closure) phases, More specl_ca_ly, "mconsequentia|." Rather, it '.roll be a waste from the repository,
the test.phase wastes mu.,_tbe critical element of that evaluation, Beca,._seof this condition, EPA has _c,'.
su,_ciently repRsentative of the other EPA. however, is requirin8 DOE found it necessary to require DOE to
wastes that DOE wishes to emplace at
the WIPP to atlow extrapolation of data du_ng the test phase to evaluate identify a specific site where waste
from the test-phase experiments to the headspace data before waste is placed re.eyed from the WIPP would be
behavior of the other wastes, "_ This in the repomtory, as described earlier, stored, oPto require that a pe.,"rn_tbe
_s_ueis. in facL the basis for the For example, DOE must evaluate the 8ranted for storage of retrieved waste
seiection of wastes that will be used in explo,=lv'try-relatedtesting before before any waste is placed =nder_rou,','.
:he test phase experiments, The shippip,8 teat waatel to the WIPP, Furthermore, E'PAquestions whether
se!ection process w_ll be based upon Similarly, DOE musl compare the any such condition would be useful,
'.,hoseparamete_ that contribute to _as analytical t't._uitaof newly conducted _tven that wastes would probably n_t
_e,*,eratlon and i_ desi_led to identify headspace analyses to the w_=ste be removed (if removal proved
wastes that represent the spectrum of characteriser'ton data tn the no- necessary) for a five-to.ten year period,
ex:ected values for those parameters, ruination peorton before the waste is Current pPedictmnson the best storage
S_ncewaste selection and emplaced in the underground repomtory, site for the waste up to tenyears =nthe
characterization, as part of the desilp'tof Because the standard= for both the future wot._dbe at best open to
_.".eexperiments, is the responsibility of flammabd.Ryand the R_ conatituem question, and valuable perrn=tt'n8
DOE, EPA believes thai it ts DOE's analyses _ oblec_ve and resources would be expended on a site
;esponsibility to establish and st_ug.b_orwurd, EPA doe= not believe that mtaht never receive thewaste.
.?present procedures to demonstrate that Aaency remew of the data before K. Human ln_ru_mn
:-at the wastes are, =nfact. su_cientiy placement ts nece=l_"y.
re;,rosentatwe. The flammabzllry and RCR.A Commer_ers _enerally accepted that

',tany commentate also ar_ed that con_tttttent req_rementl, de_"_bed in DOE could maintain institutional
EPA s proposed decision did not clearly detail in seclion IV.B.?. will address controls over the testperiod to preclude
e-::abltsh whether ali waste analysis many of the oommentere' concernswith human mtrusion, One groupof
,.,;ata would be provided to EPA prior to the accuracy of thedata. These commentate, however, ar_ed that EPA
emplacement of any waste or whether requirements will also ensure that the must cons,der the poss_bteeffects of
_hedata would be promded wastes emplaced durra8 the test phasa human inm£sion in the distant future
_ncremer,tally as waste _.ebeing are. unfact, the wastes charactert,_d by before allot_nng the placement of any
em_laced. These commenters stated DOE m the I_ttt_on and evaluated by waste for testing, These commentate
,not they had serious concerns if the theA_ency and thepublic, expressed parrtcubu' concern about

potential mineral _utces at the WIPP
_,_enc;,'_spropose8 to allow DOE to [ Ret,-ievab///ty site. and the pouibtltty that knowledae

-- Commenters also mimed concerns of the site would disappear after
•. I' SflOUid t:_ _O4ed thal. ,f Ofle Or q_ON wlllll

h,._ .,re _jlemerllM li any o( II1,1DOE I, tn i_l nm about whethlt' lUll wou_d _,ver be decommll$iOl141't_. Other commente_
.._.e_m_" by tW ,_t w..m, th._, w,,.m., retrieved (roe the WIPP ii il wire ar_ed thai r.lermanentmarkers should

:_,.,__, _ =_m=omewLPP,,=_,, I_n_ placed In t_l l'_lllO4"y, f'_'d_al of be erected at the WI]PPsite once the
_+,lu,t,un. However. thai wou,_l not ,rival,dale II_I the tel_h_tlca_ _lHMIlblJity o| ref.rtavltL fac_ty ii dote and inJormatmn
,e.,ttntl{ofl|l Ot'tll'f WlIIII thaiII_ I_;WPIIIId lt lbl Some quetuoned DOE's commitment to regardlJ_ the typl and location of the'(,n O'OE 111111 illWl It11 _ll'd by chs le,sl

,, ,,_e_. retrte_,al, even _f the WIPP sateproved markers should be published.
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EP,-%@eneratlybelievesthattheissue (3)A;IwastesplacedintheWIPP {b)DOE mustanalyzerepresentai1,,'e
ofhuman mission tsa long-term must beremoved =fDOE cannot samplesaltheheadspacesofcontainers
q_estion,notrelevanttotheshort.term demonstratecomplianceWlththe tobe usedinthebe.scaletestand
operationoftheWIPP d_ng thetest standardsof40CFR 208,8,_eforethe comparetheseresultstotheestimated
and opera=lanaiphases,Intheshort, expirationofthispetitionapprovalWlth composltlonsprov=dedtnitspetltlonior
_erm.DOE management oftheslteand respecttopermanentdisposalofmixed each wastetype,asdetailedInIVB,;'b
RCIR._permitcontrolswt1]ensure wasteintherepository.DOE must oftoday'snot=ce.Ifthev_,astetsnot
',zm_:edaccess,Long-!eraLssueswould submita detailedschedule{'orreu'teval composlttonailyszmtlar,asdefinedLn
be addressedalthetlmea petltionis of,hewaste,includingtimes('or TablesZ and 3 inIV,B,7,b,thatwaste
consldered('orpermanentdisposaJ,For completingre.eva[asquicklyas cannotbeshlppedtotheWIPP untilthe
:hlsreason,EPA disagreeswlth reasonably('eas_bie.no laterthansix waste hasbeen treatedormodifiedsuch
commenters who at'sue that it must months after a deter'mmation that the that it tscomposiflonaIly similar to the
cons=der human int,rusion in the distant repository cannot meet standards for est=matesprovided/Jt the no.migration
future before allowing any testing at the long-term disposal under 40CFR 288,8or petition, In addition, as prescribed ¢n
WIPP, six months before the exp=ration of this IV,B.7,b, DOE must demonstrate the
More generally,EPA believesthat,in petitionapproval,whlcheveroccurs comparabilityofbin-scalewastesto

thecontextofRCRA no.ms.arian _rst. wastesdescribedinDOE's petition
decisions,ltshouldaddressthequestion (4)Aliwastesplacedinthe WIPP beforeplacingwasteintheWIPP forthe
of human intrusion by considering ,.he must be placed in a readily reb'ievable alcove tests.
likelihoodof_heinL.,'usion,and imposing manner,asdescribedinsection[V,B.4of (c)Waste analysisrecordsmust be
controlstomake suchintrusions thisnotice, maintained('orthetermofthis

unlikely, EPA agrees that permanent (5} DOE must install and operate a determm_,tion or for three years after
markers will be necessary (in fact, =hey carbon adsorption device designed to generation, whichever is longer, Records
arerequiredunder40CIR part191 achievea consolefficiencyof95 must alsobemaintaineddurmg the
subpart B) and that information on the percent in the discharge system of the course of any enforcement action ('or
markers should be published. These bin experiment rooms. DOE must which they are relevant, The records
issues will be addressed in any no- monitor th_ ,:ontrol device outlet may be maintained at thegenerating site
migrationdecisionallowingpermanent airstreamix_.accordancewiththe orattheWIPP facility,
dispose',, monitoring plan deec.nbedin section (8} DOE must provide to the EPA
Initsfinaldetermination.EPA has IV,KofEPA'sproposeddecision(M FR OfficeofSolidWaste and EPA Region

removed one proposed condition related 1308g)as amended by section IV,B,7 of VI annual written reports on the status
to human intrusion. In the propose= EPA today's notice, and it must mamtain of DOE's performance assessment
required that "DOE certify to EPA that it design and npereUn8 records _is durinii the test p'_ase.These reports
has securedcontroloftheentiresurface describedinsect/on[V,IofEPA's mustinclude:A descriptionofthetests
and subsurface estate at _e WIPP site." proposeddecision, es amended by to date and their results, modiEcat_ons
This condition is now rnoot,because section iV.B.8 of today's notice. Records to the test plan, a summary of DOE's
DOE has now secured control over aU must be mamtained at the WIPP facility current understanding of the reposLtory's
oil and 8as and mineral leases at the for the term of this determmatton or for performance, waste characterization
sale.EPA has placed documentation of three years after they are created, data from pre-test waste
this fact in th_,recot'd for this whichever is longer. Records mutt alma characterization, and an annual
ruJemaking, Thus, because the condition be maintained dunng the course of any summary of air montto_nn8data required
_.,_sbeen satisfied,EPA has droppedit enforcementactionsforwhichtheyare inItem6above.
tram rts _na[ determination, relevanL Beyond these specific conditions, the

VI. Conditions of No-Mllpmtion (8) DOE must implement the ab" wastes pieced by DOE in the WiPP and
monitoring plan described in section DOEs activities under this variance

Determmation IV,KOf EPA'Spropoxd decision(M FR must be conslstem withthosedescribed
As a cond;tion of gran=ingDOEl no- 130_), as amended in section ['V.B,7of in the petition, Under | Z6a,6(e), DOE

ml_3t=on petition, EPA is requiring that today's notice. Record= must be must notify EPA of "any changes =n
t_efol|owmg conditions by met by DOE: masts=ned at the WIPP fsc/lily for the conditions at the unit and/or

(1) No wastes subject to this term o( thil determmation or for three environment thai significantly depart '
determination may be placed in the years ag'tsr_ey aresc_ated, whic.bever from the conditions described in the
WIPP repository ('orpurposes other than is lanier. Records must be maintained variance and affect the potential for
',estmg or experimentation to determine dunrqi the courts of any enforcement eiip'at/on of hazardous constituents
the long-term acceptability o1'tlw WIPP, acuon for which they are relevant, from the unit " " ' ," Lfthe change ts
In accordance with 40 CFR 2:88_e), [7) CondiUons relatml to waste planned, EPA must be notified in writing
DOE must notify EPA before tt coli:Mt=etl anaiysl¢ 30days in advance of the change: =f it ii
any testing or experimentation nai ta)DOE mull ensure =hateach waste unplanned. EPA mutt be no.fled within
within the scope of the "WIPP Test container empiaced underlp_uad at the ten days.
Phase Plan: Performance AssesamentJ' WIPP has no layer of co=d'inementwhich Under 1 2_a.8(('1,ifDOE determLnes
,._pr=i1990 (DOE/WIPP 89,,,,011,Revision contains flammable mixtures of gases or that there has been ml_ration of
0), as further expt_ned in Sectlon mixtures of lles_ thai could become hazardous constituents from the
IV B,1 of this notice Placement of waste flammable when mixed with air, This repository in violation of part ZSa,it
[or the,purpose of conducting an prohibition must be implemented by must suspend receipt of prohibited
operat=ons demonstration is prohibited, analyUcel testing of a representative wastes at the unit and notify, F_A

(2} Wastes placed in the repository sample of head=pa_ gases from each within ten days at. Lbedeterr,_ination,
may not exceed 8,500dnuns or 1 percent waste drum or individual container, as Within _0 days. EPA i_ required to
of the total capacity of the repository, as desmbed in Nction IV.B,7.a and V.F,l,a determined whether DOE may con=sue
currently planned, of today's notice, to race=vaprohibited waste in the unit
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ENVIRONMENTAL PROTECTION :0460, One on_nal and two copies t_atmem standards spec:t3edby E?A,
AGENCY should be sent and ,dentlt'ied by "Land disposal" is del:ned to Lm.sl,de

regulatorydocketreferencenumber F- placement"ma landfill,surface
IFRL-37S3-3i 90...N,kiWP-F'F'FFF,The docket _sopen impoundment, waste pf;e, ;nlect_on weil.

,tram g a,m, to 4 p,m,, N|ondav throu@h land treatment Facility, salt dome
Notice ProOosing To Grant e Friday, exciudm_ Federal hoiidays, tormatlon, salt bed t'o'rmatlon, or
Conclltional Variance to the Docket mater,,als may be reviewed byDepartment of Energy Waste Isolation underground m_neor ca_,e" (RCR,_

appointmentby calJln@(202)47S--(13Z7, section3004(k)),
PilotPlant(WIPP)From Land Dispoul CJplesofdocketmater}alsmay be made
Restrictions at no cost, with a maximum of 100 pages The statule requt;es EPA to estJL_l,_b
aGINCY: Env!ronmentaL Pro_ech,-Jn of material from any one re@ulatory treatment standards for w _s_essublect
,.-k_jency, docket, Addltional copies are $0,I5 per to the land disposal restrlcIions: :he_e
AG'I'ION:Noticeofproposeddeclsion, page, standardsdefinewhen a hazardous

A copy of therecord support:in@this waste may belanddisposed,Inits
sulmaARv: The Environmental Protection proposal is also available to the public implcmenttn_j re_julattons. EPA has
,\_ency {EPA) is today proposing 'o =nAlbuquerque, New Mexico, al the established these standards based on
,_ranta conditional no-mi@reran National Atomic Museum Library, the best demonstrated avaLlab{e
variance to the U,S, Department of Bufldin@20358, Wyomin@Boulevard. technolo@y(BE)AT], The HSWA,
Energy (DOE), This variance would Kirkland Air Force Base, from (; a.m. to $ amendments also lay out spec_c _a{es
,:,;low DOE to piace hazardous waste p,m,. Monday thmu@hFnday_and in by which the land dlsposal restrictions
sublect to the land disposal restrictions Cartsbad, New Mexico, al the WIPP become effectwe, be@man@with
of the Resource Conservation and OfFice and Information Center, 101 W. November 8, 198,6,for solvents and
Recovery. Act (RCRA} in DOE's Waste CPeeneStreet, [rem 7:30 a.m, to 4:30pJa. dioxins. By May 8, 1,990,restrict:one ,,_,_11
Isolation Pilot Plant (WIPP) near Public heanngs on this proposed be =neffect for ali wastes that were
Carlsbad. NM. for the limited purposes decision have been scheduled for May listed o_'=denuFiedas hazardous before
s.,f"testin8 ,,nd experimentation, DOE 22,1990, in Carisbad, New Mexico, at November 8. 1984,althou_jhEP.,=,,may'
submitted a petition to EPA under 40 the Park Inn International 3706 National extend the land disposal prohibition
CF'R._flB.flrequesttn_l a no-mi@ration Parks Hi@hway,be_mnin@at 9.-00am. dates for up to two years tftt finds a
variance from the RCRA land disposal and for May 2,3to Z_,,1,990,in
treatment standards on the @roundsthat Albuquerque, New Mexico, at the lack of natmnai treatment capacity EP,-_
treatment was unnecessary to protect Albuqua_ue Convention Center. 401 may a[so _rant = 1.year case.by-case
,_uman health and the environment SecondSl. N'W. The heann8 on May 23 capamty extensmn, which can beextended once,incanare circumstances,
because there would be no m=grationof in A|buquerqumwdl be@mat 1:00 p.m4
hazardous constituents from the the heanng on subsequentdaya wdl Once the land disposal proh,bit_on date
u._posal unit. After a review of DOE's be@inat 9 a.m. Personainterested in for a spect?lc waste ha_ passed, th,_t
petltmn and supports8 information, testifying at either hearin@should wa,,te cannot be placed _na land
J.PA has tentatively concluded Lh,atDOK telephone 1_5-94T/to relpistet, disposal unit, unless it has been treated
?,asdemonstrated, to a reesormb|e Reques= to testLfymust be received by to meet or otherwise meets BDAT
<..'agreeof certamty, that hazardou= May 11, 1990. standards, or "unless the Admmtstrazor
constituents wall not milpate out of the pea _ tl_o_mA1'lo_ ¢oN1ra¢Ir,: determines that the prohibition " ' " ts
:,'. {PPd;sposai unit du,,'tnllthe testing General questions abou| the raillery not required tn order to protect human
period proposed by DOE. requirements under RC]LA shou3dbe healLh and the environment for as lon_j
o_l"l.s: Comments on this propelled dirlmted to the RCRA/Superfund ae the waste remains hazardous " ' '
decision should be subn_tted on or Hot,line, Of't'lte of Solid Waste (06,,,.3_6), (RCRA sectmns 3004 (d)(l },(e)(1 }, and

U.S, Environmental Protection A_l,_cy, (8)(5),} This determmation must be
before June 5, t990. Wamh,U_on,, DC _, 800..42_ based on a demonstratmn by the facility

EPA notes that it is pmvidin_ the (toll fnm) or _ (local). owner/operator "thai there wdl be no
p_biic _ ¢_,ddy comment period on this Specific qua,allens about the i_taes mi@ration of hazardous constituents
proposed decision, which _sion_er than discusNd in this notice should be from the disposal umt or miectton zone
tt _jenera_lyprovides for site-specific directed to Matthew Hale. Office oil' lm" as lens as the wastes remaurt
actions. For example, the Agency _ilowe Solid Waste (OS,-,341},U,S. hazardous," (RCRA sections 3004 Id)(_),
30 days for comments on proposed no- Environmental Protection Allen_, 401 M (el(l), and (@)(5),}A determmatmn under
m;i]ration vanance decisions for Street, SW,. Washinllton, DC 2/)480,ali this authority is referred to as a "no-
unde_round mieclion weil=, and 45 202,..31_..4/'4_
day_ for comment= on RCRA permit=, miiFaUon" variance: e request from a
The Aelency has provided extended time _adw _11oee:. re¢iLily owner/operator for such a
for commenl on today',, proposal i. B_kltmmd variance is called a "no-m_eration"
because of the scope of the record, and variance petition.
because ,t _sthe Agency's first propol4d A, RCRA Land Dispose/Res_i¢=_v_: T},e Agency tint promulgated no-
decision on a variance requestunder 40 No./V/iero.on &'offences ruination standards under 40CIR 268,6
CFR _.6a.6.EPA. however, cons=de_lthe The Hazardous and Solid Waste on November 7, 1988.These ree'ulatlons,
extended comment period sufficient, Amendments (HSWA) of 1984.wbtc,h which apply to land disposal umts other
and does not intend to 8111niany further amend the Resource Conservation and _lfl underground inlectton wells, codify
extensmns to the per_od. Recovery Act (RCRA), imposed lM statutory standard for no-m==jrat=on

Comments on today's prepaid should subsla,nlial new requirements on t.be varian, specify information to be
be addressed to the docket clerk at the land disposal of hazardous wa_Le. In included in variance petitions, and
followmg address: U.S. Environmental particular, the amendments proldbit the "
Protectmn A_jency,RCRA Docket (es,-. contmued land disposal of hazaurdou_ e=tsbll|h procedures for the _rantin_ or '_
305), 4,O1M Street, SW.. Washington. DC wasles, unless the wastes meet the denying of s variance (November 7,
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whlcbresultbom theproductionof May 1992mttheletest),DOE intends,at Depari_nentofInterior,tt iinow under ,_,,
nuc]elu'weapons,consistof e variety of this time, to disposeof thesewsstemin the controlof'DOE.The repository si
materials, In_ud/n8 tools,equ/pment, the WIPP withouttreaties them in des/snedto hold TRU wastes that sre
protect/va cJothL'_ and other material cerdrormancewith BDAT standards, mAs cu.r_ntJy stored mtthe ten DOE encal
contamLneteddurra8the productionand :sr,HulL DOE hamapplied for s no- 8eneratL_ facilities, mmwell _s new yean
reprocessin8 of pluton./tmi:cants.slated _milp'stionvariance for the mixed wastes TRU wastes that will be 8enerated over Ac
or3an.icimd LaoqlamCslud_les; t_obeemplecedin the WIPP, thenext Z5 years,If theWIPP site is r.el_
contamb_ted IXrOC_ and iaboralory 2.,History of the WIPP Project eventuallydeterminedto bei deco
wastes; and contammsted items bom permanent repository, the underground Ions,
decontammabon and decommJssionu_ The effort to locatea permanent waste d/mpo_l ares of the WiPP will In_er
activitieselDOE mst_laUo_, clJ_posalsiteforTRU westeWin over cover100i(=r'es,withstotaldeJiBn on t)

Wastes empiac_dm the WIPP will be 30,yearsass, when the National capsclty of A.45million cubicfeet (or mils,
I/mlted to trsusuJrani¢ ('TRU)wastes, s Ac_mdemyof Sciences recommended that approximately _0,000 barrels of waste), the l
spec_'iccate_ry of ra_oacttve wastes, ra_ioacUve waste be permanently To date, lS Ic_es of underground st tt
TRU wastes _ defined es wastes disposedof insalt beds.After lt decade disposalroom| have beenmined, the
contaminatedwith alpha._mittml of experimentation,and the rejection of A]thoushDOE his conducted ne_
radionucJideswith atomicnumbers one mitefor technical reasons, the extensive studies of the WIPPmileand add
lp'eater than 92 (that tS,heavier than Atomic EnerlWCommission. the Oak the repository'! performance, Me
u.,.anJkum)in concentrations of Irreeter Ridse National Laboratory (ORNL), and uncertainties remain, For example, per
than 100nanocu_es per gramof waste, the US, C,eolosical Survey (USGS} concernshave been raised over the de!
In edd./Uon. TRU wastes by definition begin s formal selection process for i possibility thai ps 8enerated uru
have haLf.bvn of lp'eaterthan 20years, mitelh,19';'3,A set of lelection c='iterta undeqFoundat the WIPPwill, over the WI
althmqlh the actual half-lives of addrem_sinllfactors suchas strati_'aphy, lans term, build up to unacceptable ac,
rad/onuc]idesm waste to be placedin hydrol}eoiosy,seismicity, population pressures,leadtns to possiblereleases ac
the WO)P I_raoften hundredsor density,_sndlandownership,were from the repository,To addressthis and su
thousandsof years.Two types of TRU defined,and the USCS reviewed mostof other questions,DOE plans to conduct tn_
wastes ar_ Ulqleted for the WIPP. (1} the le_._ rock-saltdepositsin the lassies overII5-year period,This period su
Contact-bandied (CII} wastes,which United S_tatelagainstthese criteria.On will involve in.situ testswith actual dr
have a measun,d radiation domerate at the basis of thisreview, USCS selected TRU wastes underlFound,as well as in
the container imrfeceof 200m_irams eastern New Mexico esthe oresbest W.herinvestlilaUons,Under"DOE's p_
per hour madcan be safelyhandled satisfying thesite-selectioncriteria, current pianl, the in-situtests would s_
without spec/al equipmentwhen After further review esainst detailed, initially involvewastesamount/nsto D
drummed; and (2) remote-handled(PJ"D site..spectf_ccriteria (e,I., minimum approximately o.5'_,of the total
wastes, which hive emeasured distances_ere metfrom the Clpitan reef repositorycapacity, Fromthesetestl, _il
radiation dose nits at the container aquifer, exi)mtin8boreholes,and DOE expectsto demonstratecompliance _
surface of above 200 millirems per hour dissolution fronts}, the WIPP mitewas with EPA'mstandards for disposal of 1-
end must be heavily shielded with lead chosen in lSl_. radioactive materials (40 CFRpart 191
for malehandlml, The upperlimit for The _ projectwas authorized by subpart B} and lanai-termno-misrationof '1
radiation dose rate of RH wastesto be Congress in _heDepartment of Enerlw RCRAhazardousconstituents,mswell '.
placed in the WIPP is 1,000 rees per National Security and Military as to identify any ensineenns
hour. The Irreatmajority (g'_) of the Applications of NuclearEnerlD' modifications that may be necessaryto '
wastes that w_ll be shippedto the WO_ Authorization Act of lgSO.DOE basin meet these standards,
will be contact.handled. TRU wastes are construcUonof the repository in the DOE is alsocorullderinstheneedfor
distinguishedfrom hash-level early 19SOs,Constructionof the surface sn "operationsdemonstration"dunng
radioactive waste, suchas usedreactor buiidlnsm,the undeqp'oundexperimental the5..yeartestperiod.The purposeof
fuel, and }mw-level_'adioactivewaste, rooms,and thefirst underl_und this demonsmltion,which might involve
Other u'eaunentand disposalstratesies dispoMl roomsis now eMentially upto un additional 3 to I1%of the total
are bean8 developed for hish-leveland complete. WIPP capacity,wouldbe to show DOE'slow-level wastes.

A sqpl_ficamportion of the waste 3, Delcription of WIPP operationalreadinessto shipwaste tothe WIPPend to piace it under,round.
demised for U_ WIPP (up to aO_. The _ repository is an ' LI'DOE is tmabJeto meet IE_A
eccordmlto current DOE ea_mstes) is undeqFoundmine.located hazardous and radioactivewaste
contaminated with RCRAhazardous approximately2,180feetbelow the disposalstandards at theconclusionof
waste, maki,_! this waste ii "mixed sur/mcain the S,sledo Formation.-4 the teal period, it has committedto
waste" potentially subjectto RCRA Z.0OO.foot-thic_salt bedthat extends removeali wastesfrom the WIPP,
jurisdiction, altboush the concentration laterally for approximately 36.000 If the WIPP provesacceptableasa
of hazardous consUtuentl in these squaremiles.The land in the area of the permanentrepository,DOE will then
wastes is s_erally very low. The WIPP is owned by the Federal basin fu]14caledisposal of wat_teat the
hlzardous wastes in questionsre Bovernmentandadm_materadby the site.Drums.metal boxes,andcanisters
primarily solventsend EPtoxic metals, Bureauof LandManqen'mnt. The foul. of wastewiU be shippedto theWIPP
especially lead. Of these wastes, the mile by four.mileplot of land overly/ns fromthe 8eneratinll sitesand placedin
solventsare currently subiect to the repositoryhembeen temporarily the undeqFoundrooms.Undercurrent
treatment standards under the land withdrawn from publicuse by the plans,the wastes will be backfilled withdisposal resections, and the EP toxic crushedsalt and the roomssealed.After
metals will b_ subjectby May lggO(or , S,ncilh. m_.m,s_'..oaI_,_,o_-., rim sn operatinl periodof approximately25
- - ..bm,l.xL DOEMl fom.d mnF.rmr.m'_ years. DOE plans to mealthe shafts of
M.;mllbml. Oh_. I.ilV.Y_cl L_v_ Nst_mvl Almm, ltwn Task fo/_ that, aeons olbIr thrall,
Labials'y, L,,ve_,llml. Clil[om.I; and NIvIdl TIll will OO_lx_ier tmlllrmmt ilttrmll,v_ i'm'TRU wi, mt,_l the mine with cement ind clay plUSl
S,i. _, p,,i.,,,da, t_ior,lh.)' in, d_q_d o/i, aMWll_. and compactedsalt.and decomm_aslon
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O thefacility,Afterdecomm/sdoninl_the no interab.insixmont_ otterarequest re.achesth.iW_P, arebeyondthescopesalt of the Salads Formation will _s_ep by the state, of th_ notice,

inwardon thewasteandliexpectedto The RCRA permitforth.iWD:_P,wMch al,Su.emeryofDOE PealS,los
enc21plu/ateth.iwastewith_eOto200 wouldbeissuedby New Mexico,would
years, establishdetai]edopera,n8, closure, DOEl.nltlsHysubmittediii no..

Accessto th.iWIPPsite will be andposS..close.reconcLittonlfor the rniar.ittonpetitionfor the W[]:,Pin early
reeS'acteddurir_operetlonsand fac.Llityinaccordancewith40CFR MarchI_, withtwo.addenda.rna
decommlMioning,andpoMiblyfor subpartX,(AiitEeolo8icalrepository, 8ubmlttedonOctoberI,1989,and
longerperiods,The Dep_sxnentof theWIPP Ii relpJlatedundertheRCRA Januaw22.1990,Fortheconvenlenc.iof
|rlteriortemporarilywithdrewth.ilands categoryof0ubpzrtX "miscellaneous commenters,DOE hsaconsolidatedthe
ontheW'[PPsitefrompublicusein1983, welts,"}The permit'sscopewould venouspartsofthepetitionand
allowin8 DOE to bea_ncomztx'uctionof potentLally.ixtendto ali f.icility reprintedthemiii ii stnaledocument,
the facility, BeforeDOE cen piace waste activ't_esrel.ited to mixed waste,[n this datedMarch199o,This consolidated
at the site, however,either_sa oi' respect,the permitli stan_cantly documenthazbeen placedin the public
the Departmentof Interior muJt take broader than the oo-mi[n_tionvariance, docketfor today's proposalas DOE's
new land withdrawal action.[n which .idc_'elsesthzspecificissueof completeno..mi_etionvariancepetition.
ad_tion. DOE andthe State of'New whether hazardousco_tituen_ will ']'hispetition,which consistsof six
Mexicohave agreedto proMbit in miarate tree t,beWD:PPdisposaluniLAt volumes,providesthe inforn'l.ition
perpetuityalisubsurfacemanana, thesametime,th.ipermitprovides.in requiredby40CFR z6a,e,Lncludin8
dz'illins,and resourceexploretJon opportunityto ensurethat DOE manages facilitydescription, site
|._.-,4reiatedto the WIPP project et the the facility in t way that ensuresthat cherecteru_ation,waits
W'[FPsite,TheFederal8overrunenthas milp'sttonwill not occur, charscterLzation,descriptionof
acquired,or is in theproceu of anticipated repositoryperfoqnance,
acquiring,the entirt surface.and AmcLLJcuuedearlier.E_A's authority modelingofpotenti-I environmental

underRCR.Aoverwaste destinedfor the rcic,ees, air monitoriespla_, seal
subsuJ%caestate.it the WIPP site, WIPP extendsonly to mLxedhuardou_ d.isigns,demonstrationof complia.nc.i
inclucUn8leaseholdinterestshz and rll_oactiv.i waste. -sd it _ further with otherfederaLsUite,azidloca.[
sub.im'f.iceresources,Finally, to prevent limited to the hazardouscomponentsof'd.,'illinl in the v_cLnityof the repository requirements,.andother items,EPAhaz
in the distantfuture,DOE intendsto the mixedwaste.Th.i potential release c_refu.[lyreviewedibis document.,.td
piacepermanentwarningnutrkerl at the of radioactivematerial bom thz WIPP iii coociudedthat. togetherwith other
site. addz'esJedunderthe AtomicEnetsy 'Act matedalJsubmitt.idby DOE in support

(,aLEA),EPA hazpromu_ated luindardJ of the petition,it constitutesa complete
I_ D, Re'iu/otory sao,usof LhcWIPP under the AF,A limitmli relea.sel submission,providin,8,u._cient

"/'heWO_PIi locatedLathe Stateof asa4_.Litedwith the disposalof' infonmltionfor EPA to proposei
New Me_co, which is expectedto radioactivewastes.These 8tandaz'ds, tentaUvedecisionon the vari'e.nce
receiv.i authorizahon for mi_ed we.lte in whtc.h irl cadged at 40 _ pL"t Igt, request.
the near future, {See 53 FRI0071t,March conth, t of two parts: Subpaz'tA dealb_ Beyond the petition itself, several
19.1990.1Once mixedwastebecome.i with rsi.issasdurmilthe operatiomd documentshave beencrit.ic.ldto EPA'o
subjectto the RCR.Ahltzax,dou_we.lte phaseof aperme,J0,eFltd_llpo_'-_ f&_,i_ty, revi.iWend its proposeddeculion.Two
resulattonsin New Mexico, the WIPP .ind subpsrtB. dealJ=8with Ionlbterm docum_nte,in pstt_cu_ur,art imporl,a.nt
wt|[ be .ililriblefor RCR.Ainterim atJt_, releasesafter decom_asoniz_. Under adl-noaato DOE's petJt_on:DOE's "Draft
Facilities"in existence"(which includes an eareementwith the Stateof New FinalPlan forthe Waste bl_litioxzPi.let
thoseundercon.affection)at the time • Mexico, DOE will comply with the PlantTest Phase:Performance
waste il identified ii Ilazax1_:Rlemay SubpertA 8taJrtclal'_kbejizudz_with the AM411ment"(Dec.amber19_I, DOE/
obuiLninterimstatusby submittingI irdtial receiptof wastezt the WIPP, WIPP 89-.01,1)end its "Draft Wasta
Part A permit .ippliceth:m to EPA o1'the before the fac_ty has been de.itsnated Retrieval Pies" Ossuary 1_o, DOE/
appropriate state, lt DOE subeudt.i the 88 • permanent rsi>oratory.The SubpL,'t WiPP 8_.022l. The {'u'ztdocument
appron.ite epplicatioato New Mexico B Jtaachlrdshave beenreminded to providesimportantdetai_ on DOE's
and N_ures mtartm status, tt will be EPA by the U,S, Court oi' Appe_d_ for the pbumed acUvibes d_"mli the test phase;
le_zlly authorized to receivt mixed First _Ircult. Ltd therefore are not La the second describes the p_uree by
wiote..-4ubject, of coates, to the land effect ii this time. DOE. however, his which DOE;will retriev.i waste bom the
disposal rNtnctions, The WIPP mu_t aflrss,edwith the Stateof'New Mexico to r_1)oeitoryif Jtcaxmotdemooatratethe

' alsooomph' with interim status demonslxst_ compliance with the long.terre acceptabtllty of the facilJty,
" standards, codified at 40 CPR _ eeS. remanded eumdtn_ before • flnsi DOE'.Itest pbml and the retrtevibRity
; and obtaLaa RCRA permitund_ 40 C1F'R decilion is madeto dhl_se of w_ta of any we.lteplacedm the WIPP lu,t

parts _ lhd 2:70. permanently in the relx_ttory. Th/l canted considerations in the approach

The JJIItlffJrDstatus rltquJrelMelltJI of decision _ be machtoa the basis of OA ii proposin8 today,
part Z0.5establish le,nal facility date pthered durLa8the tnt phase at In addIUo_ EPA _ paid pstttcuJer
standard_. For examphJ, the WIPP will the WIPP, attrition to DOE's Draft aM
be rIKlUJredluKJerthese .italldelrd.i to i:'L.tal]y,EPA emphuLu_ that toc_y'e Supplemental Envied Izn_ct
have a waste 8.alysis plan fm' its mixed proposal iddreMu o_y the,specific StatementJ (April 1088 and Janu41"y
waste, ii contmgencyplan descr'lbln8 qua.eatonof whetherhaza_ou8 19_}.OOEIE[_-OOZS-IPS'_whichd.Lscu_
proceduralthat DOS wiU take in the cot_stituents wiflm' waft aet mt8z'uta in detail m_ny upecta of _actllty
case of an emersency, and t dommj from the WD_Pfm'the purposes of the performance: the _ VaLldatio_
plan deu::ribi_ how the fsc_ty will be RCRA II_tion vsriinc4, luuu Report (October 19e8, DOE/WIPP
closed. At the same time, DOKwill be raised by the trsnaportatton of wuta to 010), which discusJes the vtUdaLionof

i requiredto submita RCR_ Part B permit the WIPP site.or by the handlingand the dnlsn for u,nde_d opesnu_8:

_pplication to the State of New Mexico poMible t].eat_ent of waste before it andDOE's Chlh "Final Safety A,nalyst8
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Report" (June19,90,_), Ai_es constituentsto m/state out of the WIPP comment.,na prescribed'in 40CI:'R
particularly Lmportanthsa t_l'eni.,RJl:,a LM'titthrough the ven0Jstionabaft, 280,0_ij}, tBee.suseof the natu,reof the teatsthat"Safety A.neiysis Report for the The specific conditions of today's
TRUP_,CT-n Shipping Pac.ksp" (]tzne wJUbe conducted,and thou'relatively proposedvariance for the teal phaseare
Z7, 1909), which pray/des i_ormstlon on l_hortdutatlon, F.,PAbelieves that listed in Section V of thla notice, The
waste compeflbil/ty, Sae release, and releaseof hazardous constituentsfrom basisforEPA's tentative decisionand
otherquest/oasdeveloped by DOE to the unit throush brine, salt,or other themajor issuesaddressedin thecourse
support the Nuclear Re.story geologicmedia is implausibledurm8the of EPA's review -,re discussedin the
Com.rnilliOO'l approval of waste test phase, following section, £PA hsa .,[ao ,
shipment.Beyond these sauces, DOE The retrievability of wasteplacedin developeda baclqlmunddocument,
providedEPA with eeversl hundred the WL°P duJ'trqjthe testphaseis central whichdiscuses Lnmore detail the
edditlons] Opel'tS, studies,and other to the conditionalvariance EPA tl ecologyOfthe site, repository
documents,as bsc.kS_u.ndsupportto proposingtoday;therefore,EPA also performance,wastecharacterization,
the no.miiplldOnpetition, revtewed both the technicalfeasibility and air mordtorinS,This documentis 1

These,and ali other documents of retrieval and _e practicability of available in the publicdocketforthlm
considered by EPA in reschlng its DOE's retrieval plan. EPA has proposed action.
proposeddecision, hove been included tentatively concludedthat retrieval of
in the publtcdo,r.ketfor this rulemakins, wastes from the Wl_l_can be W, _Mion of IMps and Bedsof
The docket aJsocontains a completelist accomplishedsafely, and that DO£'8 Proposed
of ItemsconsideretL commitment to reU"ieva[,if it proves A, Defini_'on of No Mister/on for es '
III, Summaryof'i_ Dedsiou neceasaw, is satisfactory,Finally, EPA Los# oathe Waste Rome/nsHozo_ous

has consideredthe loners] dea/sn,
EPA ii propel/ni today to 8rantii constructionend mine maintenance Section268,_a) Of40 _ statesthat

"conditional" rm.-mJeration variance to prolFom at the WIPP, and hsa concluded petitioners for s no-mieratmn variance
the I::)Q_forthe W]:PP,This variance tha_the mine ia well-desilpledand will mustdemonstrate,to a reasonable
wouldallow DOE to place mixedwaste remain stable(with proper degreeof certainty, that hazardous
subjectto the P,CP,,.Aland disposal maintenance)dm"in8the teatperiodand constituentswill not mtip'atefrom the
reatz'tcttonsin the WIPP for tesUn8end well beyond, cLtspoa_eiuxUtor injection zone foras
ekperimentetionto determine whether A]thow;h today'sproposedvarianceis longe,I the waste remainshazardous,
the site la appropriate for the long-term sperAflca|lybasedon e findingof no EPApropene to interpret this standard
disposal of mixed waste. The proposed
variance would be restrictedto mixed miiFattonof hazardousconstituents to melonLhsthazardousconstituentsfrom the unit during the test phase,EPA cannelmiip'stefrom the unit atwastes emplac.edin the _ repository hazardocalevels,In otherwords, to'
for the purposeof testing and haz thoroughlyreviewed available
experimenta_on deslsmedto showthe informeUononthe expectedlong.term show "no mtlplUon," the petitionermust
lens-term acceptability of the 'W1PP performanceof the WIPP repository, demoJ'tatrstethai constituentsreleased I
(that ii, its conJ'or_lnce wtth ltlfldlrdS Given the geo]o_c stabilityof the area: from the izrdtdonot exceedhealth- t
for permanentdLeposalof rao'lo_cthm the depth, thickness,and the very low based standardsat the pointwhere they L
and hszardouewastes). DOE wouldt_t permeability of the Mit formationin exit J_romthe uJ_iL
be aUowed to conductan "operations which the repository haz beenmined: EPAadoptedthisinterpretationof "no
demonsttaUon." involvin8 the placement ' mhdthe propertiesof rock Hit its an miiplUon" in its final standardsfor
of waste u.nderlPoundfor the pu.,'poses encapsulatingmedium,EPA believes underlpoundinjection wellsundo-40
of demonat:ratinllthai the facility 18 that the WIPP asa promising]lte fora CFR part 148(53 FR2812.2,July20,1988),
operationallyready to receive waste, permanentmixed-wasterepository, andit la taktnj the sameapproachin its
F.Mhermore, DOE would not be allowed Nevertheless,a numberof unce_inties review of other no-migrationpetitions
to beginthe permanent disposalof related to the long-termperformanceof submittedundersection268.6.EPA
waste subjectto RCRA land dinponl the WIPP remain,-,4'orexample,the believesthai this interpretat./onof the
prohibitionsel the site under today's extent and effects of 88egeneration,the no-milFationstandard ii li permissible
proposal,Finally, DOE would be ell'ectof brine inflow into the repository, resdJJNIof the statute,becausethe
required to remove ali wastes subjectto imdthe Irdluencoof s "disturbed rock logicalfocusof the statutorylanguageis
the variance from the repositoryif it zone" around the mined repoSitOry, DOt:'- whether what escapesfrom the _unltia
could not demonltmte no migration of wall be investigstin8 these uncertainties hazardous. 1"heulUmate judjment
hazardous wsltml over the Io_ tenn. (lt in the test phase at the WIPP, end Jtwill requu'ed by the statute is whether the
should be noted that DOE ha8 review wheth_ technicalmodifications prohibitiononland disposal"is required
committedto conductS8 oucho removal to the repository desllptor thewasteore inorderto protect humanhealthand the
in its no-milp"lt_ variance petition,ats necessary to ensurecompliancewith the environment,"mdeterminationthatwill
weil u in a consent agreement with the relNlatory standards, depend on the concentration loyola of
Stateof New Mexico.) BeforeDOE can permanentlydispose constituents.Similarly, in oak.in8 this

in supportof today's proposal, EPA of untreatedmixedwastes in ,heWIPP, determination,the Aljency musttakethe
has tentatively determined thal therela Jtmust demonstratenomiip'ationover tax.]cityof waste constituentsinto
a reasonabledesrt,,eof certainty that the lanl to--that is, it must accounL which necessarilyinvolves
hazardous c_Mbtueflts will not miszlte lUCCeslfUI|y address current considerationof the concentrationof the
from the WIPP disposal unit durtrqlthe uncertainties about long-termWiPP constituents.
testperiod. ].nmaking thio tentative performance, Information gatheredby The lesishltivehistory of the statute
determination. EPA haz consideredali DOE duringthe test phasewallbe likewisemdtcatesthat the no-milp'ation
possible routesof release, but has central to suchii demonstration,Any demonatret/onshouldfocuson whether
focused m portlcular on the releas of EPA decision to 8rant (or deny) a what mtsmtel li hazardoul. The Senate
volatile constituents in the courseof variance for permanent disposalwill be Reportstatesthat "the Administrator,s
testingand the potential for these modewith full opportunityfor public requiredto find that the natureof the
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facility and thewaste wallillu.re that its intent,Conereil, however, expected wastes thtou8hmicrobialaction--
migrationof thewaste wallnotoccur that someIndlvidual land disposalunits deeredatlonof hazardousconstituents
while the wastesstill retain their mt8htbe able to satisfy thestandard,S, mz.shttake placeoverI gO-daytime
hazardouscharacteristicsin sucha way Rep,No, _ st 14_PLRep,No, 19,8,96th period, In othercases,desradatJonwill
that wouldpresentany threat to human Con8,,lit Seas,at 34:S, 9153,In take stsnif'tcantlylonser,In thecontext
health and theenvironment,"S, Rep,No, addition,even underthis latter readtn8, of undergroundinjections,EPA provisos
2,B,4,9sthCong,,1st Sen,, 15,Waste nonhazardouslevelsof'constituents that, if pettttone_candemonstrateno-
constituentsmisratifl8(rum a uztitat wouJdbe allowed to simile once misTationovers lo,000-yesrperiod,they
allowable _sk to humanhealthand the wastesin theunit were no los.Ber will hive met the statutorystandards
environmentsatisfy thisstandard, Sl hazardous,THUS,EPA believes the (40CF'P.148,Z0},PetitionersmayaJso
ne.siistbleharm to humanhealthand the appropriatefocusis on whether demonstratethat their wasteswouldbe
envY'cementwuuld result, constituentsever midst8 at hazardous nonhazardousor otherwiseimmobilized

The statuteref'ersto migrationof levels,The NaturesResourcesDefense on the basisof s showjn8of chemical
"hazardous constituents"without CouncilhaschaliJngedthis Asency tzlnsformationor fate, (icL)
definln8 the term,In otherEPA constructionof RCKA in the contextof In the caseof the WIPP,heavy metals
res'uiatlons,the term "hazardous EPA'I res_atlons for tmderground suchas lead will not desrade,and
corutituentJ" normally has re_latory Injectlonat 40CF'Rpart 14,8,NRDC v, thereforewallremainhazardous
consequenceonlyif the concentrations EPANo, 88.-1657(D,C,Cir,), The court virtually indeflliitely---certatnlyfar
of hazardousconstituent8are 8iS:n/ficant decisionis pendins, beyondthe predt_ve capabilities of
enoushto posea nak aboveallowable in estabiishin8hazardouslevelsof any models,For thisreason,EPA
levels, (See52FR 32453,AuS_tst27,1987, hazardousconstituents--thatii, the believes that itsfinal determination
which describesthe Asency'l useof the levelsof I compoundthat would fall the concemin8the WlPP'sconformance
term in the listins,delistin8,closure,and no-mlsrationstandard--EPA proposes with theno-misrstionstandard:overthe
groundwaterprotectionstandard to rely onpeer-reviewedhealth and long termmustrest onthe ._il_cy's
resulatiorul,}lt ii i reasonable environmentaleffects data, where professionaljuc_ent resardLn8the
constructionof the statute that Consress available,Thesedata are basedfor the containmentpropenal of the Selado
intended the sameapproachhere, lt is mostparton the drinktn8water format/onwithin thevicinity of the
possible that Coneress waz equating Maximum Contaminant Leveii (MCIJ}, WIPP, and on any transformation or
wastes and hazardousconstituents,8o surfacewater quaJ/tycriteria (Ambient immobilizationof'wasteswithin the
that whenConsresl statedthat there Water Quality Criteria,45FR 79318. uniL The Asency'sviewsonthe lonB-
shaUbe "no migrationof hazardous November18,1980_,49FR 58,31,February term acceptabilityof the WiPPare
constituents ' ' ' for aolonges the 15,1904:sOFR30784,July29,t96s), discuued in SectionW,F of this notice,
wastes remiL,1hazardous," II was verified ReferenceDoses (P._8) for At the sims time,predictivemodeltn8
referral to wasteconstituentswhose systemictoxicantsdevelopedby the can act iii a checkandprovideLIl|isht
mtsz'atlonis prohibited for iii Ion8 as Aiency'i Risk AssessmentForum into the long-termperformance Of the
they remain hazardous,l,e. are at (Verified ReferenceDosesof USEPA. site, Ix:its no-miszltionpetition DOE
hazardouslevels,The pelisse fromthe ECAO-C[N-.475,January1986),and has modeledpossiblewastemiszltion
Senate Reportcited aboveappearsto Risk-Sp,eczflcDoses(RSDs) for outof the WIPP throuShbrine flow
support this reading,since its usesthe clrcino_ns developedby the A8ency's iIong thesealedshaftsoverz Z0,000-
terms "waste" and "constituent" CarcinosenAssessmentGroup,EPA year period.Underthismodel,
tnterchan8eab]y, typically combinesthelmdoselevels hazardousconstituentswouldnotcome

EPAtcknowledses thai the statute with sLandardexposurenumbersfor anywherenear theupperedseof the
could also be mterpretedas requirini eachmedium(e.8..8."oundwaterand ab') Salado formationwithinthe modeling
that ii slns]emoleculeof any hazardous toobtainaUowabishealthand period.(SOUl modelingexerct_ ii
constituent(i,e,, substanceslisted in environmentalexposureleveb. The diK-useedm moredetail in sectionIV,F
Apend_xVIII of 40 CFRpart 2,61)may standard exposurenumbersassume of this notice,)Becauseof the
not misJIItefor as longas the waste m direct hu/hl_ Iu%coil'slt the pointoi' uncertaintiesof long-termmoclelizql.

. the unit remainshazardous.EPA, complianceoi',to be specific,the unit EPAbal/eyes that. for the pu/-pol_eof
" believes that this ii not ii preferred boundary,This iiiconsistentwith the determmlnilcompliancewith RCP.Ann.

reacLLnjOf the statute,II/vim thai the approachEPA promulllatedin the 40 mivstion standards,ii ii not
health and environmentalconcerns CI:'Rpart1411rellu_tiona forno- plu'liculidy ussful toextendthis model
focuson whetherhazardouslevelsof m/va/ion petitionsfor undeqp=und beyond10.000yearsinto thefuture.
co_tituents leave the unJt.andnot injectionwells. While modelml overio,qlerperiodshad

_ whether hazardousleveb remainin the FlnaUy,the statuteraquimsthe certain uses(or example,in companng• unit. The alternative reading is not pefltionm' to demonslz'ate no.adaptation the performance of different
._ compelled by the statutorylanllua8enor for "el longas thewaste remains reposltorlet.,--.EPAquestionswhether

the lesislaUve history, and bi not hazardous." Typically, EPA would judp models hive the precision to be used in
.. necessary to protecthumanhealth and thisdemomltretiononthe basisof au m,eim_ ii meanmllfUlpredictionof

the environment. A zero molecule understandinj of the waste whether ii specific vntt will or will not
standard would be impossible to meet. trensformltion process end of the Ionll- nxmt no-miipltion standards after many
both because it iii impossibleto monitor term perfonuance oi the disposal site. m thousands oi. m_ons of years. The

- or realiaUcally model the fate of combiner/oa with predictive modelin& Aaency, however, does believe that
tnd/vidual molecules (or atoms) of waste in many cases, hazlrdoua wastes CIXibe modelinil over ii lO,O00.yearperiod
constituents andbecau_ certain waste expectedto delplde over time. limitinl provides e usefultoolin asseMinll the
constituents art substances that persist the scope of pred/cUve model/xqj least-term stability of the repository and
indefinitely, Corqlresssimplywould required.Forexample, in the cu4 of the potentialforsiltation of hazardous
have forbiddenali land disposalof land treatmentfaidlities.--whicbare constituents.In summary,the AllenCyis
untreated hazardouswaste if thiswere specificallydeelped to desradeorsintc notproposinga specificlimit on the time
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over whichno.millnition mustbe mc_,ment _f, wute down into the soil theopera,ns of die fs_i_ w_dd ,11,o
demonsl_ted. I_eacL it belkmm teat as tt18belnll t_eted, absorbed,or constitutemULl_UOe.*Beyond IJ_qe
the final deteem_etlonahouJdbe bNed U'tnsfoemed,Howvver, if comOtuents 8enerldIlmite, however,there Ii no

oe _ knowiedll_of thepm6Oll_C, moveout of the treitmmt _e st immediatelyoMelotnpoint where the
ittmuJat the Idle. supported by , buardous levels, _Uon ham the boundaries of the undid

matilda@ ' uait has scorn.red.I_ its cb'sriIruldiflce, repceltorymustbe di'awe. In todiy°i
B_Un/: De,_'n/ta'an OA alsoncolnms that de_ the sauce, the._uncy dUc_

unit boundsry of ii 8e_ioglc_ reposttm'y aJteJ'aativesfor def]mL_jthe
The defbdt_mof the _SPOMI u_it's rilses 8peclsliMues, AJthou8hthe boundaryend proposesen ippme_

bou:KhuTii mtuud to any clarion oa i guJdancedoesnot dls¢_J the8pe_iflc that,lt believes,fuUyprc_s human
no-_8_tioa vm'aube, The bouncku'yof inues m18edby theseunits,JtstlUII hellishand the emrlJ_uaemt,meets the

the unli will deride the parmaof that their boundaries shcmld be defined statutory andflr_Jatory standards, andcompllum¢ thai is, the point it which on I ltte41>_flc belie, accunltelyrs the pa_cular
potent.lil mqretion would be measured. One final precedent shouldbe situationof en undetp_und sail-bed
U'waste oon_tumts mqp'eted beyond mentioned, RC3LA_I004(d), (el, and [l) nspoJitory,
thispost it iu,Mrdo_ levels,i requlre that a no-alp'sUse variance be To balm with. the immediate
variance oou_ not be 8r_ted..wl_e based on no ruler'asianof hmrdou8 underlpoundcUipouJ are8and the
movemeat of wastes within the unit constituents _'om the c_lpoail Bit Ol1' lhlfts Ofthe WI]_Pare clearly wtthin the
bounda_7would be acceptable,In the the injectionzone,EPA discussedthe dJlpOll] unit, The thld_i, however,are iciae of the WIPP, the quesUon of the
unit bounci,,--yii of pertlc:uJar meintnll of the term "inlectlon zone" in hypotheticalrouteof mJ_'_ttonoat of_Itsfeint regulaUonaeatebbshinll the saltbedese reeds of brine flow,
Importlmc_ becau,sethere is i_ml.t_ standardsfor no,-mi81"etionvlrilncel Jot 'TheAi_ncy proposesthai the pointofrqulel_ry precedent for defl_nl me
boundaryof 8eolosJc repoeitorie_ end und_nd injection wells, In the cmnplUmce,fay the p_ of iallelrlJirl 8

preamble to than regulaLione, EPA migration out of the unit by way of the
becauseof the/e.narel absence of c.18a.r explilned that In fil1_"_onB II lhlftl, bedefined as the point where the
engineered bame_ duisned to _ntam defined in 40 _ 1445.3ma"s 8eotol_c Salads forrnst_ion(i.e,, the Mit bed)
the waste formation,p'oupof formetion8,or plrt meetsthe oveflYt_llRustierformation.Under cummt resolutions,s
"hazardous waste mamNremeat unit" hi of I fc_muetloflre.ivan8 fluids throuSh li ThioIi the point lt which II_tirt_
del'reed es i "conUsuoua tree of hind oa weil," The Alency went on to clarify constituents could be expected to
or in which _s waste ii placed, that the injection zone includes escape from the Iraqi-termens_oeered
or the lilieS| Mta IJI which tber_ ii conflntnll material li well ii the moee bem_ deiillned to ooutatn the waste--
l_cenl UkJl_:llx)dof I_Xil_ permeable material into which the that iii. the compacted salt shaft seal
hlurdoul Wltlte consUtuentl in the waste is In_ected ($3 FR28122, July 2L ancUnlat the top of the Saliclo
sims Ires" {40_ 2B0,10)_'r_ll ,lgwt).EPA emphaslze8theL forthe formstion.-4ndpotenUidlymoveimo in
def'_tlon oa tta face allows purposes of RCRA compliance, II overlymI aquifer, Althou8h the
considerable fiexibiUty when lt _ considers the WIPP to be o potability of human or sil_iflcent
applied 1onnde_d repodtodes, miscellaneous had disposal unit rather envlx_m,mdsl mcpoew_ii v_r't_dly
Clearly, the silt bedformation in the thin in injectionweil, Thendore, the nonmdstentel thiopoint.EPA bellvej
v_cini_ of therepositoryrepresentss relevantstandard for the WIPPis the that compliancewith theno..mlpltlOn
contisuous"ems" of land in whi_ the "unit bou.._dery,"nlther thin the stindi_rd8he_idneverthelessbe
waste is placed. The regulatory "injection ions," The underllrmmd- measured there, The appropriate
definition does not pr_c)ude the injection rule, neverthelem_ does define stin_ird is whether himrdous
inclusionof at le,mste porOonof the the conceptof no-migrmt_ontn the constituentshaveu_p'mt_! from the unit
surroundtnl formation in the "disposal context of 0omewhit similar st hazardous levels, not whether
unit." lt provides Utde guidnnce, underl_ound dilposel ind, thus, hsa expolllre iu likely ar whether the
however, on w'here the exact points of some relevance to the WIPP. concentmtlon of bszardoqw c_nlfltuentl
compliance should be ch'swn. The boundaries of the WIPPmust be wallbe81fl_csntJy reduced in the

EPA his diJ6"uasedthe issueof unit definedin UIIhtof these I_nerel courseof milrstioa outsidethe unit
definitionin a d_ft llutdenceon no- precedents,uswell as the specific boundary,
m_srationpetition viriancec fm'land c_rcumstlmcesof tht facility, As The pointof mmplience for theWIPP
disposalunits other then underlnmnd descr/bed earlier, the WIPP 18in inmoru dtfltcult to define U hazardous
iniectton wells. In this IruJdance.EPA undeqlround 8eolol_c relx_itory mined constthlentl _ve _ the salt bed
explainud thiL for units with en81neer_ within I relativelyhomos_eoua sell itself,rather thin aJonl sealedshafts,
barriers, the urdtboqudldiry ibo_ be bed. After wastehas been placedin the TheorettcaUy,haluwdomlconstituents
consideredthe outemomtextentof the WIPP in4_th_ lhlfts hive _ sealed, mayeiip'stmletemUyoyhorizontallyin
engineeredbem_, Thus, for I lendfiU, the silt bed wtUc_eepand encapsulate thesaltbs_l-,-forexample, iil)n i
the outer boundary of the unit would be the Walls, if the WIPP works as

the outsideof the berms and enlpneerecJ intruded, the erlcaplulitlrllJ Mit wall ice . 'rhe_ bebr.mtlm. _ ooe._r _,
hnere (either clay or synthetic), 1.11the ii i bamer end prevent the mistltion of mwmuseump•tJlWll_,i imams e Ulm no.molrli_m
ceaeof units without suchbah'kel, the wasteOUtof the _iitt vicinity eumdmL1_ ro.mei we Imsme
other rules would have to apply,For of the minedarea. Chilly, mtlp'mtiunor emm,mmudIm_mmlmmI_ ImUdemd inmaki_
example, the boundary of In ol_irw_J hlzardoul oonll_tuenLIJ at hazardous uN,.o-mmtumimam. Mane.mr,
land treitll_flt unlt would be set II the Jeve|l from out of the XlJed I_X)Sltory pea, meets to end land i of .esle_ tkat h_ve

base of the maximum treil0rt_nt galls into unconfinediqulfere lye 8 above or m mm _ tomtu_ e_emct_on3male]
(which cannotexceedu depth ofS feet below the salt bedwould mr_mute _ _ k,,.m a,mm,,aofu.un..
from the soil surface), in this case,EPA misretionfromthe unit: similedy, amtm _ _ li,8.4tqlmlmm|iiladarlL il I|

ni4 mlXm_q_te m qinm_ •mamr m_:mnme_l

hsa recognized thai the purpose cp(e movementof constituents ii such levels _,J,woyin ,_mmtnlwhetherme no-mql_,,o.
landtreatment unit lato ilkn_some viiairto the surfaceitmmpberedurin8 _ m_,
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frsctu."el or anhydrite mazk|r beds,The Attar rev_wlrtll the ipectl'iclof the /Laen_ hal relected thisapproachin
Agencybelieves that. consldarinllthe WIPP slta, the Aaencyhal tentaUvely todays proposalbecausedettninRthe
purposelnd dellln of the WIPP,1 concludedthat Lh, @mileby &mile unit boundsW it thll pointwould run
certiiri aloe,mt of movementwithin the WLPPland withdrawll a_a reprelenl3 contrary to the intendedperformanceoi'
con.rinLngt,Lit bed shouldbeconsidered the molt appropriate lateral boundaryof the WIPP, The WIPP ii designedto
movementwithin the unit.The the d.tlposeiunit,_l'_{r__:_,reaisclearly confinewaltes withinthe salt bed,not
u,nders_und repolitory hambeen defined, relatively __ed in lize to prevent any movementof constituents
desianedso that thesalt bedwill creep, (compared to the SIlsdo formation),and into the su."rotmdLn8salt formation as
encaps_ete the waste, andcontainit, U' coincidentwith the landunderDOE the formatJonencroacheson the walls
theWIPP workl as planned,therewtU control. TheA_ncy hascarefully andencapsulatesit, Forexample,lt ts
be limited movementof contanmlants reviewed the ileolo_ of this specific polltble that waltz wol.LJd migrate
into the MLtbed, but the¢onlUtuents area, and haz tentativelyconcludedthat lt_ted distanceslaterally along
wl]] be effectively blockedfrom no reaiiaUcmutes of ndatetionlie wiLhm horizontalmarker bedswithin Lhe
potential routel of release,[/1Lhis it--oLher than tbahypoLheUcalrouteof Saladsformat/on,Yet thisaeration, as
respect,movementwiLhtn the sell bedii; escapeupthe shaft seals,Defining the Ionllai it mmamed wzthinthe
anlioaoua to movementwithin the u.mtbotmdaw iii Lhcedaaof the WIPP immediate vicJrdty of the original
treatment zone of li land treatment lite, therefore,wouldeffectivelyisolate repository,wouldin noway threatenthe
facility, the engineeredclW linerof a the wastes from pollible mutesof "overaU inteantyof thedisposal

, landfill or s_u'faceimpoundment,or the migrationbeyondthe immediateLimits p_cUce," Drawl8 the unitboundary
, confinement materiel of an injection of the WU_ siteand confineII to an rillht at the repository wallsorat the

zone,EPA thereforeproposesthatthe area whole 8eoiogyEPAhaz examined furthestextent of thedisturbedrock
dilpoeal unit include at least partof the in detail, At thelame time, this zonethereforewould beinappropnatelv
surroundingSalads formation,bounded boundary will allow somerelatively limiting,and wouldnot accurately
ontop by the Rustlerformationand limited movementof hazardoul reflectthe intendedperformanceof the
underneathby the Castileformation, conltituents Lhrouahtheencapsulating WIPP.For Lhele realons, EPA hasnot

'the Salads formation, it shouldbe salt, whichiii discussedaboveii proposedthe minewalls or the
noted,extendl horizontallyfor consistentwith the designof the WIPP. disturbedace zoneii,,,theWIPP unit
approximately36,000squaremiles, ].naddiUon,al discussedbelow, the boundary,(lt shouldbe notedthat the
While EPA believes, for therealonl possibility of humantnLrusionresulting pmpoled unit bounder'yat theWiPP is
stated above, that some movementfrom from future drilling operlttonswouldIx, bend onsite. andunit.specific
theor/sinai repositorythrouilbthisbed mmimized becluse of federalcontrolof coculideretions,which may notapplyto
shouldnot conlUtute "mllp'aUonfrom the land area andmineral rightsin oLhertypesof units,)
theuniL" it also believesLhatunJimlted perpetuity,iii well iii other inlt_tutional The precedingdilcussionfocuseson
Literal move:x,..ntwould be inconsistent conwolathat will be reqtdredat the site, IonlPtermmilp"atlonof haMrdoul
with this overall lntell_ty of thedisposld EPA believesthat thisapproachii net constituents,oncethe rep<)litow hill
prscUce,The SehldoformeUon only consistentwith current practice, beensealed, lt is alsopollibie that
sux'rouncLLnllthe WiPP (u.r_Jkeen but else reflectsConlp'eseionalintent, haMrdous consUtuentswill milp'ite
undeqFound injectionzone)li verylow The lelpslaflvehistoryof the 19e4 from theunit vii air durinlithe operation
inpermeability andis intendedto amendmentsItatll that '*indetarmtninll o( the Wl]_P,lt ii clearlys permissible,if
ene:,apatdateend confinethewaits, Lf eppropr/atl confinementfrom which notmandated,constructionof the RCRA
thewaste disposed of at theWIPP mqp_tion shouldnot beallowedto no-.mig_Uonpavilions to consideran
movedlaterally for sqplifcant distances occur the termsdisposelunit or ab'pathway es partof theno-miaratton
into the encapl-laUng formation, the injectionzoneshouldbe construed' ' " demonltratton,The Itatute I'l."_:lUirel the
repository clearly wouldnotbe in mrmaof overall tntelldtYof the demonstrationof encompala "no
operating iii intended,andthelntqFity disposal practice,keepingin mind.in mqpltion of heMrdoul constituentsfor
of the diIpoMl practicewouldbe called perUctdar the potentialfor al longii the wasteremains
intoquesUon,lt wo_d behard in thLI contaminationof Ip'oundweteror halmrdoua,"and consequentlyincludes
can to arlP.lethat miiPltion wal not aux'{Icewater resources*'($. Rap.No. aUpotential milpltion paLhways,In
occuz'r/ng. Z8496ehCoM. lit Sees,at li}, If addition,there ii nolollicai reasonto

£xtenaive literal milzlUon n_ilhtIlls hazardodsconstituentsdisposedof at tlp_omthe -,LrmqFationpathway in
be problematicbecausethemm ii the WIPP realm wlthm the Salads sMeelinll no-milp'sLionpetiLiona,For
numberof potenUal mut_ of waste formation and within theWiPP land this mason. EPA li proposing to

_ liSP.arian in the S_lado fomzatlon, w/thdrswii area, the overall intesr/ty of consider mqp'ation vii air lt the WL°P,
outsideof theimmediatevtciedtyof the the disposalpracticewill r.Jeerlybe Air m_pltion at the WIPPwouldbe n

, WIPP. These L,_.Judenumerou intact, and any potmzUalfor potentiadconcernduringboth testing
, boreholesand ames, bothok/and contandniitionof Iroundwater, surfa_ andoepretionsst the facility,During

currenUyoperetmll,end localizedareas water, or other resourceswill be _ese activities, binl anddrums
of sell dialmiuUon.Lfwastesmoving eliminated` undeqp'oundwill be ventedto prevent
laterlzUyfrom the WIPP reachedthese Axzotheroptionconsideredby EPA buildupof lies prelstu_ withLnthe
possiblerouteso/'m/Ipltion, ha_u'dous was to defne the tm/t boundaryiii the containers.To ensureminesafety, the

_ consUt_entacouldconceivablybe weU_ of the sidemine.oralternatively repositorywill be ventilated,with
'releasedto overJyixt8aquifers.To la the furthestextant of the disturbed exhaustair flowing up in air shaftand
address this conoer_ EPA believesthai rockzone sun'oundinllthe excavated out into the 8enerel atmosphere.This
ii ii appropriate and necesMryto let area. (The rocksurroundingLhaopen shafLtherefore, representsii possible

i • lateral boundaries onthe movementof repositoryhaz beenfoundto fracttu'_ii, roub of escapefor hazardous
waste w/thin the Salads formation, s result of imit crNp. Thedisturbedrock constituentsfrom the dliposel unit.
beyondwhich "miipltlon" from ,theunit zone ii believedto extendone to five The Agencyproposesthat the pointof
would be consideredtooccur, meters beyondthe minewaiLi.)The compliancefor the air routedurmR
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operationsbedefined ii. thepoint i.mpoMiintissuesrem=in, partk_ularlyin period Itself,lind lh=ltwasteswlil be
wbiil_ Vii15tiiMd re_411tOl_ a_11'l;Idtl _Im reJ=ttJonto li I gln'xeration,DOE plans lo removedfrom the WTPPif thai
the exhaustshall and iintimi into the investql=ttithese lind other luues durinl; demonstration.ItJmiitely cannotbe
_nerll =ttmosphere,D_rins its the test period,The r_ndts of this made,

oper==UoniJ l_lriOd, the WIPP ii ineft'ect I?lVlltigltiOn rely con_rm the EPA notesthaatthe conceptof s
In enclosedor "covered" unit,with ii acceptabilityof thaiWiPP lie currently condttmn=tlno-a_lp-ettonvariance for
stablepointtd'iU' release, Ones pi=inn=al,orm4y idlmtlfy n,_=sMry the WIT_Pii corollate.stwith the
ha,'J,rdoul co_tltuentJ have exited from iinl_nxrinlj or other modJficetlonto the =tpproachtt Lntend_to proposeinother
the point of relearn and enteredt_ waste orthe facility, Jt is alsopoudble rises =tsweil, Forex=tmple,EPA ii now
_enerll atmosphere.E_A be,lievesthai that, it thec=_chu;ionof the lest period, co'arid=flail"conditional"no-.ajar=Iron
mllFntion bom thaiiincioNd un.ithas theWI)_ wtU fail to n'xmtA£A or RCP..A varliinceefor s nosher of I=tnd
occurred. Up until that ix)mL however, sl.ands'di for permanentdlipouL In treatmentdemonstretionltnvolvinll
air emismlomlIrl ¢=ontiimedwithe the th)scam=,DOE will be required, and hiss petroleumrefinerywit=tea,The purpose
_posmtory,a=dshouldnot be cooeidared commirt_ to mmovii the waslii from of thesedemonstl,=ttionais to provide
to have mllp'atodh'om tna unit, l"_=t the underlp'mmdrepositoryand aeek data neceasiryto showno-mi_"atton
proposediipproar.hii c.oltslstentwith anothiirdllIpoaiilstratel_, dlannilfull camels:eel agar=trios,ii=
theiipproachF.oAil r,onaide.nnllfor The no-mql_ItiOnvariance EPA ILl we[] ii, lo allow EPAor =sniluthori=ed
covered steal'aceimpouncimentsorwaste props=ali todiiy woudd=tllowDOE to state to collectdite to setsp=cit'mc
piles, In it=d_ft irutdiincl for no- piace waste in the WIPP for the purpose permitconditions,Under=t"conditional"
m=Erttionpebttona,EPA bat defined of conduct3nllta=atsor iixpertmiintsto van=tnt=,ii dernonstratloncould
"the outer limit Of any engineered demorultnltethe lena-termacceptability proceed,al IoI_I Ill i,_ faCili_ sp=riSer
barrier over t_ unit [roof, dome,etc.)" of the racially,The viirlance wouldbe colddshow that nomii_tion wouldai the iilr poml of compliance for lp'antedon thai=seditionshillDOE

occurdurinll thaidemon=u'ation,and that
coveredunil.s.For the WL°P,the outer removew=utii placed underamundfor the Ions.term demonstrationfor =t
limit of the tm_pneeredbarrier over the testinliif =tsperformance us=urn=ni permiineotdisposiilhid =treasonable
'mit is the pointof ro|asse from the fails lo showthat the WIPP meets the chanceof =eccs=dins,lr the
shaft, (In the caseof the WIPP, the no-eiip'soon standard over the _ demoi,strationsucceeded,permanent
questmnof where in the air exhaust term,Teotmlllind iixperunantaUon disposalcouldthen be_n. if tt failed, themlirreUonii measuredieain factmoot. wouldmciodethe bin and iilcove ta=tta

operatorwouldberequiredto remove
Becausethe _ft astasthma more than a outlinedmDOE:'=draft test plan for the the waste placeddunnsthevent.concenmitloneof hatardoua WIPP,but wotdd not inciudii the
constituentswill be the =asia lit ali "sp=faLlen=demonstration."1"bis dernonstriitlonlind dlJq_oxor Ii
pointsin the `hall Therefore, for ali demon=ttretmntataimed at =thowmlllh4 eccordtnlltoRCRASubSideC
practicalpuJrl)oUs,thaiunit boundaryfor mad,iaea of the WIPP is receivewaste, requirements.Sinlilarty,EPA i¢ also
air reieaJ4.acou)dbe diifiniid iii butnotto ,how ils iOnll-term reviewins ii no-miaretlonvariance
anywherem the i_id'L) iicceptability._ vananc# wo_d have petitionforthe temporarystoralleof

untreootedhaurdous w_ete in a pile
in summ-,'y, the A41eucyis propo==lNi to be modified,or ii revised vananc= beforeincinemtlon,In this ca=iii,thethefol]owi.nllIx)ms of compiian_ for issued,beforeuntreated mixed waste

determmi._ oa ro.qp'asianfrom thai subjectto the RCRA land dialx_ll facility sweet wouldbe requiredto
Wg:_, procedu.,'emcouddbe placed in the WIPP demonatrttethiit noeiip'orion would

1, ]:'orupward movement out of'the for purposesother than te==Liollor occtu'during the stomlleperiod: the
repository(e.g.,alonll shiift seals):Toe expenmentaUon,kflo¢[ificationor owner wouldalso berequiredto remove
post of cootact between the Salads lind rei=tsu_mceof the v=u"iaoce,m thisca_e. the pile compliitely mttheend of the
the Rustlerformation, would take place iiccordml to the fuji storageperiod.EPA believe.=thiit the

2. For downward movement:The varianceapproval pro¢iidumesof 40 CR_ approachII ii Ixoposi_l today fnr the
point of contaeLl:_etweenthe Salads and _,6(il). Forexample, the operation== WLt_Pmstsimilar to the approachtt ii=
the Castile formation, demon=streSSeswould oat be sallowed con==idiirinllfor lind tnmtment

3, For l_,erel movement:The underthe viirim'=ceproposedtodiiy demon=milieu=and temportry stom_
boundaryof the 4 x 4 mile WIPP land withoutpublicnotice in the F_lend in wiistii piles,Tod_y'=proposalwould
withdrawal ,,iea within the Saliido _. opportunity for public allow placementof untreated hiizardous
formaUon, commiinLimdEPA approviil. , waste in the _ fm' the limited

4, For =ttrmS,FetiSh:Thaipoint where F..PAbali=yeasthai a conditional purposeof tutull, iii IonI ii, mt_iibon
the mirexhaust shah releasesto the variance,llmiled to testtn8 and did notoa:curduJrin8dsatest period, and
ambient enviJ'onmenL experimentation,is appropriate for thai the waste wouldberemovedli lanl-

The Aalinc7soitcitii commentson WIPPbecausethe Alency has term no-milpmttoncouldnot be
theseprepared potnt=tof complianceii= tentaUvelyconcludedthai Siltation wig demon=u.ated.See==isoSt FR,eO60S
well as onother all=mat:We==, notoccurdorisI the testphiise.In (Noviimber7, 1986),where the .aqlmtCy
C. Candle enel Vorlm'_ addition.WIPP showspromise iii ii indicatedthai e potential no-m_l_bon

permanentdisposal ==lte,Becausiiof the situationwouldbeonemvolvtrqjstor=a,=
As de=scribedeiirlier. DOE:intendsto possiblecen_quenees of lille Ilenerttion ina land dlspnealunit where wastes

l:,,eainWIPPoperation==with i S-year as well Ill other uncertiilnties,however, wou)dbe removedit thelind of the
testprollr=rn.Thaipurposeof this DOE cannotat this time diimonsu'=tii storalleperiod.
proar=m is to demon=tr=tath_ Ionic-term no-milp'_tionof hiiziirdous constituents SectionV orthisnoticede_cribe_in
acceptability of theWIPP and'lo show over the |onll term.The conditional detail the specificconditionsof the
compliancewith EPA'==diapo_l vanenceproposedtoday wouldprovide proposedvariance.The key condition is
standardsforTRU wastes, Although DOE with the opportunity to conduct therestrictionof thevarian¢_ to the
substantial information on the Ionlr-term thisin-situ testing onlies liens'ration placementof waste.=in the WIPP fm'
perforlTlance Of thaiWIPP his _ with actualmixed was=Iii,while eneurin8 purposesof t'astinllendexperimentation,
_=tine.dov_r the Is=tSfifteen yur_ thatno militias occursdurinll the test Thiscondittrmwouldallow DOE to
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that duriNI the test phaseali wlste will _nerel approachunderRCRA. bothin nowsttempU_ to securea potash
be placed in the relx_itory in a readily permittin8and vanances,Under RCRA, leaseholdinterest at the site; it has
retnevabie manner, i,e.,ali wasteswill EPA typically relieson institutional indicatedthai it will resolve this_ssue
be in retrievablecontainers,andwastes controls(both active and passive) by mid-May 1990.EPA. however,is
will not be bock_l.led(exceptin the case imposed throush8enera]regulatory concernedabout the possibility thai this
of two alcove,l. where "standoff' wahl standardsand site-specificconditions interest mllht not be securedbefore
will be used}.After reviewin8 the (e,l., in RCRApermits)to ensurethat mixedwasteii placed in theWIPP,
material DOE provided with itspetition, accessto s hazardouswaste disposal Therefore, ii ii ProposLnlto require,,,s a
EPA hastentaUvelyconcludedthatthe siteisappropriatelyrestricted,EPA conditionofavariance/'orthetest
measurestobeta.kenwillallowforthe believesthaiany permanentno- phase,thatDOE mustcertifytoEPA
saferemovalofthewastewithinthe m11FstionvariancefortheWIPP will thaiithissecuredcontroloftheentire
time-frame required for the testphase, have to imposelans-termpassive surfaceand subsurfaceestatest the

Sinceroomstability and waste institution41controls, suches land WIPP (inciudmllthe potash leasehold},
containmentare critical to the assurance withdrawal, records,end markerP-to beforewaste ii piecedin the WIPP.AI
of waste retrievalat the end of the test ensurethat the [ikel_ood of human the lime time,EPA notesthat the
phase,EPA fsproposini to require that intrusionis appropriately reduced,even currentland withdrawal at the WIPP
all wasteemplsced in the repository after active controlof the facility has site prohibitsminini, andany fulure
dunn8thai periodbe placed ins ceasedand any permits st the site may larL_withdrawal ii likely to includea
readily-rePayable manner,By "readily. have termmated, similar prohibition,Therefore,F.oA
retrievable," EPA means adoptionof the The specificconditionsthai EPA solicitscommenton the appropriateness
specificmeesut_ identified in DOE's mi_t imposein s no--milration variance and theneedfor this proposed
petition to maintain roomstability (i.e,, for the WIPP to reduce the possibility of condition,
roomsize,rockboltin$,and standoff humanintrusionin the future would be
walls) andthe use of easily-retrieved addressedin the contextof any decision F,Site Geology and Hydrolosy
waste containers(boxes,bins,drums}, that EPA mqlhtmake ona variance for 40CFRZ0a,8_a}requires that s
Si4¢nificantchaNles to theseconditions permanentdisposal.Thus, for today's petlhonerseekin$a no-siltation
would require I modification tothe proposal, whichapplies solely to the test vansnce provideI comprehensive
variance, period,the issueof human intrusionin characterizationof the disposalunitsite,

The draft mUieval plan identihes the distant future li not relevant, For s facility suchas me WIPP, this
severaloptJonJfor alternative sterile of Nevertheless,EPA notesthai DOE has characterizationmustaddressthe
theTRU waste if it ii retrieved,While i taken,or hascommitted to Ilk]all, resionaland site-specil'icleolosJcand
specdicstem.leand disposalalternative Nverai important steps to reduce the hydrologiccharsctenstJcain thevicmity
orsite was notselected, the Alency possibilityof humanintrusionafter ill thesite.This sectionof Lhcpreamble
beiievel 0111DOE hal made i claim's of the facility. The molt describesthe leneral Iill leololD,and
satisfactorycommits)snrto removethe important of thesesteps,which would hydroiolLYof the WIPP.
waste, if cooauidm,ednecesMry. To likely be conditionsfor a no.n'Ulp'ition EPAbelievesthat DOE hasprovided ".ensurethal shy mixed Walls removed vanance for permanentdisposal,are
from the repolJlOry ii handled delcnbed below, sufficient irLformstionto demonstrate
ippropriate/y. BA his includedas a First. DOE states that the site will that hazardOUlconstituentswill not
condition tha_requirementthat removed realm underfederal jurisdictmn in millrate from the unit by any leoiolric
wastebe toenail,sd in accordancewith perpetuity,and therefore it or lucceslor pathwaydurinll the WIPP testperiod,
RCRAsubUtleC requu'ementz, allencieswill be in i position to restrict (Fora discussionof this issue,see

access,Furethermore.in Ausust1987, sectionsIV,] and IV.K of thisnotice,)
F_.Post-C/sea's Conu'ola DOE und the Stateof New Mexico Furthermore,the leneral areaof thesite

Althoushtoday's proposedvariance alp'Sld to prohibit in perpetuity ell has beenshownto be Ileoiogicaliy
forthe WIPP is based oni fi.ndml of no, subsurfaceraman&driliinlb or resource stable,andthe conrinin4_unit(thal is,
m:lration dunnll the testpeno(LEPA explorationon theWIPP site unrelated the Salads Formation)appearsto be a
has extensively reviewed a Sqlnificant to the WIPP project.Finally, the Federal [_oodmediumfordispoMl, liven its
bodyof informationrelated to the lans- 8ovemmentowns the entire surfaceand thickness,llenerai homogeneity,endlow
termperfornumceof the WIPP, In this lubsurface eltale at the WIPP site.with permeability,in sdditmn,the relative
rev,ew, EPA Ims foe'.mealon the the exceptionof a sinldepotash remotenessat the site andthe limited
"undisturbed" performanceof the leaHhold interest:DOE statesil ii now l_'oundwater in the area,while not
repository, la other won:b, the Allency neL,lOtie,tinll with the owner of thal relevantto i no,-milrstionfindinl un(_,;,"
hasnot specificaJJyreviewed or leaNhold interest.DOE alia ltatel thaL RCRA. werean importantconsideration
assessedpoMibie releases fromthe at WIPP r.Josure,it will noUfy aUirate in siteselection.While several
WIPP thlt milli occur if the facility and county planninll,deedand record uncertaintiesremain concerninllthe
were disturbedu a relUit of human offices,oil and Ills commislions,and Ionll-termperformanceof the repository,
inLrusion---forexample, in thecourseof otheralenciel, to prevent accessby the Asency believesthat the s_tewill
sit and Sls exploration at somepoint in unknowin$parties, lt will almapiace notpresenta problem durinl the test
the future. EPA believesthat, in the permanentwarning markezl at the life. phase.Then uncertaintzesare beln8
contextof RCRA no-milretion variance ii required by 40CF'Rpart 111'1 investilated by DOE as INIrt at the test
decisions,the questionof human standards, profj'am.Data from this assessmentwill
intrusion,either duJnnloperationl or These specific controls,and perhsl:_ be essentialinany EPA Gndinltof no-
afler closure,is beet addressedthroush others,would conslituteassurances migrationwith respect tothe permanent
a consideration oi'the likelihoodof aSemsthumaninu'usionfor the variance dispoMl oi'waste at the WIPP.
intrusion, end the imposition ofcontrols for permanent disposal. But in onearea I, Site(:h,erview
to make such intrusions unlikelyevents, EPA believes a specificconditionmay

EPA emphasizesthat this approachto be appropriatefortoday's proposed The WIPPsite is locatedin
humanintrusionii consistentwith its vanance. Ai mentionedabove,DOE is southeasternNew Mexico, in the Paces
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Valley sectionof the moud0mruCd'let studiespaH'armedon thebrtru8in both studiesbeiir_ water.le_
Pramsphya_rraphic provia,oe,a broad the E,R.DA-.6_ the W]])P-12relel'VOUrll measurements have been taken for most
hi8:hJandsthat slop,ml_ot.iy eutwaurd indicate that the fluidsare between of these wellsov_ thelife of the project.
from the Basinand Ranis phyiiolFel_C 360,000sod 800,000yearsold;there iii in thesemeasurements,a 8oo</
prov'Lflo8. 'T_I site ii is,cited in the alsonoevidenceto showoontribut_ona correlationwas fotutd to e_st between
no4rt.hemM,ct.iooof theDelawazeBasin, from presentpr_pitiUon. Further'moxl, water.level measurementsfromwell to
which ii I portionof LM laZllerPermian the brinesare saturatedwith reapeclto well at the site.However,limited
BaiLsoi'the Te.xu/New Mince erta., halite,so_ere tins mechanismfor quantiHesof the water in Lt_eformation
The DeLiwareBasin ii a broad,oval halite dismoluUonfrom the flu.tda, dJ'ainedinto theshaftsof the facility
norl.b-louth trendzn8u'o_. m which Consequendy,after reviewinl| the data. with the drii]irtt of the conau'uct'ionand
Lh4iraare over 6,100metersof structure| the ARencyhaz concludedthat these Mit het_liLnllshah,Tl'da.coupledwith
relief on topof thePrecaml:m,a_ bnoereservoirsdo not presenta t.Fu'eat wide vammtionain fluid _at'y w3t.hin
balmmenL'Thebasinrocksshaw iitthl to the intea_ty ofthe repositoryunder the format.mnandverylow hydre-iic
deformation,led have uoderljoneo_y undisturbedcondJtiorul,(]:X:)Ela 811dients.havemadeflow dire,cl_Oml
minor tectomcactivity _ LMendof assassin8the possibleefl'ecLIof i diR'icultto define,paJ'Idc'_aflym the
Pem_a.nt2me,approximately2,2.5mitLion boreholepe.netrat.m8 thxoushthe southernma of thesite.The f3,eshwat_
years 08o. In milcendLqorder, the repositoryand into au uoderb/tn8 headcanteen at wellsm thearea
Ptnl'uan u.I_LDlt thr site lte LM Castile brine pocket, leadin8 to the Lr_catm a southwestern flow d_rection
t:)eJawure Msu.ntiS Group of the upward flow of brine into the repository, scram NmahDrew, a southern flow
GuadaiupiazzSeries(B,ruJhyCanyon, The issueof possiblehumanintz'u.aionta dLrectzonaCroMrbeWIPPsite,andan
Cherry Csnyorc and BeLlCanyon discussed m section iV.E of this notice.) area of apparent wutm'n flow south of
ForTnationl), followed by thr Ochoan thesite (apparentbecauseof low
Group(the calais, Sals4_o,az)dRuader 3. RustierFormation Hydroaeololw hydrauliclp'salients).In ,hie ins_ it
Formationl, end the Dewey l.,_e Red The RustlerFormationii the rockunit ia noteworthytorememberL151Jtthe
Beds).Above theseformationsii the that overliesthe SaladsFormation.lt ii Cuiebrt Formationii approximately400
Tt'LasaicDockumGroup {undivided), composed(_ffive members,in aicendin8 meters abovetheresposltorylevel
followed by Qu,etemaJ'ydepositsof the order:.The unnamedmemberat the means8 that.u,nde_tmdbt_'bed
PleistoceneEpoch(Cats FormaUon Rua0er/Seledocontact,the Calibre conditions,the potentialforhydro[eBic
_uadMeacaJeroCaliche).Therocks Dolomite,theTamarisk Member, the interferenceby the Ce.librainto the
describedabove represent MaaentaDolomite,and theForty.Niner
apprc_mate_y 4,000 meters of the Member. Two of the members will be S4lado or the poMi_LI_ of the Calibrebein8 a link forcontammantiifrom the
at_ati_ap_c column at the |its. The dilcuseed in thtl notice, becaUH one II rempoaitoryii very low.
repOlltOry bl located in the Sddado in cofltactwith theprolx)Hd uldt
Formation. approxYmete[y 655 meters (or bouncLtryof the diipo_l unit (unnamed As mentioned above, the
2..150feet) below the sus'fa_e, member),and theother member 8eochemiet_/oftheCu]eb_ formmtio_

oveHymljii ii the most lill_flcent waters ii hishly variable. The total
?..Castile Formation Hydroaeok)lo, water.bearLr:j seratum(C_lebm dissoFved solids (TDS) conc_nt]'utionof

The Castile FormoSan ii the rock Doloadtel. the Culebre in the area of the WIPP
far.arian directly underlyin8the The unnamedlower memberof the vane fromt0.000to_7_aterthan
Salads. At the WTPPdto lt Ii Rustier Formation is a layered lequenom 200,000 ms/L These value _ the
approximately 400 meters thick and ii it of iiltstone. 83vpmsmlanhydnte.and waters of the Qudebreat the idte
major hmlite-beannEunit.The halitee, hal/ta. Near the WIPP sitethe averop considerably_ andnoti moux_eof
which are ofva_ purity and thi_ of thil member la dr'mkuqwater, lt hal beennoted that
thick.esa, ere separated by the approximately 35 meters, lt contain8 1 the variability of the saiimry of the
r'eia_vel'ythick anhydriteand¢arbonete siltmtonewater-Iii>decrieSp,or_o=, wh_,h Culeb_ watersis ouchthat modem flow
beds.Sianificant voJumellof fluidirl may behydraulically continuousunth directionswithin the Cubbra do not
usually not enr.,ounten_din tht the upperS_ladortlidu_m and amy appearr,ona|stl_t with modemMlinity
formation. However, rRm'vo_ oi' dissolution samba' of the upper Salads. distribution. ThJ0provides e_co that
pressurized 8al and brinehave been However. zincs thr Rustlm'.,_ilado them _ no modemcontnbut)onof

, foundin the Cantiie. contactsoutane water that le iio4mJmted recherilt water into the CuJebraat the
BoreholeERDA.-& dx'JUedin _ with mopo¢1to Iu,life, Jthlnotcapable WIPP site,Evid_ce at.qlseatathat the

encountered a _ of pea.multi,sd of dissolvin8 pu_ halite. C_leb_ hsa been hydroiosicefly
brae in the Castile Fort_tinel, about 8 'The member directly above the isolated for several thousand years.
kilometers from the camel WIPP rts. unnamed lower samba' hatin Cu_bra The Aaencybelieves that the DOE has
More ra.early. Borehole WIPP-lX. Dolomite. if mqjrut_oofrom tim adequately describers Lh_IPmeml
located abo_ 1.5Idlom84erefromthe mpomtorywee _ o_xu', th_ fortuities hydrololJcand8eo]osicconditioa_fat
site caster, etscotmtlred iu_thsr brine ii _ the mmMimpm'taot the RueUerFormation for the purposes
reservoir in the Ca_ _e.Data from parental pathway for rtluae to the of this petition. In edcLitton,durinl the
f_,cent 8eopbys_cad studies Suavehid environment. The _udebru ii a fimdy performance assessment. DOE will
DOE to asaume that the WIPP-I.2 crystalfiz_ Iocsfly e_ and continue to meaim'e the hydrologic
reservolt may exlef_duhde'neatha arenasmoue,vulB_ dolofmtm,w_thu rHponim8of the Rustier_th respectto
_/'t_Ol_ Of _ wIIW emplacem4mt Ivera_ thicknm_ st the idt_ of flow direction. Thai ammem should
section of the repomtory. However, the aptwox_snataly 10 meters. A_lit result of serve to confirm and refine the curr_t
brm_ are 230metersor more fractuna& C_lebr8 Iranamit_vittu underetandin8of the uppermoa,t water-

= amtti8_aPb_caJlybelow tM repoadtory (which am very Jaw) have beamfound to i:_armllat_tum m the ores. s
hor=on, sod there appure to be no rarqteover mx m,den_of malpUtude nem'
natured mechanism that would cauN the that _W[PP lira. ' li ,lloeJdbemlm'_t4dtl'-I Ibau _udhe_,wkde
movement of thus bases to the Al_ox,Jmately (50_ have _ penmemw ese_W_._l d I_elmk_.- imo
,epol_tory. UrarUumd_aequ_ibnum completedm the Culebni lime WLPP c,.,.,,_.
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4, Salado FormationHydrogeololo' 5. C,eoloalcStability flow from the weep diminishes,which

Becausethe mpoaitor'yhsa been The8eoioatcstability of the WIPP 8lte usually occurt within a few months,The
constructedin theS.lado Formation. the le a keyelementIn ,ny no-milp'aUon current view,acceptedby EPA,li that
Si]ada is theformation of the mo,t .findin8for Ions.termdisposalat the brinemovementLntothe repositoryis
interest8t theW],PPsite. lt ia located 'repository,In thecourseof _t.8review of from the di.Jrorbedroc_zone,and may
between the CasLiJeand Rustler ,DOE'spetition.EPA addresseda be the resultof stress-dr'wenflow, with
Formations.TheSalado is informally numberof questionsmisted to site litUeor nocontrtbutmnof flow from thestability,the most importantof which far-field(whichis the are-, beyondthe
divided into threemember's:An ire brineinflow into the facility, zoneaffectedby the aide,round
unnameduppermember, the McNutt potentialfordissolutionof the S.i,do workU_}, The fluid inflow questionis
potashzone(theinformal relponaJname Formation,seismicity,and the an importantonebecausebrine 188 key
for the um3amedmiddlemember), and occurrenceof maker bed, in the Selido factorin Bis pneration, which is
an unnamedlower member, The Formation,Thesequestionsare partially causedby the corrosionof the
retionaJefor thi0 division_ the type and discussedbelow, wastecontains., Gas8enerationmay
compositionof laternlly,,¢onaiatentbeds a, Brna Jn/7ow,There,Ire two main affect the amountof time requiredfor
of halite, po)yh_llte,and anhydrite, with potentialsourcesfor brae infiltration c.-eepcloauRof the facility,end, if 8si
varyin8 amountsof other potassium- into therepository:Leeka8efrom the pressureii sufficient,it could ,Iso
beaten8minerals.The beds of anhydrite Rujtler formationabove the WIPP end fracturesun'oundi.rqlwalls orseals,Cas
andpolyhalite alternate with the thicker brine inflow from the SaladoFormation may also 8enerateenouahpressureto
bed, of blUte wtthin the Selado, Indeed, into the WIPP, drive liquid outof the repository,(The
approximately85 to gOpercent of the While therehll beensomeleaka8e questionof 8a* 8eneration ii discussed
Saladoii PaN halite. The composition from the Rustier Formationdown e,ch later in thissection.)
of the Saladoand the Castile of the four WIPPshaftsinto the Becauseof theseuncertainties,DOE
Formatio_ are similar, but the lateral repositow, the leekaaerate doel not hasdevelopedseveralconceptual
extent of the two formations differ, exceed0,06liters persecond,even when modelsto predictbrine movement
Unlike the Castile, the Salsdo is not the shaft i, unlinedandno effort is within the SIlado Formation,One model
confmedto the Delaware B,aain, but madeto correctthe situation. This is not i, basedonfar-field Darcy flow, lt
extendsweiL]beyond the Capitan Reef considereda problemwith respectto assumesthat the Saladois hydraulically
complex ontothe Northwestern Shelf the overall inteanty of theS4l,do, but satuJ'atedin the far-field, thai lluid flowdid le,d to inflow of water into the i, the conttollin8orli.ilia8 rectorin the
and Cant.ralBasinComplex. facility, AJ a result,the WIPP shafts lansterm,and that fluid flow canbe

The porosityof the Salado i8 have beenconcrete-linedandip'outecl modeledeffectivelythrouahthe Darcy
extremely low, While the near.field throuahthe RustlerFormation. equation.[Darcy flow meansthat fluid
permeabi_ty{immediately surroundml successfullyeliminatin8 the inflow into flow i, directlyproportionalto the
the mJnedrepository)ii eat.Unitedto the shaft&Th_l will be adequate(with pressureFIdienL even whenthese
rinse bom I x 10F,-14to 2.5 x 10 E.-11 propermaintenance;to control leakage 8radienta8re vew low,) The other
n_ (0.01to 2.5n_icrodaJ'cies,where one fromthe Rustlero,,erthe oper, tin8 life conceptfor modelsi the Saiado
darcy = 10F.-.4m2), with an averaaeof of thefacility, at which time the shaft assumesthai Darcy permeabilityi,
approxunately0.3 microdarcy, the far- ,eels will be constructed,Therefore, the valid only in those mlponsthai have
field permeebi_tybis been measuredat shaftsdo notcontributefluid to the beens_nificantly dlslrubed,In thi,
approximately10F.,-2()m2 (one repository,and U_uado not threaten the approach,the far-field Salado
nanodarcy).TheSalado Formation was unit throuahdis,oiutlon or provide 8 permeability would be ee,enUeliyzero
initially thoushtto contain only very drivinll force for the trsnaportof under any pressure8r, dienL 8nd brine
smallamountsof water (bnne), "l'hie hazardousconstituentsfrom the would flow intoor out of the WIPP
liquid waspo,toil,ted to be held only underamund. (alan8with any hazardousconstituents)
within the small packets of the Mit UndeqFound experiencewith the only in response to the formationof ii
c_. stale themselves (int]ravtnuJar), WIPPh,s iI,o allowed mars disturbed rock zone in which
Later research, however, showed that information to be 8athered on the deformation of the halite produced
the brine was also lituated in the occlJur_nceandmovementof bnne interconnectedporosity,A third model,
intersticesof theindividual cr'ystal8 within the Sslado.The movementof whichfall, between these two
(inter83_nultr). or lt atuntted very thin brine in the area immediately approaches, assumes thai there is ,ase
and discontinuouspocketsand layers of surroundin8the repository (the interconnectedporositywithin thedisturbed rock zone) has consisted of Saledo even under undisturbed
clay. small, low flow "weeps" that commonly conditions, and that fluid flow would

This is the fluid that has been seen at develop on the walls and cellini of sn take piace in the near field in the
the WIPP in the form of brine seeps, excavation lhortly after the minln8 of en absence of mechanical disturbance, but
These studies showed that the bnne area. lt his been observed thai the then would be no far-field fluid flow
content of the Salado may be weeps senerally occur st random due to the absence of ,umcient
approximately2percent by volume.The intervals alan8 planes of heteroaeneity 8radientJ.
questionof bnne La]lowand formation within therepository, which means Currentlyii ii not certain thai the
permeability is discussedin more detail alan8clay andanhydrite seamsfound differentmodelsof fluid flow withinthe
in"the nextNction. within the S41ado.Only rlrely doe, the Saladohave silpi_ificantlydifferent

inflow fromI particular weep exceed impacts to the ions-termbehaviorof the
.ma, am ns* direcr,ty .levant lmthe _', the evaporationrate of the mine repository.In 8eneral,interl)retations
cle¢,,,oeo_, _-m,_,.o_ vmi.nee._'_ for ventilation.In thaiCall, the lmlil assumin8Darcy flow in the far-field are
INtffllillIQhl dUIpO&11|, i|cOnUlmlrmnLlNI8 beyond amounts of brinewill accumulateon the conservativein thai theydo not result in
SheSaiado ,! fnete_ than kul,tPb.eed revels,
milP'll,O_ 11110o¢¢vrsmdrtRsf_lkls4o( Ihe faintO(the, salt lUrfaca (usuallyat a rate of 8 few a zerofur-field flow rate and donot
oomlsmmanl.,. IM II_t_r lm'maim, tenths of a milliliter per day) until the indicate maximum amounts of bnne
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inflow. Basedonthe models,however, which probably developedesa resullof dissolutionwherein s void ii created
DOE estimates that thebrineinflow differentialdissolutionof theinhydr/te, andoverty/ngmaterial collapsesinto the
mi8ht total40,6m3 in ZOOyears,the 8ypsum,andhalite beds of the Rustier void, lr=the Delaware Basin,these
estimated dite by which the repository andUpper SaladsFormations.lt is brecciapipes form wheresolubleunits
will be closed.This is a relatively small believedthat dissolutionontopof the overlie the Capitin Reefaquifersystem,
volumeof liquid,represent/na1.2 massiveSalads FormationproducedI Thepipesare formedby dissolutionof
percent of the initial roomvolume,DOE uniformIowermgof the land surface the rock and the subsequentcollapseof
believesthat this amountof brine wouJd within Nash Draw, while surficial overlyingbeds, followed by differential
be absorbedby salt backfill thatwill be featureswere producedand modifiedby solutionof upperunits,producm8
placed around thewaste, dissolutionof the RustlerFormation. subsidenceof lp'oundaround the

To verify these results,DOE ham The dissolutionprocessalso produced collapsedpipe andcreating s brecclated
scheduledSaladsFormat/onfluid flow individualsir,k holeswithin Nash Draw, "domsl" structure,Thereare two
behavior studiesfor the testperiodat which vary in size from I few tensof proposedscenariosfor collapse:
the WIPP;,dm'tnathesestudies,DOE will metersto approximatelytwo kilometers formationof s caverninside theCap,tan
validate themodels=aainstin.situdata, across,There ire alsovery small anddissolutionand collapseof
and will evaluatethe fluid/'low sinkholeselsewherein the sre=. overlyin8 units, or influxof water to the
characteristics of the .¢_lladoin the The shallow dissolutionfeaturesin S,alado from in outside sourcethrou8h
shaftsand in the salt surroundin8the the WiPParea where formedduring fractures, resultingin Saladsdissolution
disposal rooms, wetter climaticperiods,primarily durinll and collapse.EPA agreeswith DOE in

Dunng the test phase,DOE will sims the formationof the PleistoceneC;ituna its conrJusionthat formationof these
refine the currentunderstandin8of the Formation,Evendur/nll the periodof features tall not affectthe WIPPsite
hydraulic characteristicsof the Salads greatestdissolution,only unitswithin becausethe CapitanFormation,
Formation, includina:(1}Thestateof the approximately75meters of the surface necessaryas mfluid sourcefor
hydraulic saturationin the far-field;(2) were affected.Shallowdissolutioncan dissolution,doesnot underliethe WIPP
the drivin8 forces for fluidflow',and (3) only becomemmajor processin the site.
the relevant flow paths.A1 1 resultof Salads.which is over250meters from d. Occurrence and s/gn/[iconce of
thesestudies, DOE will obtain= better the 81"oundsurface, if lira= quantitiesof marker beds.The occu.n'enceof 46
understandin8of the long.termrates of halite-unsaturatedwater Ilain accessto correhltablemarkerbeds throuihoutthe
brine in/low, and the lans-termfate of the RustlerFormation,Several factors Salads indicatesthat theformat/on
wastes placed in the repository, will inhibit this process,Thelleolotpc exhibits lateral continuity.Geoloaic

b. Se/smic/ty, The WIPPsite is located unitsabove the Silado are conflninll mappin8within the repositoryand
in sn area of low seismicr/mk.The layerswith tranmmissivitiessolow as to shaftsfurthersupportsthiscontention.
possibility ii extremely lowthat faulting prevent reaharBeof surfacewater.Since The W1TPrepository is boundedby
at the site is of ii maanituedthat could theRustler/Saladscontactcontains two markersbeds (MB},an upperMB
siani/'icantlyaffect site inteIFity, water that ii staturated with respectto 138and in undedy/nllMB 139.Marker
C.,eophysicalinvestigationsperformedst halite, it is notcapableof dissolving Bed13gis locatedapproximately1.5
the site show that no majorfaults occur additional halite, L.istly, the head- metersbelow the floor of the repository,
in the area, and thai thoseminorfault=, IFadient from the Rustler/Salads andis composedby anhydrite,
that are presentdo not appear cantles II upwirl:l throuah the Rustier, polyhai/te, andhalite, lt vanes in
physicallyto displacerepository-horizon which meansthat if water did existand thicknessfrom 0.3 to 1.3meters,with an
strata. The Agencyalp'eeswith the flow thtoullhthis area, it wouldflow
conclusionpresentedby thepetitioner away fromthe Salads, aver=Bethicknessof 0,8 meter,The bedis fractured in the sre= below the
that reaionsl tectonicactivityis not an Silptificantincreasesin precipitation repository as a result of theexcavation
issue in terms of maintainin8repository in the area of the WIPP could in theory
intearity, increasethe likelihoodof su=face of the repository,This markerbed is a

c. Dissolution [eoture#,Becausehalite dissolution.Data,however, indicatethat potential contaminant migration
of the Saladsformationis solublein the Quit=fairy climateof the past pathway if fluids/gaseswere to exist in
waters that are undersituratedwith 500.000yeart hamfor the mostpart sufficientquantitiesto allow a driving

! respect to the miner=lainhalite, remimed semi-and, with limited periods force.DOE will review the possiblerole
p removal of salt sun'ound/nllthe of increasedprecipitation.For example, of Marker Bed13gduringthe testphase.
t repository by dis=alas/aucould affect the Mescal=roCaliche,s type of and wig evaluate the need for specific

repository performanceandprovides formationchlrecteristics of warm. semi- approachesdesilFledto control
mute of milp'ationoutofthe facility, In arid climates,hamremained intact since milFation throushthe bed.including
reviewing the potential fm dislolution at its formationapproximately500,000 ip'outinlland excavationof thefractured
the WIPP, EPA considered:(1)The years al_ it=continuedpresenceis portion=.

; influenceof s dissolutionfront at nearby evidencethat the climate hambeen Marker Bed138lies approximately9
Nash Draw:,(2} thepossibilityof shallow relativelydry since itsformat/on. Ai to 10metersabovethe repositoryandis
dissolutionatthe WIPP:,{3}the partof theperformanceissessmenL composedofmictocJ'ystalline,partly
likelihood of climaticchanl_saffectinll DOE is studyingfurther the possible liminated anhydrite thatcontains
the hydroiollicsystem,inciudinllthe effects of silmficant climatic chantieson scatteredhalite ip'owths.This bedis
dissolutionrate: and(,li}the effectof the WIPP. typically0.25meters thick, andhama

- deep-seateddissolutionon repository Anothertypeof diMolutionfeature very thm clay seamat thebase.
performanceandthe Orill/nof "breccia foundinthe rellion isbrecciapipes,or Detailed assessmentof markerbeds
pipes" foundnear WIPP, dome-likefeaturesof fracturedrock. suurroumd/nllthe repositoryis important

The nearestmaiorgebmorphicfeature Fourof thesedomalfeaturesoccur in becausethese bed=may act as parting
_" to the WIPP is NashDraw,which ii the immediatevicinityof the WIPP area. jurfaces duudnllrepositoryclosureand

approximatelyeightkilometers Two of these have beendrilled and mayalsoserve as fluid milFation

northwestof the site.NashDraw is sn tested.These featuresappearto be the pathways, DOE isconductingii number

undrainedphysiotFaphicdepression resultof localized,deep-seated of stud/esto providea full

I
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undmJKtml of_,_ of ,._. _he_ltc _=_e,d_ _ '_mo a_.t_ _ Jdme__.mo_l_d
d,baN _r ltedJ _th lapel(de iuzdj)ilkar,"_ whlchdm_ fla..medue vllu4..U_lr,tbe mlirt,fl_.nble
l_posill_V j_i_ 3_II Idl,Of t_l.llld,hl= ijN t4_ bld .n_l k condiill el. i ilWll l.p udclosll.
theseble.mm:l dww dikedp,Od,oeman_ sag'uclll] I_peM _e_o_6ed _ _ _,¢m_..mlult,mId.m,e,eammiiles,o[_ _
inl_ ,u_ IMh_oitsIl_l _n_ pi_im_{ i_t _Id nm_im,_ 30K)lalll _lrJ3141LLNdO,l rlelt J_oi_
inuu,ll_i _lid _l_xm _I_I.Yl _¢Ith e_l_il.pi_dlre.M,il4_l,_su_nedby d_)e statl, dlp__he mitill _es_e iin_
m.. _ _ili_i m_*i_, str'natural .pmn_Nrl_no(¢he _dlu I_nokfl.ld_lenmt_,/m,me_=dlus rm.u_,,|as

_, G_m_e_du_/_ _ _ _ miitena,LOuruq amdli_ir,'ooninmoriel, llm_miU_nvabl,_uid_'sep,oloe_e _.te,
milreLii_ _,Idimcaoi_i_liim.OaE ,lame_ii_uri_ of_ eepomta_ _ toe cd'Li_ tukJ o_i.hepo_o_mln_e
provided lhD_uJ_ 4_tlrou.n_r his beene_d, _e o atoll _o_ ii.sessment ts to _mm_. mo_de_:t
mdelUMI ch_ _Ib_'_s _ _olidi_ b_i_,hu_ _ _d_aNiv_y me spe_hq__m _m_-tm_0_
millrl tim_,ofJI4a4Jdous .omumtJdelU.J_ LbJroulhout_he,_erl_und ,openinp, realm m_ l_nlmn,
LhcS,mliidd0_n. :File,modeled Thmebo_i J_amdh,oo_umn_imd41_e EPA_bel_ee th4d_e_,eep ¢io,o_e
iNILh_ra__.oM m_ch _,_ und jn arei_ahe mU_ _u wd_l qm.o_N w4U_n ino1_umct_or_d
moved do_ Jremn_h_wiiide remainopen [10_r,o._ondi_d;po_i_ds,a_ p_nomlmi, m,u,l_h a_lbe,_fhadite,or
• U_rqtepasmls,tbmqlh theum:l_)ym8 time, ,uc_,u t_ wHte,unio_dm41-ereaz visible m'_, will t:_lk,_lonl'fr_otu._s
wdt, endia_ J_ek_ Bed _0. _ end thew,oooe_ d#Ltta.JP._o_,of end flailin_o_ pon_m_n8.openepale
Iben movlld_iwNd_ _ LhiobedJt mlny _ t_l_ficiiilom lte. patlem of the mine,,orwill beinvolved in floo_
Lhe_v_rU_l_i_,[Id 4ld _r_ard thm_l,h boltedf.m'exlresafe_, _th_reein end helve, Thesefrlc_m'elwill ooc'u'rmlln_y
Lhe_s imd_t,_ wi_m._ m_.hlmoIJboi_ am _ mmo_ .ames. iil_ns_,,_m_ mimof'rac_ru,
ehi[t. [X_,mod41dod,iJ_LIsalamis _di_dl The,Ix)ltellnl 4eIM4i'to meet_l_n,t'_ inclpient _otnts,m_ ;.le,His8 plu,neL
the SWLF'..r,uJ_ I w_e_ Ao.opted itiindl_J._ b_H_,_lifi*d foltew_ll__tion Of,undeq_,eunCl
codeused,to_ oootiimu,.,,."t IXn'smn_L _nu'nlls _ _theW_PPfldllty, _r:he0e8re
mnnRportmsdmllrOlm_led mlde very "{Thoroom_d 4_ _rpe _ the freotm'_l,thatmlE_ .u_.t]_edi_arbed
cona_rvltive itournptionm--for exlmple, excavetdoaii,seed in 10_ml_ mini_ rock 'eo_e,,w,hRh.le I zone of rock m
one-d_memmm_,0o_,.conlUmt llcbviUes._uohmsiml_rllcme_ pomld_ wl'ficb_nicai1_pertma +eye
concent,"st)en_ ,of 100pe:llnl mmm6,dinliict,,much eLructusll chaml_d'in.mupomeI,o4'be,excaveta,n,
malubi_t_.,,hil5l_Npitudmal inb)n_lioo for the WI_ mx_it_y 'wee The 'len,n "m_r,_eld" describes'therock
dis_ai_l u mt,udatJ,oa or derived Erem_ podiamh,indumtJr3/ within t_e,_d ro_ zone,m_l "Tmr-
iittenmIUm)o/wu_e, explmenol,hmm_ _he_ii.,do field" describes_e rock ou_de the

Res_ _ _ _'_U modal_l Foru_tu_ _ a f_mdl. 1_ dqrenoyn zone, TI_ d_urbed ro_k'so'nee_e_ds
_rld,_,JIUDth_l _l _ ,d_lUl,llW,dD _lv_ld w_th Utile_)lpooodtlkl_85_ _)_ ipplroX_qllgra_ 1 'tO_ me_TI _
from _ som'm of_J 30 ppt _pt_per _OE_JIpe_ tD 10to_ ex_ry_lr_
_l_n) c_n_u_s_n b_ U_0m_Uu_ conammU=n_d._e WIPP ua_mmd. Unde_'ound 0bmervl_ons lyre
iii,- _0_ _em,s. uamsuNI a TI_ ,Nm4W ,xds,yesd_uOQE,bmdem._u_ with _t_e dish.bed n_ zone mdica_e _t
d.ilpemiviW audJ_ _ 10. _ i_ coherent,cnw__the _lldo'For_Itl on

_ _ ;10ppt ".tl'%_" certaLq_,,thedtiib_W of the WIU3P
wo_d not J_l JsIc_d _e &u_d mpolito_d_ _e period of_b_ oute_deoi the _jt_bed =)ck zone _ _edommant _'uc_,,_rocels involved :n
.hafts ,_ _ ye&n_ud wou_ _U p_eed,vtntnae. _e._o4Jurt of the _p_ito_, The
be ove.r400,mazoreh:mm,th_b_p_ae 2..t:_oat_ Mechsmtsmo disturb_ rock zoos, however, may
-_ fo__ _ an _ of tho mootaUJrsc:Uve serve u ii n,iJ_klor _rne or iii lT Lhe
u.nrelli_Jc d,ulpm_v_N smlue iol'.1.00,.and c_mc_ of/_l_d _,tlm bn.ruethai ,mt,pl mit the rooms _uac_
10 ppt co_._'lU._la/_ wouald.n_illbe p_ut_aty, ,._IU_Jaimleb)_Jit over Ummto &b_l_. lt may _ en_ the e.TT_ctive

m_ttre.&mn_hl tap of_h_._hldo. flow or'_p,"4 _ madmulb_l room dimenaionl'bymovin8the auralat
_ese x_u_J md_e ,that_ _e h'lc_ in _t Io held'lt Juo_ble or..nur • rm,'_phe_ ,preuu,r,edo n. outer

_d ,pem_lbi2i4)' of _)_ m_du, reposite_ d4_u_ _ N_LiouJ limiU__ _udd _me ,rbe_me
bed.is J.i.mLted,lo0u; a_a.a,romu:ll)u_ Acaduun_ of.,_-..iear.N',oa_psud reqmid h_,compb_ cloau_relT.the
chm.umed_ none,,dadd_ n_.,muralod_uonof _ aa4 ,m_ repomtor_,opm_,-aJ_wuNIeh.
_U_ o_.,_"_Iruola_ mbe mediumwu bued,da tNu't,onJ_ potlmtill/at iJndc=un_,_
are low. conr,*nUnaotav_LIaot.mllulla mumpluiea.lbat ,hawdJwov_d.mep Jw iiccumaJa,m_.Jt,uaJao.beeJ0sU&lluted
vertically _p*he i_aJ_))eyond_)ulm_ d_'e4md.that the _ilt piers _m',_ th_.B'/_.[rm_m.s.m.the.d_tu, rl_d

w_]0dlliil p_iX_ i_thll dli_ i_/.n_ __t __ _b_ I_ldlJ,,by ,la_l_3j,l_e
eiss'ti_c..inth'lCtm'i_ orrockwee J_ colliipoo4ad Za_Jmi4d_be.mpoa_o_0, insii mm 4ar.mi0_tiaa lm' d=lM_d_us
occuror &bin_ m _ _ howevm, Thin,we laur_jor adumamo.of,l_ ._m_ul_armd_n_d_m. A maim'4)true
moreexau_ve.m_a_,, mJ_ occur, clo_ sm_uuum_,for.d__ ,__n_ idio_ be,d_vouud_o
A'l(hou_h:Dl_uddau's Ibea undO,(.1,) _ _ |_d explonn8_,Rlam Jmdl_b_ior of,the
condiUnmu _, Lta_dUevaluateIbam eafl__dlm,of_ _.mok.ala.
dunnl theuu_pluu_ mpo_tor_,_)_o_,mok mu
G. Aepwll_y.Rr_=_m_'e lind Marker Bed1_. nad(4)8am Rooms

8eruaru__vhLr,b_ _ _ me
1. ComltrUcUon.liJldMilinteniincdlo,1'the nol_4Mii:atddl_ ,k4icam_ali,ada41,1'lld_prt,k::
Repoii|toqr'3 "T'h4,okN_od,c,loo41ae.bekmnorD/,IJ_ decompolitionodab_ul_ 4nd

.WM=pe,_lxHlilml_,is.eixr.a_i_d op_mnp._,Uae,faclli_,_ as_rom_d _.d_ Sill _lO_Id_ _i

-_Jo _O_l=ml_du_u_ ucl_cumplex m,n,o_ liir_,quaut_dpLZaU_u_-mu_ un
techni(pli.ild ,bi kln,unde.rJI4me anticgpldod.3_be4_l,id,ma_ic wldi- the pre_ jr,lbl,wile dJ_eOslJ
S4de_ lind/,loadJ_Adi_V,o_ to..w,dl.endcik_4.14_oer,rj41u_do rooa_. 1Mu_c_id_ IJ't,hente cd'tilt
(MSHA) overetlbtend,laPel"On trace (_iitehlve,_,ad.Jeil,iai_U,y, u),be product_4ew, m_,Ibe,mte 4t .whi_.h
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8ascouldbeconsumedinchemlcal H,,.qeo/Des/Bn fe=sibilltyofrocksalt•stheiong.(er,rn

_mct,iorutor be diffused intothe host 'TheWIPP repositorytsconnectedto semi:however,completeconsolidationof
rock.'Thispressu.r'izationcouldbecome the8_'oundsu.rfsceby fats'mineshafts the salt columnswit.bintheshaftsand
t driving forcefor the milp'itionof rangingin diameterfrom3,7 metersto m!nedrifts li expectedlo takeupto 1o0
radionuclidesand/or hazardous 8,1 meters,'Thesesh•fSa8re usedto years,Therefore,DOE has proposeds
constituents,U'8as pressuJn_exceeds remove excavatedsalt, providefresh•lr short.termsemisystemto providewaste
Iithost•ticpressure,tt may resultin intake, provide for exhaustmirouLflow, containmentdu_nBthe pe•sd of salt
near-fieldfracturinBof theSalads and hand.Smwaste, personnel,and semiconsolidation,
Formation,impedethestructuralclosing constructionequipment.Atslteclosure, The miter'islechosenfortheshort.
of the repository,or resultin Basesor thesesh•ft= mustbe filledand plugsed termsemismustsatisfythefollowin;I
brinesescapingaroundtheshaftand to preventthe escapeof hazardous r..nte_a:(1}They mustprovide sn
panelseals. (Semidesilptwill be constituents,[.irtadd.iLion,eachpanel and effectivefluid bsr'net':(2} theymust be
discussedin set'don[V.H.) While this Ii drift of the repositoryitselfmust emplscsblein the mineenviron.sent:(3}
• questionthat DOE Is mddressinBas eventually be ailed to prevent theymustprovidemechanicaland
partof the performanceinclement, it mivstion of wutel to the shaft seals chemicalstability for •t least100years:
will not be• concerndurinBthe test and minimize release in the eventof a and (4) they must becompatiblewith
phase, penetrBtton,SinceDOE will not be andcapableof containingthehszardous

Fromthe viewpoint of lO•B-term installLn8permanentsealsdtmnli the waste cons'dtuentsfoundin theTRU
performanceof the Wl]_P,the test ph•me,the va•inca proposedtoday wastes,(A.JthouBhthe Senatelegislative
fu.ndamentmlquestionsare whether does not require en approvedfinal historyindicatesthat the no.-miBTBttondesign.However, for theAgent3/to be applicantmust "suet•in theburdenof'brinein/low will be su4rrir3entto
satuJ'stebackfiLLwaste, ind the assured that sn impiementibJedesilpt meettn8 this standardwithoutthe useofwill be available mtthe endof the test artificial birriers suchsi liners" fS, Rap.
disturbedrockzone,either before or No. 284mt15),EPA doesnal read this
• tier compactionof the repositoryto the phase, it has reqturedDOE to provide inits petition= referencedesi8nand8 plan t•nllumBees precludin8assessmentof'
fintl mechanicalstate, andwhether the for developmentof mdetaileddesign, artffl¢ialbarriers for temporary
far.fieldpermembUitywiUbe sufficient The primary functionof the seal containment.The concernexpressedin
to dissipatebrine and/or lie pressures system is to limit the releaseof the le8islativehistory ii that artificial
ii or near the final repository8litr iii hazardousconstituents(mhd barriersdonot provideindefl.rdte
somefluidpressuuntbelow]Jthoststic radionuclides)thmu8h the shaftsand containmenLSincethe mrtt_tal sealsst
pressure, pest the unit bounda_. For the purpose the WIPP wouldonlyprovide mbirner

The impactsof potenUa]Ilal of the no-mil_tion petition,huardo_ to eiip'mUondurtn41thetemporaryperiod
generationcan,not be fuLLyassessedmt constituentsmustnotescapefrom the (i.e.,,100years) between closureand
this time.The most importantfactor seal systemm excessof health-based consolidationof thepermanentsalt seaL
with regard to impacts st the site ii the levels, and the seals must be capable of the concern expressed in the legislative
rate st which sties wig be produced. To limitinll the irfflow of 8round water from history doel not appear to be
some extent, 8ases may be absorbed oveflymll water-haiti•li zones, presented,)
into the Salads F'ormiUon."['htresults FuJrthermore,the sealsmustfunction DOE'saNal•li semidevelopment
of experiments performeddurtnB the test efTectively for as ionll 8s the waste proBrtm has evaluated s number of seal
ph•smwill help quantify the rate of 8ms remains hazardous, materialsfor usein short.termseals,
Benerition within the repository, mhd In its petition. DOE has developed s including days, 8routs, concretes, and
wdldetermineifany additional two-phasereference8emldesign.The asphalt.Aftersubstantialinvestigation,
engineering modifications or safelruards first ph•8_ provides a "short.term" includinll laboratory end small.scale
sre neededto meet the Is•li-term barrier to fluid flow endii desi8nedto field testing,literaturereview, and
peHormance 8oils. function for at least 100 years.The modellnj. DOE hemproposed •

purl)OSmof this "short.term"barrieris to multicomponentreferenceor conceptual
4. Evaluationof EnllineeredAlternatives providecontainmentuntil theIons-term demiptfor the short-termsemis.The

The potential for releases mma reset barrier of compressed salt consolidates, reference semimaterials chosen were
of the interactions 8moq wuteB, brine. 'The second phase provides the Ions,. concrete and sodium bentonite (s typeterm barrier to fluid flow end iii of clay). They are expected to 81tiSfy the
• nd Ims lt the WIPP hal led DOlLto expected to become effective at above criteria, although their
con.sider whether ease type of write approximately the 100-year time frBme, effectiveness will be the subject of
treatment process or some other system DOE has chosen salt amthe principal further study durinllthe test phase.
modification may be required. Several Is•l-term baser to fluid flow from the Within the repository shafts there will
engineered components mt8htbe added repository, Salt has been selected be three major seri subsystems--chs
to the wetem to mitigate the effects of because:. (1) lt Is compatible with the water.bemrin8 zone semisystem, the
8•i ileneretion,wastes millhtbe treated sun,oa•dial host rock.providtnil|sng- uppershaftNai system,and the lower
before placementto reducethe amount term mechanicalmhdchemicalstability shaftseal system.Thewater.beinng
of ImS8enereted. or other measures unmatched by any other material zone and upper shaft seal systems ire
taken.DOE famed i task forceto considersKt:(2) lt isemplacablewith locatedIn the RustierFormation.while
review and evaluate the technical conventional techniques: and (3) the lower shaft 8eel system ii in the
effectiveness of waste, beckfiU, and emplaced crushed salt is expected to Salads Formation. The wster-betnng
facility design modifications in recommlidate as mresult of creep zone seal system i8 composed of a 4-
mitiBmttnlJproblems =ssocia*ed with 8ts doJunt of the mine and shaft openin8s, meter-thick compacted sodium bentonite
generation.Engineeredalternatives that reeultinl in I fluid conductivity .'sealsandwiched betweenmassive 10-
mi8ht provide improved performBnce approachJnlJ that of the host rock salt. meter-thick concrete buJkheed8.The
will be included i. the WIPP Labs•story testing and numerical upper shaft semisystem is composed of

experimentalpraises, modeltJr_8have demonstrBtedthe three4.meter-thick sodiumbentonite
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seLLs,se_,hssadw,tch_ i_d_eeU and removeareas of MarkLr,Ded t418, S,Sm/._._a/w_._,,S_Saon
ro,naive _ _dJ lD metam which mtjht permit m_,lp3tlonof tbe ar,ch.t_/_.n#meej=_ _t_r will
in _ _a md_da.ut _ 8r warts _'tuenta. _ cbrys are preFam a du_jn/or ,the )a/._.Pseaj_ i
the splmax_dV _au_r4oq dudt not'now h_r_de,d'JTi,Ib_t_m_ Irlld9_'lJ_ system ad,__ the _JV_te_ _e
.y_em .in£be_i_ __ can ,be Us5_," testing and _ deve_t
e.x.pe_t_ m mum Lt_t watAr-_ In i_ p_J_tcm,_ ,prided I actl_ees` Thede_ v_ 5_:)v_
zones ,are .isoht_:] .bom Uut.thad'_ referencedevlg_lm _hrsseal Ty_em, A basis Is' prepazmila WIPP c.ansts-_t_cm

The lower IhaJ_HIll syJ,tm11,wkJ_ stss54Rr..LiTtI_ d _ 'phase desili_,
will be m _ _ __ ,ii activities _ devoted _ _sl _ 6,_]. _md._qTe,Lou_ sea/Ze_._,
exl:_tad _ r.u_t jar the h:_j tta: " dml_e,_ based e_ '0_ 'reference DOE_u pht_d a :_nJ3er of var.Lr.nj
This NaJ i3_mim_ be _sed demspn.Ts cSe,racterize anl 5p35tem and honzort.talbom,5_ .inthe
pnma._¥ _f =.mnS:arcedcrushed 8_t. behaviorend peff_'mm't_ mere _uT_. experimental area e_ the repesllwy.
__ _ the .d_d'tareaw I DOE _s cooducflnl en m41tu and Various oald_cl_te ees] mateviah have
state ofpen_LLty to ,l_Id_ laboratory_leet_l'tS,ease}yelLanddee,l_ beenplaced in'theseb_;_s)_lesto
c_mpsr,R,b]et_ .thato/.mtact hast lock p_sm, __ uettvitiel or provide'In-situ dale on_elr efJ3c,scy.'To
sail ThJeexpected _ _ _he fiJMd issues add..eee_ by qke'pros:rt_ are: more flJ_lye_uhit_ t_e eTTectsof the
coJum,n _d'_ .iudrm eachof 1,Geo_emkm/MO_, Mdlflorml dtstuJeoedrockzoneand tolest
the foul'_.ta _atd¥.,_ll) taborltory work 4S4_ONSa_ 40_onfir'm
m, ta=s. that ld_ofl4e'n__s _ perform emplacementtechniques, DOE willemploys l__'seals dunn8 'the 'test

actequstetyq_mm_oul ltwir demln Ills. phase. These,0_e4s.w4U ear, late tyt:_l
A BJ_44FII MIll w_ be iJ_lta_od &t During _ tell phtm. DU_ will evaimr_e panel mis, and w_l be oompeeed,ofthe top ,ofthe Sshe:Jodormat/on, above

rhocompactedcn_bod u,dt cdu_'_. "I'Ve the t_tm'_lt ,fm'chenitca_desrodlUon crushedsalt ormit b_eck_ _dfor theml 'materialsal s eee_ltoY
seal wUI be ,GomposLid.Ims top to intemcti_m m di the baawJous wast_ concrete.'
bottom, o__) • .l_m,-thick ,concnete (m_:Josha' wasle._to.be dtsIx)eed of m The P_._cy beqtevea_st "_E's Tee_s
bulk,heed, [,_), 4.,n_er._ck compac._ed
sodium be_s_s_te_ _lj a S.,meutr. tim r_posnory, develesnnem lnellrem, as.ourflmed+_(be2. Q-z_t_edam_._'eab'_aUon, 11u no.,mifrrettonvsTianee. _ epl:_at_,
thick _ida_d crushed ai14core, effect of.com_tdatmn nn crushed salt The re(eee_ce wmte_als ceTeentJy
(4) a 4..n'_tLr.tkmk compacted sodium properties reqmrea'vm'ific_tmn wtth. selectedexhibit key pre_les of
bentonita,_ak 8hd (5),a:lO-metm'._sir.k further Isborma_ tmm_inc/adiNI An mechsmmiland eh_ioai _t_Tfltry,
cuc._t_ buLkkHd. _bia _/_1)er expamLi_ of The_ pmS_tm _ empl_coebility, mhd h_ntlc
component wallpa'o_Ider_i inchsde banR,_ cnmhndsekt. impermeability, The overall seat design
prelacies af tlm pmmm_cd,ld_ted _udt Commbdmim stes of cnuLhadsalt ii redundantand eaU.sfm.setia m
from in__ bFwalr'from state under d_monc load=ns _ be crtttc,d portleaJ ef thetepmltory sod
above the S4,1adoformmJon, "1_ detenmnad.MBSUr?m,m,__wt_ then be shafts,'rhl ta4J pJ_lee will ,add?eN
coacrotl _ lm"l _ _ 4]Jo_s41r made ma_ _ with _ ouldmlsdanadaUlItaecIs. ve,-tfy existlr4
seals within rise f,a_ f_mattoa, miU to deterunna bow 9sJd..KUedpeas data,4rodde_eLop,'new mode,iL a4 uel;
be salt saturated to increase inhibit compectm_ Tlm e_ent _owhich as asia'gym,medalsdLwe_ped
compaLLi:d_with ftu, hat rock. &t the reco_ dsmlareted by previomdy..ia3JomuJt,mndeveloped
beRnm _ Batchahah_LJ_dJ'Jershorl.tann moisture wLUbe t_m _a testsms cLu.n,r_the _s&t_ _ be _ to
semis_ 1othe one tm4_ced.at the samples containing co_ll_ qun_Ues dev_p • ju_l_mu_ _al demp
topof the S,a_do.formatWn w"l Im_vide of uh:_d:_ J_'UI_,1"110l'Sdlb{_lJlip suitsbi* for a conLtru_,,_odeulp_.
s _/or the,id'_t's ,c_i_:o_dated betweenrecunsolk:Jattm_deuaity,and The ,a_ancy s_ts comnmn_m_
sail if 'nj I n'4 wUI .l'nit _he movement of permeability wiU adambe dertecmmed, DOE's cen'est _ce dean 40 weU
fluids betwemz th_.u_l.coksmnand_ 3,Cemema_ao_J.mame'_]l li DOE'spro6ram fordm_dopiJr_a
repository ita_f. A ,raduodsat eed developmm_L42OEsmU_so U'rves/iSite preliminary seal design dJ,tr_ th_ mst
aenihLrto the two nutatmnedabase.is anhydritebonchnilconcr_e.,princip41Jy phase,
also papered to be local_ withe the to supper5 she devek)pmentof mLJte_l !, Waste Chamcterizmion_Jad_ lormatmm j_t below the Var..a to madM_ Bed130 so _ ss
Triste markat :b4d.wh,ir.hil j h,adU_ anhydritamarkorbeda<d'kme 1, WaaLs,_)ur_dDlsnd'Typel
s_tat_r_ ap_te.ly 240meters importance.T,i_ of pmWusl..y-
above the repositoryhm_z_a_ developed m_='_ma,wiU oontun_, TheTI_ w_tm mtended'for

DOE ,,iso mJmnds_o@htcea adU:iUof 4. C.r_hed4_t co_o_dauo_ emphases.ni m 'theWiPP are oern_.md
honzon.tali wtt_n _i_ dri_•nd mod_i_,OOEw_l_lke st'th_ qu OOE facflit-- smmbved:m
p,me.ia_/be _po-",',ry _uwJLattd sh)ni; numeric,al,crushed sLdtconsaJ_dabon prodm:adu opmlmOnSand _mm'ch and
the fo_u'io_.Hor_,South acce_ d_ta model to mdudt _ J-tam dam ,from devetopme_ _hes _ll_ad to
;etde8 to ,lh4 paxm_,_ @uclxsuof labor,tory _ C4k:_atJons w_l ,be nationld defama.,Ma_.of thepmee,,,-s
theseseslaM to prey.idaan tats'va] mode _f,crusbed Mit conml_Jst_n m condau:tod,m,thesee ileaeratm_
withe each5_l.nellh,sthu a propoNd Hal a)tc_vaLk041li_lp_l 50 fal sm :_pirad marndamut'u_8
permeab_Lzyto Irl_dacomparable1othe 8uide thechoice,ofasi shapes _r rapid operatk:u_nmg, ch_[p'eeams,
peuneabibty,of tmdistarbed bat mc.k consdidalizm to h_;b denniS, and _ow foundry_penmom, aalmb/_,
salt. Thesès_zLs_ be_mpmed al a permeabiJi_, laborltm'y operstmns,et,=: the major '
pr_chtted _ll e,_rt(eithasrtamped ditTerm_ ts_tha_Je of r,ad_ac._e i
salt or uLI _ock) wZth:_o.me_r , In 0_Id,Mlto_4i_Itml.amckpanddl_matlmvlt ..... ',
c._ete buJkhRsds lt 8a£h end. Of IEdlnl@e_leey,thelNledde_b edlabe lulr.u_ ,n '_Tmmim mmt_ _oamV_mlmm_
Conl_era'_e ovm'tz,r_vLlioniii ,,.. t=m_ lm,be_d3lted_l_ _ m_ Wuwl, ,n_m_t= -,,Umr de,mloOam_
antici4:u0 ted wtthia tke drJ]t sad plaid T'he backfilledseh1rodo4_ff 8beort_ oeJ_lm' Advancedprelims wdh latir,be_omle, I_Jmatlmel t, til_lsdlit'lbl/llm_lte_ III ttmweete _ lira blet_llemmth_Ned_t to tke '1_O1_
seal 8rum jell imor to placement o/,the material _'be'me iIM_l_mil mdtmlhiat_ pna, yam ta Swede. Gm_da. _dalumy, itri tim
seals m indic8 th_ d_starbed.rock mn_ 8,,dTtduc__,_m_,,,em,_ lmI,_ _er_. Ne_h_m,d..
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the idinUflid ¢OflltJtuentl(i,i,, the , Mmplel. Ali thosesamplesrepm.ented facilities becauseRockyFlatswill
solventl) lm vary volatile and are likely Wlllt TYI_ I, I_nerale 4,e%of the newly 8eneraled
not to be primal m the wlstestreaml, or Two setsof Ills heldlpsce Inalylll waste over the next za year1and INEL
Ire present it vsry low levels, resultswire provided,In the fir,lt lit, contains _ Of the stored waste that

The secondpart of the Content-Code. ;relUitS were reportedfor 22samples, wall beIh_ppedto lhc WIPP/'acfllty,
specificbdormarionreferences Ten Ilmpiel reprelented Wasle Type I: muchof which wll Ileneretedat Rock>

Rats, DOE fu.rth.r no,tel that Rocky
DoEaVailableiqlues,lmllY_callupportdltl:itsconclusion.thesedata,on rive simple, representedWe.le Type LI: Rail produceswastes describedbythreelimples representedWaste Type
waste compositionbased uponpmceu !11:and tour umpies representedWalte mostof the ContentCodes,lu_owledl¢ Then dlts include results
from total voJatileoqlan,c inaJysil, total TYPeIV. In the secondset,headsplce
metaJJ imidylta, Toxicity ChirscteHaUc ' aniiyltl results wire reporied for ZOe 3, Sum/'na/"y st Waste Charlcterlzl,lon

lampJla, ii Thlrty-two nmples Datl
L41acJlUtl Pro¢ildtu'e (TCL,P) teats for representedWaste Type I: 70 simple.oqlanlcsand meUda,F.xtraction
Procedu.re(]EP)tilts for metall, and representedWutt Type I.L7"/samples TheRCR.P.hazardousconsfituenll in
head.pace Iii anaiylts for orllantca, representedWalls Typ_ _]1:and 23 the wastesdeltmed for the WiPPsrecerlaintoxicmetals and bothExceptin I/ew cans. ali the analyti_il samplesrepresentedWlstI Type IV, In
resultsrepresent Waltel that wire bothlets of headlplce dill, the halol_enatedand aorthalo_enated
8eneratedat the RockyFlats Plant, the MmpJeawere analyzed for numerous solvents,BIsed uponthe price.
Idaho Natlol_aJF..n_neenn_Laboratory, 811seil;IncJudinllnine oqlanicl, informationand analytical data,DOE

compileda table ('Table2-1 st the
or the LOl P,JlurnoaNatlonal Laboratory, lt shouldbe noted that oneof the WasteAnlly=t. Plan} whichidentifiel

Torsi volatile analysisdata were i|oall o( DOE's waste chiracterizatlon the RCRAhazardousconstituent,and
reported for 11tImmples,Thirteen of the prol_m li to ensurethat the Willis e.timated concentration, expectedto be
Mmplal repreHnted Wiite Ty_ ! and usedm the ixpertmental or testphlse presentin eich Consist Code,The
two r_pmsentedWaste Type IV, Total are representative of ali of the welles maximumesttmlted concentrattonlof
metalsamllylis data were reported for that will beplaced in the WiPP facility thepredominanthazardou, constituents
six samples.Thlse lamples repre.ented dudnll its operational period, DoE are presentedin Table 2.
Waste Ty_ 1and were alas Ielted for bellevel that waltel fromRocky Fills
the RCRAhiMrdoua wnre (newly Ilenerated)and theIdaho Thl toxicmetlil cadmium,chromium,
r.harectertati¢=of isxtitability, National Enl_neeriNI Laboratory (atored lead, mercury,selanium,and silver are
com_vlty, and reactivity° end newly lenerated} will be predomlmmtlypresentin discarded

¢I_JP Ntndt= wlumreported for tin repreaentittve o| Wallel from the other tool• end eqmpmlnt, _lidlfled inorganic
,immples.,,li repmentmil Waste Type L IJudlles.andcementedlaboratory

liquids,'lead ii the molt prevalentEP
NiM of the semplel were analyzedfor ,* r_y._ la. lad.No. M,_o_,w.r..i_ malal and is preNnt mostlym iead.hnedoqlanlcl Imdmetlil while one wn laatm_lfm _,,eoleeB,'eersledmilM Lo, ALamo,
analyzed for Orllamcaonly.EP toxicity N,,o,,,,tLabor.myTim,,,,Mim,, *_,,_,,, ,_,,, alloY•S,lpr•na, andIrloveboxel:leld
test reildta wire reported/or fifteen _ aCltAvoc. w,_,d._u,d ,. ii. M.d,_x_, bricks:andpipUtl.

T_ul_2--.M_MJuESn_o _,T_,T_ V_U(S

_ * WIMMeT_ t Wllle T_ II 1 Willie T_I_I IN WIBtI Ty1_eIV

T
...................................................................................... T 1"1 T

_ lWllClV_l_l T T T D
......... T .................. T_ T

Te._'_ T ....................................................T
1,t,1.Ti_ .............. T T T O
Tn,u,m_s_,m¢.. T ..........................T M
_,_,_.Tmm_-_JLI_ T T T u
X1_ll_ T T M

, T TI D T
........... T T T T3

.......... T O O T
........... T T1 T ....................

........ TI 1'1 T ..................

,The loliommll_ m ir_ _ in 4dml,4 ie me _ wmle mguinons _ im _ _ ahle'i_sres,c_ lt) _mo,_, (2) buumol, (3)
mN_i'_i, li_l (4)_, TI_ oe,t_ ¢¢lmca_ _Om_t_dm i_ wl_e lee CMmmlIImm m lemI'm,lmr_ousm mgulalmn&

KIl_, 1_.,-( t _ T_-,,r-ll_ I_llfl, t; T,,, {0,|qtl_; Ta (lqb; Mill l-IOqk; O" > IR,

The primary hilolenated OrllamC relulated ashizardoul underRC.RAdue Type I, IL or !11wiattatream| at llreater
compound_identified aa beinllpresent to their toxicity.Tbl compoundsare than1%.
in the wastesare tetrachloroethylane, commonlyusedmsdqpeelmil solvents The primary nonhiloilenatedorganic
tnchioroethylena,methyiermchloride, to cleanmetal am'facesendlo solubilize compoundsidentified al betnppresent
1.1.1.tr•chlor•ethine. carbon other compounds.Aa indic•tad in table in the wastesam xylene, acetone.
litr•chi•ride, and t.t.2-trichloro-l.2,.2- 2. DoE; letimilea that hllosenated methanol,and butanol.These
tr•fluor•ethane.These conaUtuent=are Orllanicairi, notpresent in any of the conltltuentaare rellulatedal hazardous
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descr/bed in section rv,L3, above} art conducUng the expertmantL the ABency The Ai_ncy used for iii asxssment
_presentaUve of thewlJtes to be a4Feeathai muchs controldevice lo theconcentret/o_ of volatileorl_rUc
empbtc:eclM.the WIPP, theA4_ncy appropriate,(AJthoushthisptrt of the compoundsmess_u'edSnthe headmpace
_l t.bat viJ'jaflonl in the no..mla_tttondamoruU'a_ondependson of 200_ and standardwaste boxes
compositionof wute8 from different ,:theintel_ of art_cid cou_inment Mml_ed st randomfromwaste form
fadUt_HveD thOl,l_l the proc4,lsel mer3tlrlJsma,EPAdoel not believe_ ceteaorteJBeneretedat the Rc_y Rats
are s:LmUs,',.-,e_Jnet uncommon,The usa of air conU'oldevicesfor a Plant andstoredst IdahoNational
sA_djencytherefore believes that temporary period (i,e,, the operational _eerinl Laboretot'y, The waste form

Liond waste imslys/swill be period) precludessn approvalof theno- clteaones when _mpled were expected
neceus.'y to demonJU'stemore clearly miip'sUonpetitmn.AJ noted earlier m to complywith the r_l_lrements of the
that the wutes bom Ro_y Flats and the discussionof the temporaryHals. W[PP-WAC, althouanuponsubsequent
ldlbo NtUona| E_neer_ l.llborato_ EPA doesnotread tha Ing,181aUvehistory visual exam_at.ionendradionuc)lde
that are to be amplaced in the WIPP (S, Rep Ns, 2S,iat la} ao precluding EPA reasaay DOE found only 179 of the
du.rml the tnt phaseirl, in fact., [:1'o111conltderml tha intelp-ttyoi orisinal 200to be WAC cert.Lrtible(al_er
representaUve of ali of the wastes artificial barr/ere durra8 a ILm/ted modtfyin41the initial WAC assessment
scheduled for emplacement in the WIPP period.) to aUow a free Ltqu/dresidual of up to 1
facility, To b41 lllUJrlKI thai then ii no

mt,jratton above health-based levels, the percent by volume), The Agency views
J.No..Mll_ltion Demonstration Asency ii propoSin.8 tO require the the arullyt,icalresuJt.ifromthese

Durins the test phase, DOE intends to carbon adsorption control device to be heedspace samples as bet_ semi-

tWmixt_ of in-situ teats installed in the bin diacharlle lyltem of quantitative, for the rations previously
conduct s
involvinj wastes: bin-scale and each room be desiB_ed to achieve a described in section IVJ of th/a notice,
alcove teats, In the bin.scale control efficiency of at least 95 The reidts of the Agency's
experiments, waste will be placed in percent, _. The Agency believes a 0.5 assessment are shown in Table 3 below
8perJallydell,lp'ledbinswith various percent controlefficiency ts readily alonBwith levelsof re.story concerns.
combtn_.d_, of brine,backfill, and8as achievableby carbonadsorption The Allencyco_ervativsly assumed
getter ma bJH_t/a,In the alcove tests, systems (see 52 FR3748. February 5, that both rooms reserved for the bin-
drummed 4glMu wall be placed in 1987), In addition, the Agency is scale experiments are filled to capacity,
sealed alc6ves.'_r'bese testa sre proposing to require thai certain records The capacity of each room is 120 bins:
deacr/bed t311_ detail in section rV,L be malntltned in the facility operetta8 therefore, the total number of bins la
of this notice,) The Agency alsessed the record to en=un thai the above 240, The Ajency then illumed In
possible levels of hizlrdot_l volatile requirement li mit and that the spent averase iea ienereUon rate of 5 moles
orl;sn/c constituents lt the unit carbon (which wfl/contain the per drum peryear, i _ the DOE
boundary dm'lnl these experiment| for haurdous constituents) wiU not be characterizes la representing the upper
the or,santo solvents melt conlJllOn]y improperly reBenersted or diipoled, [/I bound of the ranst of credible Bis
preset in TRU mixed wastes, The particular, the following records world 8eneretton rates (Test Plan:WIPP Bin.
proposed unit boundary for the air have to be kept in the facility operattnj Scale _ I"_UWaste Tests, January
pathway hi the point where the air record:(1)The date and time when the Iggo:,SA.N'D_¢4e2}, 'Etchbin can hold
exhaustshah releases to the ambient carbon in thecontroldevice is replaced theequivalentof (sdrum volumesof
envlrom'nentat theWIPP, Al disculsed with fresh_lrbon and when samplesare waste,Therefore,DOE's upperbound
in section W,K. air la the only plausible collected for monitonn8 carbon Bal lenerstlon rate is equivalent to a
pathway duJ'/n8the test phase for breakthro_h, along with records of the total |as ien-.rat.lon rate from ali 240
milp'attonfrom the lend disposalimit_ monitormBres_dts:{2) en8ineeMnB experimentalbins of 0.5cubicmeters

in the bln-scale expeMments, delian analyses used lo size the control per day, t| The DOE has specified the
headspaca Beset will be vented into the device end to determine the frequency general ventilation rate throuBhthe
bin discharge system whenever the bins of carbon replacement: and (3) s sit,ned repository iii _000 cubic feet per
become preseui'tzed throu8h a pressure certification that ali carbon removed ro|nuts which ii equivalent to 17.000,0o0
relief valve installed on each bin. The from the control device la re8enerated or cubic meters per day. This entire volume
Bases _ then be passed on to the reactivated by a process that minimizes of air ii exhausted at the exhaust shaft
exhaust shaft. Since the purpose of the the release of organ/ca to the and is avaiJable to mix with any Bases
experiments ts to Bather data on the flat atmosphere by means of mcondenser, released bom the bin disc.haRe system,8enerstion potential for the various thermal vapor incinerator, catalytic
types of wastes intended for dispose/_ incinerator, or similar emission control The reaultinl dilution factor at the
the WIPP, the tsta of sae leneretton cen system: Is incinerated in a device that exhaust shah ii 34,000,000. The dilution
only I_ est,unatedfromdata patheredin meatsthe performancestandardsof 40 factorii appliedto the averele
previous laboratory studies. In its eFR pert 264, Jubpart _ or 18diapom|d headapaca co_centratior_ toBether with
review of the Bal 8enerationdell the in compliancewith FederalandState thecontroldeviceefficiency,to
Asency concludedthat the possibility redulations, ceicuJatetheconcentrationof
that health-based levels mi8ht be conatit.snts in the exhaust I_haft,
exceededm the exhaustshaftcouldnot
be eliminated.,Therefore,the DOE has ,, WhileDOEhillilubmilledII i_hminllry dellqp_ ,

provided for the inclusionof a carbon o_,t_carUo_.d.,_,x_ con,_d.v_ tM_ '. T_ _ _ fM, .v.. i_,Mp.hal not besm I1_1 lO deiggmll_ _ilh lM m|ol'mlil_ fteflet'stlo_ nile iii hqdw (e41., 1_ mokis pl_ drum per
cimster m the bin iii dllchlr_e lyltem provided whll _olttfo4 ii_l¢leis¢-y Ih(i d41ticll ali yeirL lM cml_elnHioml Ill the vnll boundary
lO remove any volatile organic ech..vs. 'J'h/,_fO4i'ql, _.OA tS peOpOl41_l lO I'llqulnl Ihll wo_lid still be Ix4ow keilth-blll_l level,,, raven IhL,

corultttuentl releued from the blnl. the carbon idlorpllott contro_ de_l¢4 bl desilll141dlo rl,qmmilefll lm' I Irl)mt idllorp41_l lyllem .,lh i

Given the uncertainty inherentin lit;bal'lte ii ieoll ii level o( 9.5pl._ent efficiency, iS iN_l::tfll caitiff011ll_'lcNIItey,
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The compliancepotntconcentrations K, Monitor/ns point for ali ventilationair from the

(with thecarbonadsorptioncontrol As descnbeclin the previoussection, under3rou.ndfaciUty,Becausethewaste
devicesinstalled in the bin dJschar'Be the Agencybelieves that DOE ham containersand experimentalbinsare
system} ire sn order of'maBnltude demonstrated, to a reasonable degree of vented to prevent the bulidup of gases
below the level of reg'ulatoryconcernl'or certainty,that therewill be nomitp'ation generatedby the wastes, some8ases
carbontetrachlorideand are two to Of hazardous constituentsfrom the andvaporswill be releasedinto the
sevenorders of malp'utudebelow any WIPPdisposalunit abovehealth.based u.ndeqp'oundenviron,sent,II shouldbe
other level of regulatoryconcern,These levelsdu_nll the test phase, notedthatali waste containersare
representthe bin-scale experiments Nevertheless,regulationsat 40 CFR ventedthroughhighefficiency
alone:however, the contributionof the 268,6(c}require that monitoringof ali particulate filters that preventthe
alcovesis negligibleby comparison, environmentalmediabe conductedto releaseof any airborneprrtlcuiate
,Mthoughit would not be allowable confirmthat no roSSI'asianof hazardous material duringroutinewaste handlt_8
undertoday's proposedaction,DOE has constituentsbeyondthe unit boundary operations,Irl the event that oneor more
provideddata to show that evenwhen occurs,unlessthe Agencydetermines wastecontainersare acc/dentally
10percentof the wastes,equ/valent to that monitoringof one ormoremedia breachedcausingradiation tobe
S5,000drums,are emplacedin the ' are unnecessaryor Infeasible, detectedby the WIPP radiation
repository prior to sealing of the rooms, In evaluatingthe possiblepathways monitoringsystem,aU undeqp'ound
the concentrationsin the exhaustshaft for migrationof hazardousconstituents, ventilationalr w/li be automatically
wouldbe two to etght arden of muted tJvougbhighcapacityH_A filler
malp_itude below the levels of re_latory the Apncy has concluded thathazardousconstituentswallnot militate assemblies,Therefore,any particulate
concern.Since the alcoveexperiments to groundwater orsurfacewater during matter contaminatedwith RC11.A
involveonly 3,M,Odrums (more thin a thz testphal_,',J,Therefore, theAllency hazardousconstituents,e,g,,EPmetals,
factorof 20fewer drtmul},the doesnotbelt_vethai Mound water or will be preventedfrom beinll released
concentrationsin the exhaustshaft from surfacewater monitorial is necessary, fromthe exhaustshaft,Thus, ordythose
thealcovedrums would be a factorofat l.nleaching its conclusion,the Agency constituentsthat are in the gasphase,
least three to nine ordersof main|suds notesthat ali waste empiacedat the e0l,,orlamc solventvapors,couldbe
below thelevels of r_atory concern, WIPP duma8the test phasewallbe releasedto the environmentdu."tn8the
The actualconcentrationswouldbe containedwithin steeldrumsor testphase.
even lower than this oncethe alcoves standard waste boxes whichserve am The Agencyconsideredthepotential
are sealedmtthe atlrt of the the prlmaw containmentbarrier,The forfire andexplosionhazard in
experiments,i. waste itself ii in an Intmobileform, evaluatingthe potentialfor releaseof

The agencyre,coln_el that the lCtUll A.Ithoulh the Mit bed formation in hlzardoul conel.Jtuentlli part of its
bingasgenerationrate may be hiilheror which therepository is locatedcontains review of the no-milpltion petition.The
lower thin $ moles perdr_ per year, small amountsof _apped brine, the Agencynotesthat the W[PP-WAC
However, the Alency qp'eeswith DOE permeabilityof the Mit formation ii pmhtbltl explosivesand compressed
thai this failurelikely overestimatesthe exc_tdingly low, creaUnga natural gamein TRU waste andrequiresthat
averagegasIleneraUonnim h'omwastes baser to tranJport Furthermore,full pytophoricmaterials be renderedsafe
representativeof the ent/r_ rangeof retrievability of the wasta will be by mixing with chemically stable
TRU wasteL Therefore, the Agency mamtainedduring thz testphase:, materials, suchas concreteorglass,or
believesthat the DOE hu retrievalwallbe accomplishedby means be processedto render them
demonstxated,to I ralsonab]edelF_ Of of the removalof the waste containers nonhazardous,in addition,the Nuclear
certainty, thai durinl the test phase andany Mit which hambecome Relulatory Coauniaaionrequires thatali
hazardoul constituentswallnotmilP'ata contaminated.(Sel MOtionIV,D in wastecontainersbe equippedwith one
beyond the land diepoMl unit above today's notice for a discussion o( or more carbon composite filters
hemlth-bmMdlevels, retrievability.) Uponcomple_ionof the desqlnedto prevent presau_ buildupor

testphase,the Alency will reconsider theaccum_iUon oi' flammablegases
'" _--"-"-"-"-"-"_ -A_ ,,otathatforthecarbon whether pound wlteC or SUJrflce water prior to id_pmentto the WIPP.li

composlie fllti_' v¢4at,ieo_lllni¢r.omlx_mddiffusion monitor;agwallbe ne¢_sMry before desc_bedm the TRUPACT-U Methodse_penmen_QAIQCdlillmllccm'Kysad
prsomim'li'm'lMMmplinlmhdiMlymtapm(:4durn waste diapoMI op411tJonl11'Iiinitiated, forPayloadCants,oi. The performanceof
wm _ =,,bm.ie,dw.h oOr, m.*o_.Howls,, The AIIm_c3'belles that the only them filters hambeen specifically tested
Ik,,dafT=ioncoef1_t we, delm,min4dfm,Ibm credible pathway for t_lnspoM beyond ' with respect to hydrogen Ins difTusivity.
din.,.,m,rdi,.., lm,_ .,.p..,mm,.ic,_ii,i,x., theurdtboundaryduring the test phase The Alency believes that these
Complnloll 04' I_1 di_'lli_i41_ ool(rlsJenll blltWllll

rtlllrl I_nm'zlly indt,r..altlr.Omllllenlnmultz,iIIhot_l_l ii eu'Oullhthe underlx'oundexhlglt requirements,in conjunctionwith the
lh4 compir,somlirs ,totfive,rbS4in_ caN. shaft. The exhaust sbm/'tII the discharlle maintenance of general ventilation in
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8eneratin8sitesand the]imitationson sre requiredto be certified cleanand StackVelocityand Volumemc Flow
i thosedata. freeof leakspMorto each usaae.The Rate(TypeS PitotTube}," MethodZA
i To cen'y outthis requirementmost methodrequires that ali sampierI. "Direct Measurementsof Cea Volume

effectively,EPA ii proposin8to require includin8pumpsandvalves,alsobe Throu8hPipesand Small Ducts" {40CF"R
that DOEimplementstandardopersLinJ certifiedto enlura cieardinell and plzt (50appendixAl, or in equivalent
proceduresthat will providepositive reliable semplerecovery, methodapprovedby EPA. EPA is 8[so
identificationof the followin8 Sampleswill be analyzedby hi8h- p_poIin8 toi'equirethat the
compounds',Perchloroethylene: resolution8al chromatoaJlphy,followed c,_librstionsbe performedquarterlydue
chloroform:bromoform:dichloroethane', by full lcannin8 mali lpeCU'OmeU"y to thepossibleeffectof salt aerosolsin
dichJoroeLhylene:toluene:and (GCIMS/SCAN) to provide the therepositoryenlvironment onflow
chlorobenzene.Thesehazardous capability to identify a wide variety of measurementinstrumentation,
constituentshavebeenidentitiedby volatile or'88Miccompounds.Cz'yoaenic To ensuresample inteaz'_ty,Method
DOE asbein8presentinTRU mixed focus]nacan be usedto concentrate TO-14 requires Lhat811samplecanisters
wasteslt low concentrationsand can samplesal neededto meetanalytical be cleaned,pressuretested,and
be deterndnedquantitaUvelywith the detectionlimits.TheC,C/MS analytical certifiedwith humidifiedzero szr
TO.-14method.Therefore. the Aaency 0yltem is requiredto becertifiedclean initially andfollow]naeachsampiin8
believestheseconstituents8re 8oo4:1 with humidifiedzero au'pear to sample eventpear to reuse.Method TO-14 also
candidatesfor inclusionin the analyeia.Consistentwith "Test Methods requiresthatall samplers(which
monitorin 8 progl'amIII taraeted for Evaluatin I SolidWaste. Physical/ includespumps,valves,andperipheral
constituentsif detectedin si8nif'icant ChemicalMethods" Method 82,110"Gill equipmentusedfor samplma)be
amounts.Is Chrnmatoiraphy/Masa Spectrometryfor removesfromservicefor routine

As acriterion for inclusionof a Volatile Oqlanice" (EPA Publication maintenanceandbe leak,testedand
conlutuental onetaraetedforroutine SW.,-M6,Third Edition), the Aaency is certifiedwith humidifiedzero au' and
qusntitat.lon,the Aaencyii proposm8to propelS8 to require that 8n avera8e humidifiedsao calibratio_ standards.
allow s hi8her frequencyof detectionfor responsefactor foreach tar'aetanalyte. ThemonitorS8 plan submittedby DOE
thealcovesthan for thebins because asdeterminedby a tive-point instrument indicatesthatali samplerswill be
oncesnalcoveietided with calibration,be usedfor quantitation, certifiedonii quarterly sched,,le.
experimentalwastes and leeled and the [Taraetanaiytes art the five MethodTO-14 requiresthat GC/MS
expenmen_beans, the compositionof constituentsinitially taqleted plul any tunin8beperformeddaily with 4-
thealcovelazes ii expectedto chan_ otherconstituentsi.bsequendy taraeted bromoMuorobenzensto verify proper
only slowly.In contrast,becauseeach for routine quantitation band on the anslytlcal systemfunctionina,that
bio representsa sepa.rateexperiment,a criteria describedpreviously,}in instrumentcalibraLtonbe checkeddaily
hi8hly hetero8eneous ud t:Lme-veryml addition, the mit/al cldibrItion and any with e one point midrsnl_ humidified
compositionof ilai_e isexpectedin the subsequentfecal]brat]onewouldbe calibrationps sta_dazdfor each
bin discharaesyltam, requLredto sablfy the criterionthat any ta_eted analyte,end that the C,C/MS

,A.Jthouahthe/_lency believesthat lin_e reopens factordiffer by no mos
monitors8 for the five taraet than 2,5percentfrom theavers8• of the analyticalsystem becareeredclea, with
consUtuentalistedabove in conjuction five. However. if it can be demonsu'ated humicl_ed rem au"daily prior to sampleanalysis. Consistent with SW-Mewith lpec_tic cntana for inclusion of that the inst,-mnent respona is
ld,'litiona]constituentsii luBdent, the nonlinear,the initial calibration andany Method8240.the Ajency ii proposin8to
Aaencyii eolicittNI cefr.sent on iubzequantrecalibretionswouldhive to require thatthe Lr_munentbe
whetherother constituentsihou]d be satisfythe ca'tterionthat any liable recalibrated by a full five point
taraetedfor rout]naquantitation, responsefactordinar by no more than calibrationif the responsefactor from

3.Samplin8and Analysis 2,3percentfrom d,eex,jected value thecalibrationcheckdUTenby lp'eaterderived from resresaion analysis. For than 25 percent of the _veraaeor
The monitorinl plan provides for the purpose of investilat_nll the expected response factor. Ali Ilaa

samplin8and analysis to beperformed presenceof o_Jlm'volatileorllm'dc calibrationstandardsmustbe 13-acelble
us]n8EPACompendiumMethod '1'O-14, compotmda,EPA proposesthaia to a NationalBuJreauof Standards
'['heAllencybelievesthe method LIweU fOl'wlrd Malch Of the Nltionl] Bureau stand_Irdreferencematerial or sn EPA-
Imted for routes monitorial of the mort of Standards library of maM spectre be approved c,m.ified reference material.
toxic and meet prvvale=t _ performed on each ample enalyzKL To enJm that cor.,,tituents 8re
ioivents found in TRU mixed w;lstel, capable of beinl detected with the
The method is capable of detecttzql the 4. (_ality Assurance and QuaUty neceM4ry d_ of anaitivity, the
hazardous constituents ttrpted fm' Control Ajency is proposixqlto require that the
quanUtation with • sensitivity below I The/_jency is propolixqj to require method limit of quantJtation be
part per biDion. Samples will be that standard oparetinl procedures be established for each _r'aet analyte prior
coDected in presSurtxAKISlx litre, adopted to ensure the validity Ofthe to the initiation of the momtorin8
SUMMAt polsiVated ltain]eaa steel monitorial dam. Thea would cover a proar__mand that it be reevaluated
carustere. Sample atoreae stability hie rarqpl of ictivitimk lndudinl semplin8 annuatly thereafter in accordance with
been demorutreted for a variety of and imalysis certification procedures, the spac_cationJ in "Raper1on
volatile orlpmic compouada with ",his _nstrmnentcalibration checks, duplicate Minimum Criteria to Assure Data
type of container. _dividual canisters samplin8, audit cylinder amplin& Q_ality- (EPAI530-SW-.90-021.

techrdca| lyltems audits,and data December12,,lm0}. The Ajency ii
,* .rlt A4_ iio_u th4"imeat odt4f volltihl quality audits, further proposinl to require that the

OrlJ¢ll¢ i_i_liflsl_nll foqiltd H1'rlKU mixed milli Sm Ali flow measurement inatrumentation method limit of quantitation be
tiltedu Juz,,r_v, _ es O't pe_amb._m ._ used in the calculation of exhaust shaft , determined separately for the bin.
t_r eshlb4tiltIH'141C_lill'lk¢;18rHIti¢0_'ilpt0tabiltty concentrations would have to be alcove, and exhaust shaft moratoria8
mlkalqr Ikal IJ'klmr IqllN I_'11¢. Stldt OOII4|lit01qllUlll4NI .., , , . .... _,IL I',_'_* t .... _--__ ..I.,_ A-- ,,I., ..... :LI ........ ._,,,,,,

: I_liy O8_ hllarJ_l WMli Jl_lI44tl I| _ GiliOnl[IO xi1 It;c, onzlnr,:,e wire wit im._-,.nu, rum _v ulw i,,v.-,,.,,w _ ......._ ,:oncen_,t_r_. ReferenceMethod 2 "Determinationof of differentia]msu'ix effects astJ._lated
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with the p_..,ence 04'salt mc.ro_s kn the believ** the #'olJow'lnlfquality a.numnce deny or mvok:m the varumce _ m
repomlm'y e_tronment, objectives am ,cl'mevable: _ or minus today's notsce.*'

In m,ddHion to Ib_ fl'n_okm_n_fion of 10 percent for rels._,a mooJrmcy a, In order that the A,s,e.ncy be no_r'_d at
csnh, tTr and _ ce,r_ficanon m'_d Lnd,tcah_dby the ,relatfve d_ the esrbe,lt I:>e_m'btet_ o4',my
anaiyt_al _ pmcedm'vs, between the rrreamnn_ concentration li_lihood that mig.rmtio_ _ occur,r_.
rou_rm q'ual'/ty _ _ u_nmt recover_l from s ,arrnple'r and the the _ ts p,r'opoming to require that
be impLemenl_.d lo e,vskm,te data known conce,ntrsrion of the targeted DOE notify the AdmimsCrsto_ m w_tmg
ac'c'cracy, _, m'_dooc'_eten,ess, analyse m the audit ills cylinder, 15 within 10 day1 I_durin I s.nythTee-month
Inorderto e'vahuata the a_ ofthe percentforprecisionii indicated];,yLhe periodthemver_e concentrationofany
monism'ma data, the Agency is rellUv, _oca berween ne]d ha_rdous coT_b_t,,m measured oY
proposLn8 to SKIRT. that recovery dupiie._e Maples; 90 p4u'cardfor data calculated m the e'xhaturt shaft o,v,eram:l
ilarrrplel be c_l_¢ted ft'oa Io_t compi,taoeM u adp.ro.sd ,tat.isticaJly to above back_-oo:nd lt-vela e'x"ceedss
cylinder1 at-'KI,m_yled _t a frequency of accmmt for the numLtaof data valid,lt,mn health-baaed le'rsi e_abEshed by the
10 percent at Nch ms--tor'in8 toca_oTI, audits; _ 0.5 plrt p_r b/Ilion I:ny Agency, In Idd'Jtiol'x.the/_enc'y 111
In ordertoe,v_h.He_',,_precisionof the
monitor'ml data, thr _cy i, akm volume for meshed b,mt ¢_q_d,ntitaUoo propomnli to requn.e the ,ubTni_el of

or oas Rfth of m_rye_ta_mbed h_Ith- srmu_l dm sunu'n_es und so'mms'ties
pro_omn8 to _l_i_.e that duplicme based _ for s ta_lleted conat_uenL of data scc_Jlcy, prechdon, ertd
samples be co[mc'ted anclenely_ed al a completeness irt each moyritonn8
frequencyoft0 f._.roe,nt at each whicbeym'iJ8J'_ter. The AI_Dcy iJ locsUon. Wgetber wff.h calculated
monitonn8 iorJrion. Inch_din8 the therefore propom_ to reqmre these u concentTstions at the exhaust shaft and
exhaust ,haft. In mid, ion. the As_cy ii q,Jmlity immrm'_c_ ol:qec_vas for data documentshon of the actual method
propo, sin8 to reqs._ that data acceptability and to reqmre that limit cd'detection achieved for each
compl_ene_ I_ e_ralueted by data con'_,ctive action be take_ whene_,e1' ta_eted snalyle.. Themedata would have
vslida, rion au_t_ at a fi'e_uency _ not these objectives sre not bein_ met. _* to be subm.ltted to the Chief. Technical

less than 5 pe,rce_t. The Agency believes $, Reporti_ Assessment Branch. Characterizstiot_
that dlts velMafi_n is in esmmti.I l:mrt and Assessment Division. Office of
of the moni_ pro_am and thai the If during the course of the monitoring Solid Waste.. U.S, Environmental
pro,po, sd as,d_ frequency re.p,r_,ems an program mqlrlbon above health-baud I:)rotectio_ Agency, in add.ilion.
adequate but no(burden_m'nelev*[of IfveI,of any hazm'dou_consbtuentii documentation on .IIaspects ofquality
quality e,onlJm4,To _'n_we that any deterJed, DOE _ reqwr,KI under 40 CFR saas,rance and quality control as
sampliNl end analym prob_ms which 268.6{r)(2) to no_y the Ad,rm.mstrator m described in *'Report on Minimum
may occur IRI directed end comects<L w'r/ti_8 wlth.m 10 days. To data.aWe Criteria to Assure Data Quality" [EPAJ
acc'_racy, Wtc/s, mn. and complirenem whether m_k"atioo bal occurred (i..L 530-SW-.e0-.O_. December 12, 19W}
would hay. to be tacked sKI ewulusled any of the tarlleted coomt_tnentsexceed must be maintained m the WI:PP facOity
after e,very 110_y Con11"oJll_ll_ hl_O_basld levldl lt the _t operatiJ_recordand be avltilsble for

DOE's _ plan indicates that bosmdm'y), tlm Alency ii; pro_sinl amt inspection by the A_ency.

a eyme'mmaud_ w'IH be condocled lt _ r.._..4fll11'llt.l_ be _ over ao L Pe_ormonce An, earnest
start Of themos_H'or/_ l;_ir_m. The annual time pm'rod._ allconmsttlx/
ABe_cy is l_:mmn_ 1o le,quire that with the _c_ the Aaency is UdU_ A primm_ objective of _ lzst i:_ae
systems aucHts be performed not only m providm8 INidance to oth_ p4rties ii to demmtm,rata comp_nce with tsL,.
poor to the Ini_itiorl of' the frmnitor,im8 submltU_ no-migration pefihons to the applicable standards that would 8ove.r'n
program but else sem-.nnually _. The Al_ency believes that Ions-tem _1 of TRU wastes m tJ_
the,_aftm' tc be coftsmtent Wlth good concentrations should be s_'erelled over WIPP. These standards will include 40
operating pr'sc_e. I_ addition, CFR part 191 for di_0_ml of the
corT'ect_ve,chon must be taken in armoal Use period because the rsdloactiv_ WlStes amd 40 CFR 2_.6 In
w_ I cof_t_:m or practiceis hemlth-btRd levels are dm.'n_.d by demo_tlrate Bn mlp-stm_ of
found which i_ o_mide iymem assumin8 chronic or lifetime exposures, chemical bam'do_ constltuent_ ofthe

specifications or standard ope_tinql The Asency ii further proposm 8 thai the TRU nu.x_ _sta. The process thro_S_
procedures, or which cemld reasonably mc_mental contribution from the land wbmn DOE will mvu_te compbsnce
be expected m com_im tlm ab/Ety of dispoMl unit. over and above measured with them m_Ldm_ m mlbM
the monito_,q M'orlm to meet bocksround levels at the site. be used in peHom'umce ,mesm_emt. This wi_
established qmtltty almurance objectivu ms, ins the determination. The Agency conmat oi' an mmlyma of aSI aspect) of
for dlts aocepl4bility, does not believe that backaround l¢,'_a repository pmfuromnc_ under ld]

The A_ency is ,tlm propoeinl to should be i reason for the Ajency to castilians of mim'mt u weft u
emblmh R_..ific quadity aseurmlce expenmenm to o_est data and wrdy
objectives _Oql*data acceptability for the ** VOKM. sally ,_,,,i_d .*-mInn m models U_KI in tM luudFmt Tns
WIPP air monHorm8 I_oIFarm consismnt ,x__ m,_ _,,I,,M m _ mm analytJsai mM axperimental procenes
with method capability sld 8ood q._ml ,d .,at q,m_ly .muss ._,.,_,_, ca,, wiU be coordimltld to m'rr_ atb,,m_**v_l ,a rh, vMi'Is,sd _o_
operate8 I_mCt"i_. DOE has raised ,mv,m,m.,_(.n Itemm:_X,'.,al_ Imam, predictmu of mpomtory perfommucP..
concerns relm_lml the establishment of _.,,,h,m d v_ v.,_ua Om_ _ m Om'inl the ts.eSphase, DOE hamnn
specific q_ai/l'y amnJtra'nseobjectives _nu_m _m umwm _am I_ mm,L exmnmve and vm.led K,,ries of
due to the pmmn_ of soil aerosols in M.rch 20,t_01. _ I_ u4mnni_ml i/aUwe. ,ubmitted ve.eymumtlv, the A41m_hs, mt experiment| planned. For exmnple, the
the undeqrround repo, imry k,d tk, timeto evullile ta.H_w, vef. EPAwill test plan co, tams 66 di.ffe_ent catL*8ones
environment. EPA believes that rellular ev,,iM,. _ ii, ta ,n oo,,_,mon to ,tw _ of Impportin I ictivities for the
maintenance of mlmplinll equipment will q.,,_y _ ornl:nn,, m mmr_, n_,_. I"M
adeQultely iddre, n Iml_intl sld Alency ml,r._, Im_C _t m DO(',expenm4m_ lady multi. -,ndonwh_l specihc *' A, im,,b.d _. IX)( _ m m'hm_
analyms chfflculrle, imposed by tke ¢Ivliily ,mrlr,_,cl ObNl¢llwlrll EPA _ rlqtnl_ monilorlml 0| bsClk_e,lmd _ us _ _ air

reposnory environm_t. The Alency Do(., m,._. mt-k. a_,l,.
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performan_ auen, ment.of which 30 and the wutes Lbit m,ly r_du_.=the Sao la a_klJUo,_DOE plaLnJto darv_iop
involve in-eltu expertmm_ o( d_srent Iianmt_on problem.Typesof irmuai "consequence=.na_,=,_reports"
types,These experimentswill IncJude modjr;caUomJto be consideredwill Ll_ouihout LJ_tesi pro_sm _ doca.sent
meaaureme.,',t,to betterde.r_nelhc Include wasta com,pacbon, waste the proiect'l pro_sl, lU_ Jtbis agreed
charictensLic:=of the si,u'rouJrtdinil proces0in.8(e,8,,incmerationo4' to RiveperW_c bneCmp o. I._ pre.ct
geology,as well le studiesof the ImmobL]iz.at.ion),mod.Lfym8 the storaae to EPA.the Nat.iomdAcademyof
performanceof each componentof the roomor panel con_auza_o-, and other Sciences_ Panel theStateof New
repositorysystem (a,8.,xabl, bar.,kP|ll, charqlesin the _ desLip_suc_as Mexico, and the Environmental
etc.),Most of theseactivities involve modifiedseals, DOE hasestablishedan Evaluation Group(F..£C)(an
expenmenUt._t donot _ radioactive EngineeredA.ltemsUvesTask Forceto oPaanizaflonertabltshedEryac1of
wastes, evaluate such potential modiricationl. Conares=to providean mdependent

One oi' the majorareas of tmcertamty IA_enever feasible,modificationsthat technicalevaluationof theWIPP),To .
to be eddreMeddurra8 the test phase, appear beneficial will be includedi. the ensurethat EPAis sd,e,qumtelyinformed
however,iii tJ_ amountoJ'Ilia that may test i:n'olplm sothat theil'effectsan pi of the profress of the telrtph=si,EPA is
be sena.ratedfrom the wuumproposed 8ezzetltmnandmpoldtoryperformance proposinllto mqutre thaiDOE provide I
for d.ulposaJat the WIPP. _ wig can be measm'ed,(Someof these annual reportsdescribingtests
pnmirdy be 8emetateclby corrosiozzof modificationswill not hive a direct conductedto cLat_(inr.4udin8moults)+ i
the waste containers,mic_bild beann8 onllaS8eneration.but will modificl_on.=tO the _ pis=,,and a
decompositionof thewaste and affectother aspects of repository summaryof DOE'sxa_ of t:_
radiolysisof the waste, GasIlenePation perfom'u=nce,suchas brine inflow, that repositoryp_='fo_
is important becausethe amountof IlaS may affectpotential releasesof waste
8instated couldaffect the way in which from the resposito_). V. Coadttz_alof Pm_ V_
the repositoryreccmsolidatesovertime, At the end of the testphlsa. DOE As a condition of 8'rantinilthis
andthe amountof brae thai mayflow expectsto be in I positionto predictthe proposedvariance fromtheland
into the repository,Too much8as amountsof 8ai 8eneratedbydifferent disposal resu'ictionrequirements.EPA is
8enerationcould even lead to extra combinltions of waste forms,container proposin8that the followinll conditions
fractunn8in thesLu'mundin8Biologic materials, and repository desiansteps be metby DOE:
media and couldcreateplthways for suchas 8as setters,backfill (1} No wastessubjectto this variance
waste migration, modifications,etc.The effectsof 8as may be placedin the WIPP repository

DOE plirul to conductseveral typesof 8enerationon lona.tePmrepository for purposesother than testizqior
8as-aenerationexperimentsin the performancewill thenbe predictedby experimentationto determmethe Iona-
underlp_undrepository,One sines of analytical models,with validationof term viability of the WIPP,In
testswouJduae inau'umentedmetal bins certain aspect.=of thesemodels by in- accordancewith 40("J:'RL'_8.6(e),EPA
containinllspecia]]y-prepazed situtestinll.The net result of ali of these mustbe notified before DOE conducts
t.ransu.rlnicwastes and vinous activitieswill be recommendations any testin8orexperimentationnot
•:ombinationsof backfill, bnne. andiii aboutthe appropriatewaste forms and within the scopeof the "Draft Final Plan_ettermaterials,Thesebin.scale
expenmentsare to be conductedin repel|tory demi8nto use for the WIPP, or For the Waste IsolationPilotI:qsntTeat
threephases.PhaseI will involve evenwhether the WIPP is appropriateto Phase:PerformanceAssessment"
approximately48 w_ste-filled binsof use for permanentdisposalof (December1989,DOE WIPP_-.011). ,
differentwaste compositionsand t,rmnauramcwastes,These Placementof waste for the primary
backfills, Phase2 will incorporate recommendationswill be basedin pert purpose of conductin8in operations
another6,8bins w_thmore moisture uponcompanions with the variousEPA demonstrationis prohibitedt,mderthis
cond=tions.8so-.settermaterials and standards forradioactiveand hazardous variance. !
super'compactedhia.h,.orllanicand low- wastes. (2) ASIWaSteS placedin theWIPP
oraan=cwastes, The details of Phase3of The Asency believes thai 8811 under this vinance mustberemovedif
the ban-scaletestsw'tllbe defined liter, ileneretionand its effectsare sianificant DOE's PerformanceAssessmentcannot
DOE. however,an:icipetes that these questionsthat needto be better demonstratecompliancewith the
testswill be based onnew understoodbeforeo decisioncanbe Itandircbl of 40 C.FR2.68,8with respect
developments,the resultsof Phases ], side as to the useof WIPP iii e to permanentdisposalof mixedwaste in ,
and 2..andfuture data needs, permanentrepository.Tha A8ency the repository. Hazardouswastes +

In addition to undergroundbin-scale believesthai DOE has laid outa removedfrom the WIPPmustbe
tests,the DOE testplan proposes reaaonible approlch for definin8the handled in accordancewithRCRA
u.nde_und alcovetesUIw'ttbTRU amount Of lOSthat should be Ilenealted subtitle C requirementl. (A conditi.n of
wastes,A testalcove ii ii roomminedin by different combinationsof wasteand 40CF"RZe,ILtNa)(5)iii incompliancew_th
the silt with oneblind endandoneopen en41meenxqlcons'sls. Perhap, the most otherapplicable Federal,Stateandlocal
endsealedwith a leak-tillht closure cllffictdtpart of the problem is predictin| laws. Therefore. removalwill also be
plus,Eachof the stxplanned alcoves ii the effect=of different levels ofIlia required underthisvariance if DOE
approximately100feet lonll.2.5feet 8inanition on Ionll-termrepository cannotcomplywith 40_ part lgl
wide, end13 feet hia.h.A total of 3,830 performance,in its commentsonDOE's stlmdards for thedisposalof radioactive
drumsof TRU wastes tall be emplaced teatpisa. the Aaency his requestedthat mamnill._
in five of the six alcoves:onealcove wig DOE publilh, ii soonas possible,i (3) Ali wastes placed in theWIPP
be left empty lo provide Ilas reference summary of iri models,describinl the under thisvariance mustbe placedin a
baselinediii. Thesetests will continue efflmtllof lies ilenezlUOn,and more readily retrievable manner,ai described
until the data _cquimdare sufficientto information about Its plansto validate in sectionIV.D of this notice.
provideconfidence in the reliability of then models.DOE hasaareedto (4} DOE mustprovideto the EPA
the information bah't8obtained, developa summaryof thecurrentstatus Of_ce of Solid Waste annualwritten

DOE will also studymodificationsto of It.=performanceaaseesmenL reportsonthe statusOf DOE's !
,_eback.fillmatenal, repository design. I_.heduledfor June1990. performance az_ensmentdu.nnllthe test t1

i
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phase. 'Thesereportsmust include:• {7)Beforepis•cia8waste In the 30 days in advmmn_of the cb•ase: i/' it is
desc_pt/onof the tests to dmtiland their repository,DOE mustcertify to EPA that unplanned.EPA mustbe notified with in
resul_ mod.ificit./onilto the testplan. i lt hamsecuredcontrolof theentire ten days.
su.•.mary of DOE's cm'_nt sudilcaand •subsurfaceemtilteilt the Under 12_8.B{f'),if'DOE determines
u,oderstand_ll of the repolltory'il _ site, throatthers his beenmi81'itionof
performance,and en •nnual la•mary of (8) DOE mustprovide to EPA the hizardoul colrllt/tuentlfrom the
sir man/tori•8 data required in item6 re•multiof'detailed,waste repository in v'iolabonof part _8_ it
below, chsrscterizationand mnilymmeil mustsuspendr_.eipt of rss_cted

(5) DOElmull in,lt•li and operate• performed onthe waste to beemp]iced wastes lt the unitand notifyEPA within
carbon mcLsorptioncontroldevice in the WIPP dural the test ph•s•, ten daysof thedeter•tuition. Within 6o '
demi4p'ledto achieve• control emciency Beyondthese ipecac con,llt.ions,the days;F.PAis requiredto determine
of 95percentLothe d.iachai3esystemoi' wastesplacedby DO•in the WIPP and whether DOE can continueto receive
the bin experiment rooms.DOE mu•mt DOE's •ct/_tiemmunder this viii•ce prohibitedwilite in thelatir end
monitor the controldevice au*let must be comliitant with thole desc_bed whether the varianceshouldbe revoked, I
mi.ntr•am in accordancewith the in the pet/t/on. Under 1 288.8(e),DOE FLnslly,undcq'I ;_XJ,8(h),the ten'. of ,
monitorU_ plandncr/bed in sect/on mustnotifyEPA of "any chansemmLo today'sproposedvariancewouldnunfor
rv J( of'today'snotice,and it mu•mt conditions•lt the unit and/or ten yearsfrom the dite of approve! t
m•int•m deilqp_andoperutin8 records environmentthai milp'lificantiydepart Dated:AprilL fm0.from the concbtionmmde•scribedin the _ IL Clay,
ii. des4:'ibedi.qsectionIV.I. variance and mtTectthe potent.ill for Auy#tontAdmini#t.mWrlorSo/idWosleo/Jd

(8)DOE:mustimplementthe isr milFiltionof hazardousconiltituents £mir_encyP.espor,_
monitorinli plan describedin section fromthe unit " * "." Ii' the chznlle ii IRRDoc._ Filed_ &_ ,ml
]V.K. planned.EPA mustbe notified in writini _ _


