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SUBJECT: INTERIM WELL COMPLETION REPORT FOR REGIONAL WELL
R-12 TO FULFILL PM FOR FUNCTIONAL AREA A.4

Dear Ted:

Enclosed are two copies of the Interim Well Completion Report for Regional Well R-12.
The interim report is complete and submitted to Department of Energy Los Alamos
Area Office (DOE-LAAQ) in satisfaction of Appendix F Performance Measures
approved by DOE-LAAO on April 3, 1998, and revised May 14, 1998.

This report partially fulfills requirements for Functional Area A.4, Canyens Work
Performed in FY98 (Enclosure 1), which requires submittal of the document to
DOE-LAAD for review and acceptance. This document contributes towards meeting
the “outstanding” level of performance for FY98.

Please note that credit for completion of the deep wells will be given when the wells
are completed and a well completion report (or interim well completion report) has
been submitted to and accepted by DOE-LAAQ. Approval to submit an interim well
completion report was obtained verbally during a Groundwater Integration Team
meeting with DOE personnel. This Environmental Restoration (ER) Project Well
Completion Report is in accordance with all ER procedures and report outline
guidance (EM/ER:98-269).
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Please document DOE's approval of the interim well completion report approach
along with your acceptance and approval of the deliverable within ten working days of
receipt of document, as required by the performance measures. If you have any
questions or comments, please contact Allyn Pratt 667-4308.
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Julie A, Canepa, Program Manager
Environmental Restoration Project
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Functional Arca A.4, Canyons work performed in FY98, Weight 15%

Unsatisfactory Perform lgss than the requirements identilied to achieve a rating of “marginal.”

Marginal Condugt sampling in 7 reaches of canyons, complate installation of 3 alluvial aquiter wells,
complete drilling on deap well R+, and start drilling of deep well R-12 in FY98,

Good Conduct sampling and submit g Beaches report to DOE-LAAD on 9 reaches of canyons by
Soptember 30,1998, complata Installation of 5 alluvial aquifer wells, submit the Pajarito
Canyon work plan to DOE-LAAQ by Septomber 16, 1998, ang complete the driliing of
deep wells R-9 and R-12 in FY38.

Excellemt Conduct sampling and submit a raport 1o DOE-LAAQ on 9 reaches of canyons, begin the
first phagse of sampling on 3 addiional roaches, completo the instaltation of 8 alluvial
aquifor wells, submit the Pajarito Canyon work plan to DOE-LAAD by August 17, 1998,
and completa the drilling deep wells R-8 and R-12 in FY98,

Qutstanding  Conduct sampling and submit a report to DOE-LAAQ on 9 reaches of canyons, begin the
lirst phase of sampling on 5 additional reaches, complete the instatiation of 10 aliuvial
aquiter wolls, submit the Pajarito Canyon werk plan to DOE-LAAQC by July 17, 1988,
completa the drilling of doep wells R-9 and R-12, and start (as dolined by breaking
ground) drilling doep wall R-7 or anothor well as recommendaed Ly the Groundwater
Integration Team and approved by UC and LAAQ in FY98,

Assumptions

1. The format for the roponts submitted in FY88 for will {ollow the RFI Rapor Framework or cther
guidance as mutually agreed upon and documented by UC and DOE-LAAQ,

Credit for completion of the canyons sampling will be obtained when the final Reaches report(s) is
(are) submitted to and acceptod by DOE-LAAQ. Cradit for the first phase of sampling will ba
considered when the sampling is staned and o momo documenting the stag date Is transmited 10
DOE-LAAQ. Credit for installation of the alluvial aguiter wells will be considered whan the wells are
completed and a well completion repon has been submitted to and accapted by DOE-LAAQD. Credit
for completion of the Pajarito Canyon work plan will be upen submittal of the work plan to DOE-LAAQ,
Credit for completion of the deep wells will be when the wells are complated and a well completion
raport (or interim well compietion report it the wal! Is not to be completed, upon approval by DOE) has
been submitted to and acceptod by (following General Assumption 5) DOE-LAAQ,

EM/ER:98-352a




Interim Completion Report

TABLE OF CONTENTS

ABSTRACT 1
1.0 INTRODUCTION 2
20 SUMMARY OF DRILLING ACTIVITIES 4
2.1 Equipment 4
22 Scheduls 4
2.3 Production 4
2.3.1  Open Borghole Drilling. B
2.3.2 Coro Drilling 6
2.3.3 Casing Advancement 8
2.3.4 Othor Drilling Activities 8
3.0 STRATIGRAPHY/LITHOLOGY 8
3.1 Alluvium 8
3.2 Tephras and Volcaniclastic Sediments of the Cerro Toledo Interval 8
3.3 Otowl Member of the Bandofler Tuff 8
3.4 Late Pliccene Soll 8
3.5 Basaltic Rocks of the Cerros del Rlo Voleanie Flold 10
3.6 Old Alluvium,, weee 11
3.7 Puye Formation (Fanglomerate Facles) weenes 11
3.8 Puye Formation (Axial Facles) 12
3.8 Santa Fe Group Basalt 12
4.0 OCCURRENCES OF GRCUNDWATER 12
4,1 Peorched Zonu(s) 13
42 Reglonal Aquifer... " 15
5.0 SAMPLING AND ANALYSIS 15
5.1 Contaminant Characterization of Core and Cuttings 16
5.1.1  Methods 16
5.1.2 Rosults..... 17
5.2 Water Quality Doterminations 17
521 Methods 7
522 Rosults 20
5221 Quality of Groundwater within Cerros dol Rlo Basalt and Santa Fe Group
Basah 20
5.2.22 Quality of Groundwater within the Santa Fo Group Basal! ... vensnrsns 28
5,223 Radionuclide Distributions in Groundwater 28
5.2.24 Nitrogen Isctopes in Groundwater w32
5225 Summary ¢f Groundwater Chemistry 33
5.3 Moisture Content of Core and Cuttings . 34
53.1 Mothods 34
5.3.2 Results 34
5.4 Matric Potentlal 34
54,1 Methods.... 34
5.4.2 Rosults 36
5.5 Hydraulic Properties 36

R-12 Characterization Well ‘ i

September 1998

o
8
&
b
&
K
&

o

e Ut




-_III'
Ty

Interim Completion Report IS A, W

551 Methods .‘: - .
5.5.2 Results i o %
5.6 Borehole Geophysics » = %
6.0 WASTE MANAGEMENT. o L

5

7.0 SURVEY ACTIVITIES

7.1 Geodetic Survey
7.2 Surface Radiologieal Survey

. ot
8.0 WELL DESIGN, CONSTRUCTION, AND DEVEI,OPMENT
. _— . .\‘.‘;;‘.

B RER

&
<

9.0 MODIFICATIONS TO WORK PLANS
10,0 SUMMARY OF SIGNIFICANT RESULTS..
1.0 ACKNOWLEDGEMENTS i .
12.0 REFERENCES el 54

e

w
»N

&

~ APPENDIXES o
APPENDIX A DRILLING CHRONGLOGY - ._ﬁ'j ','

* APPENDIXB LITHOLOGIC LOG S B

APPENDIX C SAMPLES FOR HYDRAULIC PROPEFITY CHARACTERIZAT‘ON

h t

-." ‘.'.;;' '-I‘l
W RN i
’,::',1* NN "
L a i
. e B
m‘, l "‘ :! v
! s :
."*‘.' x" ,
.‘ ‘,‘ . , E . :‘l
Y N
".1 ) '.E; :;',
. t.', . T
S v
S o
I -
| v S
. ; -
Saptember 1998 oy Rt . R<1ZCharacterization Well
Lo I - oo
. e L ) 1

g ) 1




Interim Completion Report

ABSTRACT

Characterization well B-12, located in Sandia Canyon near the eastern boundary of Los Alamos Natlonal
Laboratory ("the Laboratory™), is the second of approximately 32 wells being installed in the regional
aquifer as part of the Laboratory's Hydrogeologic Workplan (LANL 1996, 55430). R-12 was funded by the
Laboratory's Environmental Restoration (ER) Project and is primarily designed to provide water quality
and water-lovel data for potential intermediate-depth perched 2ones and for the reglonal aguitor, R-12 is
downgradient of multiple contaminant source areas that potentially include release sites in the upper
Sandla Canyon, Los Alamos Canyon, ang Mertandad Canyon watersheds, R-12 is also sited to provide
early warning for contaminants approaching water supply well PM«1 and to provide hydrologic and
geologic data that contributo 1o the understanding of the vadose zone and regional aquiter in this part of
the Laboratory,

R-12 was drilled 10 a total depth of B47 1 using air-rotary technigues, Drilling methods inaluded downhale
percussion hammers and dual-wall casing 1o drill open hole, a continuous coring system to core opan
hole, and Holte/Stratex caning advance systems that operated on dual-wall casing and downhole
percussion hammaers. In descending order, geologic units penetrated in R-12 included alluvium, tephras
and volcaniclastic sediments of the Cerro Tolede interval, Qtowi Member of the Bandelier Tutf, basaltic
rocks of the Carros del Rio volcanic field, old alluvium, Puye Formation, and basaltic rocks of the Santa
Fa Group.

A perched groundwater system was encountered from depths of 443 10 519 tt In the lower part of the
Cerros gel Rio basalt and in underlying old alluvium, Groundwater in this zone was confined and the
water level stabilized at & depth of 424 ft aftor the top of the zone was penetrated, The contining layer at
tha top of this zone apparently Is massive basalt, and the lower perching layer is a clay-rich lacustrine
deposit. The saturated thickness of this groundwater body Is approximately 75 ft, making it one of the
thickest intermediate-depth perched groundwater bedies icentified yet on the Pajarito Plateau.

The regional water table was encountarad at a depth of 805 ft in fractured basalt of the Santa Fe Group,
The water is unconfined and occurs at the same alavation as at R-8, locatod approximately 1 km to the
north, The elevation of the water table in R-12 is approximately 62 ft lower than the static water lavel in
neardy supply well PM-1 under nonpumping conditions,

Grouncwater samples wore collected from the perched zone at depins of 443, 464, and 495 #. Theso
samples were chemically characterized with respect to major ions, trace eloments, dissolved organic
carpon (DOC), stable Isotopes, tritium, and other radionuclides. Analytical methods recommended by
both the Environmental Protection Agency (EPA) and the Laboratory wore fellowed for groundwator
(filtered and nontiitorad) and core samples. Groungwator compositions are similar for the samples
collected at depths of 443 and 495 ft, but the groundwater sampled at 464 ft has a distinctive chemistry,

Groundwater from the perched zone is dominantly a calclurn-sodium-bicarbonate-chioride type as
represented by the samples collected at depths of 443 and 495 #1, Thera is also a sodium-calcium-
chloride-sulfate-bicarbonate groundwater at a depth of 464 #1, Groundwator Irom the depths of 443 and
495 ft was found to contain 249.3 to 254.7 pCUL tritium (analysis by low-levol electrolytic enrichment),
31.5 to 33,4 parts per million (ppm) chioride, <0.02 to 0.26 ppm ammonium, 4.9 10 5.5 ppm nitrate, and
2.4610 2.51 panis per billion (ppb) uranium. Groundwatar from tha depth of 464 ft was found o contain
208.1 pCIL tritiumn, 200 ppm chioride, 13,5 ppm ammonium, 0.21 ppm nitrate, and 2,04 ppk uranium.

R-12 Charactarization Well 1 Septembar 1998
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Groundwater at the top of the regional saturated zone is a calcium-sodium-bicarbonate type with a total
dissolved solids (TDS) content of 386 ppm, The major zation and anlon chemistry of this water is similar
10 grouncwater in supply wells PM-1 and PM-3. Measurable tritium activity in the regional saturated zone
(46.9 pCl/L) suggests that a component of the grou.ndwmter Is less than 50 years old,

1.0 INTRODUCTION

This Intarim report describas the drilling, construction, temporary complation, and testing activities for
characterization well R+12. R-12 is located in Sandia Canyon-at the eastem Laboratory boundary

{Figure 1-1) west of state road NM 4 and north of East Jemez Road. This well was:instalied by personnel
from the Canyons Feocus Area of the ER Project. !t Is the second churacteri..unon woell crilled to the
ragional aqulfer as part of the Hydrogeologic Workplan (LANL 1986, 55430) in support of the Laboratory's
Groungwater Prorecrion Management Progmm Plan (LANL 1995, 50124).

R-12 is primarily designed to provide water quality and wnter-level data tor potentlal Intermediate-depth
parched zones and for the reglonal aquiler downgradient of contaminant ralease sltes in the upper Sandia
Canyon, Los Alamos Canyon, and Mortandad Canyon watersheds. R-12 Is also sited to provide oarly
waming of contaminants approaching supply well PM«1 (Figure 1+1) and to provide hydrologic and
geologic data that contribute to the understanding of the vadese Zone and regional-aquiter in this part ot
the Laboratory. Data collocted trom R+12 will be used In conjunction with data trom other planned
characterization boreholes as well as from other data sourcas to eviluato and update the slto-wnde

hydrolegic conceptual modal.

Preliminary interprotations are presented for some of the data collacted, but discussion of other data is
deferrod until they can be evaluated in the context of site-wide Information collacted from other ER
Projact and Hydrogeologic Werkplan walls. A future report will provide an integrated human health and
ecological risk assessment and will include groundwater data trom other noarby ER Project wells, The
risk assessment in the future report will consider exposure to potontln( contaminants both in canyon {loor
sedlments (as defined by reach investigations) and'in. groundwater.

R-12 is located 14,9 ft west of drill hole SCOL3, SCQKS was compmtod wa depth of 132.5 tt botore
operations weore ternporarily suspendod because of a jack of funds 10 complete the hele, SCOI-3 was
spacified in the Task/Site Work Plan for Operable Unit 1049: Los Alames Canyon and Pueblo Canyon
(“the work plan”; LANL 1995, 50290) as an intermediate-depth well, and its original intent was to sample
perched groundwater identified at a depth of 450 &t during installation of water supply well PM«1 in 1864
(Cooper et al, 1965, 8582). The purpese of SCOI3 was reevaluated during develepment of the
Laboratory's Hydrogeologic Workplan (LANL 1996, 55430), and it was decided that a single well
designod 1o characterize perched zones and the regional aquifer was needed at this location. This new
well was named R-12 to ba consistent with the nomenclature used to designate regional aquifer walls in
the Hydrogeologic Workplan and the Core Document for Canyons Investigations (‘the cere document”;
LANL 1997, 55622), Instead of ceepening SCOI-3, R+12 was started as a new well so that larger casing
slzes could be used to ensure that a well of adequateﬁiarne\o'r could be installed ln' the rogional aquiter,

Although R-12 is primatily a characterization well, its design al 0 meets the mquiremen‘s of a monitoring

well as defined in the Hazardous and Solid Waste Amandments (HSWA) permit. !ncorpormion of this well
Into a Laboratory-wide groundwater monitoring program will be-evaluated at a later date when the results
of this characterization activity are integrated with other groundwator lnvesugauons in the Hydrogeoiogic

Workplan (LANL 1996, 55430), - .
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Figure 1-1. Locatlon of R-12, existing water supply wells and test weils, and generalized water
level contours for the reglonal water table.
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2.0 SUMMARY OF DRILLING ACTIVITIES . .

R-12 drilting was halted at o depth of 847 ft, and a temporary characterizahon wen was lnstalled
Completion of a parmanant well will take place when ongolng evaluations of combined data for R-9 and
R-12 are completed by the Canyons Focus Area technical team and the Groundwater Integration Toam
and after a final completion strategy is approved by the regulators. Therefore, thla section summarizes
‘drilling activities that have occurred to date, and It wl!l be revhed when xhe pen‘nanent well is installed.

.‘- ""' .,
R o

‘21  Equipment co

r'.'

R-12 was drilled by Tonto Environmaental Drilllng Compnny (Tonto) using an lnnersoll -Rand T=4 dril rig
with a T-5 rotating head. Tonto provided three-man. drllllng craws, crow vehicles, drilling hammers and
bits, the Longyear 134-mm cora system and duat-wall rod systems. at-ton ﬂatbed truck, and a 5-ton
boom truck for handling casing, drill pipe, and heavy suppor: apparatus such ag caslng jacks.

The ER Project's Fleld Suppert Facillty (FSF) provlded drlll caslngs. drilling: blts a smau {ront-and loader,
the dust suppression system, field support trallors Inc»udlng logging and samptlng. waier containment
{anks, drums for cuttings managoement, Mermit data !oggor. depth-lo-water meter, water sampling ballers,
prassure transducers, and a dlassl-powered electncgenerator. The Laboratory’s Environmental Sciance
and Waste Technology group (CST-7) provided on-slte water sample testing anc'filtering apparatus. The
Geology and Geochemistry group (EES-1) and. the FSF provlded core logging mk:roscopes.

\\"‘
..':

22 Schedule S f"r"} ,' .'5.';‘,‘.: B
The T-4 drill rig was mebliized to R-12 on March 10. 1998 and itwas dernobm..ed,on June 8 1998,
Drilling operations required 63 drilling shifts. The followlng table comparos the octual number of shifts with

the number of shifts projected for R-12 In pianning dowmenm.

Conceptual Design Ropoﬂ wi]  Fleid lmplemanmlon Pan |- Actual
Number of shifts 40 IS ORI+ - 83

..--:1 R
' '{.'. . N ‘l\

Drilling shifts averaged 12 hours each, dopondlng on productlon neegds, Chronological operations for R-
12 are summarized in Appendix A, | Ul .

23 Production : ’

Driling techniques used in R+12 consisted of open borehole drimng. air-rotary coring. alr-rotary placement
of a surface casing, and alr-rotary under-reamer advance of five dlitferent casing strings. In addition, other
ariling operations involved borehole/corghole/casing drill out;: reamlng. augering, milling, and cleaning.
Changing drilling systems typically involved tripping-out ona system. moditying the drilling head and/or
circulation plumbing, and tripping-in ancther drilling system from the ground eurfa..o to the depth of

"

aparations, Production statlstics are summarlzed in Table 2.3-1. ' e

,‘,‘ .n

from the ground surface 1o 847 1, the total footage drilted by fmo difterant drilling t;éhmques and casing
sizes was 1050.6 tt. The total footage drilied does.not include the footage of one drill'system or casing
size tripped In or out of ancther drill system orcaslng size.'rhe total trip-in fmtagwas 17,535.5 11, and
the total trip-out footage was 15,366 ft. AP

Saptember 1598 SR PR ", R<12 Characterization Well




JABLE 2.31

PRELIMINARY PERFORMANCE STATISTICS?
CHARACTERIZATION WELL R-12

11BA UOBZUBIORIBYD ZL-H

8661 J6quDIdES

Casin Casin
Briling Open $853n 1034 | 12480 | 16in Advance s\istem Advance Sgs!em Total
Types Hole Core Casing® | Casing® | Casing® | Casirg? | Casing | (#-12%w cods) {74 codsy 4 @y
Total footage drilled {fi) 142 91.6 319 225 3 430 20 0 0 1,050.6
Tolal foolage rata (iVh)! 9.9 39 9.9 123 1.9 35 NA
Basalt? foolage (ft) 122 213 48 0 38 319 0 ) 0 527
BasaYrate (the)' 163 15 B3 0 1.9 30 0 0
Puye® clastics footage (f) 0 €9.8 271 225 0 0 g (4] [¢] 2935
Puya" clastics rate (fL.1v) 0 7.3 10.2 12.3 0 0 0 0
Otowi Member' foolage (f) 0 o 0 0 o i 20 131
Otowi Membed rata (i)' 0 0 0 0 0 638
Trg-in footage (fi) 0 56585.5 300 450 448 20 0 6259 4143 17,535.5
Tripinrala (L)' 0 356 1385 711 45.9 0 286.7 269.6 0
Trip-out footage () 0 5470 50 o 4564 0 0 5222 4160 15,366
Trip-out rate (itts)' 0 318 222 0 309.3 0 569.7 2728 0
Pull back feotage (f) 0 0 126.5 0 0 0 0 0 0 126.5
Puft back rate (Avhe)' 17.7 0 0 0 0 0 0
Temporary seal {#)
M shod (number) 2
M shee (tolal hes) 15.7
Life-of-ho’a casing TD (f1) 790 520.5 0 443 20
a Most performance sta%stes ara complete as of tha date of Byis repard. However, R-12 may be deepered and iip out bootage and rates do not Inchude withdrawal ol casings in
ground. -
b. Sta'ex 6-58-kn. and 8-5%9-In. casing advance syslems usae 4-172-n. reversa ciroufaSon (AIC) rods. ;3;
€. Sta'ex 10-3'4-n. and 12-33'4n. casing advance sysems use 7-n. RC rods. §
d. Hole 14-n casing edvance system used 7-n. RC rods. a
e. Tctal depth (TD) of borshola is 847 R Total corad footage {31.6 1) ks 10.8% of fotal borehola foctage (347 R). S
L Rates are weightad averages over foctages dred or ippod, Induting breaks but excluding repa’rs and changa ot of foots. %
g Basaliootaga and rates inchude Camos dat Rio basat and Santa Fe Group basat. &
h. Pwya foctagze and rates includa old abuvium. , §'
L Olo Membet 1002330 and rales ncude Cema Toledo. S
| Miing bits for 14n_ casing shces ars Yipped In on 740 RC rods. 2
k. Durafion encompasses actvily specific operalons {i.e., operafons that would not have been dore i underteaTing had nclt been Implemented). g
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23.1 Open Borehole Drilling

Open borehele drilling was used to explore deoper sections. 61 bedrock before coring or casing
advancement. Tonto drilled 175 ft of open borchole in basaltic rocks at an: average ratn of 16,3 ft per hour
using an RC 44 4-7/8-in.-dlameter percussion hammer or a4-1/2-ln ~dlamater tricone 1oller bit. Open
borehole drilting In sedimentary strata was not anempted bgcause of concerns about borehole stability,
232 Core Drilling Ry,
Coro was collected in R~12 to provide undlsturbed'éégnplos-to; geclogical, contaminant, and hydrological
characterlzation. In addition, core was used 1o identity perching layers beneath perched groundwater and
to provide information for placing casing seals, Core was not collected from the land'surface to a depth of
132.5 ft because this interval was continuously cored.during: drilling of SCOI-3, The SCOI-3 coro s
archived at the FSF. In R+12, Tonto cored a total of 91.6 ft, ori10.8% of the 847 ftdepth, The following
table gompares the actual cora production at this' locatlon (includas SCOI-S core) with the projocted core

production in planning documents,

Conceptual Design Fleld lmplomonutbn
Report ’ Plan i

% Core 100% S 50%

*Includes core collected in SCOIA

MR

In R~12, avornge core recovary was 72,6% {rom all cored lntorvals Of the 9. 6 ttcored 21.3 ft wore
producod from basaltic rocks at an average rate of ¥ .5 ftper ‘wur and averago recovery of 72%:; G9.8 1t
warg produced from sedimentary rocks at an avemge rate ot 7.3 ft per hour and avomge recovery of
'1

Coring operations in R+12 wore performed with a Longyoar134-mm corlng systom. A 101-mm coring

system was used during drilling of R-9 but was found.1o lack. the strength and stubliity for coring through
large-diamoter casing sizes, Unfortunately, the new:134-mm system used in R12 provlded poor
performance because of ropeated failura In the !atching systom, Thae poor pedormance of this coring
system reduced the amount of core collected in R-12. The coring system was retumed to the
manufacturer for medifications to the latching system. and perforrnance of this systom should improve in
future boreholes. T ,

23.3 Casing Advancement ‘

Aftar tho 16-In.~diamater surface casing was in-'mlled mump!e m!oscoped ca..ing strlngs wore Installed to
advance the borehole and to pravent parched waterfmrn comnunlcmlng downhoie as the borehele
advanced (see Figure 2.3-1), As a casing string was' ‘usad to’ seal off & perched water zone (X
14-in.~dlameter casing), the casing shoe was milled dewnhole allowlnq the next smaller casing size to
advance past the shoe and continue borehole product}on. Table 2.3-1 lists the caslngs and casing
agvance systems used, Chn ;
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Geologic Casing  Casingstrings  Casing Principal saturated
unit diameter and seals depth zones encountered

Alluvlum
2on

Otowi Member,
Bandelior Tutt

e
Guaje Pumice bed
12080

Corros dol Rio basalt

12:04 In, =)
1024 in, =

Natural soai

Puye Formation

mn
Santa Fo Group basalt

4In, PVC temporary well s ToMG] dopth = B47 1

o 10-slot wall screen, 800 to 820 1
« sump, 82010 830,59 Total core footage = $1,6 1t {10,8% of borehole)
+ J70<rade sand-Mer pack, 820 10 830,50 ft

* sand backill capped by bentoniia
botiom seal, 825 10 847 1t

F2.3:11 A2 WELL COMPLETION RPT /001208

Figure 2.3-1. Configuration of R-"12 as of June 10, 1998,
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23.4 Other Drilling Actlvitles

Other drilling activities incluced milling the cnslng shoes and reamlng the boreholeLThese activities also
included operations to clean clay cake from drill blts casing. nnd air-circulation equ!pment dudng drilling
of clay-rich rock units. D S _ s

RO B I
3.0 STRATIGRAPHY/LITHOLOGY S -,.:;;‘5 SR
Geclogie units encountered in R-12 consisted of, In descendlng order, alluvium, tephras and
velcaniclastic sediments of the Cerre Toledo lnterval Otowl'Member of the Bandslier Tut, late Pliocene
soll, basaltic rocks of the Cerres dol Rio voicanic fleld; old alluvium, the Puye Formation, and basaltic
rocks of the Santa Fe Group. A brief summary of unit characteristics Is given in the followlng soctions, and
a lithologle leg Is pravided in Appendix B, An Interpre\lve north-south cross section based on R-9 and’
R-12 is glven in Figure 3-1. Descriptions of geologlcr units are;based on examlnatbn of core and cuttings,
geophysical logs, drilling Information, and labcratory tests ot borehole materials ,

3.1 Alluvium e
Quaternary alluvlum was penatrated from the surface to adopth of approxlmately“! :..5 ft (Appendlx B).
The alluvium Is pumicaous, and contains abundant 1-to 2-mm crystals of quartz and chutoyant sanidine
derived from expesures of the Bandeller Tuff up-canyon. n 51;-'::? o

3.2 Tephras and Volcaniciastic Sediments of tho Cor;'o'l'oledo lnterval
Reworked tuf ot the Ploistocone Corro Teledo Intervak was ancountorod from doplhs of 125t 31.3 1t
(Appendix B}, This unit is massive and brown, and it cqnminx amall, white, vitric pumicac. A basal 2%t
zona contains abundant clasts of dark, intermediate-composition lava, which ware probably derived from
the Tschicoma Formation, A 1-ft-thick, pumicae-rich zone overiies this clast-rich zone. '

SRR TUR ST .

AR
[

3.3 Otowi Member of the Bandeller Tutt ST i R
oo ‘ Lt N ! :lt"'“

ARRE

Tuﬂs of the Pleistocone Qtowi Membaer, including the basul Guaje Pumice Bad, were encounterod
batween the depths ¢f 31.3 and 131 1, The main’ bcay of the Otowi Momberconslsta of poorty
consolidated, vitric, nonwelded ash-flow tutf, The ash-flow tutf Is massive but prebatly includes multiple
ash-flow deposits based on recognizable deposlﬁonal breaks within this unitin nearby surface exposures,
The Guaje Pumice Bed occurs from 112 to 131 ftand includesa vitrie, ﬂnes-depletod pumlce fall from
11210 1171, S R C %

3.4 Late Pllocene Soll o i;?‘,f"-,. R
Thin Late Pliocene soll overlies basaltle rocks of the Cerros del Rlo voleanic ﬁeld 1rom adepth of 131 10
132.5 1. The soll conslsts of oxidizad, fine-grained sand that contains rock tragments derived from the
underlying Cerros del Rio basalt (Appondix B).. This soil is probably corralative with the thin soll that
overlles the Cerros del Rio basalt in the road cut'along: state road NM 502 near tha junctlon of Los
Alamos Canyon and Pueblo Canyon, 1.8 km northeast of n-12.

:v‘;‘- L

ra el
it B

September 1998 L N . R-12 Characterization Well

w




llem uopezieloRIeyD Zl-Y

g8l Joqwe)dos

South

R-12
Blevalon 650078 8

Depts of mafor geclogic cortacs Cerro Toledo interval RS

{5084 nax) s shown next
3

o wells. H ’
e Tshirege Member Blevaton 65839 R

540 — 1124

Otowi Member _/— Guaje Pumice Bed

North

131

200 ——

Elavation (%)

416%

Upar BoleZic tasal

I e ™ e e e e m e e e e m e N W ® W o e e e e e e ow e W W W T e o e Mo e o w om e w MEe w oem w w e ==

- - - = - . e .= - - ===
S T T T I

- - - == ===
- - - = e = - =

S5k

....................................................................................
..................................................................

?
_E-h--TT'mT -] J
! Regicnal Sanla Fe Group basalt Total depdh = 710

waler table

Bl Pected goundealer
wel

-
-

Verical exaygerafion = 0

F31iR-12 WELL OCAVPLETION FF T/ 061258

Figure 3-1. North-south cross section showing correlation of geolagic units and occurrences of groundwater in B-9 and R-12.

Jo0day uonadwon) uniajup




Interim Completion Report Coa

i:‘|'

3.5 Basaltic Rocks of the Cerros del Rio Volcmlc Flol’d';
Late Pliocone basalilic rocks of thae Carros del Rlo volcanlc ﬂold oceur from a depth ot 132.510491.6 ft
(Appendix B). Thase rocks consist of vesicular to massive basalt flows, thin zones of basattic breccla,
palegsols, and a thin basal layer of basaltie tephra.’ Four f‘ow units are distinguished by their textural
characteristics or by the recognitien of vesicutar zones tha'"averﬂe or undarlie massive flow interiors,
These flow units are tentatively corrolated with- tourﬂow units'in B8 and consist of,'in desconding order,
an upper tholelltic flow, a lower tholelltic flow, an upper alkalic flow, and a lower alkallc flow (Table 3.5-1;
Flgure 3-1). In R-12, the upper tholaiitic flow unit consists o! \wo texturally dnsxincﬂlows Additional work is

underway to confirm these correlations by chnracterlzlng thc petrography and chemistrv of the R-12

z ." Taean

™~

basalts. S e
IABLEJ..S.-.I o .
PRELIMINARY CORRELATION OF BASALT FLOW UNITS BETWEEN R-12 AND R.9"
H92 T . o R

Flow Unit Depth Elevation, .- I'-‘.:-. o _ Depth % . Elevation | I
kness

Top Base Top | Base' Thck?‘_og Top | Base |“'Top | Bese e

Uppor tholuilte low | 132.5 2605 6368 | G240 | 12081 19 118.5 (6374 | 6268 | 108.5

Lowerthelolite flow | 2605 | 3423 | €240 | 6158 818 | 1185 | 180 [-6266 | 6204 | 61.5
Upper alkalic tlow 3423 | 425 6158 | 6076 B27'1: | 180 | 208 {6204 | 6178 | 26
Lower alkalic flow 425 488.0 | 6078 | 6012~ -63.9.1 | 208 |-.282 |:8178 | 8102 | V6
Lower alkalictephra | 488,9 | 491.8 | 6012 | 6009 | - 27 | 282 280.8 {6102 | 6004 7.75
Miocone flow 784 847 5717 Coali @830t | 6864 | 710 - | 5687 ; >23.6

Wieh ) A

*All data are axpressed In fesl, IR A

In R-12, {low unit boundarias are charactarizad by .he presence of abundant clay."rhese clays, which
give rise to sharply higher moisture contents (see Sactlon 5. 3). occupy vesicles and fractures at the tops
and bottoms of basalt units. The upper alkalic flow and the- lower alkallc flow-in H-12nre separated by a
paleosol that occurs between the dapths of 411°and 419.2 ft. In contrast, flow unitboundaries in R-0 were
generally ditficult to recegnize because clay or othersecondarv mlnerals were not assoclatad with some
of the contacts, S

..u . :
BRI ot '.:..t

',\‘-L"' (s
st

The age of the Corros del Rio basalts in R«12 has not baen dalermlned. However. tn R 9 the uppar
tholelitic flow unit has an age of 2,15 Ma, and the lower a!kal!c flow has an age of 45 Ma (soe Table
.3.2-1 in Broxton et al, 1938, 59158). RS SR S

. .
R . . x
o ‘.. BN

. .,,"',\.

Basaltic tephra occurs between the depths of 488, 9 ‘and 49‘r.6 n (Appendlx B) Tha tephra is a
_hydroveleanic unit characterized by well stratifled: ﬂne-gralned to coarse-grained deposits made up of
basaltic glass, These tephras were considerad part of the oid alluvlurn by Griggs (1964, 8795) but are
-Included with basalt of the Cerros Je! Rie volcanicﬂeld in ’hls report. A tephra at the-same stratigraphic
position In R-9 Is chomically related to the overlying lower alkalic flow unit, The tephras in R-9 and R-12
are probably correlative, although the tephra in R+ 9 is nearly 1hree times thlcker (7.5'1t) than that

encoumered In R=12 (2,7 ft), | Sl :,-.-c.;; Lo
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3.6 0Old Alluvium

Pliocene old alluvium occurs from depths of 491,86 10 545 ft (Appendix B), The term “old alluvium® was
used by Griggs (1964, 8795) 10 describe distingtive alluvium consisting of unconsolidated sands and
gravels depoesited on a pediment surfaco cut on the Puye Formation during the Late Pliocene before
emplacement of the Bandelier Tuft, Old alluvium at R-12 is subdivided into thraa distinet subunits: an
upper conglomerate, a middle ¢laystone, and a basal sandstone.

The conglomerate subunit occurs botweon the depths of 491.6 and 519.1 &, This unit Is dominated by a
distinctive conglomerate deposit between the depths of 495 10 509 #t that is sandwiched batween
unconsolidated silt and sand at the top (491.6 10 495 #t) and at the base (509 10 519.1 #1). The
conglomerate contains roundod gravel up to 37 mm dlameter in a sandy matrix. Cobbles In the upper part
of the conglomerate are mostly of volcanic origin, but In its lower part the cebbles are dominated by
gneiss and quartzite. The presaence of large rounded clasts of nonveleanic origin establishas that the
conglomerate subunit is an axial deposit of the late Pliecane Rio Grande. These ancestral Rlo Grande
doposits are much younger than those usually assigned to the Totavi lentil of the Puye Formation but are
similar In origin,

The middie claystone subunit occurs between the depths of 519,1 and 535.5 #t and conslsts of massiva
yellow brown claystone, with tine sandy to siity ¢laystone in its upper part, These daposits are intarpreted
as lake bods and serve as tho perching layer for perched groundwater in the Cerros del Rio basalt and
the conglomerate subunit of the old alluvium (see Section 4.1),

The lower sandstone subunit oceurs betwaen tho depths of 535.5 and 545 ft and consists of gravelly
sandstone. It is lithologically similar to the underlying fanglomerate facies of tho Puye Formation except
that basalt clasts are prominent within the lower sandstone subunit, Basalt ¢clasts are virtually absent
within tho fanglomorate facles of tho Puye Formation, particularly within the upper part, Oid alluvium
deposits at R-9 are similar to the lower sandstone unit of R-12,

3.7 Puye Formation (Fonglomerate Facles)

The Pliccene fanglomerate 1acies of the Puye Formation oxtends from the dopths of 545 to 784 #t
(Appondix B) and consists of coarse, pumiceous, volcaniclastic sediments as described by Waresback
(1986, 58715), Pumico clasts in the upper half of the unlt are vitric (glassy), whereas pumices in the lower
half are generally alterod to clay (argillized), This is similar to the alteration pattern for the Puye Formation
in R-9 (Figure 3+1).

From depths of 545 to 666 1, the Puys Formation consists of poorly-consolidated sand, pebbly sand, and
gravel (Appendix B) derived from volcanic rocks of the Tschicoma Formation, Many veleanic clasts within
this interval are vitric, Most of the clasts in this upper part of the fanglemerate wore dorived from a
distinctive rhyodacito within the Tschicoma Formation exposed in the upper part of Rendija Canyon,

From depths of 666 to 784 tt, the Puye Farmation consists of consolidated sandstons, pabbly sandstone,
and conglomorate characterizod by abundant pumice clasts. Pumice clasts In this interval are generally
altered to clay (Appendix B), although vitric pumices are occasionally presont. Clasts of devitrified dacitic
rocks within these lower fanglomerate deposits were derived from Tschicoma sources other than upper
Rondija Canyon. Two beds of arglilic volcanic ash occur at depths of 726.2 and 746,1 tt. Similar argillic
ash beds wore ancountersd in the lower part of the Puyo Formation In R-9 (Tabie 3.7-1; Figure 3-1),

R-12 Characterization Well 11 Saptember 1998
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Thua upper part of the Puye Formation (above 666 ﬂ) gonorélty contains thicker and coarser gravel
doposits than those ¢! the lower part of the formation, The upper Puye Formmion: Is also much loss
pumiceous and is generally unconsolidated bacause of its lack ot argillic altorauop;‘

CORRELATION OF CONTACTS WITHIN.THE PUYE FORMATION FOR R+12 AND R-9*
12 e S "~ R
Depth Elevation . = ';. . Dapth *  Elevation
Puye Formation Top | Base Top Base | Thickness:| Top Base | ' Top Base | Thickness
Upper 545 | 666 | 5956 5835 121 | 320 539 6055 | 5845 210
fanglomerate o W . .
Lower ‘ 666 | 784 5835 M7 | - 118 -] 536 | 6364 | -5845 | 5697 147.4
fanglomorate . o oo .
Uppur tophra 7262 | 726.4 | 57746 | 57744 | - 02 ° | 595.1 | 59525 | &788.9 | 5789 0.15
Lowor tophra 7461 | 7464 | 57547 | 57544 | . 03 | 6062 | 6072 5778 | 5779 1.0
*All data are expressed In teat. ‘ ! :

The Puye Formation is significantly thinner in 8-12 (239 #t thick) than In R-9 (357 ft thick). Contacts within
the Puye Formation ditfer In elevation by 10 to 23 ft batween the two walls (Table 3.7-1), and the
apparont southarly dip of these contacts is lass than 0.5* (Figure 3-1). Tha corrolations establlshed
batween the upper and lower Puye Fermation in’ both wolls demonstratos that:hose subunits ¢can
probably be mappod regionally,

3.8 Puye Formation (Axial Facies)

Axial doposits of tha ancestral Rie Grande (Totavi Lentil of Griggs 1964, 8795) wéfe predicted to occur at
the base of the Puye Formation based on iithologic logs rrom neurby water supply wolls, but these
doposits woro not prosent,

3.9 Santa Fe Group Basalt

Miocaone Santa Fe Group basalt occurs from depths of 784 {t to greater than 847 ft.(total depth). This
basalt is slightly vesicular, with clay filling some vesicles below 830 ft. This basalt correlatos with a
tholalitic basalt at the same stratigraphic position in R-8 (Table 3.5-1) that has a minimum eruption age of
8.45 to 8,63 Ma (see Tabie 3.2-1 In Broxton et al. 1998, 59158). This basalt is the same as that
ancountered at a depth of 836 ft in water supply well PM-1 (Coopar ot al, 1965, 8582),

) .
'

4,0 OCCURRENCES OF GROUNDWATER | 7, _ ¥ .

Twe saturated zones were ancountared during H-12:Eirimng-opdmtions. The tops of mcse two woll-
defined saturated zones occurred at depths of 443 and 805 ft. The upper of those two zones Is a perched
groundwater zone, and the lower is assoclated with the roglonal aquifer. Figure 2.3-1 summarizes the
occurrences of these soturated zones. ‘ .

i
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4.1 Perched Zone(s)

A thick perched zong was encountared from a depth of 443 to 519 1t in the lower part of the basaltic rocks
of the Cerros del Rio volcanic fleld and in the underlying old alluvium (Figure 4,1-1). This perched zone
was first recognized in 1964 during the installation of water supply walt PM-1 (Cooper et al. 1965, 8582),
although lts vertical extent was not specified, Based on this investigation, the saturated thickness of this
groundwater body Is approximately 75 £, making it one of the thickest intermediate-depth perched
groundwater bodles identifled yet on the Pajarite Plateau. Water was first encountered at a depth of 443
ft, and the water level quickly rose 10 424 ft after the top of the water-bearing zone was penetrated, These
conditions indicate that the perched zone is relatively permoable and confined, The confining layer at the
top of the parched zone is probably massive basalt with few fracturos, The claystone subunit of the old
alluvium forms the perching layer,

The basalt flows making up the upper part (443 lo 488.9 ft) of the parched zone are typically fractured
and yielded water rapidly to the borehole, Intorspersed within the saturated zone, thin zones of massive
unfractured basalt typically yielded dry core or cuttings, but the borahole always produced significant
water when dooper, fractured basalts were ponetrated. Bentonite seals were placed sevaral times In dry,
unfractured, massive basalts In the bellet that the bottom of the perched zone had been reached.
However, water guickly tilled the berehole 1o a statle water level of 424 ft cach time new fractured basalts
wore encountered, These relations suggest that all the groundwater in these basalts is part of a single
perchod zone in which the water-producing materlals are connectad by fractures (Figurs 4.1-1), The dry,
unfractured, massive basalts within the water-producing zones probably reprosont rogions of low
parmeability that are crossed by fractures outside the volume of the borehole, The basaltic tephra (488.9
to 491.6 f1), which acts as a perching layer tor groundwater in R-9, Is saturated in R-12.

The lower part of the perched zone (491.6 10 519 ft) cccurs within the sand and siit deposits and the axlal
Rio Grande gravels of the uppor subunit of the old alluvium, Porched water In these sedimentary deposits
have a static water lovel of 424 ft, indicating that they are hydraulically connected with groundwater in the
overlying basalts.

A scal to Isolate the perched zene from the rest of the borahole was created by driving the 10-3/d«in,-
diameter ¢casing Into the top of the lacustrine deposits at a depth of 518 ft. This natural clay seal
pravented downward migration of water 1o potential deeper porched waler zones and the ragional aquifer
and allowed representative water samplos to be collected from deeper zones.,

Core with a high molsture content was encountered in ¢lay-rich, tuffacoous, sedimantary rocks in the
lowar part of the Puye Formation, The moist cora was roturnod from depths of 736 to 741 1, but at the
ond of the drilling day no measurable water was present at a depth of 741 ft, However, a dewnhole
molsture probe indicated the prasence of meisturo at a depth of 733.80 ft after the borehole rosted
ovemight, Colloction of a water sample was not attemptod in the baliat that the regional aguifer had heen
reached based on prejections from supply well PM-1 (projected depth 10 the regional water table was 740
ft) and that further opportunities for sampling would be avallable as the borehole was deepened to .
accommodate a baller, Howaver, the boreholes {alled to yield water as drilling progressed, and no water
sample was obtalnad. Based on information currently avaliable, it cannot be determined whether
saturated conditions are present in the clay-rich materlals in the lower Puye Fermallon or if an erroneous
indleation of saturation occurrad when the tip of the molsture probe became embedded in formational
units and Indicated the presence of moist clays. Furtharmore, absance of saturation at a dopth of 741 ttis
suggoested by the lack of water circulating out of the hole when the alir circulation systom was started and
as drilling operations proceodec beyond 741 #t,
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42 Reglonal Aqulfer

Tha reglonal wator table was encountered at a depth of 805 # (clevation 5696 1) in fractured basalt of the
Santa Fe Group. Groundwater at the 1op of the regional saturated 2one Is unconfined, and the static
water level occurs at the same elovation as that encountered In well R-9 (elovation 5696 t), This
saturated zone Is believed to rapresont the regional aquilar because its water quality Is similar to that
found in noarby supply wells PM-1 and PM-3, and In test well TW=3, In addition, the elevation at the top of
this zone Is lowor than static water ievels (undar nonpumping conditions) in wells PM-1 (5758 ft) and
Otowi=1 (5724 #), and It Is lower than the elevation prodicted based on the regional water table map
(5795 tt) (Figure 11,

The highar static water levols in nearby water supply wells are probably due to thelr long screen lengths,
allowing multiple zones to contribute to a composite hydraulic head. For example, PM-1 is screenod over
a 1554-1 interval (Cooper ot al. 1965, 8582) that starts at a olevation 86 ft balow the total depth of R-12,
The higher static water levels for the supply walls suggest that highor head zones occur in the regional
aquifer at depths groater than thase penetrated by R+12 and R-8. The regicnal aquifer may have upward
hydraulic gracients In this part of the Pajarito Plateau,

The potential for upward hydraulic gradients in the regional aquifer Is an important issue for the tinal
dosign and completion of R-12 and R-9. Both characterlzation wells were designed to determine the
Impact of Laboratery operations on the quallty of regicnal groundwater downgradient from multiple
potential release sites, Becauso these wells are located at the eastern Laboratery boundary, they should
be completed in a manner that would allow thair use as components of a potential monitoring system
designed to detormine the quality of regional groundwator leaving the Laboratory. In addition, one of the
goals of R-12 was to provide carly warning of contaminants approaching water supply well PM-1,

In the case of R-9, the goal of monitoring groundwater leaving the Laboratory could be satistied by a well
with a single scroen located In tho upparmost part of the reglional saturated zono where contaminants are
probably mest concentrated, For R-12, the possible completion design is more complax because of the
objoctives of monitering contaminants leaving the Laboratory and providing early warning for PM-1, To
provide early warning, well screen(s) should be placed within one or more transmissive zones
contributing to water production. Howaver, In an arca of upward gradients, scraen intarvals balow the
water table may not detect contaminants impacting the top of the regional saturated zone, Discussions
aro currently undarway among the Canyons Facus Area tachnical team, the Groundwater Integration
Team, and regulators to roassess the completion details for R-12 and R-g based on now findings from
this Investigation,

5.0 SAMPLING AND ANALYSIS

Discharges within Sandia Canyon and Mortandad Canyeon may have impacted water quality at R-12,
Contaminants of concom in Sandla Canyon include tritium and nitrate (Envirenmental Surveillance and
Compliance Programs 1997, 56684). For several decades treated soewage has been discharged from the
Technical Area (TA) -3 sanitary system into upper Sandia Canyon, Surtace water sampies collocted in
upper Sandia Canyon suggest that this discharge may have contained tritium until the early 1980s
(Rogers 1998, 59168). Tritium activities up to 18,000 pClL have been observed at surface water
sampling station SCS-2 (Rogers 1938, 59168),
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Known grounciwater contaminants within Mortandad Canyon west of R+12 include americlum-241;
cosium=137; plutonium=138; plutonium-239,240; strontium-80;:tritlum; uranium-235; uranium-238; and
other inorganic solutes (Environmental Surveillance and Compliance Programs 1997, 56684; Rogers
1998, 59169; LANL 1997, 56684), Tritium activities up to 1,000,000 pCUL have boen observed in alluvial
groundwater within Mortandad Canyon in the past. i
Known groundwater centaminants In upper Los Alamos Canyon Include americium-241; cesium-137;
plutonium-238; plutonium-239,240; strontium-90; trmum° uranium-235. and umnlum- 38 (LANL 1995,

50290).

5.1 Contaminant Characterization of Core and:Cunlngté

Samples of core and cuttings were collected from F<12 and analyzed for metals and radionuclides as
required by the Resource Conservation and Recovery Act (RCRA), Results of chemical and
radlochamical analyses are used to determine both naturally-eccurring eloments and contaminant
distributions within R-12, Organic compounds wore not identified as contaminants.of concern at R-12,
based on sediment and water sampling conducted by the Laboratory in upper Sandia Canyon
(Environmental Surveillance and Compliance ngmms 1997 56684) T

51.1  Methods :
R Wt ,
Fourtoen samples of core and cuttings ware collected for geochomical and contaminant characterization,
Ten samplas of cuttings ware collocted from nine depth Intorvals: 25 10 25.5 ft, 315 to 32.5 11, 12210 125
it, 135 10 136 ft, 455 10 456,5 ft, 555 to0 559 ft, 791:10-792.5 1, 800 to 805 ft, 51210:814.6 1t, and 812 to
814.6 t (duplicate). Four samples of core wara collocted from four intervais: 431 to 438 ft, 520 to 521.9 18,
555 to 559 tt (duplicate), and 567 to 569 ft, Approximately $00 to 1,000 g of core or cuttings samples
ware placed In appropriate sample jars in pro:octlve pla.,tlc bags before thoy were shlpped to analytical
laboratories, . : ‘. . , v‘ .
Samples of core and cuttings wara analyzed using nnalyﬂcal methods specified by EPA (1987, 57589),
Solid samplas were partially digested using hot HNO, (EPA mothad 3050) batore matal analyses.
Samplas of core and cuttings were shipped to Paragon Analytlm. Inc., In Fort Collins, Colorado, for metal
and ragionuclide analyses. Analyses of aluminum,.antimony, arsenic barium, beryllium, cadmium,
calelum, chromium, cobalt, copper, iren, lead, magneslum, mangunoso. melybdenum, nickel, potassium,
salenium, sliver, sodium, thallium, vanadium, and zinc were determined by inductively coupled plasma
amission spectroscopy (ICPES). Concontrations of uranium-in core samples woro'detormined by using
Inser-induced kinatle phosphorimotric analysis (LIKPA)' Mercury was analyzed by cold vapor atomic
absorption (CVAA), Core samples were washed with:dalonlzed water for 16 hours.before anion analyses.
Bromide, chioride, flucride, nitrate, and sulfate contants ware determined by ion chromatography (IC).
Total cyanide contont was determined by colorlmatry. The precislon limits for major anicns and trace
alements were generally & 10%. ;
Radionuclide activities in core samples were dotorrnined by alpha spoctrometry (americlum-241
plutonium-238; plutonium-239,240; uranium-234; uranium=235; and uranium-238);:gamma spectrometry
(cesium-137 and gamma-emitting isotopes); and gas- proportlona: counting {strontium-90) at Paragon
Analytics, inc, Sample duplicatas were collected and annlyzed in accordance wlth EPA procedures,
Fleld scroening for volatile organic compounds was condumod uslng a photoionlzatlon dotoctor (PID)
Instrumant. No volatile organic compounds were dotected with the field instrument., *
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5.1.2 Results

Table 5.1-1 provides radionuclide activities in core and cuttings from R-12. Isotopes of uranium (uranium-
234, uranium-235, and uranium-238); gross alpha; gross beta; and gross gamma generally are detected
at activities greater than their minimum detectable activitios (MDAS) in most core samples. Activities ot
gross alpha, gross bota, and gross gamma in samples of core and cuttings are groater than 1 pClg,
where measurable, and vary with depth (Tablg 5.1-1),

Activitios of isotopic uranium are groatest in samples collected from the Bandelier Tuft, reflecting the high
total uranium in this unit (Ryti ot al, 1998, 58093), Lower actlvities of uranlum-234, uranium-235, and
uranium-238 ware found in samples collected trom Cerros dal Rio basalt, Puye Formation, and Santa Fe
Group basalt, This suggests that little it any Laboratory contaminants aro prasent in these samples.

Activities of americlum-241; cesium-137; plutonium-238; plutonium-239,240; and strontium-80 generally
are less than detection in the samples of core and cuttings, incicating that no Laboratery-terived
contamination from these Isotopas is detectable in most of these core samples. Possible exceptions
include detectable plutonium-239,240 within cuttings collected in the 31.5- 10 32,5+t Interval and in the
431+ t0 438-ft interval (Table 5.1+1), The 31,5- to 32.5-1t Intarval is within the uppermost part of the Otowi
Member. The 431-t0 438-tt intarval Is just above the saturated zone encountarad at a dopth of 443 ft,
Further comparisons with background data will be made when ongoing background studles for basalts
are complated,

Samples of core and cuttings ware analyzed for metals including aluminum, antimeny, arsenic, barium,
beryllium, cadmium, calcium, cobalt, copper, Iron, lead, manganese, molybdenum, nickel, potassium,
solonium, silver, sodium, thallium, uranlum, vanadium, and zing; howavaor, they are not contaminants of
concemn In Sandia Canyon, Transition metals, including cobatt, copper, manganese, nickel, and iron,
occur naturally within the basalt tlows (concentrated within oxide and silicate minerals) at concentrations
above those for the Bandelier Tutt, Background distributions of metals within basalt are being assessed
and will be addod ‘o the Laboratory background data sot.

52 Water Quallty Doterminations

Four groundwater samples wore collecied from two saturated zones encountered in R-12. Threo of these
samples ware coliected from the perched zone within the Cerros dol Rio basalt (at 443 and 464 1t) and
old alluvium (at 495 ft), and one sample was collected from the regional aquifer in Santa Fe Group basalt
(at 805 f1), Samples were analyzed for inorganic and erganic chemicals and radionuclides to determine
natural solute and contaminant distributions within the differont saturated zonas.

5.2.1 Menthods

Groundwater samplas for inorganic and erganic chemicals and radlonuclides were coliectod using a
gtainless-stael bailer, Tomperature, dissoived oxygen (DO), turbidity, pH, and specific conductance were
detorminod on site from an aliquot collocted during field sampling. Beth filtered and nenfiltored samples
wviore collected for chemical and radiochemical analyses. Groundwatar samples were collected for
analyses of DOC; stable isotopes of hydrogen, oxygon, and nitrogen; major ¢atiens and anions; metals;
organic ¢ompounds; and radionuclides. Aliquots of the samplos wore prassure-filterod (nitrogen gas)
through a 0.45-um Gelman filter and acldified with analytical-grads HNO, 1o a pH of 2.0 or less for metal
and radionuclide analyses, DOC samples were fillared with a special 0.45-um silver fiter to climinate
biodegradation of organic solutes, which may bias analytical results, All groundwater samples collected in
the field were stored at 4°C until they were analyzed, Alkalinity was determined In the laboratory using
standard titration tochniques,
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JABLES.1-1
RADIONUCLIDE ACTIVITIES IN SAMPLES OF CORE AND CUTTINGS FROM BOREHOLE R-12*®
Partd
Depth (ft) 25-255 31.5-325 122-125 135-136 431433 455-456.5 520-521.9
Geologic Unit BandeEer Tul Bandeler Tuff Bandeber Tufl CR basa¥* CH basah CRLasah 04 a%uvium
Strontium-$0* 0011044 0221046 0201046 0061044 0121049 0.0510.11 003 +0.11
Casium-137 -0.053 £ 0.057 0.0431 0.067 0.0061 0.079 -0.0131 0.037 0.014 £ 0.042 0.001£ 0.035 -0.034 £ 0077
Pitonium-238 0.0146 1 0.0080 |0.0000 £ 0.0064 |-00086£0.0050 {0.0104£0.0058 |0.009210.0138 |-0.024:0.020 002120028
MOA* 0.026 0.036 0.034 0.025 0028 0.088 0.056
PrAonfum- 239,249 0.0167 £ 0.0079 |0.09210.018 00131100072 ]0.021410.0083 |0.108 10034 0.004 1 0.020 00113100194
MDA 0.020 0.0039 0.024 0.022 0.022 0.058 0.032
Americom-241 0.0026 1 0.0050 | 003510013 00§59+ 060630 |0.01810011% 0.062 £ 0.046 0.0063£00194 |0.02410.030
MDA 0.025 0.025 0.026 0.042 0.049 0.048 0.057
Uranfum-234 1.631024 1.691024 3971050 0.337 £ 0.050 0462 £ 0.086 0439810.1Cc8 1.069 £ 0.190
KDA 0.018 0.023 0.026 0.025 0.021% 0.026 0.041
Uranhum-235 .- 003320032 - |0.0601+0028 0.1634£0340 .- |0.0276 200192 ]0.02411£0.0162 ]0.02091:00192 }[0.08110.040
MOA:-"- ¢ .. kool - < - 0019 3 0018° - - 0.029 00470 - jeo22 7 T 10,051
Uranfum-238 1.731£0.24 1801024 4191054 041510082 0547 £ 0.098 0.44610.100 1.68210.183
MDA - . 6e2s - . |6ozs - ooz, ... -joo27. .- 0024 . 0026. -.-..-|logss- - . .
jum (LKPAY (mohg) | 1352619 = - 13092042 . __-108620.92. .- |5452075 .- }123320.48 . §1.03£0.14 -:-. | 2081029 - --
MDC? ' 0.05 043 048 049 043 047 0.05
Gross A'pta 2511068 1.73 1057 1441055 30117 761232 65130 102132
Gross Bela 1.90 1 0.58 1.60£0.57 1731057 1.7£18 44121 <32 (MDA) Bot2s5
Gross Gamma 14461 1.09 13,721 1.0% 2416 1.74 -13.01£035 4021035 . 3.8710.36 3851033
MDA 0.69 058 0.82 044 0.34 0.38 0.30
Strertum-% . 01231043 -0.931043 0131049 0.06 1 0.97 . 10301059 0061035 . 0.063:£036. .
Coshum-137 .~ C 1002320023 f0.007£0065 00231 0.061 . 006110043 . ]-000210038 - {0.000£0.049 0020190038
a. pQg
b. Emmor of two standand deviations bs repartad.
¢. CAbasal = Cenos daol Rio basa
d. Radorsxcides ad paramelers analyzed by Paragon Arafylics, Inc.
€. MDA = micimum deleclable acéd ity

I
g-

LIKPA =laserinduced Krnetc phosphorimetic analysis
MOC = mirdmal delectablg concentrabon
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JABLE 5.1-1 (conlinued)
RADIONUCLIDE ACTIVITIES IN SAMPLES OF CORE AND CUTTINGS FROM BOREHOLE R-12*®

Part 2

Depth [R)

555-559

555-559 {dup?)

567-569

791-792.5

800-601.5

812-814.6

812-814.6 (dup)

Geologhe Unit

Puye Formaton?

Puye Foimation

Puye Formation

SFG basat

SFGbasalt

SFG basalt

SFG basalt

Pivtonium-218

0.01710.026

0.007 1 0.022

0.0034 £ 00194

0.0147 1 0.0184

0.0017 £ 0.0110

0.01321 00146

0.0036 1 0.0156

MDA?

0.0650

0.056

0.040

0.035

0.03

0.024

0.040

Piutonfum-239,240

0.0037 £ 0.0190

-0.0024 1 0.0194

0.0018 £ 0.0200

-0.0036 1 0.0106

0.003 £ 0.0122

0.027 1 0.020

-0.0007 £ 0.0112

MDA

0.037

0.051

00189

0.039

0.019

0.028

0.029

Americlum-241

0.084 1 0.050

0.112 1 0.055

0.027 1 0.026

-0.0031 1 0.0083

0.067 1+ 0.040

0037 £ 0.032

0.037 £ 0.048

MDA

0.053

0.060

0.033

0.027

0.034

0.045

0.041

Uranfum-234

0.746 £ 0.140

0.905+0.160

1.1621 0,190

0.34810.020

0.252 1 0.072

0.232 1 0.068

0.1731 0.058

MDA

0.025

0.035

0.032

0.039

0.029

0.023

0.013

Uranium-235

0.048 1 0.028

0.054 1 0.032

0051 £0.032

0.037 + 0.026

0.033 £ 0.028

0.01£8 1 0.0190

0.047 £ 0.028

MDA

0.025

0.032

0.026

0.014

0.035

0.028

0.013

Uranfum-238

0.7421 0140

0.9C5 1 0.160

1.1551 0.188

0.263 £ 0.078

0.322 1 0.082

0.269 £ 0.074

0.190 1 0.060

MDA

0.033

0.021

0.030

0.027

0.029

0.013

0.013

Urarium (UKPAT) (mg 3}

1.501£0.20

2261031

2261031

0.85'

087

0.8t

0.57

MDe

0.05

0.50

0.05

Gross Alpha

1.44 £ 061

2041068

1.58 1 0.59

14£12

22114

1.57 £ 0.32

1.6110.32

Gross Bela

1.20£0.54

1231053

0931 0.51

0.3310.56

1.0010.74

DNR*

DhR

Gross Gamma

6751112

B.63 1 1.50

7991135

2471041

2151 0.41

DNAR

DHR

MDA

0.20

0.35

0.36

0.29

0.2

a pg

b. Erot of tao standard dedaSons Is seporiad.

*mr~Farean

dup = dupBicate sampla
Puy3 Formation = fangicmarata facies of 2 Puye Formaton
SFG basat = Sanfa Fe Growp basal
Radonucldes and parame'ers analzed by Paragon Analytics, Inc.
MDA = minimum detactzbia actvity
LIKPA = lzser-induced Mngtc phosphorimetic anaysis
Calada’ed from uradum-233 acthily
MDC = minkmum detactabla concentrason
DNA = data nof recehed yel
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Groundwatar samples wara analyzed using techniques specified in EPA SW-84€ (EPA 1987, 57589)
including IC for bromide, chiorids, flucride, nitrate, nitrite, phosphate, and sulfate; graphite fumace atormnie
absorption (GFAA) for trace elaments {aluminuem, antimony, arsenic, barium, beryllium, boron, cadmium,
calelum, cosium, chromlum, cobalt, copper, iron, lead, lithium, magnesium, manganese, molybdanum,
nickal, potassium, rubidium, solenium, sllicen, siiver, sedium, strontium, thalllum, tin, titanium, vanadium,
and zinc); colorimetry far total cyanide; CVAA for mercury; and ICPES for aluminum, antimony, arsenie,
barlum, beryllium, boron, cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium,
manganese, molybdenum, nickel, potassium, selenium, sodium, thalllum, vanadium, and zinc, This work
was parformed by a contract laboratary, Paragori Anatytlcs."lnc.. and EES-1. '

Radionuclide activity In groundwater was det ermlned by nquld scintillation countlng (LSC) for tritlum;
olectralytic enrichment for low-lavel tritium; LIKPA for uranium; alpha spectromotry for americium,

~ plutonium, and uranium isotopas; gamma .:pectrometry tcrceslum~1 37 and other isotopes' and gas
proportional counting for strontium-90, This work was'pertormed by contract luboratories including
Paragon Analytics, Inc., Teledyne, and the Unlvenfty of Miaml .

Stable Isotopes of oxygen (oxygen-18 and oxygon-1 &), hydrogon (hydrogen and doutedum). and nitrogen
(nitrogen-15 and nitrogen-14) were analyzed by Goochron Laboratories (Cambridge, Massachusetts) and
Coastal Sclonce Laboratories, Ing. (Austin, Toxas). rospoct:voty. using isotope mtlo mass spoctromatry

Laboratory blanks and fleld blanks ware callected und unn!yzcd In accordancn with EPA and Laboratory
procedures, The procision limits for major lons and traco olonents wore genorally :10%.

Groundwater samples collected at 443 ft within the uppermost ponion of the parched Zone In the basalt,
and at 805 ft within the regional aquiter, were analyzed for semivolatile organic compounds
(polychlorinated biphanyls [PCBs) and pesticides) using gas chromategraphy-mass: Spoctrometry by
RECRA Weston. Somivelatlle organic compounds ware not detacted in the groundwater samples from
oither of these zones, Groundwator samplas collec‘od from‘tho two othor porched z0Mes were not
analyzed for organic compoungs. L v :

BT B
Tha following soctions focus primarily on the distributions of inorganic chemicals (major cations and
anions, nitrate, and ammonium) and mdlcnuclides.In-groungwater encounterad in R-12,

522 HResults

5221 Quallty of Groundwater within Corros dal Rio Basalt and Santa Fe Group Basait

W

Fleld-measurad paramaters for the borehole groundwater samples, including pH, ipmperarure. specllic
conductance, and turbidity, are provided in Table 5.2<1, These paramaters were measured at the time of
sample collaction when groundwater was in contact with the atmosphere. D€ was-also moasurod:
howovor, DO values are not reported because of potential atmospheric contam:; uuiiqn with the electrode
and Interterences from suspended particles contributing to very high turbidity valuqs."

[
L
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JABLES.2-1
FIELD-MEASURED PARAMETERS FOR GROQUNDWATER SAMPLES COLLECTED AT R-12
Geologle Unit Cerros del Rio Basalt 0Old Alluvium Santa Fe Group Basalt

Dopth (1) 443 464 495 805

Dato sampled 04/1/98 04/29/98 04/30/98 06/08/98

pH (standard units) 7.65 7.65 8.25 7.64
Tomporature (*C) 14,2 15,5 16.0 18.9

Specitie conductance (uSiem) 376 1361 365 278

Turbidity (NTU" clear os° 0s 6

&, NTU = nophelomatric turbidity unit
b. 08 = off the acalo becouse of very high turbidity values for open borehole groundwaler samples, The sampie collncted

from the 443+t 2one was ¢loar; howovar, the turbidity moter was not operating,

Table §.2-2 provides analytical rosults for major ions and trace alemants in filtered and nontitarad
samples collected from the two saturated zones in R-12, Bar plots for dissolved major ions and siiica for
the porched groundwater at R-12, R-9, POI-4, and Spring 98 are shown In Figure 5.2-1.

The uppermost sample collected from the perchod zone, in Corros dol Rio basalt at a dopth of 443 1t is
characterized by a mixed calclum-sodium-bicarbonate-chioride lonic composition with a fleld pH value of
7.65 and a TDS ot 511 ppm (tiltered) (Figuro 5.2-1; Tables 5.2-1 and 5.2-2). A groundwater sample
collected from a depth of 464 ft in Carros del Rio basalt is charactorized by a sodium-caicium-chiorida-
sulfate-bicarbonate ionic composition with a field pH value of 7.65 and a TDS of 959 ppm (flitered) (Figure
5.2-1; Tablos 5.2-1 and 5.2-2), Dissolved sodium, sulfate, and chloride concentrations In this samplo are
186, 191, 197 ppm, rospectively. The groundwater sample collected in the old alluvium at a depth af 495
ft Is characierized by a calcium-sodium-bicarbonate-chloride ionic composition with a field pi value of
8.25 (Figure 5.2-1; Tables 5.2-1 and 5.2-2) and a TDS of 476 ppm (fitered). The chomistry of this water
sample Is similar to that of tho sample collected at a dopth of 443 11,

The static water is the same for all parts of the porched zone in R~12, suggesting that all saturated parts
of this zone are hydraulically ¢connected (sce Section 4,1), Howevar, watar chomistrias of samples
colloctod at depths of 443 and 495 ft are distinct from those of the sample collected at 464 ft, Those
observations are difficult to reconclle for a hydraulically connected perched water 2one. The sample at a
depth of 464 1t may represent groundwater with a relatively long rosidonce time compared with that of
samples collected at depths of 443 and 495 ft. Though hydraulically connected, thase groundwaters may
acquire difterent chemical characteristics as they pass through the perched zone at difterent rates,

Stable Isotope data for hydrogan and oxygen were collocted to evaluate the sources(s) of water
encountared in R-12. The Isotopic values for deuterium/Mydrogen and oxygen-18/oxygen-16 in R-12
groundwator samples collected from depths of 443, 495, and 805 ft are -76 and -10.6 per mil, <77 and
-11.0 per mll, and -72 and -10.8 per mil, respactivaly, These values plot close to the Jemez Mountain
meteoric and global meteoric water lines provided by Blake et al, (1995, 49931), suggesting that these
groundwaters wore derived from a meteoric or atmosphaoric source, and that gvaporation has not atfocted
their Isotopic composition,
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TABLE 5.2-2
WATER QUALITY OF GROUNDWATER SAMPLES COLLECTED AT BOREHOLE R-12, SANDIA CANYON?®
Depth (R) 443 443 464 435 495 810 805 £05
Geclogie Unit CA basal CRbasal CRbaszl Od atvvium | OWdatwyum |SFGbasait | SFGbasatt SFG basalt
Samgpie Treatment Filtered Horfilered Fittered Fitered HorfXered Fitered Fitered tHonfitered
Date Sampled 04/13/98 041398 04/23:¢8 04/30/58 04/30:28 06/02/98 060898 0603/08
Temp°C 142 142 155 16 16 15.9 189 189
Ag (ppm) <0.001 <0.00% <0.001 <0.001 0.042 <0.00¢ <0.001 <0.001
Std. Dev. {+) 0.002
Al (ppm) <0.02 6.90 0.10 0.11 59.0 021 0.10 1.29
Std. Dev. (¢} 0.01 0.01 0.01 0.7 0.01 0.01 0.03
Ak (Lab) (ppm C5C03) | 118 119 142 107 121 116 119 121
As (ppm) 0.0013 0.0021 0.0005 0.0005 0.015 0.0008 0.0019 0.0020
Bippm) . . 0.069 . 0.079 0.16 0.088 0.19 .. loos 006 .- - 006 -
Sid. Dev.(#] 0001 0.002° oo 0003 . 901 . 00§ - -.- joos. ., . . foo1 .. -
Balppm) - - 0015 -~ Joos? - - - - 0035 0014 - 058 - ‘ 0073 ' " 0085 0034
St Dev. (1) 0.001 0.001 . 0.009 0.001 0.01 0.002 . 0.00§ 0.002
- {Befppm) - : D002 (<0002 0002 , {002 T Jooeoz - T|<0w002 <0002 o ifc0002 . ]
| sid. Dev. (1) : 0.001 '
Br (ppm) 0.18 023 023 0.47 0.19 0.05 0.08 0.c8
.| Ca(ppm) 45.1 486 235 36.9 684 279 282 283
S14. Dev. (¢ VX I 02 0.1 0.1 02 0.2 0.2 0.1
Cd (ppm) <0.001 <0.001 <0.001 <0.001 0.002 <0.001 <0.001 <0.00%
_| St4.Oev, (o) S 1. . T R 11 TR FT.
Cli{ppm) - 3s - 20 197 334 357 - 952" 10.1 1893
Ci0, (ppm) «0.02 <0.02 <002 <0.02 <0.02 <0.02 <0.02 <0.02
Co{ppm) <0.002 0.006 <0.002 <0.002 0.031 <0.002 <0.002 <0.002
Std. Dev. (¢} 0.002 0.004°

a. The dalain Fis tabie shoukd ba used ordy Kor SCreenng purposes.
b. Sampla collected at 810 AA is from undeveloped weld; sample ocllecled from 505 A is from developed well

¢ SFQG basaX = San'ta Fe Group basaX

s0day uoudwoy way
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JABLE 5.2-2 (continued)
WATER QUALITY OF GROUNDWATER SAMPLES COLLECTED AT BOREHOLE R-12, SANDIA CANYON'

Cepth (R)° 443 443 464 495 495 810 805 805
Geolagie Unit CR Basax CR Basah CAHbasan Old abuyium Ol atuvium SFGbasait® SFG basalt SFG basalt
Sampie Treatment Filtared Honftered Fitered Futered Nonfiltered Filtsred Fitered Nonfitered
Dale Sampled 04/1398 04/13'93 04/29/98 04730/98 03098 06/02/98 06/08/98 05/08'98
€0, (ppm) 0 0 0 0 0 0 o 0
Cond. (Lab} (uSfem) 429 433 1391 434 442 277 282 284
Cr{ppm) <0.002 0017 <0Q.002 <0.002 0.061 <0Q.002 0.006 0.008
Std. Dev. (+}) 0.001 0.004 0.002 0.002
Cs {ppm) <0.002 <0.002 <0.002 <0.002 0.008 <0.002 «<0.002 <0.002
Std. Dav. (+) 0.002
Cu [ppm) 0.007 0.040 0.007 0.003 022 0.004 0.006 0.007
Std. Dev. {+) 0.002 0.004 0.002 0.002 0.01 0.001 0.002 0.002
F{ppm) 0.52 0.53 0.85 028 029 0.47 0.43 043

Fe (ppm) 0.03 9.34 <0.01 0.12 958 0.12 <0.0% 1.05

td. Dev. (+) 0.01 0.01 0.01 0.7 0.01 0.0t

Hardness (CaCOdppm) | 164 195 e6.4 135 37 96.1 941 a45
HCG, (ppm) 144 145 173 131 148 142 145 148

Hg (ppm) <0.00005 <0.00005 0.0G008 <0.00005 <0.00005 0.00014 <0.00005 0.00009
{ppm) <0.01 «0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

X {ppm) 3.12 3an 65.7 554 134 393 4.33 4.36

Std. Dev. (#) 0.0% 001 03 0.01 0.01 0.01 0.02 0.02

U {(ppm) 0.03 0.09 003 0.05 003 0.04 0.04 o004

Std. Dev. (-} 0.01 0.01 0.01 0.01 0.01 o 0.01 0.01

M3 (ppm) 124 17.9 6.72 104 355 642 576 580

$td. Dev. {41} 0.2 0.1 0.02 0.1 05 0.02 0.01 0.02

a. Tha daita b his tabla shoddd ba usad ondy for Scresning pUrposes.
b. Sample cofactad al 810 At s from undevetoped aek; sample collected kom 805 Ris from davelopod wel

c. SFG basat=Santa Fa Group basak
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TJABLE $.2-2 {continued)
WATER QUALITY OF GROUNDWATER SAMPLES COLLECTED AT BOREHOLE R-12, SANDIA CANYON*
[ Depth (R 443 443 464 495 495 810 805 805
Geologle Unit CR basaR CRbasat CRbasal Oid akrium | OMaluvium | SFG basalt SFG basalt SFG basal
Sample Trealment Filtered Nonfitered Filtered Fitered Norditered Fitered Fitered Nonfitered
Dite Sampled 04/13'58 04/13/98 04/29/98 04/30/98 G4/3098 06/02/98 0€208/98 06/03/93
Mn {cpm) 0.025 0.18 0.12 0.033 201 0.065 0.029 0.042
$td. Dev. (+) 0.00§ 0.01 0.01 0.001 0.01 0.001 0.001 0.0G1
Ma (ppm) 0.005 0.013 0.066 0.007 0.007 0.022 0.063 0.003
std. Dev. (¢} 0.002 0.002 0.002 0.002 0.602 0.002 0.002 0.002
Na (ppm) 202 20.8 186 307 336 194 213 21.4
Std. Dev. {+) 0.2 0.1 2 0.1 0.1 0.1 0.1 0.1
NH, (ppm) <0.02 <0.02 17.3 0.34 0.43 <0.02 0.02 0.02
Nifppm) - - - jooos . - ‘|oo2s : _{o0.c08 -1ooos - . |oos - ‘}<0.002 0.002 - 0.004 :
| SOev.(H) - . 0002 - - Joow2: - --Joo02 ... -Jeoo2 - cleor- . f- . i_ foooc2.-- .. fooo2 . .. |
N ppm) - G43 1007 " J214 7 loe3 1407 T J02 7 " jods T <002
NO,(ppm} . . f2L7. . 212, . J104a . " Y282 . . K30 J4a43 _j2o3 . j2t2 o}
Oualsle (ppm) - . .0 ] <002 215002 0 00200 (0397 i 002 [ <002 T 002 i <0027 1S )
Polppm)- = " <0002 = looM4 <0.002 <0.002 006 <0.002 <0.002 0.002
$1¢. Dev. (+} 0.002 00t 0.002
pH (Lab) 7.95 750 7.65 7.92 13 7.94 7.88 7.80
PO, (ppm) <0.05 - <0.05 . <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
fib (ppm) 0.005 - oos2 0.025 0.009 0.071 0.007 * 10.007. 0010
SdDev(s). ... |o002_. _.jooc2 ...  ]0o002. . .. |o002 ... . fjO005-_. _. |0@02 . ... j0002 ... . .|0o002. .
Sh(ppm) -~ - 100005 -~ - - [ 0.0009 - 00010 - - . {0.0003 - ~-]00011 00002 - o000z - - loo002- -
Se (ppm) <0.000% <0.0001 <0.0001 <0.0001 0.0004 <0.0001 <0.0001 <0.0001
Si (ppm) 20.0 306 3.45 17.2 795 284 2338 3:8
sid. Dev. () 0.1 02 {o.01 0.1 - - Yoo 0.1 0.1 0.1

JOM uonBILRIBYD il

a. Tha dala In this table should be used only Sor screering puposes.

b. Sampla coleclad al 610 Nis from uncaveloped wel, sampla colected from 855 A Is frorn developed wek
¢. SFQ bzasall = Santa Fa Group basar
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TABLE 5.2-2 (continued)
WATER QUALITY OF GROUNDWATER SAMPLES COLLECTED AT BOREHOLE R-12, SANDIA CANYON*

Depth{ny 443 443 464 495 495 810 805 805
Geologic Unit CRbasal CA basan CRbasal Old atuvium Ol atuvium SFG basalf SFG basalt SFG basalt
Sample Trealment Fitered Hoafitered Fiteted Fitered Nonfitered Fitered Fitered Noalitered
Date Sampled 04/13%93 041393 04/2398 0473098 0473098 050299 050893 0608/98

/8 UONDZIIDIORIBYD ZL-Y

$i0, (ppm cak) 4238 65.5 7.33 368 170 60.8 638 ~ Jes1
50, (ppm) 247 255 191 300 283 8.01 10.4 9.93

5,0, (ppm) <0.05 <©0.05 <0.01 <005 <0.05 <0.01 <0.01 <0.01
Sa {ppm) <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
St {ppm) 0.18 024 0.44 0.19 055 0.15 0.16 0.17

Std. Dev. () 0.01 0.01 0.01 001 0.01 0.01 001 0.01

Ti{ppm) <0.002 053 <0.002 <0.002 1.67 0.005 <0.002 0.015
SId. Cev. {(+1) 001 . 0.01 0.002 0.001
T (ppm) <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
¥ {ppm} 0.003 0013 <0.002 <0.002 0.095 0.005 0012 0.012
Std. Dev.{+) 0.001 0.001 0.001 0.001 0.002
Zn (ppm) 0.06 0.60 <0.01 <001 0.65 001 0.02

Std. Dev. {+}) 0.01 0.01 0.01 0.04

DS (ppe) 510.8 5952 959.3 4760 10292 386.0
Cation Sum 4249 6.208 12.456 4225 19.976 2942
Anlon Sum 4.154 4205 12472 4129 4343 2935
Balanct {%) 22700 NA¢ 0.1100 2.3100 NA 0.2500

2. Tha datain Bis talds shoukd be used only for screening purposes.

b. Samgpls colected at B10 A I from undzveloped web. Sampla coliectad kom 805 fi s from Seveloped wel.
¢. SFQ basal= Sanla Fe Group basay

d. HA = spplicadle
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Figure 5.2-1, Comparison of major lon and nulrfent chemistry of groundwater in R-12 with Iintermediate-depth perctied groundwater
in basait (R-8, POI-4, and Spring 98). Values in parentheses are sample depths in feel.
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Interim Completion Report

Water quality data for Spring 9B In White Rock Canyon is provided in Figure 5.2-1 as a point of referonce
for evaluating tho water quality data collected from perched groundwater In R-12, Spring 98, which has a
calcium-sodium-bicarbonate lonic composition, is the only known spring on the Pajarite Plateau
discharging from basalt that doos not contain elevated concentrations or activities of anthrepogenic
chemicals in¢luding chioride, nitrate, sullate, tritlum, and uranium, Porched groundwater in R-12 and
Spring 98 do not have simlilar major ion compesitions (Figure 5.2-1). In addition, concontrations of
chloride, nitrate, and sulfate are higher in the R-12 perched groundwater in comparisen with Spring 98B.
Concentration of nitrate (as nitrogen) Is typically 0,5 ppm in Spring 98, whareas concantrations of this
solute in the upper, middle, and lower portion of the perched zone in R-12 are 4.9, 0.21, 5.5 ppm,
respectively (Table 5.2-2).

The major ion chemistrigs of the three samples collocted from the perched zone in R+12 ditfer significantly
from the chemistries of the two parched zones encountored in the Cerros del Rio basalt in R-9 (Figure
5.2-1). This suggosts that groundwater within the basalt beneath Les Alamos Canyen at R-9 is not the
same as that at R-12, This assumes that mineral procipitation/dissolution Is not taking place along this
inferred flow path, which could atfect the major lon chemistry, Additional data interprotation, including
goochemical modeling, will be performed in the future to assess water/rock interactions along
groundwater flow paths within Sandia Canyon and possibly Mortandad Canyon.

The perched groundwater zone within the Cerros del Rlo basalt and old aliuvium at R-12 may contain a
component of surface water and altuvial groundwater derived from upper Sandia Canyon to the west,
Historic information suggests that discharge of treated sewage etfluent from TA-3 in upper Sandia
Canyon contained tritium (Rogers 1998, 59169). Curront releases of treated offluent contain detectable
concentrations of ammonium, nitrate, and organie nitrogen (Environmental Protection Group unpublished
data). Surface water samplos collacted oast of the TA-3 outfall show that this treated offluent Is
characterizod by a sodium-bicarbonate-chloride ionic composition with an alkaline pH (Environmental
Survalllance and Compllance Programs 1997, 56684), However, the major lon chemistry of treated
affluant from TA-3 (socium-bicarbonata-chioride) dittors from that of the perched zone (calclum-sedium-
bicarbonata) at R-12, based on recent analytical data (Environmental Survelllance and Compliance
Programs 1997, 56684), Thus, the relationship between TA-3 eflluent and perched water at R-12, It any,
is poorly understoed,

Anather potential source of groundwator gontributing o the chomical composition of perched groundwater
obsarved at R-12 may be Mortandad Canyon. Alluvial groundwater In Mortandad Canyon contains
activities of tritium, fission products, and actinides and concontrations of nitrate, sodlum, calcium,
bicarbonate, and other major iong above background values (LANL 1997, 56835). If parched groundwater
originating in Mortandad Canyon flows eastward toward Sandia Canyon, it is possible that this
grouncwator mixas with perchod groundwater beneath Sandia Canyon. This mixed groundwater could
influence the water chemistry observed at R-12,

The porched groundwater in the Cerros del Rlo basalt and old alluvium encountered in R-12 aro
chemically similar to those found in a similar geologic setting in well PQI-4 located approximately 1.2 km
10 the north in lower Pueblo Canyon (Figure 5.2-1). This suggosts that the oceurrence of perched
groundwater In basalts found in Puablo Canyeon and Sandia Canyon may have been atfacted by similar
contaminant source chemistrios of rocharge water (traated sewage effluent from the TA-3 in Sandia
Canyon and tho sewago treatment plants in Pueblo Canyon). However, these two canyens are probably
not hydraulically connected between PQI-4 and R-12, Perched intermediate groundwater beneath Pugblo
Canyon probably flows to the cast-southeast and partlally discharges at Basa.t Spring, wheroas perched

R-12 Charactarization Well 27 September 1998
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groundwater beneath Sandia Canyon probably ﬂows to the onst-southeast po:,slbly dlschurglng at
Sandia Spring west of the Rio Grande. - :

52.22 Quality of Groundwater within the Santa Fe Gl"ot::p. Basalt

Tho reglonal saturated zono at R-12 oceurs in Santa Fe Group basalt at a depth of 805 ftand is
characterized by a calcium-sodium-bicarbonate ionic composition with a TDS content of 386 ppm (Figure
5.2:2; Table 5.2-2). The major cation and anion chemistry of this watar is similar to that of rogional aquifer
water in R-9 and in supply walls PM-1 and PM-3.(Figure 5.2.2)..Also the major cation and anion chemistry
of the rogicnal aqulfer in R-12 s similar to that of the upperand lower portions o the perched zone (443
and 495 #1), but lower concentrations of calclum, chloride, and'sulfate are present in the regional aguifer,
Concentrations of chioride and sullate at the top of the regional aquifer in R«12 are'10.1 ppm and 10.1

ppm, respactively, Concentrations ¢f those two solutes aro sllghtty greater than those found in PM-1
(chloride = 6.6 mg/L, sulfate = 6.1 mg/L) and PM-3 (chloride =7 mg/L, sullate = 6.3 mg/L) (Environmental
Survelllance and Compliance Programs 1997, 56684), Concentrntlons of nltmto (as nltrogen) less than 1
ppm or mg/L. are similar in R-12, PM-1, and PM-3.! ' - ‘

5223 Radionuclide Distributions in Groundwator

Activitles of total and dissolved radionuclides (americlum-zu ceslum-'la? plutonium-zsa plutonium-
239,240; strontlum-90; and tritium); gross alpha; gross beta; and gross gamma in groundwater samples
collocted at R-12 are summarized In Talles 5.2-3 and 5.2-4, respectivoly. Activities of gross alpha, gross
bata, and gross gamma are groater than 1 pClL, for bath fitared and nonfittered samples. Activities of
most radionuclidas (excluding plutonium-239, 240 trltlum and uranlurn) are less thnn datactable lovels in
both saturated zones. . -

The activities of tritium for the groundwater samples collected ht depths of 443, 464, and 495 ftin R-12
are 254.7 = 16,6 (two standard deviations), 208.1 + 7.0, and 249.3 + 8.3 pClL, respectively (Table 5.2-3),
The tritlum activity for the regional aquiler at R-1215 46.9 & 1,6 pCIL. Groundwaterin both saturated
zones ¢contains a componant of surtace water and/or anuvlnl water that Is lass than 50 years old (Blake ot
al, 1995, 45931; Adams ot al. 1995, 47192) busod on these elevatod tritium actlvmos.

The combined Isotopas plutonium=-239,240 are detected (0 048 0.028 pCl/g, MDA = 0,024 pCUg) ina
mixture of water and sediment soparated from the sample with a high suspended solids content collected
from a depth of 464 ft (Table 5,2-3), Plutonium-239,240 was not detected in a filtored split of the same
water sample, Plutonium-239,240 was detected (0.082% 0,016 pClUL, MDA m 0.029 pCilL) in a filtered
groundwater sample collected from 805 ft (Table 5.2-4). However, plutonium-230,240 was not detected in
a nonfiltered split of the same sample (Table 5.2-3). Resampling plutonium-239,240 and other
radionuclides Is recommended after the characterization well at R-12 has been Installed and daveloped.

Dissolved uranium concentrations in groundwater samplos collocted at 443, 464, and 495 ft are 2,51,
2.04, and 2.46 pg/L, respectively. The dissolved uranium cencentration in the sample collected at 805 ttis
4.08 ug/l.. Concentrations of dissolved uranium in perched grouncwater and the regional aqulifer at R-12
are balow the proposed EPA maximum concentration level (MCL) of 20 ug/L and the New Mexico Water
Quality Control Commission standard of 5 mg/L. However, background concentrations of dissolved
uranlum in the upper portion of the regional saturated:zonae, west of the Rio Grands, typically are lass
than 2 pg/L. (see Tablo 5.2-5 in Broxton et al. 1998, 59158; Environmental Survelllance and Compliance
Programs 1997, 56684), Further work is neoded to determine- it uranium concentration and their isctopic
ratios In groundwater of the reglonal aquiter are wlthln the range of natural background values,

i
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RADIONUCLIDE ACTIVITIES IN SAMPLES OF NONFILTEFIED GROUNDWATER

FROM BOREHOLE B-12' o
Depth (ft) 443 464 . o o 40 485 . o | 805
Geologle Unit CR basalt’ CR bagait* - ..... | CR basalt ~-5 | SFG basait*
Teitlum 2547+ 16.6 2089+27.0- - 2483283 48.9+1.6
Strontium-80 047 £0Q.75 020032 | «0,04 & 0.1 e 1 0,16 2 0.66
Cenium-137 +0,793 % 1,95 0.040%0.074 .. [-03£20-" we |a1381.9
Plutonlum-238 «0.0145 £ 0.0170 0.0111 £ 00156 ' . [ 0,011 £ 0,010 i - |=0,0024 +0.0174
MDA® 0.063 027 . 7 - - 0.068 ey 0,047
Plutoniume239, 240 0.023 £ 0.028 0.048£0.028 - .~ | 0.0066 +0.0089 -~ 0.0015£0.0174
MDA 0.047 0.02¢ . : - i [0032 . © | 00130
Americlum241 0.0168 £ 0.0152 0014+0,022 .. |0.0952+0,0194 ::+ | 0.0127£0.0170
MDA 0.017 0021 .. -t 0,034 ' S| Q029
Uranium234 1.74 £0.26 213+032 - | 256 £0.38 L. | 2392038
MDA 0.03 0.038 .-t "] 0,038 ~-0 10,038
Uranium-205 0.061 £ 0.034 014620052 . 1| 0.085 = 0,048 - 10,070 £ 0,042
MDA 0,027 0.036 - .~ .| 0.057 L. | 0,043
Uranlum-233 0.926 £ 0,176 248 £0.04 Mo 1,18 £ 0,20 Aol 1R e 022
MDA - 0,027 0,032 + ... ».'[0,082 ~ 10,047
Uranium (LIKPA") (uph) | 2.56 + 0,35 7510 G104 s 4262058
MDCe 0.10 0.49 011,00 . {010
| Gross Alpha 22+13 23.6£04" 284241 . 15522092
Gross Beta 49215 15225.8. <. 27.2240 L 16,0210
Gross Gamma M1213 11,09 £1.88 - .| 220818 218217
MDA 17 055 . w0 v 18 S 118
s pCL "
b, CR basalt  Cerros del Rio basait o
€. Sadiment with water from sample with high suspanded aolm eontnnt. oCVg. excluding trlttum una umnlum
"d. SFG basalt = Sania Fo Group basalt I e o
. @ MDA = minimum detectable activity L e * X
1. LIKPA = lngonincuced Kinetic phosphorimatric analysls. - . " i
g. MDC w minimal deloctable concantration e e
U
. "{".
o R
SR :
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RADIONUCLIDE ACTIVITIES IN SAMPLES OF FILTERED GROUNDWATER

FROM BOREHOLE R-12**

b. Error of 2 standard daviations Is roported,

c. 2ones 443 f1, 464 11, 405 1, and 8035 1t wore samplod on 04/13/88, 04/20/08, 04/30/08, and 06/08/08, rospuctivaiy.
d. CR basalt w Corros dol Rio basalt

o, SFG basalt » Santa Fo Group basalt
f, Tritlum analyzed by University of Miami; other radlonuciides and parameters analyzed by Paragon Analylics, Inc,
¢, MDA » minimum dotactable activity (nCIL)

h. LIKPA = |asor-Induced kinetic phosphorimetric analysis
i, MDC = minimal detactublo concontration (ug/L)

Depth (h)° | 443 464 495 805
Geologle Unit { CR basalt® CR basalt CR basatt SFG basalt®
Tritium' (see non filterod data for results of tritlum analysos for the four saturntod 2ones)
Strontlum.90 0,522 0.82 -020£0.70 0.04 +0.71 +0.31 1 0.60
Cesium-137 0.516 £ 2,14 0120 0.2+20 0421
Plutonium-238 0,007 = 0,030 0,010 £ 0.030 0.001 £ 0.011 0.0006 +0.0196
MDA® 0,079 0.075 0.059 0.054
Piutonlum-238, 240 0.011 20,026 0.016 £ 0,030 -0.0004 = 0,0086 0.082 £ 0.016
MDA 0.059 0.058 0.032 0.029
Americium.241 0,52+ 0.82 0.032 £ 0,034 0.008 = 0,022 0.034 1 0,036
MDA 0.053 0.060 0.050 0.062
Uranlum-234 1.53+0.24 2,93 0,42 2174034 208 x0.32
MDA 0.048 0.053 0.055 0.044
Uranlums235 0.052 % 0.032 0.134 £ 0,058 0,030 + 0,032 0,143 +£ 0.058
MDA 0.036 0.049 0.044 0.044
Uranlum-238 0.962 + 0.172 0.703 = 0.158 0.048 + 0,182 1.42+0.24
MDA 0.061 0,033 0.048 0.030
Uranlum (LIKPA" (ugA) | 2,51 £0,34 2,04 +0.28 2.46 = 0.34 4.08 £ 0.56
MDC 0.10 0,10 0.10 0.10
Gross Alpha 2,011 insutficlont sumple 2,75+ 0.63 2,55+ 0.74
Gross Deta 40+1.4 insulficiont sample 4,44+0,80 4,502 0,94
Gross Gamma 13514 23218 225+18 21017
MDA 10 18 17 18
a. pCiL

Under oxicizing conditions, uranium is predictad to occur as UO,(CO,).* and UO,(CO,)y* within the upper
and lower portion of the perched 2one based on medo! simulations using the computer code MINTEQAZ2
(Allison et al, 1991, 49930). These urany! carbonate complexes do not complotaly adsorb onto ferric
oxyhydroxide surfaces at pM values greater than 7.5 in the prasence of carbon dioxide gas at 10
atmosphare (Langmuir 1997, 56037). This desorption process probably accounts for elevated
concentrations of uranium In the porched zone.

Total (dissolved and suspended) uranium concentrations in the upper, middie, and lower portions of the
perched zone are 2.56, 7.5, and 10.2 ug/L, respectively. Turbidity values for the middle and lower portion
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of the perched zone exceoded the maximum readable value for the instrument, éuggesting that high

particulate contents account for a signiticant portion of the uranium in the nonflitered sampies.

S5.2.2.4

Nitrogen Isotopes In Groundwater -

.
hd

The main sources of nitrate found in groundwater and surface wator at the Laboratory include (1) natural
erganic nitregen in soils, (2) disseolved nitric acid dl'scharges.' (3) fertilizers, and (4) treated soptic/eftiuent
discharges. Of these possible sources, aqueous dischurges of both dissociated nitrlc acld and treated

septic/etiluont probably exceed naturally- and 1ertllizor-darivod nitrate, '

Water samples were collocted from R-12 and from sevoral othor wells, springs. and troated outfalls within

Los Alames Canyon, Puablo Canyon, and Sandia Canyon'and at TA-50 and were analyzed for

ammenium, nitrate, and nlzrogen-15/nltrogen-14 Analyﬂcal msults of nltrogen spec:es and isetopes are

prosented in Table 5.2-5,

. . ’I . ’i.

SUMMARY OF NITROGEN CHEMISTRY AND NITROGEN ISCTOPES FOR SEVERAL WATERS IN
SANDIA PUEBLO, LOS ALAMOS CANYON, AND TA-0™

Location

NON S NHgN™ Dei "¥N-NO, | Dol "MN.NH, Water Type

R:12 (443 1t) 4.9 0,02 15.2 (3) Yol porched
R=12 (464 1t) 0.21 138 o 21.3(2). N R 4] parched
R-12 (405 1) 55 .| Q26 20,3 ({2) : perched
R=12 (805 1t} 046 - | 002 1.3 (@) rogional
R-9 (579 1) 2.4 00T 3.0(2 - regicnal
Stroam below Bayo Sewage R 7.8(2) e offluent
Treatment Plant in Pueble Canyon " e . :

TW-1A <0.02 . 0,294, 24.6 (2) perched
TWa1 5.3 © 0,04, 172 (3) -, reglonal
Basult Spring 4.5 0,020 .2 perched
LA Spring 2.8 1 <002 28{2) porched
TASQ 67.3 473 - 21{2) ofluent
TAJ 1.5 012~ .- 32.4 {2) affluont
HNQ, Std.Y 57 » 0,02 . 1.0(4) acid

a, Concanirations of nitrate and ammonium In units of ppm; lecpoa In unlia permil or paris pormwund

b. Nitrogen Isotopic analysos pariormed by Coastal Sclsnce Labomturtou. Inc.. Auatin, Texas, Th| number of thoplc
anatyses for oach sample are given in parentheses, .. )

¢. Loboratory HNQ, standard prepared at EES.?

The isotople standard for nitrogen-15/nitrogen-14'is nitrogen In air, which has a nitrogen-1&/nitrogen-14
value of zere (Clark and Fritz 1997, 59168). Nitrate derivod‘ﬁfom troated soptic effluent is enriched In
nitrogen-15 and deplated in nitrogen-14 and is characterized by positive nitrogen=15/nitrogen-14 ratios (7
to >30 por mil; Clark and Fritz 1997, 59168). During-donitritication, which Is the reduction of nitrate to
residual nlirute bacomes onriched in nitrogen-15,

nitrogen gas in the prosence of organic carbon,
‘Subsaequently, nitrogen=15/nitrogen-14 ratios becorne lncraaslngly mere posltlvo wlth increasing

denitrification.
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Groundwater samplas collected from R-12 (at 443, 464, 495, and 805 1), Basalt Spring, the TA-3 outfalt,
TW-1A, and TW-1 have nitrogen-15/nitrogen-14 values ranging from 11,3 to 34.2 per mil (Table 5.2:5).
Possible sources of nitrate in these waters, based on their nitrogen isotopic analyses, is septic/etiuent
derived from sewage treatment plants. This is consistont with known sources of treated effluent discharge
from the sewage treatment plant(s) in Pueblo Canyon and the TA-3 discharge in upper Sandia Canyon,

Nitrie acid Is produced by reacting ammeonia gas with oxygen gas. Ammonia is oxidized to nitrate through
a serias ¢f reactions involving nitrous oxide, nitric oxide, and nitric dioxide, which eventually produces
nitric acid. Ammonia is Initially produced by reacting nitrogen gas, having a nitrogen-15/nitrogen-14 ratio
of zero per mil, with hydrogon gas. Consequently, the nitrogen-15/nitrogen-14 value for nitric acid is close
10 zoro or s slightly enriched with nitrogen-15. A nitrie acld standard prepared by EES-1 personnel has an
average nitrogen-15/nitregen-14 value of 1.0 per mil (Table 5.2-5), The troated effluent sampled at TA-50
contalns elevated nitrate concentrations and low nitrogen-15/nitrogen-14 (Table 5.2-5) dominantly derlved
from nitric acld assocliated with the TA-55 waste stream,

Organic nitrogen derived from solls Is enriched in nitrogen-15 and depleted in nitrogen-14, Accordingly,
soils containing organic nitrogen are characterized by positive nitrogen-15/nitrogen-14 ratios that typically
range from 3 to 7 per mil (Clark and Fritz 1997, 59168). Samples collested from R-9 (at 579 f1), R-12 ( at
805 #) and LA Spring have nitrogen-15/nitrogans14 ratios consistant with those of nitric acid and perhaps
soll organic nitrogen (Table 5.2-5),

Ammonlum was detected in R-12 groundwator at a depth of 464 ft, Ammonium is the thermodynamically
stable form of nitrogen under recucing conditions. The nitrogen-15/nitrogon-14 ratio for ammonium in this
groundwater sample is 1.3 per mil, which implles a ditferent source (ablolegical) of ammonium than {hat
found in the samples at depths of 443 and 495 f1, Tho ammonium may be naturally derived from clay
minerals through cation exchange or possibly from an industrial source such as laboratory cleaners
contalning ammonium, More work is required 1o understand the source(s) of ammonium at tha depth of
464 ftIn R-12,

52.25 Summary of Groundwater Chemistry

Solute chemical data shiow the presence of possible alevatod concantrations of some anions (¢chloride,
niirate, and sulfate) within the four groundwater samples collected during the drilling of R-12, Thase
solutes are probably derlved from aliuvial groundwater in upper Sandia Canyen. Nitrate cencentrations
observed in R-12 groundwator at dopths of 443 and 495 ft are above background values, which are
typically less than 0.5 ppm nitrate as nitrogen. In addition, nitregen Isotopic data for these two samples is
consistent with derivation of nitrate from a sowage source, possibly the TA-3 outfall,

Moasurable activities of trithurm within the two saturated zones at R«12 suggest that a compenont of
groundwater in these zones is less than 50 years old, which is derived from atmespheric fallout (Adams et
al. 1995, 47192) and/or from Laboratory discharges (Blake ot al. 1995, 49931), Activities of cosium-137;
strontium-90; plutonium-238; plutonium-239,240; and americium-241 are genorally lass than detection in
groundwater samples collected from R-12,

Dissolved uranium ¢concontrations of 4,08 pg/L have bean measurad within the basalt of the Santa Fe
Group of R-12, This value is passibly a statistical cutlier with respect i¢ uranium concentrations for 65
groundwater and spring sampies (moan value of 1.86 ug/L) collectad on the Pajarito Plateau and
surrounding areas.
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53 Molsture Content of Core and Cuttings |

53.1 Mecthods

Molsture content was determined on samples of both core-and cuttings, Coro was collected from only
10.8% of the borahole, including all the saturated intervals, Theroforo. collacting a vertical profile of
moisture content for the entire borahole requires thatanulysestor moisture content be parformed on drill
cuttings. The drill cuttings were collected from a port that was installed in the cuttings return line ata
location botore tha cuttings entered the cyclone, Thls was done to prevent the moisture loss that occurs
whan cuttings are in the cyclone, After core or cuttings were screened for radioactivity, samples were
immodiately placed in proweighed and pralabeled jars with tightly fitting lids. The meisture content was
determined gravimetrically by drying the samples in an oven.in accordance with the Amarican Sogiaty for
Testing and Materials (ASTM) mathod D2216-90. Samples collectod tor molsture coment are listed with

the analytical results in Appendix C. . .
53.2 Results '

Moisture contents systamatically increasa downsection from 2 to 6% within aliuvium'and Cerro Toledo
deposits 10 12 1o 20% near the base of the ash-flaw tuffs in the Otowl Member (Figure 5.3-1). Moisture
contonts range from 12 1o 28% within the Guaje Pumice Bed'and underlying soll. A similar pattem of
downward Increasing meisture was reportad for core samples collacted from the Ctowl Mamber and
Guaje Pumice Bed in LADP-3, approximately 4 km west-northwest of R-12 (Broxton et al. 1995, 50118),
Molsture contants for the Otowi Member In LADP-3 range from 10 to 35% and are generally higher than
those for R-12, possibly raflecting the wotter conditions boneatp Los Alames Canyon,

Molsture contents are genarally low, typically 1 to 3%, within basaltic rocks of the Cerros cel Rio volcanic
flold. Moisture splkes at depths of 262 and 343 ft correlate with clay-rich, vesicular zones associated with
basait flow unit boundaries (Appendix B; Figure 5.3-1), ngh molsture cantonts (39't0 59%) were
assoclated with the paleesol separating the upper nlkallc flow 1rom tho lower nlkalk': flow.

. Moisture contents increase downsoction through the Puye Formmion. Molsture contonts tor cuttings from
the vitric, upper portion of the Puye Formation are typically 3 to 6%. Moisture contents for cuttings from
the argillic, lower part of the Puye Fermatlon range from 9 to 13%, but cores from near the base of the
tormation yleldad markedly higher measuremonts, ranging from 20 1o 42%. These patterns are similar to
R-9 and might roflect incronsod alteration of tho Puye Formation downsection.

P

5.4 Matric Potentlal

54,1 Methods o o

Cim

Matrie potontial was measured using a chilled-mirror-wator activity mater as described by Gee et al,
(1992, 58717). Samples were sealed in rosealable plastic bags and wrapped in packing tape Immediately
after the core or cuttings were screened for racionctivity. Storage time ranged between 2 and 49 days,
Splits of samples were transferred to plastic vials with:tightly fitting lids. The sample vials were loaded into
the water activity meter within 10 minutes, and measurements wora made In triplicate. Core was crushed
into mm-sized fragmants, and sample splits were placed in the plastic vials as quickly as possible aftor
breaking the soal on the plastic bags. Repeat measurements demonstrated that samples produced the
same results aven If the measurements were made more than two hours after filling the vials and
securing the lids, All analytical runs were bracketed by measuroments of standards, which demonstrate a
two-sigma reproducibllity better than 0.003 actlvlty units. Samples collacted for matroc potential analyses
are listed in Appendix C, , O %
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Figure 5.3-1. Moisture content of core and cuttings in R-12.
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542 Results e R
R o w
. ,' ) --'- B 1
Matric potantial results are currently being ovulualed and are not included In this. report. Data quallty Issues
for this data set are being avaluated, and matrlc potentlal resu.ts will be summarized in a future report.
: v Lt ? :

Ty ’l
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5.5 Hydraullc Properties

A total of 25 core and cuttings samples were callected and preserved for potentlal hydraullc property
testing and are stored at the FSF, Samples are. cun-ently belng solected for testing based on.data needs
identified for numarical flow and transport modeling: Potentia! hydraulic property testing may Include, but
Is not limited to, porosity, particle density, bulk denstty, saturated hydraulic’ conductivity, and
determination of water retention curves. A ll.,tlng of samplos colloctod and preservod for future testing Is

given in Appendix C. o

551 Methods

Samples tor hydraulic properties were collected as soon as posslble alter com extractlon and were
protected from moisture loss by the foliowing molhocls. ey 3‘ - {;.-.. .

. Samples for hydraulic proparty tostlng were collected ln 6-ln.-dlnmoter Lexan plastlc or stainiess
stoel liners loaded into the core tube, ~ --“; e =i R

. If a core collected without a Hiner was deomod 0 warrant hyclrnullc 'esllng, lt was quickly inserted
Inte a liner, intact If possible, - -:. , _yf T .-‘-i , ._.\ .

. The ands of the Lexan plastic or smlnloss steel llners contalnlng core to be presorved wero

capped with tight-fitting plastic caps ancl sealed wlth Tellon nonstlck-coated tape,

. The cappod ends of the liner were wrapped wlth clea.r' packlng tape

&

- The footage Interval of the geotechnical sample as yvell as the tlme und da!e of sampile collection
ware racorded on the liner with lndollble ke, A :
ll, \ ‘ “"..l e
. The capped and laboled liner was lnsurted lnto a Coreprazoc alumlnlzod sloovos labeled with the
same sampling information. ‘ 5, .. o i . _:;. 3
. The ands of the Coreprotec sloeve wars melled tcge'.her with an eloctnc haat secaler croatlng an
air-tight seal. IERNRR : e
T ';_.5._.'!. - X .
. The protected coras wore documented as samples for, hydrologic testing,.stored to prevent

freezing, and transportad to the FSF as soon as posslble after they were collocled.
R . l

. Custndy of the samples was transferred from the Clnyons Focus Area fleld support team to the
FSF using a PC-basod Access database and e'ectronlc chuln-of-custodyfonn.
A listing of samples collected and preserved lor hydraullc br&ﬁanlus tes tlng is glven in Appendlx C.

: 1
552 Results o o Lo

Wi
Samples are currently being evaluated for tostln§ l:fthe Carls.;bns Focus Area technical team, the
Groundwater Integration Team, and membars of tha: groundwator modollng team. Samples wilt be
submitted for testing by November 1998, ol o ;» .
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5.6 Borechole Geophysics

‘.
=
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5.6.1 Methods ‘}:‘
[y’

%4

i

The borehole geophysical methods that were used for measurements during the drilling of borehole R-12 t
include a color video camera, natural gamma radiation (NGR) measurémaents, and caliper measurements.
All measuremants wera made Inside the drill casing.

Sfae

The NGR measurements provide a borehole record of the total gamma radiation. The most significant
naturaily-occurring gamma-emitting radiolsotopes are potassium-40 and daughter products of the
uranium and thorium decay serles, NGR measurements in bareholes aro used for stratigraphic corralation
and for idantification of rocks and sediments that have a high abundance of ¢lay. Uranium and thorium
are concentrated in clay by the process ¢f adsorption and lon exchange.

Callper measurements are a record of tho diameter of the borehole. Tha callper rocord idontifies features
such as fractures, Joints, collapse zones, and rubbly zones, The caliper record Is Important (o the
interpretation of other borehole measurements, In R=12, caliper measurements ware made within the
casing string to datoct buildup of clap on the inside walls of the casing,

5,6.2 HResults

A color video camera was used 10 assist in tho recovery of a large steel bushing, which was accidentally
dropped into the borehole to a depth of 182 #, The camera was deployed to view the location and

alignmant of the steel bushing that guided the design of a too! to retrlave the bushing from the borehale,
The camera was diso doployed into the berghole with the tool 1o gulde the retrievat of the steel busting,

Measuraments with the NGR probe In R-12 ware taken twice during the drilling of the borehoie. The first
NGR moasurements (Figure 5.6-1) ware performed from the surface to a dopth of 405 ft inside the 14-in,-
diameter dri¥ casing. The second NGR measurements (Figure 5.6-2) were 1akon from the surface to a
depth of 640 ft inside the 10.75-In,sdiamator dril! casing. The 10,75n,-dlameter drill casing was
telescoped inside the 14-in.~diamater drilt casing with the 14-in.-diamater drill casing prasent to a depth of
449 #t in the borehole,

Comparison of the two figures shows a reduction in measured natural gamma radiation, which occurs
because of the drill casings, In Figura 5.6-1 the NGR rasponse for the Otowl Member measured through
the 14-In.-diamoter drill casing is approximatoly 90 counts per second (cps). Figure 5.6-2 shows that the
NGR response for the Otowi Member measurad through both the 14-in-diameter and the 10.75-in.-
diamoter drill casings is approximately 40 cps. The NGR measuraments In Figure 5.6-1 for R-12 show
that the highest counts of natural radiation oceur In the Guaje Pumice Bed,

The Cerros del Rio basalt in R-12 has a significantly lower natural gamma radiatien than the Otowi
Membaer. For NGR measurements in the 14-in,-dlameter drill casing, the natural gamma radiation level in
the basalt aleng the depth interval of 136 to 280 tt was uniform with a value of 15 cps. The levol of natural
gamma radiation romains low and uniferm through the total thickness of the basalt, Below the basalt, the
NGR count rate gradually incroases from 15 ¢ps in the old alluvium (at a depth of 492 ft) to values of 75
cps at depths of 600 to 670 ft in the Puye Formation.

R-12 Characterization Wel) 37 September 1998




. . R g >
Interim Completion Report Dot % ‘
Natyral Gamma Lithology ' :“‘

Feet
0

=

<. <
¥

CO I

PRI

it

A Y

%

Ak

]
7.

A4
Z,

T

)
1

¢

A

§O

r

V£
's": ;\.n

~F

A
LY
i

s
<

5

}

Guaje Pumce

Bec, oy

Carra 3d Fio tasak

A
'
el

Figure 5.6-1. Borehole natural gamma measurements t_mlpiigh 14-In-dlamet

for the depth Interval of 0 to 4O5'ft. .- * ™ i

‘

«
s
' . 1, ‘(‘
N s od e
R Ly
...... .
Lo N
" u
“.
1“‘

e
g
.

' 15041/ Ri12 WELL COMPLETION RPT /051398

or steel casing in R-12

R
[
S
at,
o

September 19398

'
X e
o
v, . .I
A !
Y ot

Y

7.

12 Characterization Well



88 [k i o

Interim Completion Report

DhOy s LY

2| — —
S8 — _
2 ° N, fw.?c_g..ggh__i_}%___._..ﬁx.ﬁ%?___*5&.*3;??_.:L..L:_e_‘r.ﬁifg

AN \
w m s | 5 i 3 m
m mm., _? 5 ? _‘_ ) ,.%_ b _,._g,_ . a,_ t__ ‘._f ___%_H
151 s S st AR

E° g 3 8

F5.0.2/ Re12 WELL COMPLETION RPT / 001294

rought both 1dein,» and 10,7%-in.<llameler

Note: Moasuroments were taken th
casing for deptha ol Oto 440 1,

gh 10.75-in.-diameter steol casing in

Figure 5.6-2. Borohole natural gamma measurements throu

R-12 for the depth interval of 0 to 670 1L,

Septombeor 1998

39

R+12 Characterization Waell




Interim Completion Report

e T R ey /.,
=1 - o - H - /A "3
=3 - ‘ i e -,..ww.n. o”: ?\.,.nf .

v
r
1
>
v
-\
P
0y
)
N
5
-
-
T
HlM
"
!

* R-12 Characterization Well

Natural Gamma '« { Rock Unt
aloopol,

most
YT

0

= 1 m\;vn'm

5 | subus

F3.0:2/ Re12 WELL COMPLETION RET /0013908

520=

i

|

N ]

2

|
' Saturated zone |
.l,.A_\:_«l' M
. .

1

)

or

....h.u \..u . ES ‘ LR . . - o
LR ST I - LI Fos e B S
. - ' - L I . -
== = = P — = —r=
[— = - o - = -

Rock Unit
Corros el
Rio basalt,

lower
tholeille

Carroa del
Rio basatt,

7

- by z.%.,,_{}éa%,é._%3.,3_?,:3%5%12% h.;zf&%
g

§

Notural Gamma
(coo)

Foat

+280 —

Nola: Measurements ware [aken throught both 14ein.e and 10.754n.<lamele¢ . -

£asing for Gepths of 010 449 R,

Figure 5.6-2. (continued)

Sgprember 1958




CACIE A LA -OOLG » 61D

Septernber 1998

Interim Completion Report
F8.6:2/ Re12 WELL COMPLETION RIPT /091308

R SO e e B SR g e e B e e e e g B e e e e S I oy Sttt S e e e S e R e

B B L R e S e e e Gy e e S s o A o S
PNy Gy SO (Y | SO ) () GG S SO G M) SRy (Y ) SN, WY s S s WG (G Sy s 0
- \.v.\n.\u.\n\sm..\..\n.\'.. \.oh.\..\...\w.s..\..\n \.Q.s...\..\..\w\..\...\d\..o.v..\..\u \.o.w.u\..\..\y.o\u\..\..\:o\..\..\...\.o.....\.. \.‘\.0\.. P \..\.Qﬂ\&.\..\@.\..\.r.\.r\w._.n\..\....d\..\..\..\w \..\..\..\@\..\..\n.\ o
AR AR R R AR AR AR S ARE R AR R AR R AR AR R B R RO T P In B P BB P 15 Tt 35 1 P 51

upper

fanglomerale,

ory

Puye F

iowor "

fromarmia
41

Rock Unit

~

| |
__E;_:_ffr* .,_b _a_$ ﬁp. f

Natural Gamma
"
-"‘“"’—-Iz_. i
i
—_—
Mg
ey
e ——
—___-.—&L-
_—
e
-
=
[llme? ey
e
——
e

i

{cps)
T

| ==

0

Foot
560
o§00 =
540

Figure 5.6-2. (continued)
R-12 Characterization Well




Interim Completion Report

Wl e
e MR oo m

Caliper measurements in R-12 (Figure 5.6-3) wore made inside the 10. 75-In,-dlameter drill casing to
Inspect for the prasance of clay-rich cuttings on the lnslde wallof the drill casing. The presence of clay-
rich cuttings could cause anomalous measuremenis of natural: gamma radiation, The 10.75-in.~dlamater
drill casing was the passage for drill cuttings from operatlon ol’core rods Inside the’ 10 75-In.~dlametor drill
casing. The caliper record shows that the accumulation of drill cuttings Inside the 10.75-In.-clamater aril
casing occurred only at a depth greater than 645 f:."'he cﬂactof clay-rich materials that collected on the
inside of the drill casing on the NGR mousurument& was llmlted to the dopth »nwwal of 64510 660 ft.

1! 'v.
. 4

f,-,‘::"_'r:

6.0 WASTE MANAGEMENT i i
Managoment of waste streams gonerated durlng H-12 drimng. cnmpllng. and wall, Instnllunon activitles
was conducted In accordance with the site-spacific Waste Characterization, Strategy:Form (WCSF).
Wastes consisted of borehole materials (drill cunlnga). nroundwator disposable sampling equipment,
parsonal protective equipment (PPE), plastic sheetlng. sorbentf puds. and docontamlnation water,

,, ' |I 'h

o Drill cuttings were cellected in S5-gal. drums. directly from the dust-supprasslon system
discharge, and transfarred to 20-cubic-yard:roll-oft blns for contalnment two. roll-gff bins ware
required. The dispesal ¢f the bins is pendlng ﬂnal deterrnlnatlon. -.

L Groundwater generated as a rasult of drilllng thrcugh cmumtod zones and from purg!ng
oparations betore groundwater sampling was, ccllocted and transterred dlrocﬂy to 5N00-gal.
storage tanks. ‘Water from ditferont saturated zones wa.s segrogated Imo separate tanks;. 3925
gal. of groundwater was gonorated, All qroundwazor was discharged on site through a sprinkier
system at a rate of S00 gal. por day in accordance with the WCSF and a Notice of Intent to
Discharge (NO!), which was approved by1he New Mexlco Envimnment Depanment.

) Disposable sampling equipment and PPE wore placed in drum liners, soalod ang storod on site
In accordance with the WCSF., A total of four bags ware genarated, A wasto proflle form was
prepared and approved for disposal of the bags utme Los Alnmos County landfill,

. Plastic sheeting and sorbent pads pluced beneath the drill rig and henvy equlpmendo contain
loaking hydraulic fluld, lubricants, and antifreeze ware; ccntalned in four 55-gul drums und were
managed and disposed of as New Mexico special waste G

" o . ..\.. .

_In addition, the following unanticipated waste streams wcra generatod and processed in accordance with
genaral waste management guidance. v -

. .ii-:" . .'.‘ i
e BN
. Docontamination water generated from claaning unused auger ﬂlghts whk:h were spmyed by
hydraulic fluid when a hydraulic line ruptured. was:placed In drums, sampled for constituent

characterization, and stored on site pendlng analytical results. A toml of two drums were
HESTE )

generated and managed as nonragulated waste. '-;_, !

. 'zf
.

. One drum ¢f grout mixer rinsate was generatnd from rinslng bentonlte re'eidue out cf the grout

mixer. The rinsate is pending final dlspo"ltlon. ‘i v : Y
- A total of 18 barreis of soll that was contnmlnated w’th spmod dxesai fuel wore managod and

~ disposed of as New Mexico special waste. W
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Figure 5.6-3, Caliper measurements through steel casing in R=12 for the depth
interval of 0 to 670 1.
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7.0 SURVEY ACTIVITIES RS
7.1 Geodetlc Survey » ( 7:;73: !

The location of R-12 was surveyed on August 28, 1998 by Surv-Tok Inc, The survey point is the conter
of the protective box Installed on the well head. Based.on this survey, the coordlnates forR-12are X m
1647427.33, Y = 176790705, and Z = 6500.78. The X, Y, and:Z designations repreaont easting, northing,
and elevation, respectively, The elevation (Z) represents the greund surface-at; sccl-a and can be
assumed 1o be accurate for R-12 to within a few tenths of & foot, based on the prmdrnlty of the well and
the flat topography of the area, The Facllity fer Information Management Analysls,: -and Display (FIMAD)
Location 1D for R-12 Is SA-0006. The lecation of SCO!3 was surveyed on May 13,\1 996, by Surv=Tek,
Ine. The coordinutos recorced for SCOI-3 are X w 1647442.144‘ Yu 176?902.99"'.and Z = 6500.780.
Location coordinatas are based on New Mexico State: P!ane Grid Coordinates, Central Zone (North
American Dadum [NAD] 83) and are expressed in feet. Elovatlcm is rocorded in feet above mean sea
level (ft MSL). Horizontal and vertical data are busod on the ‘Laboratary global positioning system (GPS)
monument B0001, which has New Mexico State Plane Grid Coordinates, Central Zone (NAD 83) X =
1645399,117, Y = 1773039.676, and Z = 6731.68, as. provldud by the Laboratory central point (combined
scale factor [CSF) = 0,999580833). Atter the permanem wall ls. completod the exact'location of R-12 and
the clevation ¢f the north sido top-of-casing and the surfnca monumont will be resurvoyed forthe
permanont record, e ) e

7.2 Surface Radiological Survey h j . :‘,: ,

ar Y

A surface radiological survoy was conducted by a. radlo:oglcal comrol tochnlcian betore drilling activities
began at SCOI-3, which was Initially installed before F!-12. The.predrilling radlation’ survay was conducted
on May 6, 1996, and consisted of collecting alpha, beta; and: gnmma background measurements and
conducting statistical analysls to calculate action levels. Established action levels are'used as a basis to
determine If borehole materlals sereoned during dnlllng oxhlbirradlouctlvlty above surface background
values, The survey consisted of 15 pointson a grid pro]ected overtho work aroa, Each point was
surveyed using cirect roading alpha, beta/gamma,- -and dose’ rata metars, Alpha was measured using a
Ludium Mode! 39 with air proportional probe; beta/gamma was measured using & ‘Lucium Model 12 with
44-9 probe; dose rate was moasured using a Ludlum Model 19 pR/hr meter, Calculated background
values for the drill site are 0.4 cpm for alpha, 154 cpmi.for beta/gamma, and 14.8 wR/r for dose rate,

v Az

i ".""n', " .
st : LN

8.0 WELL DESIGN, CONSTRUCTION, AND DEVELOPMENT ' '[.'. .
The permanant woll design, construction, and dovolopmont wm be Included in the ﬂnal report for R«12
The tamperary well compleation for R-12 is shown: in Flgure 8-1 The tomporary well at R-12 was
constructed in the {ollowing manner. e

L ;;'i, . ,‘-1' -| -‘- N

. Approximately 100 gal. of water was ainlmad out of the borehole and ca..lng in preparntlon for
waoll instaliation. .t ;\5_, C ;|. AR :

Ea
. The polyvinyl chloride (PVC) woll casing for the tempomry well was delivemd to the site and
assembled in 20.t soctions; all' joints were mensured and lnspected. RN
Vel LA :
- A 1-in, tremie line was tripped Into the caslng t0' 800 MO emplaco bemonlte and filter-pack
materlals, The bottom of the borehole was backmled wlth sand, nnd a bentonite bottom soal was

emplaced above the fili, SR e fﬁ,';
s '|‘l, '-‘ . .“, r‘! ot T
Tard o -\-':.i- . 3
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4.5in, PVC well casing
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ey 700
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Figure 8-1, Configuration of the temporary well for R-12,
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. A 4-in, Inside diametor, schedule 40, PVC. monltoring-well casing was tﬂppod in and landed at a

depth of 829 ft, T
. -_ I.'“:l, .
. The well was constructed as the 8-5.'8-in.-dlameter drlll casing was retraczod.
. ,‘q I b.
. The completed well consists of a 10. 5 ft sump. a 20-tt section of .o-slotwell sereen (0.0104in,)

* that extends from depths of 800 to 820 ﬂ and a mter pack conslstlng of 30~?0 grade sand.

LY ,\.' |. .

- The constructed well was daveloped by bmllng 450 gal of waterfrom zho screened Interval,

h3
L v‘l

. A prassure transducer was installed to monitorwaterﬁable fluctuations because of atmospheric
aflects, seasonal effocts, earth tides, and pumplng oflneurby water supply woll PM-1,

9.0 MODIFICATIONS TO WORKPLANS ;:-j .t‘,jg| ' o e

Table 9-1 comparos the planned characterizatlon actlvltles h 1he Task/She chcPlan for Opomblo Unit

1049: Los Alamos Canyon and Puebio Canyon (LANL. 1995.*50 90), the Hydrogeolog:c Workplan (LANL

1996, 55430), the core document (LANL 1997, 55622), and:the Field Implemantstion Plan for the Drilling

and Testing of LANL Regional Characterization Well R-12 (‘the fiald Implemonmtion plan®; LANL 1998,

59162) with characterization activities performed’ in FI-12. The characterization activities in the

Hydrogeologic Workplan and the core document are the same; thereforo. planned characterization

~

activitles for these two documents are shown togetharln Tab&e 9-1. g e
The most significant modification of planned versus actuat activlties was the mplacemont of Intermediate-
depth woll SCIO-3 by the regional aquifer well A2 In the work plan, SCOI-3 was originally designed 1o
charactarize the intarmediate-depth perched groundwatorzone ancountered at a; depth of 450 tt by water
'supply well PM-1 in 1964 (Cooper ot al. 1965, 8582).In the Hydrogeologic Womplan. the core document,
and the flald implementation plan, R-12 was redesigned to~characmrize all porched groundwater zones at
this location as woll as the regional aquifer. R-12'1s: prenonﬂy at a depth of B47 ftt It succoessfully
characterized parched groundwater and penetmted the 1op of the ragiona! saturated zone, The final depth
-and cempleation dasign of R-12 will be based on ‘ongoing evaluntlons of hydrogoologlc data collected from
both R-9 and R-12, other hydrology data from oxlstlng wells, and dlscussions wlth the Groundwmor

Integration Team and the regulators.

"":;. ""' l!.
The amount of core collected in R-12 was a signlﬂcant duvlatnon from the amount specified in the
Hydrogaologic Workplan and the core document.In.both documents R-12 is deslgnatod as a type 3 well
(continuous coring). However, bocause of the slow coring ratas along with the associated high costs of
collecting core in tha pravious borehole, R-8, the amount of core planned for conoctlon in R«12 was
roduced from 100% te 50% in the fleld Implomonta:bn plnn. Durlng actual. drmlng ‘operations, core was
not collectod from the upper 132.5 ft of R-12 becauaa this inlarval was prevlousty cored during drilling of
SCOI-A. In R-12, poor performance of the 134-mm. coring systern. particutarly In basalt, led to only 10.8%
of the hole baing cerad, Togather, R+12 and SCOI-S provided coro for 26.5% of the rock units to a depth

of 847 it In thls area,

Septambar 1998 St . R12 Characterization Well
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JABLE 9-1 (continuad)
ACTIVITIES PLANNED FOR R-12 COMPARED WiTH WORK PERFORMED
Work Pian for Hydrogeological Woriplan and at R-12
Los Alamos Canyon and Care Documant for Canyons Fleld implementation Actual
Pueblo Caryon Investigations Flan Work
Rydraulic Property Analvses | Buk densily, dry density, Kd, Physical propefes o be he folloaing physical propertes wil ba Atotal of 25 cores have teen
porosity, maeralogy, moisiug determined on 5 samples and detarmined In each of the major strafigraghic colectad and preserved for
content, moisture polential, wil bypically Includa: molsturs units: partda siza {sedmenlary unels potantial use as samples for
saluratad hydraufic conductvily cortent, porosity, parficte moistura conlent, matic pelental, porosily, hydrological property testing.
dansity, bufk density, saturaled | partide dansily, buk denslly, saturated Seleclion ol samples for lasfing
hydraufe conducthily, and water | hydraulic conductivity, and waler reterdion wil be based on
rztention charactaristcs. characteristics. In addbon, approxdmately 15 charactedzation requirements
Approximately 10 samples of sampias of core of cuttings will be selecled by | ldenifed during development of
oora of cutings wik ba collected | the geclogy projedt leader for mineratogy, groundwater ficw and transpord
for mineralogy, petrography, and | petrography, and rock chemistry. models. A totz! of 112 samples
rock chamlsky. : wera coftected for molsture
content and 111 samples ware
oolectad for malric polenfial A
fotal of 23 samples wera
cofected for geclogic
charactesdzalion induding
mineralogy, petrographry, and
rock chemistry.
Geophysics HNatural gamma, neutron moisture, | In general, openhols In stable open borehole environuT.ents, Sama es feld implementaton
and densy logs may be ecfecizd. { geopdysics inchudes cafper, geoptiysics measurements will inchada cafper, | plan
e’ectromaneic inducton, electromajnelic Inducton, natural gamma,
nalural gamma, magrefc magredc susceptbilly, color camera,
susceptdifity, borehols color borehols digtal camera, gamma-gamma, and
vidsotape, fuid temperaksre thenmal'epithermal neutron logs.
(Sauafed). fud resisivity In the cased bovehole, ge DFh‘. sics
E:‘i’;;;d{)sasfg & ed)po' andm measurements wis inchude: gamma gamma
spor: s potental gsst]. natural gamma, and thenmal neuvtron
{saturaled). :
in general, casedhols
gecphysics indudss: gamna-
gamma density, nalural gamma,
and temal neutron.
¥ ster L avol Mesrurementy ' Waters levels nE be determined Jor each Walers levels wera detenmined
satra'ed zore by walerdavel metsr or by for each saturated zoria by

pressuce transducer.

waterdevel mater of by prassure
transducer.
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TABLE 9-1 {continued)

ACTIVITIES PLANNED FOR R-12 COMPARED WITH WORK PERFORMED
Work Plan for Hydogeotogical Wariplan and a1 A12
Los Alaraos Caryon and Core Documend for Canyang Field implementation Al
Pusblo Canyon Imaetigations © o Plan Work
Shug Tes's Sarx) 1osts planned for all 2ones of sahuration Shug tests were conducted in the
encountered. perched system, butthe
appiicability of the rasuits ks
questonalia tecausa Bha lests
wera conducted al tre static
wales leved i a confined syslem.
Because of their questionatls
utily, the shug lest data ars not
teported.
Al Permeabliity! Borshole Conducted in Bandelier Tulfat | in unsaturaled emdronments, borehole Anemamety and alr
Anamometry 10-ftintervals a%ed removing the | snemomelry and svaddle packes ar penmoabilty were nol
hoflow stem auger andioe peameabily measuraments wit be mada in measured.
Odex/St.'a'ex cash; $talda open boreholg amdrordrients at
Swtece Canbg™ - N ‘ 'Apmmaimhlon ; I(ﬂ‘L-damoletbwcartmslael:ashgmh Pmanmwolruoarmed
R LR ¥ O R . ;ﬂencbhm uurﬁpco!old— -mmdmnmasum BESACH
. . : layarandgrumdhphcc o : .- . ) . L N
Miniowan Wol Casing Slas 4h. At el en eSS OD. AT T s—hlo"-'--’ PRI LT e U w0 | Pemaninl wal ol compleled &
Welt fcraen T~ T tusmmmnpalbp Michice-sioted (0.014h) ~~ ~ soﬁoiﬁre‘ﬁadred_aéshdmm LT 77 | Permanent wall not completed -
of stafic wa'ers level stainless sleef screan{s) with machine-siotted {0 01} stainfess steql
Bushjoinled fveads; nurber | screen with flush jolnted Freads - i
andlergh ol scrsers DYe - | g of g, sereen 1o extend above the stalc
de'enmined on a s16-5pecinic wa!uhve!;sc:eenspeaﬁcaﬁonsbasalm
M"‘:“?_F_'("’p"’“bﬁ_‘-“'zp : | well He sxpoctancy c{ SO yearsand on -
1 : 1T | dsaussions with MMED
Fiter Malivial >90% siica sand, prope:Yy sized | >58% sfca sand, properly- sized fof the Permar-gnl wel no%oc_xr-ﬂeled
—rr el B Ay o a e E L bthoniﬂ-i’;_shlﬂuolﬂ 60104, Mmummmomz sk FortinER A TR e
: : . - 3 . - | wolt screen; extonds 2 feet - % sbove ard below he woil sagen - -+ st i
above and Lalow B¢ wel
scraen
Conductor Casirg Cabon-sleed casrgromtand | Carbon-steel castng $.56 In. in diameler Permanerd well nod completed
. surface i fop of staindess stael eﬁerﬁngkanlandm‘!acsbddecuh - )
casing coupting al op of stalnfess sleed casi
feet of 5.56-in-dameles stainfess st
telaw dielectric couping
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TABLE 9-1 {continyed)
ACTIVITIES PLANNED FOR R-12 COMPARED WITH WORK PERFORMED
Work Plan for Hydrogestogical Workplan and R12 R-12
Los Alamos Canyon and Cors Document for Canyons Fleld Inplementation Actal
Puebio Caryon Irrestigations Fian Wok
Backiit matarials (exchushve Uncontaminatad ded ouitings Berlonite in borehola telrw wal; fina sandin | Permarent wel not compieled
of fiter inaterials) below sump and bentoni’a tranisition zore 10 t zbove and 3 ft below Bler
abova surp pack; tentonta above ransi®on zone o
botiom of surface casing; cemerl groud
betaeen surface casing and borehola wal and
betaeen surfada casing and well casing
Sump Stairless steel casing 5.56-In-Fame'er stanless steel casing 10 Pemmanant wel nct comgielsd
tong
Bottom Seal Berdoni'a Benlonta Permanent well not compleled
Y
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Steps are being takon to improve the pnrtorrnunce ohhe 134-mm coring systom. but it is unlikely that
collection ¢f 100% core In any reglonal well will be achlevabla within the financlal constraints of the well
Installation program, The need for core should be considered in light of hydrogoologlc characterization
requiromonts on a hole-by-hole basis, and only encugh care 1o satisty sample and characterization neods
should be collocted. Based on axperiance from R+12:and R-8,.goals for core collection should be clearty
established In the field implementation plans for each: ‘wall, Howgver, the technical team oversecing
drlmng operations should have the option to modify coring plans based on drilling performance, geologic
and hycrologic conditiens encountered during drnllng. and ovemll ¢osts of the boreholo.

e ! . “_...
Otner modifications to R-12 planned activities were relt\tlvoly minor. In some cnsea. "ammonium,
molybdenum, uranium-236, and nitrogen-15/nitrogan-14 viere'added to the analytical sulte forwater
samples because of groundwater issues that were identified’ dpring the drilling program.

BRI P
10,0 SUMMARY OF SIGNIFICANT RESULTS T ..- f " ;'_.

In dasconding order, goologic units panetrated ln R-12 lncludod alluvium, tephras md volcunlclnstlc
sediments of the Cerro Toledo interval, Otowl Member of the Bandalier Tutt (Including the Guaje Pumico
Bed), basattic rocks of the Carros del Rio volcanic field, old alluvium, the Puye Formatlon. and basaltic

rocks of the Santa Fe Group. The following goologlc condhions weare oncountored.

. Basaltle rocks of thae Cerros del Rio volcanlc ﬂeld ar« ...5% thicker in R-mthnn in R=9, Also, the
basalt sequence In R-12 contains four tlow units that are separated by well-doﬂnod contacts,
Theso flow units are corrolated with fourﬂow unlts in H-Q.

e AsinR.9, the lower part of the Puye Forrnmlon Is composod ofa thick soquence ot dlagenotlcany
altorad, reworkad tutfacoous sandstone and congiomemte. Parvasive diagenosis of the
tutfacoous sedimentary deposits Is oxprossed by the alteration of velcanic: glass 1o clay minorals.
Similar tutts® ware assigned to the top of the Santa Fe Group In water supply wall PM-1, but the
dacltic nature of these deposits indicate they aro pan ol the Puye Formmlon.

- The axial facles of the Puye Fermation (Tot:wi Lontll) was oxpected to occurat the baso of tho
Puye Formation in R=12 based on the lithologic 309 1or nearby supply well PM-1 However, these
axial deposits ware not present, ST

L . eE C T.' ’
- Sonta Fe Group sedimentary deposits wore expected on top of Miccene basalt In R-12 based on
the lithologic log for PM-1, Howevor, sedlmonmry deposl:a above the basattore belleved to be

part of the Puye Formatien, L '1. . ;‘ g
N N . '?

. Like R-9, the top of the Santa Fe Group ln R-12 consists of basalt. Samples ?rom R-9 indicate
that this basalt has a minimum eruption age 0f.8.45 to.8.63 Ma. This basalt corrolateq with
basalts in the upper part of the Santa Fe Group in PM-1 (Coopor et al 1965 8582)

1 n,

Two saturated groundwater Zonas wore oncountored during R-12 drilling operatlons. Tha tops of the
saturated zones occurrad at depths of 443 and 805 #. The upper zone contains perched groundwmer.
and the lowor is believed to be associated with the rogionnl aquifer., “

x . wh

The saturated zone at a depth of 443 ft oceurs in the lower pan of basaltic rocks of me Corros del Rio
volcanic fleld and in the underlying old alluvium, Water rose'in the borehole beforefstablllzlng st adopth
of 424 % atter a confining layer of massive basalt wasfirst penetrated. Saturated poroslty is provided by

[
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fractures in basalt in the upper pant of the perched zone and by unconsolidated sands and gravels in the
lower part, The porching layer consists ¢f ¢lay-rich lake beds.

Groundwater compositions in the perchod zone are dominantly a calclum-sodium-bicarbonato-chloride
type. However, a sodium-Calclum-chloride-sultate-blcarbonate type groundwater also occurs within the
porched zone, Tritium activities range from 208,1 £ 7.0 to 254,7 + 16.6 pCUL, suggesting the presence of
a component of Laboratery-derived contamination in the groundwater. Concentrations of dissolved
uranium range from 2,04 : 0.28 to 2,51 : 0.34 ppb. Concentrations of nitrate (as nitrogen) range from
0.12t0 5.5 ppm, and concantrations of ammenium (as nitregen) range from < 0,02 10 13,5 ppm. Results
of nitrogen-15/nitrogen-14 isotopic analysas (values ranging from +11.3 to +15.2 per mil) are consistent
with the derivation of nltrate from a sewage source(s), pessibly Including the TA-3 discharge in upper
Sandia Canyon, Howavar, nitrogen-15/nitrogen-14 Isotople values of «1,3 per mil for ammonium are not
consistont with a sewage source(s).

The saturated zone at a depth of 805 ft oceurs in basalt within the Santa Fe Group. Groundwater in this
zone Is unconfined, and it Is aimost certainly associated with the raglenal aquifar. Tho elevation of tha
regional wator table is the same for R-12 and R-9, The otovation of the reglonal water table in R-12 and
R-9 Is 28 to 99 #t lower than that prodicted based on water levels in noarby water supply wells and on
existing water lovel maps for tha regional aquifer. The higher static water levels In noarby water supply
wolls are probably due to thelr long scroen longths, which ¢roate a eomposite hydraulie head for cach
wall, The highor static water lovels for the supply waells suggest that a higher hydraulic head occurs at
decper lovels of the ragional aquifer than those penetrated by R-12 and R-9 and that upward gradionts
may oxist in the reglonal aguiter in this part of the Pajarito Plateau.

The grouncwater composition at the top of the regional saturated zone is dominantly a calcium-sodiume
bicarbonate type, Tritlum activity was measured at 46.9 = 1.6 pCUL, suggesting the prasence of a
component of groundwater that is less than 50 years old, The concentration of disselved uranium, 4.08 %
0.56 ppb, is slightly olovated rolative to most groundwatar in the regional aqulfer, The concentrations of
nitrate (as nitrogen) is 0,46 ppm, which Is typical of regional groundwater in the Pajarito Platoau area.
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200 4%93 Lon Day 1530 1630 0.00 41000 | 41000 | 600 41000 | Trippedin 14-4n. casing advanc system from surface o 410

200 4%723 Mon Day 1630 1645 Replaced core bit and grepare ew 134 mm corg barrdd

200 4623 Mon Bay 1845 1830 41000 | 41500 [500 1050 [2&6 Oriled 14-In. casin) from 410 R 10 415 A, basatwith dday

210 47733 Tue Day 700 1028 41500 |41800 300 2080 |osB7 Dried 144n. casing from 415 i o 418 i, day plugged casing
advance system

210 41733 Tue Day 1035 1150 41800 j0.09 41800 | 820 31350 | Tripped out 14-in. casing advance sys'em from 418 it 10 suface

210 4/7/53 Tue Day 1130 1220 500 Cleared off mud packed on HOLTE™ 14-n_ casing advance bil

21.0 4/7133 Tue Day 1250 1425 009 41860 | 41300 }95.0 264 G0 | Trippedin 1440 casing advance system from suface 1o 41841

210 47193 Tue Day 1455 1830 £13C0 | 42200 400 2150 142 Dried 14-5. casing from 418 R 10 222 K; basalard wetdlay

220 4333 Wed Day €645 905 42200 000 42200 {1400 |[160.66 | Tripped out 14-n. casing advance syslem from 244 R o surface

220 4333 Wed Day 905 Obtta’ned approval o injecl 2-3 galons of waler perminute durng
casing atvance

220 47393 Wed Dzy 915 Prepared Gecbanel™ 134 mm coring system

220 4%23 Wed Cay 1020 1200 0.00 42200 | 42200 [ 1000 25320 {Trippedin Geobamrel™ 134 mum coring system from surface to 422 ft

220 47833 Wed D3, 1300 1530 42200 | 42350 150 1500 060 Cored :om 422 L 10 4235 ft; retusal; vesicuar basa't, doy

220 4153 Wed Day 1555 1700 42350 |0.00 42350 | 65.0 33.92 | Tripged out cora system from 4235 ft o surface

220 4393 Ved Dz 1740 1810 0.00 40000 | 40000 | 900 26667 | Tripped In RC-44 4-7/3-in. hammet from surdace lo 430 R on 4-172-
. rods

230 4293 Thur Day 730 750 40000 42500 (2500 1200 7500 |} Trppedin RC44 4-7/3in_haTarer from 400 filo 425 R on 4-172-4n
rods

230 4993 Thur Day 750 840 42500 | 44400 1900 }500 2280 | Driled cpen borehola from 425 Lo 444 i with 4-7.3-n. RC-44
percussion hammer; fresh Cenes dad Rio Basalt

230 47393 Thur Day 40 Encourlered water In boreholeat 443 1t

230 49733 Thur Dzy 935 945 44400 145000 {600 10.0 3500 | Driled opan borehola from 444 R ko 450 A with 4-7/8-In. AC-44
percussion hammer; frash Carros ¢al Ro Basal

230 43393 Thar Day 1015 1030 15.0 Cieaned out barehola from 425 R 1o 450 Al with percussion hammar

230 47353 Thur Day 1630 |1120 45000 000 45000 | 500 540.00 | Tripped out pencussion hammer and 4-1/2-n RC rods fom 450 L o
suface

230 4393 Thur Day 137 1200 Fisked for waler meter probe; lost stain'ess sieel weighd doardole

230 49393 Thur Bxy 1210 200 Measured DTW in 15t perched waler zone (FWZ) at 424 E3 Aibgz

230 4993 Thur Cay 1230 42483 | 42459 |03 200 09000 {Measured DTWin 1st PWZ al 423 53t bgr

230 4137393 Thur Day 1300 42453 | 42452 007 300 0.1430 | Measured DTWin 1s1PVWZ at 42452 fibgz

230 472333 Thur Day 1315 1500 002 42200 142200 {1050 ]241.14 | Tripped in 134 mum ocore rods from surface to 422 At
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230 4’333 Thur BOay 1515 1750 155.0 Purged -35 gal of wa'er fom st perched waler zone (PW2)
41693 |Fd Dy 815 42452 |42463 [O15 11550 [0.0033 |Measured DTWin 1st PYW/Z at 42468 fibqz
41693 | Fd Day 1230 42463 (42447 JO21 2550 [0C434 [Measured DTWin 15t PWZ at 424 47 fibge
41633 |Fd 02y 1500 1730 1500 Purged ~25 gal of wa'er from 15! perched water zons (PWZ)
411153 [Ssat Day 1040 42447 (42433 JOo14 13300 J0.0C63 |Measured DTWin 1si P/ Z at 42433 fibgz
41133 | Sal Day 1200 Set transducer at 433 Aibgz
411/58 |Sat Dzy 1230 Set shug botlom al 437 i bgz; 10 R kong, 24n.-dane'el PVC £1ed
with sand
41233 [Sun Day 1000 Vihdrea siog 12 Rand ran 1st shug teston 1st PWZ
41293 | Sen Day 1330 Reset sug botiom at 437 ftbgr
412/28 | Sun Day 1818 VWithdrew 80 12 & and ran 2nd shag test on 1st PWZ
240 41353 | Mon Day 715 Withdren shug and transduces from borehole
‘1240 41388 |Mon Day 745 - . | . 42433 42436 [003 - |23159 | 00008 |Measured DTWin 1t PWZ al 42436 R bgz
240 . -J4n396 |Moa - [Day - Jo20° [to15 - | - F S R Ccﬁedeiiswdlamwslllhbotmﬁlrgshﬂess :
- S ’ ' ° - steed ba¥er w/ Sosed biing sub & Tefion botiom eap and bat
240 41333 |Mon Day $100 1230 - Trigpad ot 134 mm ccre rods from 422 Al 1o surface -
- {240 . J4nam8 [Mon- " fDsy - 1133077 [ 150077 [000° | [422.00 [42200 |909.. [33200 | Tribped in 1440 casing advance system kom sixface o 2223 -
{250 |41am8 fTus [0y 745 2845 42209 |42500 |30 |e0o [300 ]Dited 14, casing from 422 R ke 440 I, fresh Cerros del Rio
Basal, focal day
250 Y1428 §Tue Day 845 1500 42500 144800 12300 3750 |68 Dritted 14 §n. casing fom 425 R 1o 448 ; fresh masshva Cenos dod
. R Basat
250 41458 §Tue Day 1500 1500 160.0 Cenlered 140 HOLTE™ Bt In 14 dn. casing
260 41553 (Wed Day 660 730 20 Centered 1440 HOLTE™ bilin 1440, casing
260 41558 |Wed Day 730 845  [44500 44300 |109  |750 080 .. | Driied 140 c«shg Irc-m 448 ﬁ Io 443 ﬂ. ftesl) r\a.sfw Oe'ro: dd
260 41578 |Vied Day £45 900 15.0 Centered 14, HOLTE"" bitin I4h. casing
260 YVIS33 | Wed Day 00 1039 44300 1000 44300 [900 29353 | Trpped ot 140 casing afvance sysiem from 443 A 1o surface
260 415758 |Wed D3y 1110 42436 §427.75 |33) 30700 {6.0663 |Measured DTV In 1:d PZ 21427750 bg2
260 41553 |Vied Day 1145 427.75 142736 (033 350 06586 |Measured DTWin 15t PWZal 42735 bgz
260 41533 [Wed Dy 1215 427136 | 42722 jO14 200 02800 [Measured DTV In 11 PWZ at 427221 bz
260 41553 | Vied Day 1245 42722 42694 o023 30.0 05600 [ Measured DTW in 181 PY¥/Z at 42694 Nbg2
60 41553 | Vied Day 1315 42694 4266 003 30.0 01600 [ Measured DTV in 1A PVWZ al 426 E6 RN bgz
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4/15%93

Prepaed to a2 1440 bit

wodo wieul ZL-l
LSRN
IR
Qo

4/15%93

Tripped in 144 casing shee miling bt from srlaze 1D 448 Rlon 7-
in. AC reds

4/15/38

MEed 14-in. casing shee

416393

kPed 144n casing shoa

41793

Tripped out 14 casing shee mEng bitrom 443 ft o surface on 7-
in. RC rods

417733

Mezasured DTW in 151PW2Z 21 427 24 fi baz

41793

Measured 14 i m:tng bit and rebuid

417793

Measured DTW in 1St PWZ 2l 427 24 R bz

4/17/98

Tripped in 14 1. casing shee miling b from surface to 443 flan 7-
n. RC reds

41793

Mied lost DTW meler neight

417/93

Tripped ot 14-n. casing shoe miling bt from 443 ft bo surfaceon 7-
in. RC rods

4/17/93

AdledIsacksolsardfrom 443 ftlo 446 50

417/93

Maasured DTWin 1st PWZ al 425.43 R bg2

41793

Puled back t4-n casngfrom 4430 4365 A

4N17/53

Trpped in groud packer from surface to 446510

417733

Kixad grout; 40 gal wa'sr 30 3-50 B ba Js of Barold Aquajuard
{granutar beritonile): groud mixture on mud ba'ance = 9.9 bs'gal

417,93

Purged groud doan center Wbe In 4 5-n. RC rods bollowed by 120
Gals wa'er and rubter cement “rabbin’

4/17/33

Drove 14-n. casng from £45 5 N 10 448 & using RC-44 percussion
harmer alop diive plata at rig tabla

4n7ss

Landad 143 casing 21443 1

4/17/23

Measurad OTW in 151 PAYZ at 419,14 b2

472093

Measred DTWin tsIPWZ at 4130302

4°20r93

Trigged ol grout packer from 443 R o suface

472093

Maasurad DTWin tst PWZ at 4256 ibgz

472093

Trippad in 8-n. peroussion bl from surface o 445 R on 7-n. RC
rods

472033

Airifed waler ot of 14 casing
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gég 1 g | § | 33| g=|235|zvs| 25 | 2§ | 2% Field Actvity
i3 -] 3! 3
350 42833 | Tue Dzy 1825 433.00 Mzasured DTV insida 161 mm core rods at dry (nondetecl)
350 472328 | Tue Day 1826 Measured DTBA insica 101 mm core rods al483 fibgz
360 472958 | Wed Day 635 42472 142492 1020 7400 ]0.0162 | Measured DTV betacen 134 i cove sods ard 12-3'4-f. casing at
42492 0b3z
350 42393 | Ved Day 645 43300 43300 |O000 Measurad DTWinsids 101 mm cora rods al diy {nondetect)
36.0 42293 |Wed Day 700 915 48300 458570 1270 1350 1120 Cored rom 483 ML io 455.7 A with 101 mam core system; masshe
basa't, focal sadwalion
386 42358 |wWed Day 917 43300 [42845 (5454 920 3557 | Measwred DTV irsida 101 mum core rods at 423 4€ fibgz
<) 472398 {Wed Day 930 1630 143570 45530 (960 4200 137 Cored rom 485.7 NN 10 435.3 wRt 101 nvn €03 Sysiem; masshve
basa't w/focal saturation bo 4282 R; dayich basal bracdia to
4E3.9 iy, vitric basa’ic ash 10 431.6 &; sardstona 13 435.0 1, ard
quarlste graved 10 4353 &, al salurated
350 472393 |Wed Day 1700 1840 f1000 Cc#ected 19 gal lrom 151 Pz usng
(370 - (420588 {Thur - [Day . 163 - Fa3c - |43530 Joco J43530 |1200 24765 TmpedMIOlmmmmﬁorrdassnbaﬂace
1310 43008 {Tha | Day 8% 108D 48300 jo.00 43300 |1000 |238350 | Veipped out 134 moni corng system from 483.0 A o surface
37.0 473398 | Tha Day 1039 1200 000 43300 {43309 1900 |32200 ] Trppedin 12-374 . casing adrance sysian lrom sur{ace 0 4830K
D 1370 43008 [Thus C [Day . 1340 T {1800, - 46300 [486.60 {300 - |2600 |oE3 - ornediz-&'mcamgmmoamssou
123.0” " jsnpE T jFE Day &40 5] 28500 |486060 | 000 100 | rifed 12-34 4n. casing rom 466 0 ilo 426018
330 51753 Fri Gay 830 12-3'44n_ casirq separaled
5/2/38 Sat bay Fisted for separated 12-34 . casing
5373 Sen Day . Fished fof separa’ed 12-34-h. casing -
290 4530 [Mon Day 630 830 48600 |00 46500 11200 |243¢0 | Trpged out fisting ool {spear) bo racover 12-2°¢n. casing
330 423 [ Mon bay 99 1630 0.0 45600 |45600 |20 324.00 | Trppedinfshing lodd (spear) bo recover lz a'Hn. casing
~1390 - 15/4/98 . fMon - 1Dgy . - 11040 - | 1800 = 148650 (24300 [24300 [ 4400 - [3294 - Fnshediotsepantodtz-au-n casirg - ER
40.0 5585 " |[Tue " |Day 640 "o - ' I R AL Fished for and recovered all separa'ed 12- 3’& in. casing
400 5598 Tue Day 1000 1ECO 2600 Recovered fsking spear from 12-3/4-in. casing and prepared 10-
4 casing for imcb&zaton ko stte
410 5%38 |Wed Day 745 1430 000 45000 {45000 4050 [71.01 | Trpgedin 10-3'¢4n casing from surface o 450 1
410 8%/38 | VYed Day 145 1700 000 45007 | 45000 1350 |21333 | Trppedin 103440 casing advance sysiem from surface 10 480 At
410 5%38 Vied Oay 1650 000 ' AS3ed 2 bags of 3340 tentonie dhips betaten 144n. and 10-3'4-
in.casings
420 5798 Thur Day 630 1200 o Rzatrgred ol 119 on borehole
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LOS ALAMOS NATIONAL LABORATORY
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT
ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA

T e A1

BOREHMOLE LOG
BOREHOLE 1D: R-12 TA/QU: TA-72/0U-1049 Page 10f7
DRILLING COMPANY: Tonto Drllling Co.  START DATE: March 10, 1998 END DATE: June 4, 1598
DRILLING EQ/METHOD; Ingersoll-Rand T-4/QDEX  SAMPLING EQ/METHOD: Wireline core barrel sampling o
LOCATION: x = 1,647,427.33 y = 1,767,907.05 GROUND ELEVATION: 6500.7%3' (based on SCOI-3) g
(NADS3, NM State Plane Coordinate System) TOTAL DEPTH = 847 i
DRILLER: Larry Thoren  GEOLOGY P.L: Rick Warren  SITE GEOLOGIST(S): Jon Marin/Mark Everett >
— =y .
= Z9E 3 -
- E B s®2E - My o]
E 9 ol &a 8 L a2
g| £3| 5588 F| =8 3| &
= 5| EElglS|2ss,8| 3 -ihology k-
= @9 2 8|28 8> O Qg ; o © 'g
- = | 2T 3’-52.9—5_% S & =S =)
B 2| ¢ 3|2 E585E< 2 g | 2
o o S 3|35l3 :-\8 2ed S S| £
Q W| O ¥io|olT=cn= = O I s
0 T 6500 ALLUVIUM: (0+12.5 11) Sandy, dry alluvium, LA
5 & 6495 33 00 prodominantly quarz and foldspar graina, > )
]o -:f._ 6490 =173 (10.040.9% s < c.l
R CERRO TOLEDO INTERVAL: (12,5:31.3 1) Vitnie I
15 E 6485 120 (1 01 teworked tutf with common tiny pumice to 1 mm and b
R scarce lithics to 1.5 mm. A purnice-rich zone occurs
20 £ 6480 il betwean 27-28' and o clnal-rcl,cn 2008 OCCUrs botween e Qe
a5 ";.E' 6475 Goncrm 1:0001) AN Qa0 28-31.3. o
30~ 6470 27 a0
£ Omectiom (0002} CTOWI MEMBER OF BANDELIER TUFF: (31.3.1021) (@ ¥
35 - 6465 HH BN Vittic nonwelded tutf with common pumice to 7 mm and | © &
b less common lithics of intermedints composition, o
40 = 6460 RET T 0
45-':‘-6455 30 (63,044 0 ooo
: 6%
50 .{. 6450 MEIRTLE 1Y,
049 | 6 o) Qo
55 '::é' 6445 l 137 (14 4085.00 o o o
60 ‘?:' 6440 ‘-% 1133 (39 £40.0) & N e
E | o
65 ==~ 6435 o 134 tha 40.0) © o ©
705 6430 - °°
E | l 130 (M0.5470 00 Oo ol
75 'g" 6425 l—-l 38 (Te ¥ M0 o < o
80 == 6420 . 137 (T9.00.0) < ¢ Q
£ . oo
85 = 6415 -—l 238 (M0 o
g 3
20 -:'{ 6410 ﬂ RELYIR 2T, ooo
95 ~= 6405 60 (4 30.0) o ° o
]00-::'- 6400 141 U.04100.07 o) © O
x OTOWI MCMBER OF BANDELIER TUFF: (102-1121) |~ & 7
105 6395 | 142 100 1081 Varlably pumicaerich nenwlded ash flow tutf. Very 6% ol amo
1 O:'-'.- 6390 _..l 143 (O8I0 pumice rich at 104,98 to 108, o @ o
£ | o ™= N
- | GUAJE PUMICE BED: (112+131 f1) Vitric badded tuff, A, A
115 6385 e including laminated vitric ash. Lithics includs basalt,  [xapax
T ) )
0 6380 A Ry
12856375 Gt (0002} Palis




LOS ALAMOS NATIONAL LABORATORY
REGIONAL HYDROGEOLOGIC CI-IAR‘\C’I‘ERXZATIONPROIECT
ENVIRONMENTAL RESTORATION; CANYONS FOCUS AREA

BOREHOLE LOG: :

BOREMOLE ID: R-12

TAJOU: TA-T2/O0U-1049

Page20f 7

[

DRILLING COMPANY: Tonto Drilling Ce.

START DATE: March 10; 1998

',END DATE: June 4, 1998

DRILLING EQ/METHOD: Ingersoll-Rand T-4/ODEX  SAMPLING.EQ/METHOD: Wireline core barre! sampling

LOCATION: x = 1,647,427.33 y = 1,767,907.05
(NADS83, NM State Plane Coordinate System)

DRILLER: Larry Thoren

GEOLOGY P.L.: Rick Warren'

'GROUND ELEVATION: §500.7
TOTAL DEPTH = 847"

SITE GEOLOGIST(S): \Jon Marin/Mark Everett

' (based on SCOI-3)

= >6E o ' o
c = S . . -
nl: E :8. 0382 p— o‘,g',“: . . .8
= @ Q- 8‘ =] L ol I -
c = Q[¥TQ s o " E
| o |5€E8 3| 3% . 2| &
-~ = T E |elOea>, ._.‘_‘_c-sll-: Lithology A
E 5| 338 |2|58STag @ & 5 LD
gl e S |€ ggess 5. 218
2 8| o 3| ElSQEEL 2w : . & 8
2 2 S § Sl R0 .Q::’ W) Qo - - 81 &
c w QO QIO OITECV~— = . & B R
3 6370 T LT Y S |';
130',.:.' WO RS ‘ W >
qobpanne PULEOSCL: (131-132,5 ft) Mostly fine sand, with
135% 6365 Goeanerm (0004) SRR coarse sandssized arglilic pumice and basalt clasts.
£ ag s - '
140&- 6360 Q0 (RN UPPER THOLEINTE QF ngJ;:OS DEL RIO VOLCANIC
= Do FIELD: {132.5-134,5.11) Basalt with ciny coatings,
145:‘- 6355 241 ("‘.ﬂ\h"."ﬂ . v r’l -
0§_ 180 4. .| UPPER THOLEITE OF CERROS DEL RIO VOLCANIC ¥ {{ :
1502 635 argseuzn FIED: (134,5-162 ) Sllghtly vosiculor basalt, Rough  [s Teb
155’%" $348 apewd drllllng M2A5T L‘? :/E,i
160%= 6340 Ry : L2
655‘ 135 UPPER THOLEITE QF CERROS DEL RIO VOLCANIC f:.‘::
! sé 6 FIELD: (182+154 ft) Massive, non-vesicular to slightly r,.(;,.:}
- : vasicular basalt, » e
! 107::' 6330 244 (170007200 "7: Zg:(:j
175“::- 6325 E] }3
= n.:::
180*§~ 6320 avmonan . h/.- 7
185? 6318 UPPER THOLENTE OF CERROS DEL RIQ VOLCANIC k’(._
FIELD: (184,180 ft) Lost circulation zona probaobly i
190z~ 6310 cauand by open fractures within basalt, (A
T v r' gy Ny
‘95'5 6305 UFPER THOLEITE OF CERROS DEL RIO VOLGANIC ":’:}
N ” -
065 62 uppm THOLENTE OF CERRQS DEL RIO VOLCANIC
05: 6295 FIELD: (202.226 1) Stightly wslculur basait. Clay on IE,/;'-{
2103 6290 some’ chip surfaces. : by G oman
£ S D e
2155 6285 , _’.('.'(:»j
- o e v -
2203 6280 aaweann, | ¥ gﬁ"i
2255 6275 RN S L FEEd
O»E- : sanransn UPPER THOLLNUTE OF CERRQS DEL RIO VOLCANIC "'/.f.‘.(“
230+= 6270 4 | FIELD: (226.237 f) Mansive, slightly vesicular basalt. A
E "« | Orlling Indicates relatively untractured, )’/‘_‘(",
235-%-6265 N T o Rewn
- @ADLy
- UPPER THOLEITE QF CERROS DEL RIO VOLCANIC
240"’:‘ 6260 . FIELD: (207-253.5 ) Massive, non-vesicular basalt, ..f‘,(}‘
2e5% 6255 Y ' 5 3 /5
i . - Ay
g e 1] 2.
' b Fard |




LOS ALAMOS NATIONAL LABORATORY

a
R

REGIONAL HYDROGEQLOGIC CHARACTERIZATION PROJECT 2
ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA b
BOREHMHOLE LOG »
BOREMOQLE ID; R-12 TAIQU: TA-T2/0U-1C49 Page 3 of 7 E_;
DRILLING COMPANY: Tonto Drilling Co.  START DATE: March 10, 1998 END DATE: June 4, 1998 “é.
i
DRILLING EQ/METHOD: Ingersoll-Rand T-4/ODEX  SAMPLING EQ/METHOD: Wireline core barrel sampling '
LOCATION: x = 1,647,427.33 y=1,767,907.05 GROUND ELEVATION: 6500.7¢' (based on SCOI-3) .
(NAD83, NM State Plane Coordinate System) TOTAL DEPTH = 847 d
DRILLER: Larry Thoren GEOLOGY R.I.: Rick Warren SITE GEQLOGIST(S): Jon Marin/Mark Everett "+
=3 > E =
, G Q . —
- E Bl G2 = &z S
E o SlExe % O 7 o
S = o|2m o E o £
gl = 5 SEEE % T2 _ 2! &
El w2 OO~z & = Lithology = .
= | € E|E =00 = E Q
E 6| 3 8|2 2PcTY. g 2
= 2| & 3| € F32LaS 54 z1 8
= 3| 28 |28=588Eg| 2o | £
8 T| S e|8|loFesae| =S¢ 5|3
255% 6245 IUPPER THOLEIITE OF CERROS DEL RIC VOLCANIC ™ 725773
e om MmN FIELD: (253.5-260.5 f1) Basalt, possibly molst, with clay 273
-60‘5 6240 R, coatings that are thin at top of interval, thicker towards am
255:.;. 6235 oo oman the bottom, w
A - LOWER THOLEITE OF CERROS DEL RIQ VOLCANIC
270:: 6230 fres 31047 FIELD: (260.5-262 1t) Moderately vesicular, clay-rich
2755_ 6225 \bnsmt. Clay ranges betwoeh 3-30% of ¢hip surfuces.
::sog_- 6220 o LOWER THOLENITE OF CERROS DEL RIQ VOLCANIC
- FIELD: (262-342.3 ft) Slightly vesicular basalt, Thin
285 6215 clay near top of interval, clay absent toward bottom.
- Rough drilling (fractured) 288-203' and 294-3168.5",
290 6210 s
2955 6205
3005 6200 Ry Ten
305 6195
3105 6190 ~a narestom
315 6185
320.3.'. 6180 ' ITINE 3 T
3255 6175
3305 6170 oo
335E 6165
340% 6160 sy =N\
¥ 10 (429043 UPPER ALKALIC BASALT OF CERROS DEL RIO AR
345:':._- 6155 A0 (348 304.0) VOLCANIC FIELD: (;42.3-351 f1) Moderately vesicular PAAA
350+ 6150 20 DM D) basalt with some clay, AN
: Hosraa N PP ER ALALIC BASALT OF CERROS BEL D =™
- “RROS OC
355E- 6145 VOLCANIC FIELD:! {351-405 ) Slightly vasicular basalt [Acanl
360F= 6140 V2 OMEIMEN at tha top of interval, with thin clay zona, massive basalt |72
s at the buse,
365 6135 %
370':" 6130 23 0TI
3755 6125 SR N
380%,— 6120 aranzaen AT




LOS ALAMOS NATIONAL LABORATORY -
REGIONAL HYDROGEOLOGIC; CHARACTERIZATION:PROJECT
ENVIRONMENTAL RESTORATION; CANYONS FOCUS AREA

Wy

BOREHOLE LOG.. .
BOREHOLE ID: R-12 TAIQU: TA-T2/QU-1049 . Pagedol?
DRILLING COMPANY: Tonto Drilling o, START DATE:March.10, 1998 +END DATE: June 4, 1908
DRILLING EQ/METHOD: Ingersol-Rand T-4/0DEX | SAMPLING EQ/METHOD: Wireline core barrel sampling
LOCATION: x = 1,647,427.33 y= 1,767,907.05 C o CROUND ELEVATION: 6500 78 (based on SCOI3)
(NADS83, NM State Plane Coordinate System) T TOTAL DEPTH = 847",
DRILLER: Larry Thoren GEOLOGY P.l.: Rick Warrén':I o SITE GEOLOGIST (S)..Jon MarlnlMark Everett
-~ > B wd i
1 =N [= R ' -—
- B E 58}‘:’ - Qg =)
E @ oS 2 o ann S 2
o = 0|93 g S @ ‘ . E
S B 8H 3 3= AR 2 &
= = § ‘é el CleaZ ., 8 %‘ g'.':;;‘ : ~Lithelogy Sl%
‘ S| » ) Y+ REN R N e =
2 21 @ 3|elEg8Ee2| &wi | 3 g2
& 2| 5 3|83 >-.L°.)’}_.’. ¢ = S & 215
Q W| o @ |o|ozZcw= = p O3
e SEaR N
' o g 0 bt
390-— 6110 e ST T AAY
395{6105 —— i - o~
4oo- 6100 gy’ v NN Ted
40.%5095 o f— o A
i wenmain . i | UPPER ALKALIC BASALT QF CERROS DEL RIO e
410§' 6090 S A0 .| VOLCANIC FIELD: (405-411 R) Moist basatt Some y
; L Uv present. ‘ /
415’]:.‘ 6085 cronm .“: C . 4
: Cutlt 3.0} .PALEQOSOL: (411-419.2 ) Drilling performance
4208 6080] conartn 298 430 820 .} Indicates entire intarval is similar to 0.1' of maasive clay
_ Y ﬂ:-:':" ploasieind entH] WA B" : \imrod Ctay probably of lecustrine origin oris & soi/
425‘;“- 6075| canrny j C L i
r S ") LOWER ALKALIC BASALT OF CERROS DEL RIQ
4303 6070 [} VOLCANIC FIELD: (419.2425 ) Modarately vesicular
3 - busaitic bmccla, with local clay In fractures and vesicies.
60653 Gootnem {:0008) w Momnnrlop e
a4 0? 6060 awnraan . | [GWER ALRALIC GASALT OF CERRGG DELRIO
ad 5__ 6055 mu;m.n S VOLCANIC FIELD: (¢25-450 ) Dry, mussaive basalt
PP with-minor clay on fractures.” Fim porchod water 8t 443,
6050 e muc@ 424,36 by, o
‘i wie N 2 : Teo
4555 6045 . LDWER ALKALIC BASALTOF CERROS DEL RIO
Gosteah (1) Coovt ] VOLGANIC FIELD: (450.488.2 ) Saturaind, massive
460%= 6040 “n Rl . bavalt. Slightly voaicular near base, with some calcite
0§ Lo inflling. Fractured, based on dtilling performance.
4655 6035 I R et
-woif- 6030 Lo e »
CGMHOIAQ T o
6020 A 0
4853 6015| e b wel S
49 £ 6010| vnaen i [ LOWERALKALIC BASALTOF CERROS DEL RIO >
cizaann FmbordviH 5 )l VOLCANIC FIELD: (488,2-488.9 1) Molst basaltic
495%- 6008 :::g.g: bl‘chlln. with lenses of undettying tephra.
500% 6000 " ) LOWER ALRALIC BASALT-OF CERROS DEL RIO
E 7 ) VOLCANIC FIELD: (428.9-491.6 R) Basaltic tapha;
505+ 5995 S fine 10 cosrse-grained basattic ash, glany. moist, Fine
b , “.1 nh tormu discontinuous lonul.




LOS ALAMOS NATIONAL LABORATORY

REGIONAL IYDROGEOLQGIC CHARACTERIZATION PROJECT
ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA
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BOREHOLE LOG
BOREHOLE ID: R-12 TAIQU: TA-72/0U-1049 Page 50f 7 :
DRILLING COMPANY: Tonto Drilling Co.  START DATE: March 10, 1998 END DATE: June 4, 1998 9
o
ORILLING EQ/METHOD: Ingersoll-Rand T4/ODEX  SAMPLING EQ/METHOD: Wireline core barrel sampling b
LOCATION: x = 1,647,427.33 y = 1,767,907.05 GROUND ELEVATION: 6500.78' (based on SCOQI-3) !
(NADB3, NM State Plane Coordinate System) TOTAL DEPTH = 84T e
DRILLER: Larry Thoren GEQLOGY P.l.: Rick Warren SITE GEQLOGIST(S): Jon Marin/Mark Everett n
—_ >4 E -
=4 Q —
VN B3 3L e = S
E & 350G - 2
= T © Sle&d o T )
= | ® 2 Sle 2l & = % Lithology g| @
= c E ES| pioE=uo T X =18
= @9 = .‘E HAN) [T <' - L 8’
s = | X 3K 25288 = =
] > 7] - -
a = ® o |QES|I5SQEES Q- el e
Q @ o @ o] 3 >0 _?:’ ¢ S =
Q wW| O & |olojzZ=sn= = -
510=- 5990] crasainn Hrchategy (0024} I “a
: Grsanesy Gomeen oo OLD ALLUVIUM: (41,6485 1) Fine graled sand, '
515:.._.— 5985 . some clusts of intermediate voicanics,
520?:?' 5980 crena 0"-"'": L-::l 133 (370.04020.4) OI.DIALLUVIUM: (4:35-509 1) Sandy grave! of gumzlto.
b Cotiya D08 Qesiasn . y granite, gneiss, and intarmediate voicanics to 37 mm, all
52-"-&' 5975 e oo namrann || well rounded. Axinl deposit of ancesatral Rio Grande.
53 °§' 3970 OLD ALLUVIUM: (500-519.1 1) Fine 1o medium sand, Ta
- silt- and claysrich, saturated, cohesive, with some
535‘1_._"7 5965 subroundod clasta of basalt to 10 rnng. v
540 5960
b OLD ALLUVIUM: (510.1.535.5 #) Micacaous clayatone,
5455 5955 ary bolow 520', Some zonos contain fine sand. o
* Laminao suggest lake dapesliion,
550?_ 5950 fjeeosss
h OLD ALLUVIUM: (535.5.545 ft) Gravelly sand with ov0a08
555+ 5945 RN RN clasts that include dovitrified cacitic lava (Tachicoma Seos
g Gosahom (0037 & (034} Formation}, and somewhat lesser moderately-vesicular,
560;._- 5940 4 .00 0 arglilic to unalterod basalt, pogrowt
: LA L1 1 B
565z 5935 4400 PUYE FORMATION: (545-560 M) Conglomearale with 355855
7 0:':_ 930 Gonchem (000)) sandy matrix, abundant modoratety-wellrounded clasts .
3 WA TATn tc 15 mm, and small vitric pumice, Clasts ate dominately
| 575";_ 5938 . gg:g?;ﬁézrn with lesser vitric Inva of intermediate 22098 To
580‘:’.‘ 5920 A7 (S78.00°80 0N *000ne
* PUYE FORMATION: (560.584.,3 f!) Pabbly sand with oee
5855 5915 A (e T M0 commaon subreunded to angular clasts to 13 mm, and ety
- \ smalt vilric pumice. sco0eo
- 590+ 5910 o+ (00.34800.0) aeooas
= PUYE FORMATION: (584,3-828,7 f1) Slightly H
595+= 5905 (TN pumiceous graval with sandy matrix, nbundant
b subnngular closts to 14 mm, and some vitrig pumice,
: 600:;,.- 5900 #4399 00°400.0) Near base, clasts to 10 mm.
605"‘2" 5895 oA 180413 A0ATY §a28
6]0'.‘3: 5890 o4 1900, 44410.09
615:1:- 5885 Ry Ty
620%’ 5880 40 ($18.7020.0)
o
625.;: 5875 A1 (824782000 : Tp
630% 5870 202077400 PUYE FORMATION: (626.7-637.3 ft) Gravelly sand with |sessss]
Sf{F_ common, moderately well-tounded ¢lasts, and lesser .
635+ 5865 A1 337943 0) vitric pumice.
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REGIONAL HYDROGEOLOGIC CHARACTERIZATION ¥ROJECT

ENVIRONMENTAL RESTORATION,; CANYONS FOCUL\ AREA
BOREHOLELOG" :
BOREMOLE ID: R-12 TA/OU: TA-T2/0U-1048 f:' " PageBofT
DRILLING COMPANY: Tonto Drilling Co. START DATE: March ‘10:5.1998 : :END DATE; June 4, 1958
DRILLING EQIMETHOD: Ingersoll-Rand T4/ODEX  SAMPLING.EQIMETHOD: Wirelina core barral sampling
LOCATION;: x @ 1,647,427.33 y= 1,767,907.05 Cooite GROUND ELEVATION: 6500.?8' (based on SCOI-3)
(NADS3, NM State Plane Coordinate System) S TOTAL DEPTH = 847"
DRILLER: Larry Thoren GEQLOGY P.l.: Rick Warren 5 SlTE GEOLOGIST(S): Jon Marin/Mark Everett
= SE | X
R = 3 ?3 s _| Qg . _ 5
E O 3823 R s 2
- &% 2L S8 | E
= ' 4] ' — - o -
- 2| T Ele 8.9_,.:\9“% g,s_.: - Lithology § b
£ 3 S| 2 POT Y L @R . ' I o | T
S s 2g|e gfsdes s30| 218
2 2| ¢ 3 |2E585Ex] 2% |- S| S
Q 2 =) ) Q| 3 =0 mmo (= A Y — =]
C Wl Q 2 |S|o|EESn= =" : S Q|3
z | S o s
640 5860 semnoean . | PUYE FORMATION: (G97.3,868 1) Sighty pumicsous (335323
& ~.. 1 gravelwith sandy matrix and’abundunt subangular ciasts
6455:' 5855 budiabaacd ANIEREN § t0:13 mm, and frrlnorvi:ﬁc pqgrm:o, "
6505~ 5850 mnaren, - | S
6555 5845 AP _'."-..:
660 5840 oy |
665~ 5835 Mnasrann’ . 1" v
¥ , o | PUYE FORMATION: (866-7123 1) Moderatelys
670 5830 't culcareous, argilic, pabbly vandstone. Common clasts
¥ Jomtizana | ..o | onedevitrified intermediate composition lava, Rure to
6755825 ¢ it | common pumice Ia vitric near top, argiic bolow, ™
6805 5820 AR
6855 5815 o
6905810 : K
695% 5805 Coae o
7oo- 5800 R :
2055 5795 , S | :
71&5790 oM (e HOMN B .:'.~ it "'..'I:': L ,ln ) -
. . 5. | PUYEFORMATION: (T12.5-726.4 %) Arglitic, high
715%-5785 C100.00.0) Tmamhle . o] pumiceous sangdstone. Clasts of devitified luve are'yrum
720%". 5780 comann Gowiown (0041) T “.,. e .t?a'.:'elof interval (728.2- 6.“4') is an orgillic pumics fall,
7254 5775 Qagiomn (-0048) \ AT N o rrartt &
E oD NOIARILN. ;. ["PUYE FORMATION: (726.4-748.4 1) A sarias of ™
730:::— 5710 omam Gowrnen 0048 anmannesy 0. | reworked generally argillic pumiceous depoaits; upward
5&" ) a2 maema - fining cycles, aach grading from aandatone at the 1op to v
73 : 5763 4 nesn e 74:9lor|l'\omm nt“tiho base. Base of interval (746.1-
T40¢= 5760 caumao . f;:" X, .4‘) s an arg k:pum@_ r:n..
5755 Sera i | ROSNER, ___
£ o |onm Geetonn (0043} HOARIAS o [TPUYE FORMATION: (74G.4+784 ) A sories of
7503~ 5750 ammonney ... | Meworked generally argillic pumiceous dapasits; upward
b Canten TR | fining cycles, ench grading from sandstone at the top to
7555 5745 | acnan Oewioah (0004} aewannan -, | conglomerate at the base, . s
760% 5740 CINLORN -mmomm.m' ‘ |, : N




LOS ALAMOS NATIONAL LABORATORY

7
REGIONAL HMYDROGEOLOGIC CHARACTERIZATION PROJECT §
ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA i
BOREMOLE LOG !
BOREMOLE ID: R-12 TA/QU: TA-72/0U-1049 Page 7 of 7 =
7
DRILLING COMPANY: Tonto Driling Co.  START DATE: March 10, 1998 END DATE: June 4, 1998 I3
2
DRILLING EQ/METHOQD: Ingersoll-Rand T-4/0DEX  SAMPLING EQ/METHOD: Wireline core barrel sampling :;
LOCATION: x = 1,647,427.33 y=1,767,507.05 GROUND ELEVATION; 6500,7€' (based on SCO!-3) .
(NADS8Z, NM State Plane Coordinate System) TOTAL DEPTH = 847 da
DRILLER: Larry Thoren GEOLQGY P.l.: Rick Warren SITE GEQLOGIST(S): Jon Marin/Mark Everett o
~ >6E =
4 £ |3|888 o] 2 S
E o oL 8 S L a 2
T = IR S ® £
Sl = = 3EEH X I . 2| &
-~ | & Eleloga>, = Lithology S92
E s| 25132 28°T82 v E Q|5
= = | & 3 |2 952828 54 z| 2
S 5| 2818528558 2z =l £
a o] 3 ¢ |5|oFC5nE] = |3
T65E 5735| _ voner Gesiocn 9080 - PUYE FORMATION; (704:784 ) Pumicoous sandsione 3
- with common argillic pumice, generally to 8 mm, raraly b4
770&' 5730 AR Gomosh (0042} M TTONTID to 28 mm. Clasts of devitrifing lava up to 3.5 mm are sussse
- scarca neortop, and up 10 12 mm are COMMON Near susase
775%' S725| e o ——— 21 NN base, 2333 To
7803 5720| cnaran Gemeenvoosn AT NI Teies
5?‘ 5715 SANTA FE GROUP BASALT: (784.830 ) Slighty :5;-'&
- scoriaceous, coarse-groined basait with very irregular o
7905710 vesiclas to 1 mm langth. Saturated zone encountered at N
£ Oemech (04T, 804,84"; uncenfined, SN
7957 5705 RN
- N
800 5700 S § §
805’%‘ 5695 o120 (804 SH00.0) RO
$10% 5690 " Iy
: O
815{_ 5685 Gosteah 0088 & 00M) & &1
- NN
820% 5680 O
825%- 5675 RERS
830E 5670 >
s SANTA FE GROUP BASALT: (830-847 ) Slightty R
835+ 5665 vesicular, coarse grained basalt with round to slightly ROWE
£ elongate vesicles to 6 mm, some coated with white clay, S
8405 $660 which also occurs as cuttings 1o 5 mm, > N
£ RN
8455 5655 D N
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Appendix C

Hydraulic Properry Characterization

APPENDIX C SAMPLES FOR HYDRAULIC PROPERTY CHARACTERIZATION

JABLEC-1
MOISTURE SAMPLES AND RESULTS
Sample Upper Depth Lower Depth Average Depth Molsture In Malsturs in Core
iD* (1) {n )] Cuttings (dry wt %) (dry wt %)
R12.122 5 5 s 2.48
R12:123 10 10 10 212
R12.124 18 15 15 4,99
R12.125 20 20 20 6.04
R12-126 24,8 25 24,85 1.80
R12.127 29,9 3o 29.95 2.59
R12.128 3s.8 34 33.9 a.80
R12-129 0.5 40 30.75 298
R12.130 43,9 44 43.85 549
R12-131 48,9 49 48.85 6.85
R12-132 54.8 55 54,9 6,29
A12-133 59.8 60 8.9 6.28
R12.134 64.8 65 64.9 5.36
R12:135 69.8 70 60.9 2.65
R12-136 74,8 75 74,95 8.33
R12-137 79.8 80 79.9 9.21
R12-138 84.8 85 84.9 11.48
R12.138 89,9 90 89.95 11.50
R12-140 94,5 25 94,75 11.70
Ri2:141 99 100 99.5 12,14
R12.142 104.9 108 104.95 18.76
R12+143 100 - 110 100.5 16.61
R12.144 114.8 115 114.9 20,11
R12:201 119,3 120 119.65 12,09
R12.202 121 122 121.5 16.55
R12-203 129 130 120.5 27.20
R12-204 130.5 131 130,75 14,24
R12:205 131.3 131.5 1814 16,22
R12.208 133,86 134 133,75 6.61
R12.207 135.8 136 135.9 5N
R12-208 136.8 137 136.9 1.40
R12:200 138,3 138.5 138.4 0.61
R12:210 1398 140 139.85 2.65
R12.211 146 147 146.5 4,30
R12.212 150 152 151 4,34
R12-213 162 187 154.5 2,77
“See Appendix B
R-12 Interim Report Septombar 1988



Hydraulic Property Characterization

Appendix C

MOISTURE SAMPLES AND RESULTS

Molsture In

Sample Upper Depth Lower Depth |  Average Depth Molsture In Core
D* (™ (1) ST IRRRERE ()] Cuttings (dry wt %) (dry wt %)
R12.214 170 172 N - 0.43.
R12:215 180 182 .o 181 052"
R12.1 200 202 -0 ~ 201 174
Ri2:2 218 22 ., 220 132
8123 27.3 228 o 22765 0.52".
R124 236.6 237.5. .237.05 0.78
R12.5 248 250 - i} - 24D 0.85.
R126 258 258 . - 257 - 10,58
R12-8 261.5 262 261.75 20.04.,
R12-7 265 266 265.5 3.83:
R12:9 <269 20 . 2605 131
R12+10 5 280 - 279,75 043
R12.1% 2875 200 288.75 an
R12«12 297 2085 L) 297.75 331
1213 200.2 300 - 2008 324
Ri12-14 307.8 310 308.9 1.05.
R12-15 317.8 320 318.9 0.81-
R12-16 327 330 b 3285 0.7
R12.17 338 340 339 2.56
R12-18 342.95 343 ’ - 342,975 16.26
R12-19 345.6 348 3458 18.76-
R12:20 482 349 - 348,65 14,66
R12:21 351.9 382 - 3I51.95 5.46
R12:22 358 3585 - 350.25 - 1.21-
R12:23 360.2 370 Con 360,86 1.04.
R12-24 3745 3755 - 375 1.58
R12:37 370.2 380 b 3788 1.21.
R12.38 386.8 ags - 3874 1.2¢
R12:39 3685.0 397 - 306,15 070
R12-0 400 401 400.5 1.69
R12-41 408 408 .~ .~ 307, 8.03
R12:216 420.5 4208 ' . -420.65 . 3%9.04
R12:217 4a21.2 42133 - - - 421.265 59.42
R12-42 438 442 440 4,15 :
R12-33 5204 520.5 . 520,45 v 23.46
R12:34 823.7 5238 - '« 823,75 - 20,70
R12:35 553.5 535 554.25 5.01°
R12-36 559 6560 £50.5 .23
R12-49 564 565 -564.5 472
*See Appendix B ' T

R-12 Interim Report
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Appendix C Hydraulic Property Characterization

JABLEC-1 (continued)
MOISTURE SAMPLES AND RESULTS

Sample Upper Depth Lower Depth Average Depth Molstura In Moisture In Core
o* () (1) (n Cuttings (dry wt %) (cry wt %)

R12:50 569 570 569.5 3.00
R12.51 574 575 574.5 5.15
R12:52 578,85 580 570,425 0.61
R12.53 584.3 585 584,65 3.85
R12.54 589.3 590 580,66 592
R12-55 594.3 595 504,65 4,75
R12:56 599,04 600 599.52 275
R12-57 604,13 605 604,565 3.44
R12.58 609,45 610 600,725 5.35
R12:59 614 " 615 614.5 3.67
R12-60 618.7 620 610,35 3.61
R12:61 624.2 625 624,8 3.89
R12:62 628,75 630 629.375 6.74
R12.63 633.75 635 634,375 5.05
R12:64 639 £40 630.5 2,72
R12:65 643.9 645 | 644,45 7.95
R12:66 648.9 ‘ 649,45 2.97
R12:67 653.75 654.375 | 3,08
R12:68 658.9 659.45 5.56
R12:69 663,67 664,338 5.28
R12.70 672.2 672.8 9.09
R12-71 709,2 709.6 9.26
R12-72 713.9 . 714,45 12.70
R12-224 716,78 719.89
R32.223 725.45 725,55
R12:222 730,3 730,45
R12:221 733 733.1
R12-122 742.1 742,15
R12.123 745.8 745,9
R12:220 750.7 750.9
R12-5201A 755.8 755.95
R12:273 760.85 760.925
R12:274 765.7 765.85
R12:275 770.8 770.9
R12-276 775.25 775.35
R12:277 779.2 770.35
R12-124 804,66 804.83

*Seo Appondix B

R-12 Intarim Report Septomber 1998




Hydraulic Property Characterization ' Appendix C
MATRIC POTENTIAL SAMPLES = .~
Sample Matrlx Upper Depth - ' Lower Depth .. . Aversge Depth
10 Type M e (m ()
A12-122 Cuttings - B 5 ' 5
R12.123 Cuttings -0 10 . 10
R12.124 Cuttings c 15 15 15
R12:125 Cuttings 20 20 : 20
R12:123 Cuttings - 24.9 25 24.95
R12.127 Cuttings S 208 - 30 - 29,95
R12.128 Cuttings <R u o 3.9
R12-120 Cuttings - 39.5 . 40 - 39.75
A12-130 Cuttings 43,0 ¢ 44 s . 43.95
R12-131 Cuttings - 48.9 Vi 49 ' - 48,95
R12:132 Cutlings - 548 D 55 54,9
R12-133 Cuttings 59.8 " 60 I 59.9
R12:134 Cutlings - 84,8 Lol 65- » 64.9
R12-135 Cuttings 60,8 4 70 G9.9
R12.136 Cuttings - 74,9 75 v 74.95
R12-137 Cuttings . 788 ot 80 3 79.0
R12-138 Cuttings -~ 84,8 T a5 84.9
R12-139 Cuttings - 88,0 v 90 “ 89.95
R12-140 Cuttings - BAS 95 " 84.75
R12:14% Cuttings .9 i 100 B 09.5
R12.142 Cuttings .104.9 . e 105 104.85
R12-143 Cuttings 100 110 i 108.,5
R12-144 Cuttings 114,8 115. v 1149
R12:201 Cuttings 119.3 120- 119.65
R12:202 Cuttings 121, i 122 ; 121.5
R12.203 Cuttings -129- ¢ " 130 ' 128.5
R12:204 Cuttings 130,5 1371 i 130,75
R12:205 Cuttings a3 e 131.5 » 1314
R12:206 Cuttings -.133.5 o 134 o 133.75
R12-207 Cuttinps 135.8 136 Rl 1359
R12.208 Cuttinpgs 136.8 B 137 ‘ 136.9
A12.209 Cuttings 1383 - 138.5 1384
R12:.210 Cuttings ~139.9 140 136.85
R12:211 Cuttings 148; . 147 146.5
R12:212 Cuttings 150 . 152 151
R12-213 Cuttings 152 . 157 154.5
R12:214 Cuttings A70 Dy 172 ' m
R12:215 Cuttings . '180: 182 181
R1241 Cuttings - 200 . 202 ~ 20
*See Appondix B ‘ b
Saptembar 1998 L % Re12interim Report
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Appendix C Hydraulic Property Characterization
TABLE C-2 (continued)
MATRIC POTENTIAL SAMPLES
Sample Matrix Upper Depth Lower Depth Average Depth

1o* Type (f) () n
R12.2 Cuttings 218 222 220
R12-3 Cuttings 227.3 228 227,65
R12-4 Cutlings 236,68 237.5 237.05
R12.5 Cuttings 248 250 249
R12-6 Cuttings 256 258 257
R12.7 Cuttings 265 266 265.5
R12.8 Cuttings 261.5 262 261,75
R12-8 Cuttings 269 270 269.5
R12:1Q Cuttings 277.5 280 78,75
R12-11 Cuttings 2B87.5 200 288,75
R12.12 Cuttings 207 208.5 297,75
R12-13 Cuttings 200.2 300 269.8
R12-14 Cutlings J07.8 310 308.0
R12-15 Cuttings 317.8 320 3188
R12:16 Cuttings 327 300 328.5
R12.17 Cuttings a8 340 339
R12-18 Cuttings 342,85 343 342.975
R12-19 Cuttings 345.8 346 345.8
R12-20 Cuttings 348,3 349 348,85
R12-21 Cuttings 351.9 a52 351.05
R12:22 Cuttings 350 358.,5 358,25
R12-23 Cuttings 360.2 370 368.6
R12-24 Cuttings 374.5 375.5 375
R12.37 Cuttings a370.2 as0 379.6
A12.38 Cuttings 386.,8 308 387.4
£R12.39 Cuttings 395.3 397 388,15
R12.40 Cutlings 400 401 400.5
R12-41 Cutlings 406 408 407
R12:216 Coro 420.5 420.8 420,65
R12.217 Coro 421.2 421.338 421,265
R12-33 Coro 520.4 5205 520,45
R12:34 Core 523.7 523.8 523.75
R12:35 Cuttings 553.5 555 554,25
R12:36 Cuttings 559 560 §69.5
1249 Cuttings 564 565 564.5
R12.50 Cuttings 568 570 569.5
R12.51 Cuttings 574 575 574.5
R12-52 Cuttings 578.85 580 579.425
R12:53 Cuttings 584,3 585 584,65

*See Appondix B
R12 Intarim Report C-5 September 1998
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Hydraulic Property Characterization ConL . Appendix C
JABLE C-2 {continyed)
MATRIC POTENTIALSAMPLES . -
Sample Matrix Upper Depth %t Lower Depth. Average Depth
10 Type L Mmoo ()
R12:64 Cuttings 58008 v 590 ’ 580.05
R12:556 Cuttings 594.3 S 505 i 504,65
R12:56 Cuttings 589.04 . 600 o 509,52
R12:57 Cuttings 60413 ok, 605 . i 604.565
R12:58 I Cuttings 609.45 . 610 o 609.725
R12-59 Cuttings C 614 615 C 614.5
R12-60 Cuttings - 8187 oo 620 . 619.35
R12-61 Cuttings 6242 . v 625 o 624.6
R12:62 Cuttings . 628,75 630 v 628.375
R12.63 Cuttings C 835 . g5 - 634,375
R12-64 Cuttings 639 . 640 3 639.5
R12-65 Cuttings 6439 ..l 645 m 644,45
R12-68 Cuttings . 6489 - . 650 S 649.45
R12:67 Cuttings . 653.75 3 655 e 654,375
R12:60 Cuttings 658,08 660 i 659,45
R12-69 Cuttings 663,67 . 665 o 664,335
R12:70 Cuttings L BT v 673 v 672.6
A12:71 Cuttings 7002 710 i 709.6
R12.72 Cuttings ~ 738 715 714.45
R12-224 Core L7178 v 720 ., 719.89
R12.223 Coro . 72545 725,686 - 725,55
R12.222 Coro 7303 - s 7306 ¢ 730,45
R12-221 Corn TR 7332 L 7331
R12:122 Core L TA2Y e 7422 . 742,15
R12-123 Coro 7458 uiv 748 . 0 7459
R12-220 Coro T80 . 7511 - 509
R12-5201 Coro . 7559 .y 756 755.95
R12:273 Core 76085 ' ¢ 781 D 760.925
R12:274 Coro 7657 7668 L 765.85
R12:275 Coro o 7 770.0
R12:276 Coro - 77828 ¢ 77545 77535
R12.277 Coro T892 . 785 .~ 779.35
R12:124 Cuttings 80486 . 805 804,83
*Sea Appondix B ! ot " ‘ 2
T o
. 'l.‘,
: .
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Appendix C Hydraulic Property Characterization
TABLE C-3
SAMPLES PRESERVED FOR POTENTIAL HYDRAULIC PROPERTY TESTING
l¢} Matrix Start Depth £ne Depth Average Depth

(CASA-98-)* Type {t) () ()

0013 Coro 421,33 421,66 421,49
0014 Cero 421.66 422.0 421,83
oco? Coro 455,0 456.5 455,75
0021 Coro 483,05 483.5 483,28
0022 Coro 484,15 484.6 484,38
0023 Coro 490.3 490.8 490,55
0024 Coro 491.3 491.8 491,55
0029 Coro 508,17 509,55 508.36
0026 Coro 509.55 510.2 508,88
0027 Coro 511.9 512.4 512,15
0030 Coro 5220 523.0 522,50
0o Core 522.8 §23.5 523,15
0041 Coro 716.28 719,78 716.53
0048 Core 724,6 725.1 724.85
0049 Coro 720,55 730.0 729,78
0047 Core 744,2 7447 744,45
0043 Core 747.5 748.0 747,75
0044 Coro 754.9 755.4 755,15
00486 Core 765.1, 765.5 765.30
0042 Coro 770.1 770.6 770.35
0039 Core 774,45 774,85 774,70
0040 coro T77.5% 778.0 T77.75
0057 Cuttings 791.0 792.5 791,75
0054 Cuttings 812.0 814,6 813.3

0055 {dup) Cuttings 8120 814.6 813.3

*Seo Appendix B
R-12 interim Report C7 Septomber 1998
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Hydraulic Property Characrerization T Appendix C
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510 57203 {Ved Bzy 923 1000 74130 74600 [ 470 320 as! Cored kom T41.3 12 745 with 101 ran coné System

510 572053 | Wed Day 1040 120 F4500 7513 §530 300 10.60 Cored o 7456 1o 751.3 wih §e 101 run core system

510 52093 |Wed Day 1120 1205 15430 | 75600 1410 450 627 Cored rom 7513 10 756 with ha 101 mum core system

510 572093 ed Day 1250 1365 156090 76100 |50 150 2000 Cored from 756 10 761 with #.2 103 min coré sysiem

510 872073 |Vied Dsy 1330 148 76100 176600 500 330 763 Cored fom 761 ka 766 with e 101 mm core system

51.0 52098 | Wed Day 1472 1445 JES0D 177100 {500 37.0 8.1% Cored £om 766 © 771 with #.2 100 mm core system

510 572093 [Wed Day 1415 1540 7100 77600 |500 55.0 545 Cored bom 7718 10 776 with £:8 101 man Core system

510 572053 Wed D3y 1545 1720 0.0% Ream hole 2nd casing

510 5703 [Wled D3y 1755 1820 71600 (77660 1052 250 192 Cored kum 776 10 776 8 wih he 101 mam core Syslem
52633 [ Wed Day 1830 [1Xes] Measured OTV/ alCry 82 776.8

520 872t/53 {1 Thur Day 650 000 Measuwed DTV aldry 0 776 8

520 52833 1 Thur Dzy 1030 1329 77950 000 77355 11700 27152 | Tryped o101 mm coea srstem

550 |52628 | Tue Dy (930 |10 - 000 Setup for borebole geophysics

5507 [s26n8 |Tue - Jooy [ J1000 | 1100° loco . 65500 |€s500 |€0.0  |65500 | Aun naksal gamira tog nside casing .

550 5726/33 §Tua D2y 1100 1315 71000 1000 71000 | 1350 1556 | RBun catperkom tocomdﬁﬁ-‘&hcasmlosub:o

560 52158 |[Wed - {Day 74 1160 . .00 71000 | 7100G 2000 (21309 | Tripped m8-58In. dcld sysiem |

560 - |527153 [Wwed  Joay [1150 J1zs {71050 j72000 {10 (350 - |14 [Deedae ﬁ»hcashgs!'!ai',u&-gizdaﬂjqpr‘l

£50 572753 | VWisd Day 1205 1255 72000 73300 11099 500 12.00 Dried 8.53-n. casing wiia rjectingwa'er at 1.5 gpen

560 &%7133 |Wed Day 1429 1500 730D | 740.00 | 10.00 1200 500 Crred 8585 casing wda injsctng wale-al 1.5 gpm

%69 £27m3 |Wed Day 150 183 74000 €000 |5000 150.0 20.00 Rean hole badk W B30

570 |52e53 [Thew [Dsy less  foo 63000 Je#000 [5000 1350 [2222 | Trpped ot sin casing fom 65010 £4D

570 |52a%8 |Thur |Day |90 |1030 Je40.00 |73700 {9700 {990 [€t67 |Trgredins5ein difsystem

; £7.0 572858 JThur Day 1030 1040 73700 174002 130D 160 1800 Clzan o bottom of hole
|s70 5nesd | Thae | Day 1110 |iiso 74000 {75000 J10.00 400 1500 [DcleiasAn. cas‘ng I-“,écfl‘-g wa'er

570 52293 | Thw Day 1225 1245 75000 175300 (300 200 900 DriEed B-573 1. casiny). bnjectirg ma'es

57.0 572523 | Thur Day 1315 133 75300 76000 | 700 150 23.09 DrT &) 8-58-n. casing. Injectng waler

570 672553 | Tha Day 1410 1440 TENOG (77000 §10.Q 3o 2000 OrTed 8580 casin. bactng wa'er

57.0 528 JThur Day 1440 1549 770063 1783.0% 1003 3.0 1009 Driled 8-584n. casing). Injectng water

570 2623 | Thur b2y 1600 1615 79000 | 78500 IS0 150 .00 Dif’ed 8-53 . casev). Injecting wa'es

570 52353 [ Thur Day 1654 1765 76500 (73003 553 150 2000 Drived 8-584 casieyg twough basat krjectng walsr

57.0 572493 | Thur Day 1720 1810 7300 |79500 1500 €00 6.00 Driled 8-534n. casing Bwough basat Ory

£30j0u041D Suyg

v xipuaddy
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JBS aol = 33l 3 <al =
gi3| £ g g | 35| 3= |=255="81 =35 | 37| 5§ Field Actvity

33 5] 35| s
570 5726/93 | Thwx Day 1810 1825 73500 |82000 [500 150 20.00 riled 8-58-n casng through basa't Dry
530 52333 |Fd Day €40 ) 0.00 Measured DTW atdry o 730
»58 ] 572353 | Fd Day 700 715 80000 |E500 |500 150 20.00 wed B-S2n casing through basat Bry
580 |52393 |F4d Day 715 783 |80500 |81000 [500 |250 12.00 | D¥ed 8-58-n. casing through basat Ory
530 52353 |Fd Day 754 837 81000 181500 {500 430 633 Drifed 8-58-n. casng through basat. Dry
530 5729733 |Ffd Day 837 910 81500 [820.00 1500 330 9.69 rifed 8-58-n. casing threugh basa’t Dry
-5:3.0 529%8 |[Fd Day 100G 003 Encounlered waler In borehole at 804 64 1t
580 572333 |Ffd Day 1015 1042 B20.00 82300 ]|3.00 250 7.20 Drl'ed B8-58-n. casing through basat Formaton waler
5380 572333 |Fd4 Day 1140 1230 830.00 |B3500 |500 500 600 Drilled B-58-nL casing through basal Formaton walsr
530 572393 |Fd Day 1230 1344 83500 [840.00 |500 740 405 Driled 8-58-in. casing through basa’t Farmaton watsr
580 572393 |F4 Day 1340 Q00 Leasured DTV at 50747 bge
580 57398 |Fd Day 1500 | 1545 0.00 | Comect wa'zr satple from cydone
s80 572393 |FAd Day 1545 1645 000 Ream borehola
58.0 572993 |Fd Day 1645 1753 84500 |0.00 83000 |730 €90.41 |Trpped ot 8-538-n. drifng syslem
530 €193 Kon Day 700 0.00 Maasured DTW at 604.79 bgz
53.0 6/1/23 kon Day 1000 1120 84700 |0.00 84703 60O 63525 | Tripred A 6in hatimer bt
53.0 &1793 Aon Day 1225 1335 000 84000 [840.00 {700 72000 {Trppedin 8-52-in. dnll systsm
53.0 €133 Ao Day 1335 1615 009 160.0 Unscheduled repats: hydranfic ine behind conirol panel tioke
530 &/1/53 kton Day 1615 1605 84000 183000 §1000 {100 545 Retractad 858 casing
600 672/93 Tue Day 700 1125 83000 | 74200 |90.00 2650 2033 Relracled 8580 casing
€0.0 62733 Tue Day 1247 1300 74000 {72000 2000 13.0 azn heJadad 8-53-n. casing
60.0 62/38 Tua Day 1300 1430 72000 |B833.00 11300 |0 7533 Reamed borehole
60.0 6/2/33 Tua Day 1500 1600 0.00 609 AN davelopment
&0 672/33 Tue Day 1545 1750 833.0¢ {0.00 833.00 650 76892 | Trigped ol 8-5B-n. &if sysiem
610 6393 ! Day 210 1032 000 50000 {80000 |80 600.00 | Trfpedin tin temm'e pipe
61.0 6393 Wed bay toss 1200 000 650 Errplaced botiom sand pack and tenlons seal upls 629 93 tbg2
610 6333 Wed Day 1242 1447 0.00 23000 (83000 [127.0 39243 ] Tepped $-n. schadule 40 PVC casing in tha hole.
61.0 63393 |[wed Dzy 1630|1700 | 000 Erplaced bertonte tplo B26 5 bgz
61.0 €333 Wed Day 1745 1220 0.00 Emrglazed sand pack across screened nterval
€20 6493 That Day 730 0.00 Neasured DTW 2t 604.42 R bz
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62.0 6453 Thur Dy 733 S50 0.09 Emplaced sand pak across screened interval. Teaporary vell
comnpleted

620 64753 Thur Day g50 1030 79500 |730.00 ]1500 430 75) Relracted B-58-n. casing

620 £45:3 Trax Day 1630 1145 800.00 000 80060 {750 640,00 | Tripped out bersda pi-e

620 6/4%93 Thr Day 1245 1630 0.00 Ry dcan

63.0 6553 Fr Day ol 920 0.00 Sta dearwmp

630 6553 {Fd D2y 1000  }11ss 0.00 Bal wel for wa'les sample

630 6558 Fd Bay 1240 1735 0.00 Ead wel for waler sarple

€40 £3733 |Mon Day 800 0090 Weasured DTW al 601.64 R{7). This measurement questonable
because other OTV/s ara typicaly ~E65 R

640 6393 |Mon Day 835 550 0.00 150 v/a'er sample oofection

€40 67533 Uon Day 900 1630 0.00 4500 Sta deanup

650 &1%93 Tus Dy 80 1535 000 14550 Si'a dearnp, rdudng spiled desed
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LOS ALAMOS NATIONAL LABORATORY
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT
ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA

BOREHOLE LOG

BOREHOLE ID: R-12 TAJQU: TA-72/0U-1049 Page 10f7

¥ ¥ AN N

DRILLING COMPANY: Tonto Oriing Co.  START DATE: March 10, 1998 END DATE: June 4, 1698

DRILLING EQ/METHOD: Ingersoll-Rand T-4/ODEX  SAMPLING EQ/METHOD: Wireline core barrel sampling

LOCATION: x = 1,647,427.33 y=1,767,907.05 GROUND ELEVATION: 6500.78' (hased on SCO!-3)
(NADB3, NM State Plane Coordinate System) TOTAL DEPTH = 847

DRILLER: Larry Thoren GEOQOLOGY P.l.: Rick Warren SITE GEOLOGIST(S): Jon Marin/Mark Everett

(S = VR W F 10T ORI IN ()

Lithology

S

R-12-xxx (depth)

Depth (fi)

Elevation (ft)

Core Run # (amt.-
recov./amt. attemp.)
Core Run

Cuttings Collected
Hydrologic Property
(Geotech) and Geo-
chemical (Geochem)
Samples
(CASA-98-x000)
Moisture/Matric Pot.
Lithologic Symbol

i

o
i o

i Graphic Log

ALLUVIUM: (0:12.5 #1) Sandy, dry alluvium,
predominantly quanz and feldspar grains,

NAS

(Or

3
§.
o
v I

A2; (3.0W.1)

* T F
TN A

AP0 0019

CERROQ TOLEDQ INTERVAL: (12.531.3 1) Vitrie
reworked twf! with common tiny pumice to 1 mm and
128 (00D scarco lithics to 1.5 mm, A pumice-rich 2one eccurs
TR boiwean 27.28' and a clast-rich zone occurs between
B3

%3

EHYIYATS}

.l
233
%

9-..
<

20 £ 6480
25 £ 6475
30 £ 6470
35 < 6465
40 £ 6460
45 £ 6455
505 6450
55 % 6445
60 6440
65 £ 6435
70 £ 6430
75 £ 6425
80 £ 6420
85 -F 6415
90 £ 6410
95 < 6405
100Z- 6400
1055 6395
1105 6390
1155 6385
6380 201 (11034200)

202 (110020
1252 6375

s

AN QPND

AP V0NN

OTOW! MEMBER OF BANDELIER TUFF; (31,3-1021t)
N EARUM Vitrle nonwalded tuff with common pumica to 7 mm and
leas common lithica of Intermediote composition,

A6 (A0

130 [43 Putd.0)
AN (40 V)

A9 (WAL

AN (NI N

11—

14 (4.000.0)

DEIYLE B0 a)

100 (14.915.00

L]

A {TOrN0.0)

A58 (.0 0)

130 (98 100.0%

LI

o140 (o 304.00

a1 (98041000

OTOW! MEMBER OF BANDELIER TUFF: (102:112 1)
(0011000 Variably pumicesrich nonweldad ash flow tutf, Very
pumice rich at 104,9 to 108,

GUAJE PUMICE BED: (112-131 ft) Vitric bedded tuff,
including laminated vitric aah, Lithics include basalt,

11

143 (100 011009

ded (He, 80

-
[ &)

HﬁTﬂ!;{‘Hf

P
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LOS ALAMOS NATIONAL.LABORATORY .
REGIONAL HYDROGEOLOGIC CHARACTERIZATION.PROJECT
ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA
BOREHOLE LOG:

BOREHOLE ID: R-12

TAOU: TAT2/OU-1049

Page2of 7

DRILLING COMPANY: Tonte Drilling Ca.

START DATE: March 10, 1998

" END DATE: June 4, 1958

DRILLING EQIMETHOD: Ingersol-Rand T-4/ODEX  SAMPLING EQIMETHOD: Wireline core barrel sampling

LOCATION: x = 1,647,427,33 y = 1,767,907.05
(NAD83, NM State Plane Coordinate Systemn)

DRILLER! Larry Theren GEOLCGY P.i.: Rick Warreﬁw}

GROUND ELEVATION: €500,78' (based on SCOI-3)
TOTAL DEPTH'= 847%: -

SITE GEQLOGIST(S): Jon Marin/Mark Everett

h) -

-t

R

chemical (Geochemn)

Samples
Moisture/Matrc Pot.
R-12-x00¢ (depth

recov.famt. attemp.)
Core Run

Cuttings Collected
Hydrologic Property
{Geotech) and Geo-
(CASA-98-0x)

Elevation (ft)
Core Run # (aml.-

o

Lithology

Lithologic Symbol

301 (179 M0
204 (130.0%31,@)
208 (LI
33-”1 MM,
13000 4
208 (YRYDY
e Y S
1§ (120 1e0.0)

wo:f- 6370
1355 6365
140& 6360
1455 6355
1503 6350
1555 63dS
160%— 6340
1655 6335
1702 6330
1758 6325
xaog- 6320
185 6315
190% 6310
195%- 6305
200£ 6300
205% 6295
2105 6290
2155 6285
220%- 6280
2sE 6275
zso-g- 6270
2355 6265
:'.-wg- 6260
2«% 6255
2504 6250

i

EARTL ST

upenn

278 (1B0.MNBLET

2 Qe

o8 200NN

vy

aroRen.
mpstoewn

PALEQSOL: (131.132.5 1) Moatly fine sand, with BT
coarse sand-sized argillic pumice and basalt clasta, J y "-’-/-."&'

v - -
UPPER THOLEITE OF CERRQS DEL RIO VOLCANIC L
FIELD‘ (132.514,5 1) Bnult with clay coatings,

UPPER THOLENTE QF CERROS DEL RIQ VOLCANIC t( u:
FIELD: (1045182 M) Sllghtrywuiculnr basalt. Rough
dnmng 142157,

| Al
1l . I3

be ¥ do 2y 4

UPPER THOLENTE OF CCRROS DEL RIQ VOLCANIC % -cd.j
FIELD: (162:184 ) Massive non-vesicular o sightly f’-?{
vulculur basat, ‘ \

-

T
o
'

| UPPER THOLEUTE OF CERROS DEL RIQ VOLCANIC

\;auyoq‘by open fractures within basalt,

FIELD: (184.189 ) Loat circulation zone probably

UPPER THOLELIITE QF CERROS DEL RIQ VOLCANIC
FIELD: (185202 1) Fractured basalt, poor recovery.

URPER THOLENTE OF CERROS DEL RIQ VOLCANIC
FIELD: (202.228 ft) Siightly vouculnr bosalt, Clay on
aomc chip suffaces, .

UPPER THOLENTE OF CERROS DEL RIO VOLCANIC ;:{:; 1
'-l

-1 FIELDY (226-237 1) Massive, siightly vesiculur basat,
NS Dnnlng lndicales rolntlvqu unfractured

p,..-...j

il‘_ °| FIELD: (37.253.4 1) Magalive, nomveslculsr basatt

UPPER THOLENTE OF CCRROS DEL RIC VOLCANIC )z-,l
E;;-

-
I

5514




LOS ALAMOS NATIONAL LABORATORY
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT
ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA

BOREHOLE LOG

BOREHOQLE ID; R-12

TAIOU: TA-72/QU~1049 Page 3 of 7

DRILLING COMPANY: Tonto Driling Co.  START DATE: March 10, 1998

END DATE: June 4, 1998

GO B3

il

iy
DRILLING EQ/METHOD: Ingersoll-Rand T-4/ODEX  SAMPLING EQ/METHOD: Wireline core barrel sampling 5
LOCATION: x = 1,647,427.33 y = 1,767,907.08 GROUND ELEVATION: 6500.78' {based on SCOI=3) .
(NADS3, NM State Plane Coordinate System) TOTAL DEPTH = 84T i
A
DRILLER: Larry Theren GEOLOGY P.,1.: Rick Warren SITE GEQOLOGIST(S): Jon Marin/Mark Everett +
- >d E -
o = —
o E Blsg2 | &= 5
E ol s 2 o A Q
s = o|ee s £
= = « Sl & 8 T B 2 eo"' -
G . ' ' i
= = T =|Clges, 8 % % Lithology S1% =
pt [22] [ =1
S| 25255888 24 2125
s =21 ¢ o |2ES8EEa o v g e
¢ @ o 9 0| 3|=>Ar%m =] = = |
o T| S 2 |d|o|FL5nE = & 0|3
L
2555 6245 UPPER THOLEITE OF CERROS DEL RIO VOLCANIC ?-" :"/-"4 (f
g sm @ (200.0.280.07 FIELD: (253.5-2G0.5 1t) Basalt, possibly moist, with clay .fﬁ.‘:‘ k4
260¢- 6240 coatings that are thin at top of interval, thicker lowards  f=v=— o,
npel. zn Sy the bottom, / N by
.-.65*5' 6235 o @ebtraee.0) ~
205 g2 LOWER THOLEIITE OF CERRQS DEL RIO VOLCANIC .
"'70?:- 6230 e FIELD; (260.5-262 f1) Moderately vaslcular, claysrich .
275&_ 6225 busalt. Clay ranges butween 3-30% of chip surfacas, (v
2805 6220 A0 EN.VN0 0 LOWER THOLEITE OF CERROS DEL RIO VOLCANIC
E FIELD: (262-342,3 1) Slightly vesicular basalt, Thin
2855 6215 clay near top of interval, clay absant toward botiom,
. Rough drilling (fractured) 288-202' ang 294-318.5",
290{_ 62:0 o1 {202.3290.0%
295 6208 \
300% 6200 i reb
3055 6195
3105 6190 nepereaon
3155 6185
3205 6180 ot e
3255 6175
3305 6170 arnesnn
3355 6165
340%- 6160 7 (138.0+340.09 &
24 5%_ 6155 AbazIN M UPPER ALKALIC BASALT OF CERROS DEL RIO
£ R E"Y ) VOLCANIC FIELD: (342,3-251 %) Modnrately vesicular
150% 6150 20 (3N basalt with some clay, A T
; enenn N UFFER ALRALIC BASALT OF CERROS DELRD o
3555_ 6145 VOLCANIC FIELD: (351-40% ft) Slightly vesiculas Dasalt  CacacA]
3602 6140 EHFINN at the top of Intarval, with thin clay zone, massive basalt |22
b at the base, AAA
365'}:'- 6135 NN
s PAAA
370‘;' 6130 3 Qe8I ]
375;,‘{7 6125 anctmmn oo
4 At
380¢- 6120 aramraen YA




. LOS ALAMOS NATIONA.E LABORATORY
REGIONAL IIYDROGI:OLOGICCI-LARACTERIZATIONPROJECT
ENVIRONMENTAL RESTORATION; CANYONS FOCU S AREA

BOREHOLE LOG-
BOREHOLE ID: R-12 TAJOU;TA-T2/0U-1049 - .’3'1] Page 4 of 7
DRILLING COMPANY: Tanto Drilling Co.  START DATE:"March}.‘I'Q, 1998 %END DATE: June 4, 1998
DRILLING EQ/METHOD: Ingersoll-Rand T4/ODEX . SAMPLING EQ/METHOD: Wirelne core barre! sampling
LOCATION: x = 1,647,427.33 y = 1,767,907.05 Ci - GROUND ELEVATION: 6500.78 (based on SCOI-3)
(NADS3, NM State Plane Coordinate System) Ly f'-.'.: . . TOTAL DEPTH = 847"«
DRILLER: Larry Thoren GEOLOGY P.l.: Rick Warren SITE GEOLOG!ST(S) Jon Marin/Mark Everett
= >3 E = T
x| 3582 o <@ 3
E g S| 6o 8 8.8 =3
A =53 IR I % 2| &
B2 1 8lell @ = %o | D . Lithology 319
s c E E S| nloEsud m.g,' i K ; 2
E | 2 & LSRRI & oA S B - 2D
= 5| %3 |% DeLEES S&r | h y | L
S 3| zd|esSsitE 2%l 5| 2
2 S > K vl : - =
8 | S 2 |S|3Fes5a] =% | i =
$5E- 6115 SRRk i AN
385, ' R IR TR H o
a0 T - N AN
390§'-6HO. R RN B S N
395{““ , -mm.:sm.t;');_ | N)
400&‘ 6100 a0 (400.001.0)
405 6095 mvmnmen " | UPPER ALKALIC GASALT OF CERROS DEL RIO
4105 6090 Soan VOLCANIC FIELD: (405-411 ﬂ) Moist bnnlt. Some
i_ B .\elnyprount. )
4153 6085 SRE : i
' £ ﬁlm., LML PALEOSOL: (411-419.210) Drmlng performance
20%= 6080| eamanm awwonazan - Indicates entlre intarval is similar 1o 0.1° of massive clay
£ oo oamend b senasnd |l | recovared. Clay prodably of lacustrine erigin or is a soll
4256075 capnn SR | ‘
<& | LOWER ALKALIC BASALT OF CERROS DEL RIQ
430¢= 6070 U | VOLCANIC FIELD: (419,2:425 ft) Moderately vesicular
T basaltic brecela, with local clny ln fractures and vosicles,
43 3 6065 Gownnam (:0008) e Molntnurtop ‘
. ‘:. . '\'
440§- 6060 <tewowan: ' | LOWER ALKALIC BASALT OF CERROS DCL RIO
445_?_ 6055 4 IO VOLCANIGC FIELD:. (425450 ft) Dry, maasive basatt
OE- wrssatnaanny e | Wil minorﬁcl-y on fractutes., First perched water at 443,
45 3 6050 5:‘;1 .‘Lmu:@‘a 24,30 bgz. -f"-',- e
4555 6045 S T LOWESR ALKALIC BASALT OF CERROS DEL RIO
£ Qesles (0007} i1, | VOLCANIC FIELD: (45C488.2 ) Satutated, massive
4604~ 6040 “hawansn, .o busalt, Slightly vesicular near base, with some caicile
= + " wo o infiling. Fractured, besad on drilling performanca,
46556035 T R
470% 6030 o
£ ) St
475% 6025 o5 i
aso&- 6020 RN IS
4853 6015 geremy Sonemn 0% G \.‘; .
asof- gor0] S . TUOWER ALKALIC BASALT OF CERROS DELRIO
onaan e Bsatord v i} © .y || VOLCANIC FIELD: (488.2-488.9 ft) Moist bosattic
4958 6008 | >naan oo 1| beccia, with lenses of underfying tephra, .
G " o
5007 6000 ' LOWER ALKALIC BASALT OF CERROS DEL RIO
E_ - | VOLGANIC FIELD: (488,6-491.6 1) Basanic tephra:
50%z= 5995 2 |l fivee) to conrse-grained basaftic ash, giansy, moist, Fine
£ . “.v ||| ushrorms discontinuous lonses,
N | , N
R it ok
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REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT 2
ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA )
BOREINOLE LOG "
- N
BOREHMOLE 10: R-12 TAIOU: TA-72/QU-1049 Page 5of 7 3
DRILLING COMPANY: Tonto Orilling Co,  START DATE: March 10, 1998 END DATE: June 4, 1998 4
1
ORILLING EQ/METHOD: Ingersoll-Rand T-4/ODEX  SAMPLING EQ/METHOD: Wireline core barrel sampling I
LOCATION: x = 1,6847,427.33 y = 1,767,907.05 GROUND ELEVATION: 6500.78' {based on SCOI-3) t
(NADB3, NM State Plane Coordinate System) TOTAL DEPTH = 847 e
DRILLER: Larry Thoren GEQLOGY P.L.: Rick Warren SITE GEOLOGIST(S): Jon Marin/Mark Everatt i
- b E -
o Q - —_—
- E 3s8e oz 2
E o Clemd % Q5
| $5| |5588 & 358 2| &
=~ | & E|elOea=, 8 = X Lithology SS9
S S| €S2\ Eessy 54 2| 8%
2 S| 2 3|¢|E|ESEEZ 5 = S| o
2| 5 2232528 S = | =
O I O &|ojoTYsn= = Ol J4
5105 5990 crsarmn Hrorioys <0020 I P2 p
1 cisasasn o oo OLD ALLUVIUM: (491.6.495 11) Fine grained sand, YOCKK &
5155 5985 e some clasts of intermediate voicanics, YOE M
5'.".07":- 5980} enming g-:mm» 233 3304542009 QLD ALLUVIUM; (4195-509 ft) Sandy gravel of quartzite, ; ; > t:\
o 4.05. on | . . granite, gnoiss, and intermedtate volcanics to 37 mm, all .
25-E- 5975 G Hysrsiogy 1003} uan.rann well rounded. Axial deposit of ancestrai Rio Grande, BDE "
530:.:- 3970 OLD ALLUVIUM: (500.519.1 1t} Fine to medium sand 2 Te ¢
3 gilte and clay-rich, saturated, cor\osh?o win some S G
- 0 y-r N \ N
535‘? 5965 \subroundud clasts of basalt to 10 mm, D
4 -
3 0? »960 QLD ALLUVIUM: (519,1.535,5 ft) Micaceous claystone, [PLQ 1O
$450- 5955 dry below 520", Some zones contaln fine sand, NLoLA
- Laminae suggost lake daposition, sueeay]
$50%- 5950 $ 33
® OLD ALLUVIUM; (538,5.545 ft) Gravelly sand with 333431
555t 5945 ST clasts that include devilrified dacilic lava (Tachicoma  ||532222
x Gowenem 10032 & 0034 Formation), and somaewhat lassar moderately-vesicular, | |acoses
$60%= 5940 24 (000 1) argillic to unaltered basall, §§§-§§
565§- 5935 0 (304, 0.148.07 PUYE FORMATION: (545.560 ) Conglomarate with oeveey|
£ o1 Oeschem (0033) sandy matrix, abundant moderstelyswallsfounded clasts  [lasessy]
570& 3930 WM g to 18 rpm. and sf;nall vitric pumice. Clasts are dominately |i=esoas
- devitrified lava with lesser vitric lava of intermediate o
575 5925 S dnmann composition, w2y T
’: " X "0:;.
580~ 5920 Rt PUYE FORMATION: (560-584.3 F) Pedbly xand wilh (533553
585+ 5915 Feyroraeen common subrounded to angular claats to 13 mm, and oyY
- small vitric pumice. / yoo
. 5904~ 5910 00 eeocos
& PUYE FORMATION: (584,3-G28.7 ft) Slightly 600800
595+ 5905 4 (904, 308080 pumicoous gravel with sandy matrix, abundant oae
b subanguinr closis to 14 mm, and some vilne pumica. cenes
© 600= 5900 4 (400 04400 07 Near base, closts 1o 10 mm, sess
T
605*;- 5895 A7 (804,13 4000Y voesel
6l 0%' 5890 44 (800,644410 0} 2os00e
615’% 5885 Wb (B14.00010.0% e E::
620 5880 014 a0
25%' 5875 A B0 AN ;ggf:: T
630z 5870 e e PUYE FORMATION: (628,7-637.3 ft) Gravelly sand with |sssoss
® common, modorately well-rounded clasts, and lassor *owo
635¢ 5865 1 (02194300 vitric pumice, sazers




LOS ALAMOS VA"’ION&LLABORATORY v
REGIONAL HYDROGEQLOGIC CHARACTERIZATION PROIECT

ENVIRONMENTAL RESTORATION, CANYONS I"OCUS AREA
BOREHOLE LOG g » : '
{ BOREMOLE ID: R-12 TAIOU: TA-T2/0U-1049 ' PageGof7
" DRILLING COMPANY: Tonto Driling Co,  START DATE:March 10,1998 - END DATE:June 4, 1998
DRILLING EQ/METHOD: Ingersoll-Rand T-4/QDEX  SAMPLING EQ/METHQD: Wireline core barrel sampling
LOCATION: x = 1,647,427.33 y= 1,767,907.05 v GROUND ELEVATION 6500 78 (based on SCOIJ)
(NAD83, NM State Plane Coordinate System) B '.' i TQTAL CEPTH 2 847"
DRILLER: Larry Thoren GEQLOGY P.L: Rick Warren| , SITE GEOLOGIST(S) Jon Marin/Mark Everett
- S E -SRI e
s £ |8 %gg -~ < g-_; o 3
E © o|&2'S Q| o 2
[4s] = [+}] — © = 14 2N b . E
=l B PR T o i 2 >
- = ’g = | | Q|2 ESD—- g = R . Lithology S S
€ 5|55 |5 ee8a82 T4 RS 2|5
= € = || Dz S S ¥ o =
£ T > ol E(8BE 2® <o - o | o
& 5| 5 35/5238888| s&i| g | 2
o Ll o 2 |olo|EL5n2 = ]l G| 3
z : R R ‘ K
640 5860 \ wwnesan, i | FUYEFORMATION: (6373408 %) Sighly puriconus
- oV gravel with sand trix ahd abundant subangular clasts
645-%- 5853 anarean e tgu 18 n;vm. :nd rrzoirr\::vitdc pumice, ?
650"’;‘ 5850 .-Mlm'l' ‘. ! ) Y -e
655% 5845 arsmann .z | 33
660%— 5840 B8 1950, 7000.07 . . l '
665% 5835 O o S Sl I 3 2
z , S Vs, | PUYE FORMATION: (688-712.5 %) Moderatelys
670== 5830 Y0 calcarsous, argillic, pebbly sandstone, Common clasts  [L32ses
E sonmeraney | . | are devitrified intarmediate composition lava, Rare to
‘ 675;- 5825 ".i1.| common pumice is vitric near top, argillic below, =
680%- 5820 RN PNRE 32
685 5815 R o
690%—5810 co | g
6955 5805 R B
| 70‘% 5300 AN *
7055 5795 ! R IR AT
7105 5790 mowaman: | N a e
b . .l | PUYE.FORMATION: (712.5-726:4 1) Arglllic, high
715%-5785 [RTTY Y ) nm:.w'mj : purilceous undstone.wcmu-of dovltm?i:! lava ure'yrnru. >
720%= 5780 Gevtech 10041) Seanmmen | - .| Baseofinterval (726.2-726.4) is an argiliic pumice fall,
£ s I K : : Gt
7255 5775 wrven _
£ il e RMLETIND i TBUYE FORMATION: (726,4-7484 M) A peries of TP
Ta0e= 577 g Gevisah (-004m) aamennes - . | reworked generally srgillic pumicesus deposits; upward (8838
£ amemn . | fining¢ycles, each grading from sandstone at the topto
7352 5765| ¢ o .. 1| conglumerate at the base, Base of Interval (748.1-
- Og- 260 Y 740 4‘) Is an argillic pumtce ’lll s
£ | S omganen © g
745= 575§ ) Govieah (D04T) noanan Yo : :
£ odsmn Comnah 00631 . | PUYE FORMATION: (748.4:7¢4 ) A sarias of
750% 5750 aomanm. | . | feworked generally argillic pumiceous depoalts; upward =
i Gattain TH 0] fining'eycles, each grading from sandstone at the top to
755’%‘5745 sasaonn Qestesh (:0044) woamannen L _conglsmornle at tho base,
608 5740 pyas moomomn 1| T SR
‘ ;.,-; '.‘.l'_:‘l. : ;' “




LOS ALAMOS NATIONAL LABORATORY pe
REGIONAL HYDROGEOLOGIC CHARACTERIZATION PROJECT >
ENVIRONMENTAL RESTORATION, CANYONS FOCUS AREA ny
BOREMHOLE LOG N
BOREMOLE 1D: R-12 TA/OU: TA-72/0U-1048 Page 7 of 7 *%
DRILLING COMPANY: Tonto Drilling Co,  START DATE: March 10, 1998 END DATE: June 4, 1088 5
DRILLING EQ/METHOD: Ingersoll-Rand T-4/ODEX  SAMPLING EQ/METHOD: Wircline core barrel sampling :%
LOCATION: x = 1,647,427.33 y = 1,767,907.05 GROUND ELEVATION: 6500.78' (based on SCOI-3) X
(NADB3, NM State Plane Coordinate System) TOTAL DEPTH = 847 I
DRILLER: Larry Thoren GEOLOGY P.1.: Rick Warren SITE GEOLOGIST(S): Jon Marin/Mark Everett W
3 > E =
c. Q o~ —_
~ E| |388E | <CZ 5
E o DT e X o & ]
g = o|8Twoe % cT 0 E
ol BEEH X =2 : 2| & |
= | B o= QAT @ = Lithology S 2
= = c E|E S=n® S b
= | € 3|E| 232888 34 z| &
T 5| 285528558 ZE=z g 2
- ) — — -
o ol 8 ¢ |5|3|TLEne| =& G| =l
7655 5135]  nonn Geoiben 1:00) At OB R I0E) PUYE FORMATION: (764.784 ff) Pumiceous sandstone [S32383 h‘
- with common argillic pumice, ganarally to 6 mm, rarely (3 b4 T
'70;;“" 5730 PRI Gaeineh (-0047) AT 10 28 mm. Clacts ¢t devitrified lava up to 3.5 mm are b4 5
> scarce naar top, and up 1o 12 mm are Common near -
775‘;’-_’ 5725 Ca20.000 Oretean (.00 oTT8 T 2NITNAD base. sesesel Tp D
7805 5720| csaran e (040 an @z : v
: Y
785 5715 SANTA FE GROUP BASALT: (784-830 1) Siightly S -
T scofincoous, coarse-grained basalt with very irreguiar N *
790z 5710 vesicies to 1 mm langth, Saturated zone encounterad at \\-}' N
.,95;.::_ 5705 Gestaan (0087} B04.84" unconfined. S N
ot o3
SOO-é- 5700 Gretean (0084 gg
805‘:':: 5695 124 (400 40'00N.0) =
8105 5690 o ssand ﬁ §
815':,::' 5685 Gootoch (00 & DIH) SO
$20%- 5680 N
=0z ﬁ\%
825 5675 N 7
8305 5670 oy
< SANTA FE GROUR BASALT: (B30-847 ft) Stightly &
835 5665 vasicular, coarse grained basalt with round to slightly RORS
b elongate vesicles 10 8 mm, some ¢oated with white clay,
8403~ 5660 which also occurs as cultings to 5 mm, :?} :\\;
8455 5655 S
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Appendix C

Hydraulic Property Charucterization

APPENDIX C SAMPLES FOR HYDRAULIC PROPERTY CHARACTERIZATION

JABLE C-1
MOISTURE SAMPLES AND RESULTS

Sample
0*

Upper Depth
L]

Lower Depth
0]

Averago Depth
"

Molsture in
Cuttinga (dry wi %)

Molsture in Core
{dry wi %)

R12-122

5

5

5

2,48

R12-123

10

10

10

212

R12.124

15

15

15

4.99

R12-125

20

20

20

6.04

R12-126

25

24,95

1.90

R12.127

30

29.95

2,50

R12.128

34

33.9

3.80

R12-129

40

39.75

2.986

R12.130

44

43,95

5.40

R12-131

49

48.95

6.85

R12-132

55

54,9

6,29

R12.133

60

59.9

6.28

R12-134

85

64.9

5,38

R12-135

70

49.8

2.65

R12-136

75

74.95

8,33

R12-137

80

79.9

9,29

R12-138

85

84.9

11.48

R12-138

80

80.95

11.50

R12-140

95

94,75

11,70

R12-141

99,5

12.14

R12.142

104,95

19.76

R12.143

108.5

16.61

R12-144

114.9

20,11

R12-201

119.65

12,09

R12-202

121,5

16.55

R12-203

129.5

27.20

R12.204

130,75

14.24

R12-205

131.4

1 602

R12-206

133,75

8.61

R12.207

135.9

571

R12.208

136.9

1.40

R12.208

138.4

0.81

R12:210

139.95

2.65

R12:21

146.5

4,30

R12:212

151

4,34

R12-213

154.5

277

*Saoe Appendix B

R=12 Interim Report

September 1998




Hydraulic Property Characterization

Appendix C

T

September 1998

t Re12 Interim Report

MOISTURE SAMPLES AND RESULTS '
Sample Upper Depth LowerDepth | AverageQepth | Molsture In Molsture In Core
B v it ] . - TR Cuttings {dry wt %) {dry wt %)
R12:214 170 17 . | an 0,43 .
R12-218 180 182 . 181 052"
R12-1 200 202 e 207 1.74 -
R12:2 218 222 220 1.32
R12.3 227.3 228 227.65 0.52:
R12-4 236.6 2375 237T.05 0.78
R12:5 248 250 249 0.85
R12-6 256 258 25T - 10.58
R12.8 261.5 62 - 261.75 20.04.
R12.7 265 266 v 265.5 3,83
R12:9 269 270 ¢ 2885 1.31.
R12-10 2775 280 . 278,75 0.43
R12-11 287.5 290 | 288.75 3.n
R12-12 297 2005 .. .- 297.75 .31
R12-13 299.2 a0 - 200.6 .24
R12-14 307.8 310 " 308.9 1.05
R12«156 317.8 320 . o} 3189 o.ar
R12-16 327 330 + - 328.5 0.7¢
R12-17 338 340 330! 2.58
R12.18 342,95 343 1 342,975 16.26
R12+19 345.6 346 345.8 15,76
R12:20 348,23 349 g 348,65 14,68
R12.21 351.9 352 ol 35195 548 -
R12.22 358 3585 - 358.2% 1.21 -
R12-23 369.2 370 369.6 1.04 ¢
R12-24 a374.5 3755 ars. 1.58
R12.37 ar9.2 380 379,68 121
R12-38 306.8 388 3874 1.39 .
[R12-39 395.3 387 38€.15 0.70. -
R12-40 400 401 400.5 1.68 -
R12-41 406 408 407 . 8,03 ¢
R12:216 420.5 420.8 420.65 S 30,04
R12.217 421.2 42133 ' v} - 421,265 iy 58,42
R1242 438 442 . [ 440- 415
A12:33 5204 5205 ¢ 520,45 p 23.46
R12:34 523.7 523.8 523,78 e 20.70
R12.35 553.5 555 55425 5.0 -
R12:36 559 560 - 8588 .23 .
R1249 564 565 564.5 472 -
*See Appendix B AN .-
o at, h
oz




Appendix C

Hydraulic Property Characterization

TABLE G-1 (continued)
MOISTURE SAMPLES AND RESULTS

Sample
D

Upper Depth
(1)

Lower Depth
)

Average Depth
(")

Molsture in
Cutlings (dry wi %)

Molsture In Core
(dry wi %)

R12-50

569

570

568.5

3.00

R12-51

574

575

574.5

5,15

R12.52

5708.85

580

579,425

0.61

R12:53

584.3

585

584.65

3.85

R12-54

588.3

560

580,68

5.82

R12-55

504,3

585

504.65

4,75

R12:56

599,04

600

509,52

2,75

R12-57

604,13

605

€04.565

3,44

R12-58

609.45

610

600,725

5,35

R12-59

614

© 018

614.5

3.67

R12.60

618.7

620

619.35

3.61

R12-61

624.2

625

624,6

3.88

R12-62

£28.75

630

629,375

6,74

H12-63

633.75

635

634,375

5,06

R12-64

639

640

£39.5

2.7

R12-65

643.9

645

644,45

7.95

R12-66

648.9

£649.45

3.7

R12:67

653,75

654.375

3.98

R12-68

650.9

658,45

5.58

R12-69

663.67

664,335

5.28

R12-70

672.2

672.6

0.09

R12:71

709.2

700.6

9.26

Ri12:72

713.9

714.45

12,70

R12:224

719,78

719,89

R12-223

72545

725.55

R12-222

7303

73045

R12-221

733

733.1

R12.122

742.1

742,15

R12-123

745.8

745.9

R12:220

750.7

750.9

R12-5201A

755.8

755.95

R12:273

760,85

760.925

R12:274

765.7

765,85

R12:275

770.8

770.9

R12:276

775.25

77535

R12:277

779.2

778,35

A12-124

804,66

804,83

*Seo Appendix B

R-12 Intorim Report

Septomber 1998
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Hydraulic Properry Characterization S - Appendix C

MATRIC POTENTIAL SAMPLES

Sample Matrix UpperDepth . Lower Depth Avernge Depth

10* Type ") : (m r, {n
R12122 Cuttings -z 5 K 5
R12-123 Cuttings 1 10 B 10
R12-124 Cuttings 18 15 0 18
R12-125 Cuttings . 20 qnt 20 v 20
R12-126 Cuttings 248 25 24.95
R12127 Cuttings 29 v 30 20.95
R12-128 Cuttings - 338 v 34 33,9
R12-129 Cuttings DRI . S 40 39,75
R12.130 Cuttings 438 . ¢ 44 . 43,05
R12.131 Cuttings 489 - 49 48.85
R12-132 Cuttings 548 55 54.9
R12:133 Cuttings 588 .l 60 59.9
R12-134 Cuttings 848 .. 65 64.9
R12-135 Cuttings - 698 - 70 69.9
R12-136 Cuttings (749 .75 74.85
R12.137 Cuttings . 798 v . 80- : 70.9
R12.138 Cuttings . BaB 85 " 84,9
R12-139 Cuttings .88 g0 : 80,85
R12+140 Cuttings . 94,8 93 4. Ba.75
R12-141 Cuttings 99 AR 100 e 29.5
R12-142 Cuttings 104,9 105 - 104,95
R12.143 Cuttings 109~ 110 « 100.5
R12-144 Cuttings - 1148 115 v 114.9
R12:201 Cuttings 1103 . 1) 120 T "119.65
R12-202 Cuttings 121 122 v 121.5
R12:203 Cuttings 129 R 130 . - 129.5
R12-204 Cuttings 130.5 C 131 W 130.75
R12:205 Cuttings -1313 0 131.5 . 1314
R12:206 Cuttings - 133.5 14 J 133.75
R12.207 Cuttings -135.8 o 136 L 135.9
R12-208 Cuttings " 136.8 137 . 136.9
R12:209 Cuttings 138.3 Ak 1385 - 138.4
R12-210 Cuttings 1389 - 140 . 136,95
R12:.211 Cuttings 1460 PR 1a7 N 146.5
R12:212 Cuttings - 180 182 151
R12:213 Cuttings 8. 157 o 1545
R12:214 Cutlings . 170 o 172 - gl
R12:215 Cuttings 180 ¢ o 182" e 181
R12+ Cuttings - 200 i 202 o 20

*Sae Appendix B o . ' : ,

Seoptombar 1998 - “ Re12Intorim Roport




Appendix C

Hydraulic Property Characterization

TARLEC-2 (continued)
MATRIC POTENTIAL SAMPLES

Sample
10*

Matrix
Type

Upper Depth
(t

Lower Depth
()

Average Depth
"

R12.2

Cuttings

218

222

220

R12:3

Cuttings

27.3

228

227.65

[A12-4

Cuttings

236.6

237.05

R12:5

Cuttings

248

248

R12-6

Cuttings

256

<257

R12-7

Cutlings

265

265.5

R12-8

Cuttings

261.5

26G1.75

R12-9

Cuttings

269

269.5

R12-10

Cuttings

277.5

_278.75

R12-11

Cuttings

287.5

288,75

R12.12

Cuttings

297

267.75

R12-13

Cuttings

200.2

299,8

R12-14

Cuttings

307.8

308.9

R12-15

Cuttings

317.8

318.9

R12-18

Cultings

327

a28.5

R12-17

Cuttings

338

339

R12-18

Cuttings

342,95

342,075

R12-16

Cuttinga

345.8

345,8

R12:20

Cutlings

348,3

348,65

R12-21

Cutlings

351.8

351,95

R12:22

Cuttings

358

3568.25

R12-23

Cuttings

369.2

369.6

A12-24

Cuttinga

374.5

375

R12-37

Cuttings

3768.2

379.6

R12-38

Cuttings

386.8

387.4

A12.39

Cuttings

395.3

336.15

R12.40

Cuttings

400

400,5

R12441

Cuttings

408

407

R12:216

Coro

420.5

420.65

R12:217

Coro

421.2

421,265

R12-33

Coro

520.4

520.45

R12-34

Coro

523.7

523.75

R12:35

Cuttings

553.5

554.25

R12:36

Cutlings

568

569,5

R12-49

Cuttings

564

364.5

R12.50

Cuttings

568

566.5

R12-51

Cuttings

574

5745

R12.52

Cuttings

578,85

570,425

R12:53

Cuttings

584.3

584,65

*See Appongix B

R-12 Interim Report

Septombar 1998




Hydrautic Properry Characterization v N Appendix C
BRI S y
MATRIC POTENTIAL SAMPLES ;

Sample Matrix “UpperDepth ' .~ Lower Depth .- Average Depth

o Type L m ()
R12:54 Cuttings 5883 .. 500 580,65
R12-55 Cuttings . 5543 e 595 - 584,65
R12.56 Cuttings 599,08 ! 600 599,52
R12-57 Cuttings © G043 " - o 605 - 604,565
R12:58 Cuttings 609.45 . ..~ ° G10 N 609,725
R12:59 Cuttinga . 614 615 814,5
R12:60 cuttings 68T .- 620 619,35
R12-81 Cuttings G2 Ly 625 : 624.6
R12.62 Cuttings 628,75 e 630 620,375
R12.63 Cuttings 6RTE 635 8 634,375
R12:64 Cuttings 639 S 640 . 639.5
R12:65 Cuttings 6439 e 645 : 644.45
R12-68 Cuttinps 648.9 ! 650 849.45
R1267 Cuttings 6575 " 65% 654,375
R12-68 Cuttinga 6589 .- 660" 659.45
R12:69 Cuttings 663.67 665 064,335
R12.70 Cuttings g7a2 er3 g72.8
R12.71 Cuttings .700.2 : 710 709.6
R12.72 Cuttings 3e 715 714,45
A12.224 Cora 71978 -, 720 710.80
R12:223 Coro 725.45 725.65 725,55
R12.222 Coro 7303 730.8 730.45
A12.221 Coro 733 T33.2 7331
A12-122 Coro 7421 7422 742,18
R12.123 Cora 745.8 746 T45.9
R12:220 Coro v50.7 . 7519 750.9
R12:5201 Coro 75589. 758 755,95
A12:273 Coro 760,88 - 761 760,025
R12:274 Coro 7657 - 768 765.85
R12:275 Core 708 0 TN 770.9
R12:276 Cero 77535 - 77545 775,35
R12:277 Coro 79.2 778.5 778.35
R12-124 Cuttings 804.66 805 £04.83
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Appendix C

Hydraulic Property Characterization

TABLEC-3

SAMPLES PRESERVED FOR POTENTIAL HYDRAULIC PROPERTY TESTING

D
{CASA-98.)

Matrix
Type

Siart Depth
(ft)

End Depth
)

Average Depth
{ft)

0013

Coro

421,33

421.66

421,49

0014

Coro

421,68

422.0

421,83

Q007

Coro

455,0

456.5

455,75

Q021

Coro

483,05

483.5

483.28

0022

Coro

484,15

484.6

484,38

0023

Coro

490.3

460.8

490,55

0024

Core

401.3

401.8

491.55

Q029

Coro

50017

500,55

500.36

0026

Coro

509.55

510,2

508.88

0027

Core

511.8

512.4

512,15

Q030

Cora

522.0

523.0

522,50

0031

Caro

522.8

523.5

523.15

0041

Coro

719.28

719.78

716,53

0048

Core

724,68

725.1

724,85

0049

Coro

729,55

730.0

720,78

0047

Core

744,2

7447

744,45

0043

Cora

747.5

748,0

747,75

0044

Coro

754.9

756.4

758,15

0046

Coro

765.1,

765.5

765,00

0042

Core

770.1

770.6

770,35

0038

Core

774,45

774.85

774,70

0040

Coro

775

7768,0

77775

0057

Cuttings

761.0

792.5

781,75

0054

Cuttings

812.0

814.6

8133

» 00855 (dup)

Cuttings

812.0

814.6

813.3

*Sey Appandix B
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