(@
1'\..

O O

Department of Energy
Carlsbad Area Office
P. O. Box 3020
Carlsbad, New Mexico 88221

September 27, 1996

Mr. Benito J. Garcia, Chief SEP 30 i
Hazardous and Radioactive Materials Bureau Iﬁulfl
New Mexico Environment Department -

2044 Galisteo
Santa Fe, New Mexico 87502

Subject: Submittal of Final Shaft Seal Design Report entitled “Waste Isolation Pilot Plant Shaft
Sealing System Compliance Submittal Design Report”

Dear Mr. Garcia:

Please find enclosed two copies of the subject document. This submittal is in accordance with
the response to specific comment Number 1 of Appendix I2 from the notice of deficiency. Also,
according to directions from your office, two copies will be sent via this letter to Ms. Connie
Walker of A.T. Kearney Inc. A copy of this report will also be provided to Mr. Raphael A.
Casanova of EPA Region VI.

Please contact Craig Snider at (505) 234-7452 regarding this submittal should you have any
questions.

Sincerely,

AH T

Michael H. McFadden

Assistant Manager

Office of Regulatory Compliance
Carlsbad Area Office

cc w/ enclosure:
C. Walker, A.T. Kearney
R. Casanova, EPA Region VI

@ Printed on recycled paper 9609 1 6

AN



SANDIA REPORT WIPP Library

SANDS6-1326/1&2  UC-721
Unlimited Release
Printed August 1996

Waste Isolation Pilot Plant

Shaft Sealing System
Compliance Submittal Design Report

Repository Isolation Systems Department 6121

Prepared by

Sandia National Laboratories

Albuquerque, NM 87185

for the United States Department of Energy
under Contract DE-AC04-94ALB5000

Approved for public release; distribution is unlimited.




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































	96-1326 VOL 1.pdf
	Structural Analysis
	Hydrologic Evaluations
	1 INTRODUCTION
	1.1 Purpose of Compliance Submittal Design‚Report
	1.2 WIPP Description
	1.3 Performance Objective for WIPP Shaft Seal System
	1.4 Sealing System Design Development Process
	1.5 Organization of Document
	1.6 Systems 0fh;leasurement

	2 SITE GEOLOGIC HYDROLOGIC AND GEOCHEMICAL SETTING
	2.1 Introduction
	2.2 Site Geologic Setting
	2.2.1 Regional WIPP Geology and Stratigraphy
	2.2.2 Local WIPP Stratigraphy
	2.2.3 Rock Mechanics Setting

	2.3 Site Hydrologic Setting
	2.3.1 Hydrostratigraphy
	2.3.2 Observed Vertical Gradients

	2.4 Site Geochemical Setting
	2.4.1 Regional and Local Geochemistry in Rustler Formation and Shallower Units
	2.4.2 Regional and Local Geochemistry in the Salado Formation


	3 DESIGN GUIDANCE
	3.1 Introduction
	3.2 Design Guidance and Design Approach

	4 DESIGN DESCRIPTION
	4.1 Introduction
	4.2 Existing Shafts
	4.3 Sealing System Design Description
	4.3.1 Salado Seals ﬂ...
	4.3.2 Rustler Seals :
	4.3.3 Near-Surface Seals


	5 MATERIAL SPECIFICATION
	5.1 Longevity
	5.2 Materials
	5.2.1 Mass Concrete
	5.2.2 Compacted Clay
	5.2.3 Asphalt
	5.2.4 Compacted Salt Column
	5.2.5 Cementitious Grout
	5.2.6 Earthen Fill

	5.3 Concluding Remarks

	6 CONSTRUCTION TECHNIQUES
	6.1 Multi-Deck Stage
	6.2 Salado Mass Concrete (Shaft Station Monolith and Shaft Plugs)
	6.3 Compacted Clay Columns (Salado and Rustler Formations)
	6.4 Asphalt Waterstops and Asphaltic;% Columns
	6.5 Compacted WIPP Salt
	6.6 Grouting of Shaft Walls and Removal of Liners
	6.7 Earthen Fill
	6.8 Schedule

	7 STRUC- ANALYSES OF SHAFT SEALS
	7.1 Introduction
	7.2 Analysis.Methods
	7.3 Models of Shaft Seals Features
	Sed Material Models
	7.3.2 Intact Rock Lithologies
	7.3.3 Disturbed Rock Zone Models

	7.4 Structural Analyses of Shaft Seal Components
	Salado Mass Concrete Seals
	7.4.3 Compacted Clay Seals
	7.4.4 Asphalt Seals

	7.5 Disturbed Rock Zone Considerations ;
	General Discussion of DRZ
	7.5.2 Structural Analyses

	7.6 Other Analyses
	7.6.1 Asphalt Waterstops
	7.6.2 Shaft Pillar Backfilling


	8 HYDROLOGIC EVALUATION OF THE SHAFT SEAL SYSTEM
	8.1 Introduction
	8.2 Performance Models
	8.3 Downward Migration of Rustler Groundwater
	8.3.1 Analysis Method
	8.3.2 Summary of Results

	8.4 Gas Migration and Consolidation of Compacted Salt Column
	8.4.1 Analysis Method
	8.4.2 Summary of Results

	8.5 Upward Migration of Brine
	8.6 Intra-Rustler Flow

	9 CONCLUSIONS
	10 REFERENCES
	Appendix A Material Specification
	Appendix B Shaft Sealing Construction Procedures
	Appendix C Fluid Flow Analyses
	Appendix D Structural Analyses
	Appendix E Design Drawings Vo1.e
	Figure 1 1 View of the WIPP underground facility
	Figure 2.1 Location of the WIPP in the Delaware Basin
	Figure 2.2 Chart showing major stratigraphic divisions southeastern New Mexico
	Figure 2.3 Generalized stratigraphy of the WIPP site showing repository level
	Figure 4.1 Arriihgement ofthe Air Inae Shaft sealing system
	Figure 6- 1 Multi-deck stage illustrating dynamic compaction
	Figure 6.2 Multi-deck stage illustrating excavation for asphalt waterstop
	Figure 6.3 Drop pattern for 6-m-diameter shaft using a 1.2-m-diameter tamper
	Figure 6.4 Plan and section views of downward spin pattern of grout holes
	Figure 6.5 Plan and section views ofupward spin pattern of grout holes
	dependent permeability at a point in time

	Figure 8.2 Effective permeability of the compacted salt column using the 95% certainty line
	Table 2.1 Salado Brine Seepage Intervals"'
	Table 2.2 Permeability and Thickness of Hydrostratigraphic Units in Contact with Seals
	Table 2.3 Freshwater Head Estimates in the Vicinity ofthe Air Intake Shaft
	Rustler and Salado Formations (after Lambert
	and Dewey Lake Redbeds in mg/L (after Lambert
	Lambert

	Table.3.1 Shaft Sealing System Design Guidance
	Appendix E)

	Table 4.2 Summary of Information Describing Existing WIPP Shafts
	E)

	Table 4.4 Drawings Showing the Shaft Station Monoliths (Drawings are in Appendix E)
	Table 8.1 Summary of Results from Performance Model
	A1 INTRODUCTION
	Al.l Sealing Strategy
	A1.2 Longevity
	A2.1 Mass Concrete
	A2.1.1 Functions
	A2.1.2 Material Characteristics
	A2.1.3 Construction
	A2.1.4 Performance Requirements
	A2.1.5 Verification Methods

	A2.2 Compacted Clay
	A2.2.1 Functions
	A2.2.2 Material Characteristics
	A2.2.3 Construction
	A2.2.4 Performance Requirements
	A2.2.5 Verification Methods
	A2.3 Asphalt Components
	A2.3.1 Functions
	A2.3.2 Material Characteristics
	A2.3.3 Construction
	A2.3.4 Performance Requirements
	A2.3.5 Verification Methods
	A2.4 Compacted Salt Column
	A2.4.1 Functions
	A2.4.2 Material Characteristics
	A2.4.3 Construction
	A2.4.4 Performance Requirements
	A2.4.5 Verification Methods

	A2.5 Cemenhhous Grout
	Functions
	A2.5.2 Material Characteristics
	A2.5.3 Construction
	A2.5.4 Performance Requirements
	A2.5.5 Verification Methods

	A2.6 Earthen Fill
	A2.6.1 Functions
	A2.5.2 Material Charactenstics
	A2.5.3 Construction
	A2.5.4 Performance Requirements
	A2.5.6 Verification


	A3 CONCLUDING REMARKS
	A4 REFERENCES
	Figure A.1 Schematic ofthe WIPP shaft seal design
	Figure A-2 Cumulative distribution function for SMC
	Figure A-3 Sodium bentonite permeability versus density
	Figure A-4 Cumulative fiequency distribution for compacted bentosite
	Figure A-5 Asphalt permeability cumulative fiequency distribution function
	Figure A-6 Fractional density ofthe consolidating salt column
	Figure A-7 Permeability of consolidated crushed salt as a hction of fractional density
	function at seal midpoint 100 years following closure

	Table A.1 Concrete Mixture Proportions
	Table A-2 Standard Specifications for Concrete Materials
	Table A-3 Chemical Composition of Expansive Cement
	Table A-4 Requirements for Salado Mass Concrete Aggregates
	Table A-5 Target Properties for Salado Mass Concrete
	Table A-6 Test Methods Used for Measuring Concrete Properties During and After Mixing
	Table A-7 Test Methods Used for Measuring Properties of Hardened Concrete
	Table A-8 Representative Bentonite Composition
	Table A-9 Asphalt Component Specifications
	Table A-10 Ultrafine Grout Mix Specification
	B 1 INTRODUCTION
	B2 PROJECT MOBILIZATION
	B2.1 Subsurface
	B2.2 Surface
	Installation of Utilities

	B3 MULTI-DECK STAGE : :
	B4 PLACEMENT OF SE&ING MATERIALS
	B4.1 Concrete
	Shaft Station Monolith
	B4.1.2 Concrete-Asphalt Waterstops
	B4.1.3 Concrete Plugs

	B4.2 Clay
	B4.2.1 Salad0 and Rustler Compacted Clay Column

	B4.3 Asphalt :
	B4.3.1 Concrete-Asphalt Waterstops
	B4.3.2 Asphaltic Mastic Mix Column

	B4.4 Compacted Salt Column
	B4.5 Grout
	B4.6 Compacted Earthen Fill
	B4.6.1 Lower Section
	B4.6.2 Upper Section

	B4.7 Schedule
	B5 REFERENCES

	Figure B.1 Multi-deck stage illustrating dynamic compaction
	Figure B.2 Multi-deck stage illustrating excavation for asphalt waterstop
	Figure B.3 Typical fibercrete at top of asphalt
	Figure B-4 Drop pattern for 6-m-diameter shaft using a 1.2-m-diameter tamper
	Figure B.5 Plan and section views of downward spin pattern of grout holes
	Figure B.6 Plan and section views of upward spin pattern of grout holes
	C 1 INTRODUCTION
	C2 DEFINITION OF PERFORMANCE MODELS
	C3 HYDROGEOLOGIC FRAMEWORK
	C3.1 Stratigraphy
	C3.2 Observed Vertical Gradients
	C3.3 Shaft Seal Material Properties
	C3.3.1 Saturated Flow Parameters
	C3.3.2 Two-Phase Flow Parameters

	C3.4 Host-Rock Properties
	C3.4.1 Permeability and Hydraulic Conduc ti.ty
	C3.4.2 Porosity
	C3.4.3 Foxmation Compressibility
	C3.4.4 Two-Phase Properties ofthe Salad0

	C3.5 DRZ Properties
	C3.5.1 Model for Calculating the Effective DRZ Permeability
	C3.5.2 Model DRZ Effective Permeability


	C4 FLOW DOWN FROM THE RUSTLER (MODEL
	Statement of Problem
	C4.2 Performance Model 1 Description
	C4.2.1 Conceptual Model and Assumptions
	C4.2.2 Numerical Method
	C4.2.3 Model Geometry and Boundary Conditions
	C4.2.4 Model Parameters

	C4.3 Performance Model Results

	(MODEL
	C5.1 Statement ofproblem
	C5.2 Performance Model 2 Description
	C5.2.1 Conceptual Model and Assumptions
	C5.2.2 Numerical Model
	C5.2.3 Model Geometry and Boundary Conditions
	Model Parameters


	C5.3 Performance Model Results
	C6.0 FLOW UP FROM THE SALAD0 (MODEL
	C6.2 Performance Model Description
	C6.2.1 Conceptual Model and Assumptions
	C6.2.2 Numerical Method
	C6.2.3 Model Geometry and Boundary Conditions
	C6.2.4 Model Parameters

	C6.3 Performance Model Results

	C7 INTRA-RUSTLER FLOW (MODEL
	C7.1 Statement of Problem
	C7.2 Performance Model Description
	C7.2.1 Conceptual Model and Assumptions

	Figure C.1 AIS field permeability results
	Figure C.2 Log-linear model for the calculation of an effective permeability of the DRZ
	Figure C.3a Full shaft model grid (top)
	Figure C.3b Full shaft model grid (bottom)
	Figure C-4 Permeability fields for Run 1 (base case)
	Figure C.5 Permeability fields for Run 1 (base case)
	Figure C.6 Model 1 flow rates
	Figure C-7 Cumulative flow at 200 years
	Figure C-8 Pressure distributions for Run 1 (base case)
	Figure C-9 Pressure distributions for Run 1 (base case)
	components

	Figure C-1 1 Grid used by the compacted salt column performance model
	Figure C-12 Two specifications ofpressure at the base ofthe shaft
	and depth
	predictor
	bottom of the compacted salt column (base case)
	several times following seal emplacement (base case)
	bottom of the compacted salt column (Run
	several times following seal emplacement (Run
	density piedictor (Run
	with no waterstops (Run
	continuous DRZ no waterstops)

	Figure C-22 Cumulative gas flow fiom the repository to the compacted salt column
	Figure C.23 Permeability fields for Runs 1 through 3 (t > 400 years)
	units


	Table C.2 Freshwater Head Estimates in the Vicinity ofthe Air Intake Shaft
	Table C-3 Bentonite Compacted Clay Parameters
	Table C-4 Asphalt Parameters
	Table C.5 Compacted Salt Parameters
	Table C.6 Concrete Parameters ;
	Table C-7 Earthen Fill Parameters
	Clay Concrete Reconsolidated Salt and Earthen Fill
	Compressibility for the Rustler Modeled Lithologic Units
	Compressibility for the Salado Modeled Lithologic Units

	Table C-1 1 Testing and Analysis Summary for Salado Halite
	Table C-12 Salado Brine Seepage Intervals")
	Table C.13 Testing Summary for Rustler Formation
	Table C-14 Summary of Literature Values for Formation Porosities
	Table C-15 Salado Two-Phase Properties
	DRZ area)

	Table C.17 Full-Shaft Model Vertical Layers
	Table C.18 Full-Shaft Model Radial Gridding
	Table C-19 Performance Model 1 Simulations
	Table C-21 Compacted Salt Column Pirformance Model Radial Gridding
	Table C-22 Compacted Salt Column Performance Model Simulations
	Table C.23 Performance Model 3 Simulations
	the Measured Pressure Conditions

	D 1 INTRODUCTION
	D2 ANALYSES METHODS
	D2.1 SPEC'I'ROM-32
	D2.3 SALT-SUBSID

	D3 MATERIAL CHARACTEFUZAnON
	D3.1 Shaft Seal Components
	D3.1.1 Salado Mass Concrete
	D3.1.2 Crushed Salt
	D3.1.3 Compacted Clay
	D3.1.4 Asphalt

	D3.2 In Situ Materials
	D3.2.1 Salado Salt
	D3.2.2 Salado Anhydrite and Polyhalite
	D3.2.3 Near Surface and Rustler Formations

	D3.3 Models for the Disturbed Rock Zone within Salt
	D3.3.1 Stress-Invariant Cntenon
	D3.3.2 Damage-Stress Criterion
	D3.3.3 Evaluation of DRZ Models

	D4 SHAFT SEAL COMPONENT ANALYSES
	D4.1 Salado Mass Concrete Seals
	D4.1.1 Thermal Analysis of Concrete Seals
	D4.1.2 Structural Analysis of Concrete Seals
	D4.1.3 Thermal Stress Analysis of Concrete Seals
	D4.1.4 Effect of Dynamic Compaction on Concrete Seals
	D4.1.5 Effect of Clay Swelling Pressures on Concrete Seals

	D4.2 Crushed Salt Seal
	D4.2.1 Structural Analysis of Crushed Salt Seal
	D4.2.2 Effect of Fluid Pressure on the Reconsolidation of Crushed Salt Seals

	D4.3 Compacted Clay Seals
	D4.3.1 Structural Analysis of Compacted Clay Seals
	D4.4 Asphalt Seals
	D4.4.1 Thermal Analysis of Asphalt Seals
	D4.4.2 Structural Analysis of Asphalt Seals
	D4.4.3 Shrinkage ginalysis of Asphalt Seals

	D5 'DISTURBED ROCK ZONE CONSIDERATIONS
	D5.1 General Discussion
	D5.1.1 Salt Damage Models
	D5.1.2 Salt Healing Models

	D5.2 Disturbed Rock Zone Analyses
	D5.2.1 Analysis of the Disturbed Rock Zone in Salado Salt
	D5.2.2 Salado Anhydrite Beds
	D5.2.3 Near Surface and Rustler Formations

	D6 OTHER ANALYSES
	D6.1 Asphalt Waterstops
	D6.2 Shaft Pillar Backfilling

	Figure D.1 Heat generation of Salado Mass Concrete mixture
	models with measured AIS results

	Figure D1.3 Axisymmetric model used in the SMC thermal analysis
	Figure D-4 Temperature histories of SMC center and SMC/salt interface
	Figure D.5 Isotherms surrounding SMC seal at 0.02 year
	Figure D.6 Seal system conceptual design for the WIPP air intake shaft
	Figure D-7 Axisymmetric model ConfigUration of upper concrete shaft seal
	Figure D.8 Axisymmetric model configuration of middle concrete shaft seal
	Figure D.9 Axisymmetric model configuration of lower concrete shaft seal
	specimen with a density of 1 800 kg/m t.............................

	Figure D-1 1 ﬁPineapple sliceﬂ axisymmetric models
	using the modified Sjaardema.Krieg Spiers and Zeuch models
	2 MPa and using the modified Sjaardema-Krieg creep consolidation model

	Figure D.14 WIPP shaft seal design showing asphalt components
	Figure D.15 Models used in thermal analysis of asphalt seal
	(Point By Figure D.15a
	configurations

	Figure D-18 Pressure buildup in the upper middle and lower shaft seal waterstops
	within the Salado Formation at time = 0 year after emplacement
	within the™ Salado Formation at time = 10 years after emplacement
	within the Salado Formation at time-= 25 years after emplacement
	within the Salado Formation at time = 50 years after emplacement
	within the Salado Formation at time = 100 years after emplacement

	Figure D.24 Factor of safety in polyhalite beds at 50 years
	Figure D.25 Factor of safety in anhydrite beds at 50 years
	factor of

	Figure D-27 Salt DRZ around the lower shaft seal at 50 years (prior to seal construction)
	seal construction)

	Table D.1 Salado Mass Concrete Thermd Properties
	Table D.2 Heat of Hydration Model Parameters
	Table D.3 Summary of Creep Data (fiom Wakeley et al
	(from Wakeley et al

	Table D.5 Nonlinear Elastic Material Parameters for WIPP Crushed Salt
	(after Sjaardema and Krieg
	Values

	Table D.8 Nonlinear Elastic Material Parameters for Compacted Clay
	Table D.9 Asphalt Thermal Properties
	Table D.10 Asphalt Elastic Properties
	Table D-1 1 Salado Salt Thermal Properties
	Table D.13 Damage Model Parameters for Argillaceous Salt
	Table D.14 Anhydrite and Polyhalite Elastic and Drucker-Prager Parameter Values
	Table D.15 Rock Types and Properties
	Table D.16 Normalized DRZ Radius Surrounding the AIS
	Table D.17 Initial Temperature and Stress Conditions within Salado Formation
	Table D.18 Normalized DRZ Radius-Concrete
	Table D.19 Normalized DRZ Radiusxrushed Salt
	Table D.20 Normalized DRZ Radius-Compacted Clay
	Table D.21 Normalized DRZ Radius-Asphalt


